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ABSTRACT

Introduction: Obesity is a global major health concern. Fatty diet is a significant factor leading to obesity and likewise results
in steatosis and steatohepatitis. Moringa oleifera (MO) leaves are commonly used for both nutritional and medicinal purposes
for curing of several diseases. They had also revealed hepatoprotective activities.

Aim of the Work: To study the impact of high fat diet (HFD) on the livers of rats and to assess the potential protective role of
MO leaves extract, comparing it with that of simvastatin.

Materials and Methods: Forty adult male albino rats were used in this study. Animals were separated into four groups (ten
rats per group): Group 1: Control group: received standard diet for eight weeks; Group 2: HFD group: received HFD for eight
weeks; Group 3: Simvastatin treated group: received Simvastatin with the HFD; Group 4: MO leaves extract treated group:
received MO leaves extract in addition to HFD. By the end of the 8th week rats were weighed then sacrificed. Liver was
removed, weighed and examined histopahologically using hematoxylin and eosin (H & E) as well as Masson's trichrome stain.
Immunohistochemical staining using the avidin-biotin peroxidase complex technique for Anti-Glial fibrillary acidic protein
(GFAP) antibody and Anti-Beclinl antibody were also done.

Results: Body weight and liver weight of rats on HFD (Group 2) were increased and the liver architecture of this group was
noticeably affected. Serum liver enzymes as well as serum lipids were markedly elevated. In Group 3, simvastatin attenuated
all these studied parameters. The protective role MO leaves extract demonstrated in Group 4 was obvious and even exceeded
that of simvastatin.

Conclusion: The protective effect of MO leaves extract was evident in liver steatosis. We recommend increased awareness of
people about the beneficial effect of MO especially in overweight and obese people.
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INTRODUCTION

Obesity is a global major health concernt!l. Its prevalence
is growing due to the living of sedentary lifestyle resulting
in high dietary energy consumption together with low
energy expenditure?3,

Even though the etiology of obesity is compound, fatty
diet is a chief factor leading to obesity!. Fatty diet, as well,
is a leading cause of metabolic syndrome which beside
obesity, comprise dyslipidemia and insulin resistancel>®!.
Fatty diet and obesity are frequently associated with many
complications as coronary heart disease, hypertension,
atherosclerosis, strokes, diabetes mellitus and many
others[”'%.

Furthermore, fatty diet and obesity lead to hepatic
fat accumulation, resulting in oxidative stress as well as
pro-inflammatory cytokines liberation. This results in a
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diverse liver damages which range from simple steatosis
to steatohepatitis named nonalcoholic steatohepatitis or
NASH, that may end in fibrosis and cirrhosis!'".

Simvastatin is an inhibitor of the 3 hydroxy 3
methylglutaryl coenzyme A reductase enzyme (HMG-
CoA reductase), with subsequent lipid-lowering properties.
It is extensively used for the management of disorders of
lipid metabolism as hyperlipidemial’>!4. Moreover, it
similarly displays additional promising benefits as being
anti-oxidant, anti-inflammatory, steadying atherosclerotic
plaques and ameliorating endothelial malfunction!>!¢,
Modern studies confirmed that simvastatin not only
reduced serum lipids but diminished lipid deposition in the
liver as well. Consequently, simvastatin can be considered
a potential treatment in steatohepatitist'”,

Moringa oleifera (MO) related to the Moringaceae
family, which cultivates in the world tropical and
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subtropical areas!"'”), MO was suggested to be “most
nutrient rich plant so far discovered” by Khawaja
et al®. MO is rich in numerous essential nutrients
such as amino acids, vitamins, minerals, beta-carotene,
omega 3 and 6 fatty acids®'?2. Moreover, MO contain
phytochemicals chiefly polyphenols that was linked to its
anti-oxidant & anti-inflammatory properties?. MO leaves
were worldwide used for nutritive and also for medicinal
purposes. They are habitually used in curing of headache,
fever, inflammation, infections, diabetes, hyperlipidemia
in addition to many other diseases?>?**], Newly, MO has
also revealed hepatoprotective actions. It has demonstrated
anti-fibrotic effects on rat liver fibrosis®.

