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ABSTRACT
Background: Fatty liver is the most prevalent chronic liver disease. The
progressive form of fatty liver disease is non-alcoholic steatohepatitis
(NASH), which can lead to liver fibrosis and cirrhosis. Silymarin is a
traditional liver treatment while Mesenchymal stem cells conditioned
medium (MSCs-CM) is a new hope for treatment of chronic liver diseases.
Our aim is to evaluate the effect of MSCs-CM versus Silymarin on
experimentally induced fatty liver in adult male albino rats.
Methods: Fifty-four adult male albino rats were divided into four groups: |
(control group 27 rats) divided into 3 subgroups: (Subgroup la, Ib and Ic), Il
(fatty liver group), Il (fatty liver -Silymarin) and IV (fatty liver -MSC-CM).
Blood samples were collected for lipid profile. Liver tissue was prepared for
H&E staining, Mallory's trichrome staining, osmic acid staining,
immunohistochemically staining for alpha smooth muscle actin (a-SMA) and
caspase 3 and electron microscope examination. Statistical and morphometrical
studies were performed.
Results: Regarding lipid profile, a-SMA and caspase-3 the highest mean
values were observed in group Il while the least in group IV. H&E-stained
sections of group Il showed degenerated hepatocytes with vacuolated
cytoplasm and darkly stained nuclei. Ultra-structurally, group Il revealed,
rarified cytoplasm with swollen mitochondria and bundles of collagen while
in group Il showed some improvement, group IV most of hepatocytes
appeared normal.
Conclusions: MSCs-CM has a more ameliorative effect than Silymarin on
induced non-alcoholic fatty liver disease through its anti-apoptotic and anti-
inflammatory effects.
Keywords: MSCs-CM, Silymarin, NASH, Fatty Liver; High lipid diet.

There are two subtypes of NAFLD. The progressive

liver disease form of NAFLD is called non-alcoholic

(NAFLD) is the most prevalent chronic liver
disease worldwide. The prevalence of obesity and
type 2 diabetes mellitus is rising along with the
incidence of NAFLD globally. NAFLD is
anticipated to impact nearly one billion people
worldwide and could be found in about 25% of
people worldwide. Globally, non-obese persons with
NAFLD have rates ranging from 10% to 30% in
Western and Eastern nations [1].
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steatohepatitis (NASH), and it is more severe than
the non-progressive form, which is called non-
alcoholic fatty liver (NAFL). NASH can result in
fibrosis and cirrhosis. NASH initial presentation is
hepatic steatosis [2, 3].

Diet rich in fat and lipid in humans may
cause hepatic steatosis. It was found that overweight
women without diabetes who consumed a high fat,
isocaloric diet for two weeks (56% of total energy
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from fat) show a 35% rise in liver fat. A high-fat,
high-energy diet for three days caused considerable
increases in liver triglycerides (TG), non-esterified
fatty acid (NEFA), and plasma TG in healthy men
[3].
In general, men are more likely than women to have
NAFLD. The prevalence of NAFLD in males tends
to rise in middle age and then decline beyond the age
fifty. In women beyond the age of fifty, the frequency
is lower, but it increases after menopause and peaks
at the age of age sixty [4].
Insulin resistance (IR) and hyperinsulinemia are
related to visceral obesity. Hepatic lipid
accumulation can be used to diagnose IR in the
absence of fat deposition and peripheral organ IR.
Silymarin lowers IR by lowering visceral fat and by
reducing hepatic gluconeogenesis by blocking the
major enzymes of this metabolic pathway,
phosphoenolpyruvate carboxykinase (PEPCK) and
glucose 6 phosphatase (G6Pase) [5].
Silymarin has been widely wused in treating
gallbladder and liver diseases especially hepatitis,
cirrhosis, and fatty liver disease [6, 7].
Conditioned medium was also found to improve
insulin resistance in diabetic mice, improves
mitochondrial activity, the antioxidant capacity of
the entire liver and corrects the liver pathology [8].
Conditioned medium also contains microRNA,
membrane vesicles, nucleic acids, exosomes, and
proteasomes. Most of the therapeutic effects offered
by Mesenchymal stem cells (MSCs) have been
linked to these MSC-secreted components within
conditioned media, also referred to as the MSC
"secretome."” [9].
Aim of the work:
To evaluate the effect of MSCs-CM versus Silymarin
on experimentally induced fatty liver in adult male
albino rats.
METHODS

¢ Animals:
Fifty-four adult healthy male albino rats weighing
between 180 and 200 grams. Rats were acquired
from the Animal House at Zagazig University's
Faculty of Medicine in Egypt. The Zagazig
University IACUC Committee evaluated and
approved the experiment's protocol; ZU-
IACUC/3/F/98/2023 was the protocol approval
number.
Chemicals:
Silymarin was purchased as a powder from Sigma-
Aldrich. It was administered orally by gavage after
being dissolved in distilled water [10].
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Mesenchymal stem cells conditioned medium
(MSCs-CM): was obtained from Medical
Biochemistry and Molecular Biology Department,
Zagazig University.
e Preparation of adipose derived mesenchymal

stem cells conditioned media
(AD-MSCs-CM):
For collecting the conditioned media: 1x 108 AD-
MSCs at passage 3 were cultured in T75 tissue
culture flask [11]. MSCs in culture were
characterized by rounded, spindle like or fusiform
shape and their characteristic adhesiveness detected
by inverted microscope [12]. The next day,
Garamycin (0.05 mg/mL) and 2.4 ml of Dulbecco's
Modified Eagle Medium (DMEM) were added to
cultures. Conditioned Media (supernatants) were
collected after 24 or 48 hours and MSCs were
analyzed and centrifuged at 2000 rpm for 10 min
[13]. After collecting the conditioned medium,
cellular debris was eliminated by filtering them
through a 0.2-um filter. The prepared media were
kept frozen at minus eighty °C (-80°C) for later use.
[11].

¢ Diets used in this study:
- Standard rat chow diet consists of pellets that
include 70% carbs, 4% fat, 20% protein, 3% fiber,
2% mineral salts and 1% vitamin (Meladco for
Animal Food, EI-Obour, Egypt).
- Preparation of high lipid diet formed of a mixture
of coconut oil (NABTAH virgin coconut oil) and
vanaspati (vegetable) ghee (El-Aseel vegetable ghee)
(hydrogenated, solidified palm oil) in a ratio of 2:3.
Components of high lipid diet were bought in the
neighborhood market.

¢ Experimental design:
- Rats were divided into four groups:
Group | (control group): This group consists of 27
rats were equally divided into 3 sub-groups:
Subgroup la (negative control): did not receive any
treatment for 8 weeks, subgroup Ib (Silymarin
treated group) supplied with Silymarin at a dose of
(100 mg/kg) by means of oral gavage daily for [14]
for the last 4 weeks (from week 5 to week 8) [15] and
Subgroup Ic (Mesenchymal Stem Cells-Conditioned
Medium (MSC-CM) group): fed a standard chow
diet for 8 weeks and injected with 200ul (AD-MSCs-
CM): via tail vein for each rat [16] twice per week
on two successive days (24 hours apart) [17] for the
last four weeks (from week 5 to week 8) [18].
Group Il fatty liver group (FL group): This group
includes nine rats which were given high lipid diet of
(coconut oil and vanaspati ghee using a 2:3 ratio)
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orally through gavage in a dose of 10 mL/kg body

weight) [19] daily for eight weeks and at the same

time, rats would be allowed free access to balanced

diet ad libitum [20].

Group 11 fatty liver group treated with Silymarin

(FL- Silymarin): This group includes nine rats that

were given high lipid diet by the same dose and

duration as group Il and concomitantly supplied with

Silymarin at a dose of (100 mg/kg) by means of oral

gavage daily [14] for the last 4 weeks (from week 5

to week 8) [15].

Group IV (fatty liver group treated with

Mesenchymal Stem Cells-Conditioned Media)

(FL-MSC-CM): This group includes nine rats that

were given high lipid diet by the same dose and

duration as group Il and concomitantly injected with
200ul (AD-MSCs-CM): via tail vein for each rat

[16] twice per week on two successive days (24 hours

apart) [17] for the last four weeks (from week 5 to

week 8) [18].

» Biochemical study

At the end of the experiment, after 12 h fasting

blood was collected using capillary tubes from

retro orbital veins and serum lipid profile,
which includes TG, total cholesterol (TC),

HDL (high density lipoprotein) and LDL (low

density lipoprotein), were measured using

Abcam ab65390 HDL and LDL, Cholesterol

assay kit (colorimetric/flurometric) and TR 20

30 for triglycerides [21].

» Histological study

All animals were sedated with an intraperitoneal

injection of euthanasia (60 ml/kg of phenobarbitone)

and subsequently slaughtered at the conclusion of the
experiment [22] 6 days after the last dose of injection
of conditioned media [23]. Liver tissues were taken
for examination under light and electron
microscopes.

= Light microscopic technique:

Each animal's liver was thoroughly dissected,

and the tissues were immediately submerged

in 10% formol saline for 48 hours before being
processed and embedded in paraffin to prepare

5 micrometer-thick paraffin sections and then

stained with:

- H&E for histological analysis [24].

- Mallory’s trichrome for demonstration of
collagen fibers distribution in the liver.
Paraffin  sections were processed and
stained by celestine blue hematoxylin alum
method [24].

- Osmium tetraoxide stain: A tiny sample
measuring 0.5x 0.5x 0.5 cubic centimeter
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in 10% neutral buffer formalin, then were
transferred to 2% osmic acid for 3-5 days
as post fixative, before being processed
and embedded in paraffin to prepare
sections of 3 micrometer in thickness with
a conventional microtome [25, 26].
Immunohistochemical stain:
Alpha -smooth muscle actin (a-SMA): hepatic
stellate cells (HSCs) activation marker [27].
Caspase 3: marker for apoptosis [28].
Primary and secondary antibodies were applied to
the S5um-thick sections. The primary antibody for a-
SMA is a-SMA antibody, which is a monoclonal
antibody of the 1gG immunoglobulin type expressed
in mice. Sigma Biochemical (St. Louis, Missouri,
USA) provided it. The main antibody against caspase
3 is an IgG-type rabbit monoclonal antibody
obtained from Lab Vision Laboratories (CAT #:
14751) Using a counterstain of Mayer’s
hematoxylin, (3'-DHP) 3’-diaminobenzidine-
hydrogen peroxide was used to visualize
immunoreactivity. Digital cameras were utilized to
take images and an Olympus microscope was used
for examination. Photomicrographs  were
accompanied with scale bars [29].
»= Transmission electron
technique:
Tissue specimens were cut into small pieces (1.0
mm?q) for electron microscopy investigations. They
were then postfixed in 1% osmium tetroxide in 0.1
M cacodylate buffer at pH 7.4 and 4 °C for two hours
after being prefixed in 2.5% glutaraldehyde for 24
hours. After dehydration, the specimens were
immersed in increasing alcohol concentrations for 15
minutes—50%, 70%, 90%, and 95%, respectively—
and then in 100% alcohol for another 15 minutes
(two changes). Propylene oxide was added to the
specimens for 30 minutes (two changes) at room
temperature. This allowed the epoxy resin to easily
infiltrate the tissues and rapidly replace the
dehydrating agent. Subsequently, the samples were
placed in a 1:1 resin and propylene oxide mixture.
After shaking the vial to combine the ingredients, it
was set on a specimen rotator for an hour. After that
pure epoxy resin was used to replace the mixture, and
the vials were left on the rotator for the entire night.
In order to create resin blocks, the specimens were
immersed in flat capsules in epoxy resin and
polymerized for 24 hours at 60 C. Using a Leica
ultra-cut, semithin (Ium) and ultrathin (70-90
nanometer) sections were cut. Toluidine blue (1%)
was used to stain semithin sections which were
examined under a light microscope. TEM was used
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to examine and photograph the ultrathin sections.
(JEOL TEM 2100, Jeol Ltd, Tokyo, Japan) in the
Electron Microscope Unit, Faculty of Agriculture, El
Mansoura University, Egypt, and by TEM (JEOL
JEM100CX, Jeol Ltd, Tokyo, Japan) in the Electron
Microscope Unit, Faculty of Science, Zagazig
University, Egypt [30].