This work aimed to study moringa oleifera versus
simvastatin effects on liver steatosis in a rat model
of HFD, monitored by serological, histological,
immunohistochemical and morphometric studies.

MATERIALS AND METHODS

Animals

In this study, forty Sprague-Dawley adult (weighing
180-200 g) male albino rats were used. They were
obtained from Animal House of Faculty of Medicine,
Cairo University, They were maintained in a temperature
0f20-25°C in an air-conditioned room. They were exposed
to a day light/darkness cycle 12:12h, as well as free food
and water access. Animal handling ethical protocols were
followed.

Simvastatin: Zocor tablets 20 mg from MSD pharma

Moringa oleifera (MO) leaves extract preparation: The
fresh MO leaves were washed by running water. They were
then air dried, crushed to powder and lastly preserved in
a dry air-tight bottle. Plant derived aqueous extract was
obtained by dissolving 1 g dried leaves powder in 10 ml
boiling water for 15 min, then filtering through filter paper
twice into a sterile cylinder and lastly left for cooling.

Study design

Animals were randomly divided into four groups (n =
10 per group):

Group 1: Control group: rats obtained standard diet for
eight weeks.

Group 2: HFD group: rats obtained HFD for eight
weeks. HFD contained 20 g of fat/100 g of diet (19g of
butter oil in addition to 1g of soybean oil that provides
essential fatty acids)?”.

Group 3: Simvastatin treated group: rats obtained in
addition to HFD, Simvastatin at a dose of 20 mg/kg daily
for eight weeks via gastric intubation!?l.

Group 4: Moringa oleiefera (MO) leaves extract
treated group: rats obtained in addition to HFD aqueous
extract of MO leaves at a dose of 200 mg/kg daily for eight
weeks. The extract was ingested via gastric intubation-3%,

By the end of the 8th week, the body weight (BW) all
rats were measured. In addition, tail vein blood samples
were collected for measurement of liver enzymes alanine
aminotransferase (ALT), and aspartate transaminase
(AST), as well as lipid profile Triglyceride (TG) and
Cholesterol (TC) at the Biochemistry department, Faculty
of Medicine, Cairo University. Then, under lethal dose of
general anesthesia, rats were sacrificed by intraperitoneal
(ip) injection of 100 mg/kg ketamine-xylazinel!.

Histological study

At the end of the experiment, livers were dissected
and weighed. Liver index was calculated as liver weight/
body weight x 100%. Then liver specimens were fixed in
a solution of formol saline 10% and embedded in paraffin.
Using a microtome (Leica RM 2025, Germany), serial
sections (5-7 um thickness) were mounted on glass slides,
rehydrated in descending grades of alcohol then stained
with the following stains at Histology Department, Faculty
of Medicine, Cairo University:

a. Hematoxylin and Eosin (H & E) stain®?!,

b. Masson's trichrome stain®! to demonstrate

collagen fibers.

c. cImmunohistochemical staining using the avidin-
biotin peroxidase complex technique®®*! for:

1.  Anti-Glial fibrillary acidic protein (GFAP)
antibody; is a class Il intermediate filament.
It is a ready-to-use rabbit monoclonal
antibody (1:2000, cat no. 14-9892-82,
eBioscience, ThermoFisher, San Diego, CA).
GFAP positive cells showed cytoplasmic
and membranous brown reaction.

2. Anti-Beclinl antibody; Belongs to the
beclin family. It is a ready-to-use rabbit
monoclonal antibody (1:1000, ab210498;
Abcam, Egypt). Beclin 1 positive cells
showed cytoplasmic brown reaction.

Application of the primary (lry) antibodies was
followed by incubation in a humid chamber at room
temperature for 60 min. Rat brains were used as *ve control
specimens for both GFAP and beclin 1. On the other hand,
one of the liver sections was used as —ve control by passing
the step of applying the 1ry antibody.