Statistical Analysis

(SPSS Inc., Chicago, lllinois, USA), the statistical
programme for social sciences, version 21, was used
to analyze the recorded data. The statistical
information was presented as mean % standard
deviation (SD). To assess the differences between the
mean values of the experimental groups, a one-way
analysis of variance (ANOVA) was used. Tukey's
multiple comparison test was used for the post hoc
analysis of the ANOVA. The results were deemed
statistically significant when the P value of 0.05 was
deemed negligible [31].

RESULTS

General observational results (Table 1):
Throughout the duration of the experiment, none of
the animals in the study groups died as a result of
their treatments.

Since the liver index (liver weight/ body weight x
100) data from the control subgroups (la, Ib, and Ic)
were almost the same, the findings of each were
merged and presented as a single control group for
statistical analysis. The liver index varied
significantly among the four groups under study,
with group 1 having the lowest level and group 2
having the highest level. Group 2 had a statistically
significant rise when compared to group 1, whereas
group 3 showed a statistically significant decrease
when compared to group 2. With no statistically
significant difference between it and group 1, group
4 had a high statistically lower liver index than
groups 2 and 3.

Biochemical results (Figure 1s; Table 1):

Lipid profile:

A statistically significant difference was noticed in the
different groups under study. The FL group
demonstrated a substantial statistical rise in serum
levels of LDL, triglycerides, and cholesterol as
compared to the group 1, while group 3 demonstrated
a significant statistical decrease. In contrast to groups
2 and 3, group 4exhibited a strong statistically
significant decrease; nonetheless, there was no
statistically significant difference between it and
group 1.

Group 2 demonstrated a statistically significant
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decrease in serum HDL levels when compared to
group 1, but group 3 showed a statistically significant
rise when compared to group 2. There was no
statistically significant difference between group 4
and group 1, however there was a large statistically
significant increase when compared to groups 2 and 3.

Histopathological results

Only the result for subgroup la was shown because
the histopathological findings of the control
subgroups (la, Ib, and Ic) were nearly identical.

H&E results: (plate I, 11)

Examination of H&E-stained sections of the liver of
the control group revealed that the general
architecture was formed of polygonal hepatocytes
radiating from central vein with rounded vesicular
nuclei and acidophilic cytoplasm. Blood sinusoids
were seen in between adjacent hepatocytes (Figure
la). Portal area showed containing bile duct and
hepatic artery (Figure 2a).

Examination of the FL group sections showed
mononuclear inflammatory cells infiltration around
dilated central wvein. It was surrounded by
degenerated hepatocytes with darkly stained nuclei.
Some hepatocytes had deeply acidophilic cytoplasm.
Dilated blood sinusoids with Kupffer cells were also
seen (Figure 1b; 2b). Portal areas appeared with
dilatation in the blood vessels, cellular infiltration,
and bile duct proliferation. Hepatocytes were seen
with vacuolated cytoplasm (Figure 2b).

The FL-Silymarin group examination showed many
hepatocytes with deeply acidophilic cytoplasm and
darkly stained nuclei that are radiating from
congested dilated central vein and separated by blood
sinusoids. Some hepatocytes still had vacuolated
cytoplasm (Figure 1c; 2c). The portal area appeared
to contain blood vessels with mononuclear
inflammatory cells infiltration around. Some
hepatocytes appeared with acidophilic cytoplasm
and vesicular nuclei, while others still had vacuolated
cytoplasm (Figure 2c).

The FL-MSC-CM group exhibited normal
hepatocytes arranged in cords radiating from central
vein, while few hepatocytes appeared with darkly
stained nuclei, many of them were binucleated.
Kupffer cells were seen inside blood sinusoids
(Figure 1d; 2d). The portal area appeared with mild
mononuclear inflammatory cells infiltration. Kupffer
cells were also observed (Figure 2d).

Mallory's trichrome stain results: (plate 111
Figure 3)

Mallory's trichrome stained sections of the liver of
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rats in the study groups revealed that the group 1
sections had few collagen fibers around the blood
vessels of the portal area (Figure 3a). FL group
sections showed dense collagen deposition around
the blood vessels in portal area (Figure 3b). The FL
— Silymarin group revealed moderate collagen fibers
around the dilated vessels of portal area (Figure 3c).
FL-MSC-CM group revealed minimal amount of
collagen fibers around the blood vessels of portal
area (Figure 3d).

Osmic acid stain results (plate 111 Figure 4):
Osmic acid-stained sections of the liver of rats in the
study groups showed that the cytoplasm of the
hepatocytes in the control group contained few lipid
droplets (Figure 4a). FL group showed many lipid
droplets of variable sizes in the cytoplasm of the
hepatocytes (Figure 4b). FL — Silymarin revealed
lipid droplets of variable sizes in the cytoplasm of the
hepatocytes (Figure 4c). FL-MSC-CM group
showed few lipid droplets in the cytoplasm of the
hepatocytes (Figure 4d).

Immunohistochemical staining for alpha smooth
muscle actin results (a-SMA): (plate IV Figure 5)
Immunohistochemical stained sections of the liver of
rats in the study groups showed weak positive
immunoreactivity in the wall of the vessels of portal
area and blood sinusoids (Figure 5a). In the FL
group strong positive immunoreaction in the wall of
the vessels of portal area and blood sinusoids (Figure
5b). The FL — Silymarin group revealed moderate
positive immunoreactivity in the wall of the vessels
of portal area and blood sinusoids (Figure 5c). The
FL-MSC-CM group showed weak positive
immunoreactivity in in the wall of the vessels of
portal area (Figure 5d).

Immunohistochemical staining for caspase 3
results: (plate 1V Figure 6)

Immunohistochemical stained sections of the liver of
rats in the study groups showed faint positive
immunoreactivity in cytoplasm of the hepatocytes in
the control group (Figure 6a). In the FL group strong
positive immunoreaction in cytoplasm of most
hepatocytes was observed (Figure 6b). The FL —
Silymarin group revealed moderate positive
immunoreactivity on the cytoplasm of some
hepatocytes (Figure 6¢). The FL-MSC-CM group
showed weak positive immunoreactivity in
cytoplasm of few hepatocytes (Figure 6d).

Ultrastructural results: (plate V, VI)
Hassan, E., et al
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TEM examination of ultrathin sections from the liver
of control group revealed hepatocytes with
euchromatic nuclei. The cytoplasm contained
mitochondria, rough endoplasmic reticulum, and
smooth endoplasmic reticulum. Bile canaliculi can
be seen in between hepatocytes (Figure 7a; 8a).
Also, there were short microvilli protruding from the
surface of hepatocytes into space of Disse (Figure
8a).

Electron microscopic examination of the FL group
sections revealed hepatic nuclei with condensed
peripheral heterochromatin, rarefied cytoplasm,
mitochondria, and rough endoplasmic reticulum.
Bundles of collagen were also seen (Figure 7b).
Multiple lipid droplets of variable sizes were also
observed in the hepatocyte cytoplasm (Figure 7c;
8b). The blood sinusoids appeared with Kupffer
cells, many red blood cells (Figure 8b), multiple
inflammatory cells, and Ito cells (Figure 8c). Short,
microvilli protruding into the space of Disse were
also seen (Figure 8c).

Examination of ultrathin sections of FL-Silymarin
group showed hepatocytes nuclei with areas of
peripheral heterochromatin and widening of nuclear
envelope. The cytoplasm appeared contained some
lipid droplet and dilated cisternae of rough
endoplasmic  reticulum (Figure 7d). Other
hepatocytes appeared with euchromatic nuclei and
prominent nucleoli. Blood canaliculi blood sinusoids
were observed. Cytoplasm shows multiple small
vacuoles (Figure 8d).

Ultra-thin sections examination of the FL-MSC-CM
group exhibited adjacent hepatocytes with
euchromatic ~ nuclei. Mitochondria,  rough
endoplasmic reticulum, and smooth endoplasmic
reticulum were seen in their cytoplasm (Figure 7e).
The blood sinusoids appeared with sinusoidal
endothelial cells, and telocytes in their lumen.
Numerous microvilli occupying the perisinusoidal
hepatic spaces were also seen (Figure 8e).

Morphometrical results (Figure 2s; Table 1):

Area % of a-SMA and caspase 3 immune reaction:
There was statistically significant difference between
the four studied groups regarding the area % of a-
SMA and caspase 3 immune reaction with the highest
level in group 2 and the lowest level in group 1. Group
3 was statistically lower than group 2. Group 4 showed
a high statistically significant decrease than group 2
and group 3 with no statistically significant difference
between it and group 1.
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Table (1): Mean values (= SD) of liver index, lipid profile and morphometrical analysis in the studied groups:

Control | FL group FL- FL-MSCs-
group silymarin | CM group
group
Groups Mean = Meanx | Mean = SD Mean = F-Test p-value LSD
SD SD SD
1a) Liver 2.65 % 401+ 3.93+0.07 | 2.69+0.14 | 681.407
index 0.072 0.047 <0.001**
1b) Lipid profile
Total 53.37 85.396 + 81.91 54.98 + 486.661 0.001 **(a)
cholesterol 0.71 2.64 3.32 0.58 <0.001** | 0.001** (b)
0.58(c)
0.05* (d)
0.001* *(e)
0.001** (f)
Serum 82.02 + 181.94 176.84 + 84.88 + 1912.132 | <0.001** | 0.001 **(a)
triglycerides 1.39 5.33 2.55 1.37 0.001** (b)
0.48(c)
0.05* (d)
0.001* *(e)
0.001** (f)
Serum HDL 3941+ 14.88 = 21.92 + 38.01 84.12 <0.001** | 0.001 **(a)
0.76 3.66 6.33 1.45 0.001** (b)
(9.45- 0.45(c)
20.12) 0.001** (d)
0.001* *(e)
0.001** (1)
Serum LDL 60.51 + 126.32 = 119.23 + 62.96 = 977.55 <0.001** | 0.001 **(a)
3.63 3.67 2.99 2.32 0.001** (b)
0.12(c)
0.001** (d)
0.001* *(e)
0.001** (f)
1c) Morphometrical Analysis
Mean area%o 243+ 11.39 5.75t1.33 | 2.76+0.93 | 15291 <0.001**
of a-SMA 0.72 +2.12
Mean area% 0.34 36.33 = 32.16 + 0.48 £ 271.52 <0.001**
of caspase 3 0.07 4.65 4.84 0.024

One way ANOVA test LSD (least significant difference), Significant difference (p value < 0.05), **Highly
significant difference (p value <0.001), (a) group 1 versus group 2, (b) group 1 versus group 3, (c) group 1 versus
group 4, (d) group 2 versus group 3, (e) group 3 versus group 4, (f) group 3 versus group 4.
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Plate |

Figure (1): Photomicrograph of sections stained by
H&E of rat’s liver: (a) The control group showing
polygonal hepatocytes (arrows) radiating from
central vein (CV) with rounded vesicular nuclei (n)
and acidophilic cytoplasm. Blood sinusoids (s) are
seen in between adjacent hepatocytes. (b) FL group
reveals mononuclear inflammatory cells infiltration
(). Dilated central vein (CV) surrounded by
degenerated hepatocytes (H) with darkly stained
nuclei (n). Some hepatocytes have deeply acidophilic
cytoplasm (arrow). Dilated blood sinusoids (s) and