Morphometric Study

The “Leica Qwin 500 C” image analysis computer
system Ltd, (Cambridge, UK) was used at Histology
Department, Faculty of Medicine, Cairo University. For
each group, 10 non-overlapping fields were examined at
a magnification of x100. The following parameters were
assessed:

a. Area % of collagen fibers in Masson's trichrome
stained sections.

b. Number of GFAP & Beclin 1 immunopositive cells.
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Statistical Analysis

The obtained data was analyzed using SPSS version
22 statistical package. Data was summarized using mean
and standard deviation. Groups comparisons were done
by means of analysis of variance (ANOVA) with multiple
comparisons post hoc test, when more than 2 groups were
compared. The difference was considered statistically
significant when p (probability) value < 0.0585.

RESULTS
Body weight (BW) &Liver index Results

Group II showed a significant increase in the mean
values of BW & liver index compared to the other groups.
Meanwhile, Group III revealed a statistically significant
increase compared to the control & Group IV. Group IV
presented a statistically significant increase in the mean
value BW compared to the control (Table.1).

Biochemical Results

The mean values of TG, TC, ALT and AST showed
a statistically significant increase in HFD group (Group
II) in comparison to the remaining groups. In addition,
simvastatin-treated group (Group I1I) showed a statistically
significant increase compared to the control and moringa-
treated group (Group IV). No significant difference was
noticed between the control and moringa-treated group
except in the mean value of AST that displayed a statistically
significant increase in comparison to the control (Table. 2).

Histological Results
a) H&E Results

Examination of H&E-stained histological sections
revealed apparently normal histological structure of
the hepatic tissue formed of normal central veins and
hepatocytes cords radiating from them. The hepatocytes
appeared polyhedral cells with deeply acidophilic
cytoplasm and vesicular nuclei with prominent nucleoli.
Blood sinusoids appeared normally separating hepatocytes
cords. Portal tract appeared normal containing a branch
of the portal vein, a branch of the hepatic artery as well
a bile duct (Figure 1 A,B,C). Group II showed marked
disruption in the hepatic tissue structure as most of central
veins appeared dilated and congested. Most of hepatocytes
exhibited vacuolated cytoplasm with pyknotic nuclei.
Blood sinusoids appeared slightly dilated. Portal tract
showed dilated and congested portal vein with interrupted
wall. Meanwhile, the hepatic artery and the bile duct
appeared normal (Figure 2 A,B,C). Group III showed
moderate improvement in the histological structure of
the hepatic tissue, but some central veins still dilated
and congested. Some hepatocytes appeared vacuolated
and with pyknotic nuclei. Blood sinusoids appeared
normally separating hepatocytes cords. Portal tract
exhibited dilated portal vein and normal appearance of
hepatic artery and bile duct (Figure 3 A,B,C). Group IV
revealed marked improvement in the histological structure

of the hepatic tissue with apparently normal central
veins. Most of hepatocytes appeared normal with deeply
acidophilic cytoplasm and vesicular nuclei with prominent
nucleoli, yet few cells exhibited pyknotic nuclei. Blood
sinusoids appeared normally separating hepatocytes
cords. Note apparent normal contents of the portal tract
(Figure 4 A,B,C).

b) Masson’s Trichrome Results

Masson’s Trichrome stain demonstrated collagen fibers
which were normally distributed around central veins and
in portal area in the control group (group I) (Figure 5 A,B).
Group II showed noticeable collagen fibers deposition
around central veins and in portal area (Figure 6 A,B).
Group IIT showed less collagen fibers deposition around
central veins and in portal area (Figure 7 A,B). Group IV
showed apparently normal distribution of collagen fibers
around central veins and in portal area (Figure 8 A,B).

¢) Immunohistochemical Results

1. GFAP Results: Examination of liver sections
immuno-stained with glial fibrillar acidic protein (GFAP)
antibody showed few hepatic stellate cells (HSCs) which
were flattened with mild cytoplasmic expression of GFAP
in control rats (group I) (Figure 9A). Group II showed
many enlarged HSCs with long processes exhibiting strong
cytoplasmic expression of GFAP (Figure 9B). Group III
showed some enlarged HSCs with strong cytoplasmic
expression of GFAP (Figure 10A). Meanwhile, group
IV showed few flattened HSCs with mild cytoplasmic
expression of GFAP (Figure 10B).