Kupffer cells (K) are also noticed. In (c) FL -
. jg;&;{ - = :; :"" o
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Plate 11

Figure (2): Photomicrograph of sections stained by
H&E of rat’s liver: (a) The control group showing
portal area (P) containing hepatic artery (A) and bile
duct (D). (b) FL group showing congested (*) blood
Hassan, E., et al

Silymarin group, many hepatocytes with deeply
acidophilic cytoplasm (arrows) and darkly stained
nuclei are seen (n) radiating from the dilated
congested central vein (CV) and separated by blood
sinusoids (s). Some hepatocytes still have vacuolated
cytoplasm (v). (d) FL-MSC-CM group showing
apparent normal hepatocytes arranged in cords and
radiating from central vein (CV). Few hepatocytes
with darkly stained nuclei (n) are seen and many cells
are binucleated (dotted arrows). Kupffer cells (K) are
seen inside blood sinusoids (s). (H&E X400, scale
bar 30 pm).

vessel, cellular infiltration () around portal area with

bile duct proliferation (d). Hepatocytes with deep
acidophilic cytoplasm (arrows) and darkly stained
nuclei (n) are observed, while others appear
vacuolated (v). Dilated Blood sinusoids (s) and
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Kupffer cells (K) are also noticed. (¢) FL- Silymarin
group showing portal area (P) with cellular
infiltration (I). Some hepatocytes appear with
acidophilic cytoplasm (arrows) and vesicular nuclei
(curved arrows) while others still have vacuolated
cytoplasm (v). (d) FL-MSC-CM group showing

e ; St o .'7‘.4‘“ 4

Plate 111

Figure (3): Photomicrograph of sections stained by
Mallory’s trichrome of rats’ liver (a) The control
group showing few collagen fibers (arrows) around
blood vessels of the portal area (P). (b) FL group

Hassan, E., et al
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mild mononuclear inflammatory cells infiltration (I)
around portal area (P). Apparent normal hepatocytes
with acidophilic (arrows) cytoplasm and vesicular
nuclei are seen, some of them are binucleated (curved
arrow). Also, there is few dilated sinusoids (s) and
Kupffer cells (K). (H&E X400, scale bar 30 pm).

1&E 2le
5" ' &

25

s ';"*.!

reveals dense collagen deposition (arrows) around

blood vessels in portal area (P). (c) FL — Silymarin
group showing few collagen fibers (arrows) around
the dilated vessels of portal area (P). In (d) FL-MSC-
CM group, minimal amount of collagen fibers
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(arrows) is seen around the vessels of portal area (P).
(Mallory’s trichrome x200, scale bar 30 um).

Figure (4): Photomicrograph of sections stained by
osmic acid of rats’ liver. In the hepatocytes’
cytoplasm, (a) the control group reveals a few lipid
droplets (arrows), (b) FL group reveals many

Plate 1V

Figure (5): Photomicrograph of sections stained by
a-SMA of rats’ liver. In the wall of vessels of portal
area (P) and blood sinusoids (s), (@) The control
group shows weak positive immunoreaction
(arrows), (b) FL group reveals strong positive
immunoreaction (arrows), (c) FL — Silymarin group
reveals moderate positive immunoreaction (arrows).
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scattered lipid droplets of variable sizes (arrows), (c)
FL - Silymarin group reveals scattered lipid
droplets of variable sizes (arrows), however, in (d)
FL-MSC-CM group few lipid droplets (arrows) are
noticed. (Osmic acid x1000, scale bar 30 um).

e W A e L e eaA
(d) FL-MSC-CM group shows weak positive
immunoreaction (arrows) in the wall of vessels of
portal area (P). (Immunoperoxidase technique for a-
SMA, X 400, scale bar 30 pm).

Figure (6): Photomicrograph of sections stained by
caspase 3 of rats’ liver. (a) The control group
showing faint positive immunoreactivity (arrows) in
hepatocytes’ cytoplasm. (b) FL group reveals strong
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positive immunoreaction for caspase 3 (arrows) in
most hepatocytes’ cytoplasm. (c) FL — Silymarin
group reveals moderate positive immunoreaction
(arrows) in some hepatocytes’ cytoplasm. While in

Plate V

Figure (7): Electron Photomicrographs of rats’ liver.
(a) The control group showing hepatocyte with
euchromatic nucleus (HN). The cytoplasm has
mitochondria (m), rough endoplasmic reticulum
(rER) and smooth endoplasmic reticulum (SER). Bile
canaliculus (BC) is observed in between hepatocytes
(TEM X 13000). (b) and (c) FL group showing in
(b) hepatocyte nucleus (N) with peripheral
heterochromatin ~ condensation  (*).  Rarified
cytoplasm (arrow heads), mitochondria (m) and
rough endoplasmic reticulum (rER) are observed.
Bundles of collagen (co) are also noticed (TEM X
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(d FL-MSC-CM group weak positive
immunoreaction (arrows) in few hepatocytes’
cytoplasm is  observed.  (Immunoperoxidase
technique for caspase 3, X 400, scale bar 30 um).

PREEF 5 W A

11000), and in (c) multiple lipid droplets (L) of
variable sizes are seen in cytoplasm of hepatocyte
(H) (TEM X 7000). (d) FL — Silymarin group
showing hepatocyte with nucleus (N) contained
peripheral condensation of heterochromatin (*).
Widening (arrows) in the nuclear envelope is also
noticed. The cytoplasm has a few lipid droplets (L)
and dilated cisternae of rough endoplasmic reticulum
(rER) (TEM X 17500). (e) FL-MSC-CM group
showing hepatocyte with euchromatic nucleus (HN),
mitochondria (m), rough endoplasmic reticulum
(rER), smooth endoplasmic reticulum (SER) (TEM X
12300).
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Plate VI

Figure (8): Electron Photomicrographs of rats’ liver.
(a) The control group shows adjacent hepatocytes
with euchromatic nuclei (HN), mitochondria (m) and
rough endoplasmic reticulum (rER). Bile canaliculi
(BC) are seen in between hepatocytes. Short
microvilli (mv) are noticed protruding from the
surface of hepatocytes into space of Disse (s) (TEM
X 7000). (b) and (c) FL group shows in (b) Blood
sinusoid (s) contained Kupffer cell (Kc) and many
red blood cells (RBCs) are seen. Hepatocytes are
noticed with nucleus (N) that has peripheral
heterochromatin condensation (*) and lipid droplets
(L) in its cytoplasm (TEM X 7000), and in (c)
multiple inflammatory cells (1), Kupffer cell (Kc)

DISCUSSION
Data obtained from control subgroups (la, Ib, Ic) were
approximately identical, so results of all were
combined and represented as a single control group.
This was supported by the findings of
Ramezannezhad et al. and Bahmani et al. [32, 33]
who reported that neither Silymarin nor conditioned
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and Ito cell (O) in blood sinusoid (s). Short microvilli

(mv) of adjacent hepatocytes (H) protruding into the
space of Disse (SD) are noticed (TEM X 7000). (d)
FL- Silymarin group showing adjacent hepatocytes
(H) with euchromatic nuclei (N) and prominent
nucleoli (n). Blood canaliculus (BC) and blood
sinusoid (s) are observed. Cytoplasm shows multiple
small vacuoles (V). (TEM X 8700). In (e) FL-MSC-
CM group, blood sinusoid (S) is seen with
endothelial cell (E) and telocyte (T) in its lumen.
Adjacent hepatocytes (H) with numerous microvilli
(mv) occupying the perisinusoidal hepatic space
(SD) are observed (TEM X 7000).

media had an impact on normal liver.

The fatty liver (FL) group's body weights increased
significantly in the current study when compared to
the control group; this finding was consistent with Cui
et al. [34]. There is also significant increase in liver
index in this group as compared to control group a
result similar to Yang et al. [35] who attributed the
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liver enlargement to the administration of high fat diet.
According to Salah Nour et al. [36] the weight gain
was due to increased calorie intake because it
promotes a positive energy balance, which leads to
weight gain and increased visceral fat deposition.

In current work, FL group showed a statistically
significant rise in the mean values of the serum
biochemical parameters (TC, TG, LDL) and
decreased level of HDL as compared to control group.
These findings were in agreement with the reports of
Habib et al. [37] who concluded that a high-fat diet
was a successful means of inducing obesity.

Ma et al, [38] added that excess FFA accumulation by
high lipid diet beyond the hepatic mitochondria's
oxidative capacity resulted in an abundance of TG
released into the blood stream, raising serum levels of
TG, TC, and LDL.

In current work light microscopic examination of FL
group hepatocytes appeared degenerated with
vacuolated cytoplasm and fading nuclei, others had
deeply acidophilic cytoplasm and darkly stained
nuclei. These results were in agreement with Habib et
al. [37].There are two types of hepatocellular
steatosis: (first type is the macrovesicular type where
the hepatocytes have well-defined fat vacuoles that
can push the nucleus to the periphery, while the
second type is the microvesicular one where the
hepatocytes contain small fat vacuoles in the
cytoplasm with the nucleus located centrally).The
hepatic steatosis is caused by lipogenic genes
activation that transcript fatty acid synthase (FAS) and
other sterol regulatory elements resulting in excessive
increase in triglycerides and fatty acids in the liver [39,
40].

Deep acidophilic cytoplasm was also found by Leow
et al., [41] who stated that these acidophilia which
were detectable under light microscope may be due to
enlarged mitochondria, or megamitochondria, as
eosinophilic inclusions in the cytoplasm or due to
(acidophilic bodies) which result from apoptosis of
hepatocytes according to the severity of inflammation.
In the present study, some hepatocytes had dark
pyknotic nuclei, which were verified by chromatin
condensation, this result was confirmed statistically
by significant increase in the expression of caspase-3
in FL group and was similar to what was found by
Dwivedi and Jena, [42]. Hosny et al, [43] attributed
this result of reduced antioxidant activity that leaves
cells more susceptible to the damaging effects of
reactive oxygen species. Also, they added that some
cells exhibited wvacuolated nuclei, known as
glycogenated nuclei, as a result of the buildup of
glycogen in the nucleus which can be seen in liver
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biopsies from individuals with (NAFLD), Wilson
disease and diabetes.

In current work, there were many mononuclear
inflammatory cells infiltration in between hepatocytes
in FL group. The portal area of the same group also
showed mononuclear cellular infiltration, bile duct
proliferation, and congested portal vessels. These
results were in agreement with Habib et al.; Ibrahim
etal. and Kundu et al. [37, 44, 45]. Hegazy et al. [46]
reported that the development of portal hypertension
is responsible for the dilatation and congestion of the
portal vein as large, ballooned hepatocytes compress
the blood sinusoids, causing them to constrict and
raising intrahepatic vascular resistance.

An et al, [47] suggested that portal-based alterations,
such as ductular reaction (DR), a reactive lesion
consisting of tiny biliary ductules and an associated
complex of inflammatory cells and stroma, are linked
to portal inflammation. Hepatic progenitor cells
(HPCs) stimulate a secondary proliferation pathway in
response to necrotic and apoptotic hepatocyte
replacement, which is the fundamental mechanism of
(DR). Under normal circumstances, the neighbouring
hepatocytes within the lobules replicate, maintaining
the principal route of liver regeneration. When the first
system is damaged by toxins, viruses or alcohol, the
secondary pathway takes over and HPCs multiply and
differentiate into bile ductal epithelia and hepatocytes,
with the DR as a by-product.