2. Beclin 1 Results: Examination of liver sections
immuno-stained with beclin lantibody showed many
hepatocytes with strong brown cytoplasmic reaction
in control rats (group I) (Figure 11A). Group II
showed weak cytoplasmic reaction in few hepatocytes
(Figure 11B). Group III showed moderate cytoplasmic
reaction in some hepatocytes (Figure 12A). Meanwhile,
a strong cytoplasmic reaction was noticed in many
hepatocytes of group IV (Figure 12B).

Morphometric Results

In group II (HFD group), the mean area % of collagen
fibers and number of GFAP immune-positive cells showed
a statistically significant increase in comparison with all
other groups. In addition, a statistically significant increase
was detected in simvastatin-treated group (group III) when
compared to the control & moringa-treated group (group
IV). Moreover, the mean number of beclin-limmune-
positive cells revealed a statistically significant decrease
in group II compared to all other groups and also in group
I compared to groups I &IV. However, there was no
statistically significant difference between the control &
moringa-treated group (group IV) (Table. 3).
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Fig. 1: Photomicrographs of liver tissue from group I show normal structure of hepatocytes with vesicular nuclei (arrows) around apparently normal central
vein (CV). Blood sinusoids (S) appear normally separating hepatocytes cords. Portal tract containing a branch of portal vein (V), branch of hepatic artery (A)
and bile duct (D) (H&E; Ax200, B&Cx400).

!
AWE

Fig. 2: Photomicrographs of liver tissue from group II show dilated and congested central vein (CV). Hepatocytes appear with vacuolated cytoplasm (stars)
and pyknotic nuclei (arrows). Blood sinusoids (S) appear slightly dilated. Portal tract shows dilated portal vein (V) with congestion (C) and interrupted wall
(arrows). Note normal bile duct (D) and hepatic artery (A) (H&E; Ax200, B&Cx400).
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Fig. 3: Photomicrographs of liver tissue from group III show congested and dilated central vein (CV). Some hepatocytes appear with vacuolated cytoplasm
(stars) and pyknotic nuclei (arrows). Blood sinusoids (S) appear normally separating hepatocytes cords. Portal tract exhibits dilated portal vein (V). Note
normal bile duct (D) and hepatic artery (A) (H&E; Ax200, B&Cx400).

Fig. 4: Photomicrographs of liver tissue from group IV show apparently normal central vein (CV). Few hepatocytes appear with pyknotic nuclei (arrows).
Blood sinusoids (S) appear normally separating hepatocytes cords. Portal tract contains apparently normal portal vein (V), hepatic artery (A) and bile duct (D)
(H&E; Ax200, B&Cx400).
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Fig. 5: Photomicrographs of liver tissue from group I show normal distribution of collagen fibers around central vein (CV) and in the portal area (arrow)
(Masson’s trichrome; A&B x200).

Fig. 6: Photomicrographs of liver tissue from group II show marked increase in collagen fibers around central vein (CV) and in the portal area (black arrows).
(Masson’s trichrome; A&B x200).
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Fig. 7: Photomicrographs of liver tissue from group III show mild increase in collagen fibers around central vein (CV) and in the portal area (arrow) (Masson’s
trichrome; A&B x200).

Fig. 8: Photomicrographs of liver tissue from group IV show apparent normal collagen fibers around central vein (CV) and in the portal area (arrow) (Masson’s
trichrome; A&B x200).
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Fig. 9: Photomicrographs of liver sections; A: Control group exhibiting few flattened HSCs with mild immunoreactivity (curved arrows). B: Group II shows
strong immunoreactivity in many enlarged HSCs with long processes (curved arrows) (anti-GFAP X400).

Fig. 10: Photomicrographs of liver sections; A: Group III showing some enlarged HSCs with strong immunoreactivity (curved arrows). B: Group IV shows
few flattened HSCs with mild immunoreactivity (curved arrows) (anti-GFAP X400).
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Fig. 11: Photomicrographs of liver sections; A: Control group exhibiting strong immunoreactivity in many hepatocytes (arrows). B: Group II shows weak
immunoreactivity in few hepatocytes (arrows) (anti-beclin-1 X400).

Fig. 12: Photomicrographs of liver sections; A: Group III showing moderate immunoreactivity in some hepatocytes (arrows). B: Group IV shows strong
immunoreactivity in many hepatocytes (arrows) (anti-beclin-1 X400).
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Table 1: Mean values + SD of body weight (BW) and liver index
in control and experimental groups

Group BW (g) Liver index (%)
Group 1 189.2 +12.7 2.5+0.5
Group 11 242.9 £ 27.6* 3.9+0.72
Group III 2322 +36.1° 3.4+04°
Group IV 219.2 £ 12.7¢ 2.8+0.1¢

Liver index calculated as liver weight/body weight x 100%.

a significant increase compared to the other groups.

b significant increase compared to both groups I & IV.

¢ significant decrease compared to both groups II and III but non-
significant compared to group L.

d significant increase compared to group L.

Table 2: Mean values + SD of the TG, TC, ALT and AST in
control and experimental groups

Group TG TC ALT AST
(mmol/l) (mmol/l) (Uny (uny
Group 1 0.90+0.10 1.21+0.15 36.4+6.3 37.7+0.6
Group 11 1.69£0.39*  4.16+£0.63* 67.2+1.3* 76.2+2.02a
Group I~ 1.31£0.11°*  3.12+0.68> 53.6+1.5* 57.2+2.25b
Group IV 1.01£0.09°  1.44+0.77°  39.1 £8.2¢ 42.8+5.4d

a significant increase compared to the other groups.

b significant increase compared to both groups I & IV.

¢ significant decrease compared to both groups II and III but non-
significant compared to group .

d significant increase compared to group I.

Table 3: Mean values + SD of the area% of collagen, number
of GFAP and Beclin-limmunopositive cells in control and
experimental groups

Arca% of Number of Number of
Groups ’ GFAP immune- Beclin-1 immune-
collagen . .
positive cells positive cells
Group I 2.48+2.67 34.81+3.44 15.41+2.25
Group 11 6.0+1.24* 49.22+2.73% 3.61+0.66¢
Group III  4.34£2.34° 42.45+1.92° 8.11£1.56°
Group IV~ 2.78+0.70¢ 32.4442.71¢ 14.62+0.03f

a significant increase compared to the other groups.

b significant increase compared to groups I &IV.

¢ significant decrease compared to both groups II and III but non-
significant compared to group .

d significant decrease compared to the other groups.

e significant decrease compared to groups I &IV.

f significant increase compared to both groups II and III but non-

significant compared to group .

DISCUSSION

World Health Organization (WHO) describe obesity
as increased fat accumulation which might affect health.
The major cause of obesity is imbalance among calories
ingestion and calories spent which results from increased
consumption of dense energy food and reduction in bodily
activity®®. Due to the obesity prevalence, non-alcoholic
fatty liver disease (NAFLD) has turn out to be the most
frequent chronic liver disease”. Liver steatosis may lead
to steatohepatitis, and finally fibrosis and cirrhosis®**. In
this work we studied the effect of HFD on rat liver and the
probable protective effect of moringa oleifera (MO) versus
simvastatin.

The body weight of rats fed on HFD (group II)
was significantly higher as compared to other groups.
Similarly, the liver index showed similar increase. This
is in accordance with Xu et al*” who noticed an increase
in the BW and liver weight of rats on HFD compared to
control. The elevated body weight was explained by the
increase in adipose tissue and the elevated liver weight was
explained by fat accumulation together with inflammation,
congestion and collagen deposition in the HFD group,
which was demonstrated in our work in the examined liver
histological sections.