Mallory's trichrome stained sections of the fatty liver
treated in this study showed a noticeable increase in
collagen fibers surrounding the blood vessels. This
result was consistent with the findings of Fathy et al.
[48]. Also, in our work strong positive a-SMA
immunoreactions was detected in media of the portal
blood vessels. Morphometrical and statistical analysis
supported this, and it was consistent with the findings
of Hany et al. [49] who reported that HSCs are the
primary mediators of regeneration. Extracellular
matrix deposition is caused by the induction of
fibrillary collagens and a-SMA by HSC activation.
Since alpha-smooth muscle actin (a-SMA) is
frequently utilized to identify pathologic fibroblasts, it
was employed as a marker for the identification of
hepatic stellate cell activity. During liver damage and
wound healing, a-SMA levels increase in HSCs as
they transform into myofibroblasts [27, 50, 51].

The presence of hepatic stellate cells (Ito cells) was
confirmed by its presence in the electron microscopic
examination.

In the current work, osmic acid staining of the same
group revealed multiple lipid droplets inside
cytoplasm of hepatocytes.
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Ultrathin sections examination of FL group showed
bundles of collagen, irregular hepatocytes with
condensed  heterochromatic ~ nuclei,  swollen
mitochondria, dilated rough endoplasmic reticulum,
numerous microvilli and areas of rarefied cytoplasm
and blood sinusoid with many inflammatory cells
which confirmed light microscopic findings, similar
results were obtained by Abo El-khair et al;
Kandeal et al. and Sorour et al. [52-54]. Abo EI-
khair et al. [52] stated that endoplasmic reticulum
(ER) stress may play a key role in the pathophysiology
of NAFLD, as itis connected with both misfolded
protein synthesis and oxidative damage. Both are
related variables that may affect lipid metabolism and
triglyceride  accumulation  within  hepatocytes.
Furthermore, ER stress can accelerate triglyceride and
cholesterol ~ production  and intrahepatocyte
accumulation while inhibiting lipoprotein secretion.
Additionally, Zineldeen et al. [55] noted that a
calcium ion imbalance can lead to mitochondrial
malfunction by disrupting the precise signalling
between the mitochondria and the ER, a condition that
is observed in a number of neurological and metabolic
disorders.

The increased microvilli in the space of Disse and
pericellular spaces may provide protection against
metabolic demands caused by low oxygen pressure,
increased collagen synthesis, or poor substrate
diffusion from sinusoids due to changes in the space
of Disse according to Ahishali et al. [56].

In the present work, there was a significant decrease
in liver weights of the Silymarin group compared to
FL group. This observation was in accordance with
El-Desoky et al. [57] who added that Silymarin anti-
inflammatory effect was due to the reduction of tumor
necrotic factor- a (TNF-a) pro-inflammatory
cytokine, it also reduced Malondialdehyde (MDA)
significantly as an antioxidant effect.

In current work, administration of Silymarin showed
a significant decrease in serum levels of TG, TC, and
LDL and increase in HDL. This was in accordance
with Guo et al. [58] and Doostkam et al. [59] who
stated that improvement in Silymarin group occurred
not only due to significant antioxidant activity, as
demonstrated by increased SOD and reduced MDA,
but also due to an increase in irisin (a newly
discovered polypeptide), anti-inflammatory and
antifibrotic activities. Kalopitas et al. [60] also said
that Silymarin exhibited antioxidant characteristics by
stimulating polymerase and RNA transcription,
protecting the cell membrane from radical damage,
and inhibiting toxin absorption.

In the current work, H and E-stained liver sections of
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the Silymarin group showed variable degrees of
improvement. Some lobules showed hepatocytes with
normal lobular architecture while other areas showed
loss of lobular architecture. Similar findings were
described by Doostkam et al. [59] who reported that
Silymarin treated type 2 diabetic rats showed changed
hepatic lobules with fat accumulation inside the
cytoplasm and some lymphocyte infiltration. The
electron microscopic examination of the same group
confirmed the light microscopic findings.

The following mechanisms explain how Silymarin
works: it scavenges free radicals, regulates both
enzymatic and non-enzymatic antioxidant responses
by controlling transcription factors nuclear related
factor 2, which is the coordinator of the antioxidant
and cytoprotective response, and another factor
involved in the inflammatory process which is nuclear
factor-Kappa  B.  Silymarin  inhibits  free
radical production by inducing the gene expression of
protector substances as sirtuins and heat shock
proteins and suppressing the producer enzymes
providing protection against oxidative stress [61].
Regarding Mallory’s trichrome staining of the same
group few collagen fibers were detected around the
portal area.

According to Doostkam et al. [59], Silymarin exhibits
encouraging antifibrotic properties in liver injury
models. By increasing glutathione levels, it lessens
oxidative stress. By reducing leukotrienes, inhibiting
the lipo-oxygenase cycle, and enhancing Kupffer cell
activity in rats, Silymarin may lessen hepatic
inflammation.

In the present work, osmic acid staining of the same
group revealed less lipid droplets inside cytoplasm of
hepatocytes than FL group.

Silymarin-treated group showed positive a-SMA
immunoreaction in the wall of vessels of portal area.
This reaction showed a significant statistical
difference when compared to FL group that was
confirmed morphometrically. Our result was similar
to Wang et al. [62] who reported that Silymarin effect
on a liver fibrosis model has decreased the number of
a-SMA positive cells.

In the same group positive caspase immunoreaction
was detected in cytoplasm of the hepatocytes that was
statistically lower than FL group. Yassin et al. [63]
stated that the anti-apoptotic effect of Silymarin may
occur through modulation of oxidative stress-induced
apoptosis by increasing the expression of B-cell
leukaemia/lymphoma 2 protein  (Bcl-2) and
decreasing the levels of Tumour protein P53 (p53) and
cleaved-caspase-3 expressions on a rat model of renal
carcinoma.
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However, Silymarin has many advantages and
showed some significant improvement, but Zhang et
al. [64] reported that the bulk of Silymarin's
components have physicochemical characteristics,
such as limited oral bioavailability, poor solubility, or
chemical instability, that restrict their bioactivities.
There was a significant decrease in liver index in the
conditioned media group when compared to FL and
Silymarin groups with non-significant difference
between it and control group.