Group II exhibited a significant increase in the mean
values of ALT, AST, TG and TC in comparison to the other
groups. This is in agreement with Fontana er a/*"! who
assessed hepatic damage by measuring the activity of liver
enzymes in HFD fed rats and found them significantly
higher. These elevated plasma TG and -cholesterol
levels with successive fat accumulation in the liver led
to degenerative alterations in hepatocyte, as well as to
oxidative stress and eventually inflammationt*>+.,

Examination of histological sections of rats' liver fed on
HFD (group II) showed marked disruption in the hepatic
histologic structure, where most of hepatocytes exhibited
vacuolated cytoplasm with pyknotic nuclei, sinusoids were
dilated, central veins were congested and the portal vein
appeared dilated, congested with interruption of its wall.
These findings were in agreement with Altunkaynak™who
observed hepatocellular steatosis, foci of necrosis, marked
inflammation, obvious vascular dilatation and fibrosis.
Some researchers suggested that inflammation occurs
as a result to hepatocytes damage due to fat deposition
and oxidative stress in HFD, leading to cytokine release.
These inflammatory cytokines include Interleukin-1-beta
(IL-1B), Interleukin-6 (IL-6), Tumor necrosis factor-o
(TNF-a), Transforming growth factor beta-1 (TGF-f), and
nuclear factor (NF)-kB pathway proteins and monocyte
chemoattractant protein (MCP)", Catalase, superoxide
dismutase (SOD) and reduced glutathione (GSH) are
natural anti-oxidant that reduce oxidative stress. Increase
oxidative stress due to lipid peroxidation, leads to decrease
catalase and SOD activities, indicating reduced tissue
anti-oxidant defenses in rats on HFDM¢. Sinusoids and
portal veins dilatation resulted from inflammatory changes
following HFD. Again, hypertension related to obesity
might be a causet*”).

Liver fibrosis is associated with various liver chronic
diseases. The chief cell type accountable for fibrogenesis is
the hepatic stellate cells (HSCs). As result of inflammation
or liver cells death, HSCs go through transformation to
myofibroblast-like cellsi*¥l. Liver fibrosis in this study was
confirmed by Massons Trichrome stain, where significant
increase in collagen mean area %, was observed in group
I in comparison to other groups. This hepatic fibrosis
was further established by detection of HSCs with
GFAP immunohistochemical staining which exhibited a
significant rise in GFAP immunopositive cells in group II
as compared to other groups. HSCs are found in the space

172



Youakim et. al.,

of Disse (peri-sinusoidal space). They are surrounded
by both the hepatocytes and the endothelial cells of the
sinusoids™.

These findings could be clarified by Lee et al*®! who
stated that the inflammatory cytokines particularly TGF-
is a key stimulator of fibroblasts and a mediator of fibrosis
in the liver tissue. Furthermore, Sandulescu et a/*® &
Carotti et al*"! added that cytokines produced by injured
hepatocytes HSCs are transformed to myofibroblasts
which are fibrogenic. Glial fibrillary acidic protein (GFAP)
is a member of intermediate filaments which sustains cell’s
mechanical structure and strength. It was first considered
in astroglial cells. It has been recognized that GFAP could
present a valuable marker of early HSCs stimulation than
a-SMA GFAP in chronic as well as in post-transplant
recurring hepatitis®'l.

Autophagy, a lysosomal-degradative pathway which
works to encourage survival of cell by energy supplying
during the stress or by eliminating damaged proteins
and organelles following damage. The contribution of
autophagy in the pathogenesis NAFLD was primarily
proposed by the finding that this pathway facilitates the
catabolism of lipids in liver cells and so might adjust the
progress of liver steatosis®®?. Beclin 1 is one of the autophagy
linked proteins®®!. In this work autophagy was assessed by
beclin 1 immunostaining, revealed a significant decrease
in beclin 1 immunopositive cells in group II compared to
other groups. This is concomitant with Kwanten et alt*¥
who stated that autophagy has a role in NAFLD pathology,
where the autophagic role is diminished in the fatty liver.

In rats given simvastatin with HFD (group III), there
was a significant decrease in body weight and liver index as
compared to group II. This was explained by the protective
role of simvastatin in HFD fed rats which was observed by
many authors who found that administration of simvastatin
significantly inhibited the excessive weight gain and the
increased liver weight caused by HFDP3!,

Regarding liver enzymes (ALT and AST), TG and
TC, group III showed a significant decrease in their levels
as compared to group II. These findings consequence
as statins inhibit enzyme responsible for cholesterol
synthesis and are extensively prescribed as cholesterol-
lowering drugs?®®. However, though this protective role
of simvastatin, Nelson et al’”! stated that simvastatin
monotherapy seems not to be an effective for NASH.

By LM examination, group III showed moderate
improvement in the hepatic tissue structure as some
hepatocytes appeared vacuolated and with pyknotic nuclei.
Also, some blood sinusoids appeared dilated, central veins
appeared congested and the portal vein was dilated. This
improvement with simvastatin is caused by reduced lipid
deposition in hepatocytes, ameliorated the progressive
hepatic steatosis, inflammation, and fibrosis induced by
high-fat diet®®],

Group III in this study revealed a significant decrease
in collagen fibers mean area % and GFAP immunopositive
cells as compared to group II. This beneficial role of
simvastatin is explained by reducing plasma lipids,
decreasing lipid droplets accumulation in hepatocytes.
Simvastatin protects damage from oxidative stress from
dyslipidemia, inhibits free radicals synthesis and lessens
the lipid peroxidation and oxidative stress induced by
HFD, with consequent reduction of inflammation and
fibrosis®’!. Moreover, Trebicka et al')! added, statins can
diminish hepatic inflammatory reactions and avoid hepatic
fibrosis by inactivation of HSCs.

Group III revealed a significant increase in beclin 1
immunopositive cells as compared to group II. This was in
accordance with Gu et al'®"! who mentioned that simvastatin
brought autophagic pathway in asthma mouse models.

In this study, MO presented a protective effect superior
to simvastatin as group IV. It exhibited a significant
decrease in body weight and liver index as compared to
group III. Our findings were in agreement with Akinduko
et al'® who noticed body weight and liver weight were
lower in MO group when compared to HFD group.

The liver enzymes (ALT & AST), TG and TC levels
were significantly low in group IV as compared to group
III. These results signifying the role of MO in avoiding
liver damage resulted from HFD! Almatrafi et all¥
reported reduction of these liver enzymes and documented
arecovery from liver damage with MO intake, showing the
protective properties of MO in liver. MO has significant
concentrations of quercetin which is a flavonoid shown
to reduce TG synthesis!®!. MO significantly diminished
total cholesterol and LDL levels and elevate the level of
HDL in rats fed with HFD. This indicates that MO have a
hypolipidemic effect, resulting in a decrease in hepatic fat
deposition(®®],

Group IV revealed preservation of the histological
structure of the hepatic tissue with apparently normal
blood sinusoid and central veins. MO is a rich source of
antioxidant, mainly polyphenols. Polyphenols has been
recognized to exert potent antioxidant effect. They prevent
lipid peroxidation by acting as free radicals scavengers. MO
also has anti-inflammatory properties. Treatment with MO
demonstrates a decrease in fat deposition, inflammation,
congestion and fibrosis. All these findings link with the
hepatoprotective, antioxidant and anti-inflammatory
properties of MOI¢7),

Regarding fibrosis, MO shown an anti-fibrotic effect
greater to that of simvastatin, as group IV showed a
significant reduction in the mean area % of collagen fibers
and GFAP immunopositive cells as compared to group
III. This was documented by Aly et al®® who reported
hepatoprotective effect of MO against inflammation and
fibrosis by decreasing TNF-a and TGF-B levels. TNF-a
stimulates NF-KB which activates fibrogenic molecule
TGF-B and activates the survival and synthesis of
stimulated myofibroblasts by differentiation of HSCs.
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The stimulation of autophagy is considered a promising
approach to prevent lipid accumulation in the liver!®.
Group IV in this study showed a significant rise in beclin
1 immunopositive cells as compared to group III. This was
in accordance with Liu et al" who reported stimulation
of autophagy and inhibition of hepatic steatosis in obese
animals after exposure to quercetin that is found in MO.

CONCLUSION

This study could suggest potential protective effects
of MO and simvastatin which could lead to preservation
of the histological and biochemical markers of liver in
the HFD-induced liver steatosis in rats. MO protective
role was superior to that of simvastatin. We recommend
increased awareness of people about the beneficial effects
of MO especially in obese individuals.
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