In current work, the conditioned media group showed
significant improvement in lipid profile with a marked
elevation in HDL levels together with significantly
decreased levels of TC, TG, LDL. Our result was
similar to Elshemy et al. [65] and Tan et al. [66].
Elshemy et al. [65] found that adipose-mesenchymal
stem cells conditioned media significantly decreased
TC, TG, LDL, and total lipids with a marked elevation
in HDL levels in type 2 diabetic rats.

In the current work, H&E-stained sections of the
conditioned media group showed restoration of
general hepatic lobular architecture with less cellular
infiltration and some cells are still vacuolated. Our
results were similar to Ravan et al. [67] who found
that human umbilical cord-mesenchymal stem cells
conditioned medium had the same effect on a rat
model of liver fibrosis and they attributed this to the
anti-oxidative, anti-fibrotic and anti-inflammatory
effects of this agent.

Also, Ravan et al. [67] added that the antifibrotic
effect of conditioned media was due to inhibition of
the production of the transforming growth factor- bl
(TGF-b1) gene and its receptor TGF- receptor type 2
(TbRII).

Ra et al. [68] confirmed the antioxidant effect of
human adipose stem cell conditioned medium by
enhancing the growth and implantation of mice
embryos in vivo and they attributed this to
upregulation of antioxidant gene expression in the
reproductive organs.

Jin et al. [69] reported that the anti-inflammatory
effect of mesenchymal stem cells conditioned media
was due to the inhibitory effect of the mRNA
transcription  of  pro-inflammatory  chemokine
receptors, chemokines, and cytokines in the
lipopolysaccharide (LPS)-stimulated
macrophages using reverse transcription polymerase
chain reaction analysis, and also to the reduction of the
production of the proteins like cyclooxygenase-2
(COX-2) and inducible nitric oxide synthase (iNOS)
in LPS-activated macrophage when treated with
(MSC-CM) stimulated with interleukin 4.

Yang et al. [8] found that MSC-CM could improve
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the biological activities of mitochondria, lowering
inflammatory responses, and preventing cell death in
T2DM models both in vivo and in vitro, and they
referred these effects to the upregulation of Sirt 1.

In this study, osmic acid staining of the same group
revealed only few lipid droplets inside cytoplasm of
hepatocytes similar to control group.

There was few collagen deposition and weak positive
immune reaction to a-SMA in the same group that was
confirmed by statistical analysis which showed no
statistically significant difference in area percentage
of a-SMA when compared to control group. Our result
was similar to Ravan et al. [67] who reported that
human umbilical cord (MSCs-CM) had the same
effect on a rat model of chronic liver fibrosis.

This decrease of collagen fibers in our study is due to
the conditioned media anti fibrotic effect as mentioned
before, also Laksmitawati et al. [70] stated that
topical usage of conditioned media had decreased
collagen content in burns leading to better scarring and
they attributed this to the conditioned media paracrine
effect.

In the current work, the conditioned media group
showed weak positive immune reaction for caspase 3,
a result that was confirmed statistically and was
similar to Squecco et al. [71] who used the
conditioned media in a rat model of myopathy and
reported that because of the inhibitory effect of the
media against activated mitochondria-dependent
caspase 3 pathway, caspase 3 expression decreased.
The production of paracrine angiogenic factors such
as VEGF (vascular endothelial growth factor) and
HGF (hepatocyte growth factor) and can increase
vascularization and engage in cell regeneration while
also reducing the apoptotic rate by lowering caspase-
3 activity in islet cells of pancreas following MSC-CM
[65].

In our study, ultrathin sections examination of the
same group confirmed the light microscopic findings.
Hepatocytes appeared with euchromatic nuclei,
mitochondria, rough endoplasmic reticulum, smooth
endoplasmic reticulum, and glycogen granules. Blood
sinusoid appeared with sinusoidal endothelial cells,
Kupffer cells and telocytes in its lumen with microvilli
occupy the perisinusoidal hepatic space. Bile
canaliculi were also seen between adjacent
hepatocytes.

Kupffer cells may play a part in liver regeneration,
according to research by Du et al. [72] who found that
mesenchymal stem cells conditioned media has not
only reduced the hepatocyte apoptosis, but also
improved its regeneration by significant reduction in
neutrophil infiltration, significant decrease in pro
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inflammatory cytokines level and Kupffer cells
activation.

Recently discovered interstitial cells known as
telocytes are distinguished by long, thin cytoplasmic
extensions. They can exchange information with other
cells via specialized junctions (cell/cell) or
extracellular vesicle overflow. Indeed, growing
research indicates a close connection between
telocytes and stem cells inside tissues, which
facilitates tissue repair and regeneration [73].

The provided findings showed that AD-MSCs reduce
the chronic liver diseases development in animal
models, including NAFLD, liver fibrosis, and
cirrhosis, which may explain their wide therapeutic
effectiveness in treating the liver diseases clinically.
MSC-CM is used to treat diabetes and NAFLD as it
can reduce insulin sensitivity and resistance in mice
with type 2 diabetes, and also alleviating liver
dysfunction, improving  lipid  profiles, decrease
inflammation, decrease apoptosis and increase the
antioxidant capability [8, 74].

Conclusions

The present study revealed MSCs-CM has a more
ameliorative effect than Silymarin on induced fatty
liver disease through its anti-necrotic, antiapoptotic
and anti-inflammatory effects.
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Figure (1s): Lipid profile expression in different studied groups.
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Figure (2s): Mean values of area percent of alpha smooth muscle actin and Caspase 3 immune reactions in
different studied groups.
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