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Introduction

Non-alcoholic fatty liver disease (NAFLD) is a
diverse hepatic state induced by irregular fat deposition
in hepatocytes with or without inflammation. It causes
many liver diseases; including steatosis, steatohepatitis,
liver fibrosis, cirrhosis, and liver failure [1].

The guidelines of the American Association
for the Study of liver diseases categorize the NAFLD
histologically into two main categories; fatty liver and

steatohepatitis.

Abstract

BACKGROUND: Non-alcoholic fatty liver disease (NAFLD) is a common liver disease affecting nearly 25% of
adults worldwide with related risk factors including obesity, metabolic, and inflammatory diseases. Many therapeutic
remedies of natural or synthetic properties were used.

AIM: This study aimed to investigate and compare the effects of ginger/rosuvastatin (ROSU) on the liver of rats with
induced NAFLD.

MATERIALS AND METHODS: Forty adult male albino rats were used in this study and divided into four equal
subgroups, Group |, control received the standard rat chow diet and given normal saline (1ml/kg/day), Group I,
high-fat diet (HFD) group, Group lll, received HFD+ ROSU (15 mg/kg/day), and Group IV, HFD+ Zingiber officinale
(10% WI/V) for 6 weeks. At the end of our experiment, the rats were sacrificed then blood samples were collected
for biochemical analysis of lipid profiles and liver enzymes, liver specimen was prepared for light and electron
microscopic examination, and measurement of tissue level of malondialdehyde.

RESULTS: NAFLD caused degenerative changes and lipid deposition in liver cells as evidenced by microscopic
results and laboratory tests. Treatment with ginger/ROSU alleviated those changes.

CONCLUSION: Ginger and ROSU could ameliorate liver functions in NAFLD and ginger effect is superior to ROSU.

The first one is considered a benign
disorder, whereas the development of such condition
in later stages has severe complications including
hepatocellular injury, liver inflammation, fibrosis,
cirrhosis, and hepatocellular carcinoma [2].

High dietary intake of carbohydrates is a risk
factor in the pathogenesis of NAFLD [3]. Many clinical
trials were done to treat NAFLD but it remains a
challenge for the scientific community without licensed
therapies till date [4].

Diet and modifications of lifestyle have been
shown to be important tools for the prevention and

916

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Ramadan et al.Zingiber officinale in Comparison to Rosuvastatin on High-fat diet-induced Non-alcoholic Fatty Liver Disease

control of NAFLD but still there is no effective clinical
management of this disease [5].

Many therapeutic methods were investigated to
modulate pathogenesis of NAFLD. The use of nutritional
therapy and natural products for many health problems
has become the interest of many researchers [6].

Ginger (Zingiber officinale Roscoe), belongs
to the Zingiberaceae family, is widely used in many
countries for its anti-inflammatory, antihepatotoxic,
antidiabetic, and antioxidant effects [7]. Rosuvastatin
(ROSU) is a member of statin family, which is
comprised the anti-hyperlipidemic agents. ROSU
inhibits 3-hydroxy-3-methyglutaryl coenzyme reductase.
Independent of its lipid-lowering effect, ROSU has also
anti-inflammatory and antioxidant properties [8].

This study was performed to assess and
compare the effectiveness of Zingiber officinale extract
and ROSU, on lipid profile, liver structure, and functions
in rats with induced NAFLD.

Materials and Methods

Drugs and chemicals

ROSU was obtained from AstraZeneca
Company (Giza, Egypt). Ginger was obtained in
powder form and dissolved in distilled water 125 g/L
for 12 h at room temperature then filtered [9]. Alanine
aminotransferase (ALT), aspartate aminotransferase

(AST), total cholesterol (TC), triglyceride (TG),
low-density lipoproteins (LDLs), and high-density
lipoproteins (HDLs), and malondialdehyde (MDA)

kits were purchased from Biodiagnostics (Egypt).
Anti-caspase-3 antibody was purchased from Dako
Corporation (Life Trade, Egypt).

Preparation of high-fat diet

A high-fat diet (HFD) model was followed for
the induction of NAFLD in rats. It implies feeding rats
with high cholesterol (atherogenic) diet (79% standard
diet and 21% ghee fat) for 6 weeks [10].

Animals

Animal handling was approved by the Medical
Ethical Committee, Damietta Faculty of Medicine,
Al-Azhar University (IRB 0001267-21-07-005).

Forty male adult albino rats were left in the
experimental room for 1 week before the study for
acclimatization, then, animals were randomly divided
into four groups (10 rats in each group — 5/cage):
Group |, control group received the standard chow
diet and given normal saline (1ml/kg/day) by gastric

intubation for 6 weeks, Group IlI: HFD group (received
HFD orally for 6 weeks), Group Ill: HFD (received HFD
orally)+ ROSU (15 mg/kg/day, and Group IV, HFD+
Zingiber officinale (125 mg ginger powder dissolved in
1 L of distilled water). The ginger powder (10% W/V),
ROSU tablet in the form of watery solution in a dose of
15 mg/kg was freshly prepared and given daily by oral
gavage tube.

Blood sampling, serum, and tissue
preparations

At the end of our experiment (on day 42), blood
samples were obtained from the retro-orbital plexus,
then, we separated serum by centrifugation at 1200 g
for 15 min, collected, and kept at 20 °C for further
laboratory analyses. Moreover, liver specimen was
rapidly excised after scarification of rats and washed
with normal saline solutions (0.9% NaCl in distilled
water) to be prepared for histological evaluation.

Serum biochemical analyses

The serum concentrations of lipid profile
(TG, TC, LDL, and HDL) and liver enzymes (ALT and
AST) were examined by Beckman Coulter chemistry
analyzer.

Assay of oxidative stress marker

The liver specimen was perfused with ice-
cold 50 mmol/L sodium phosphate-buffered saline
(100 mmol/L Na,HPO,/NaH,PO,, pH 7.4) containing
0.1 mmol/L EDTA to wash away the RBCs and clots.
Tissue samples were homogenized in 5-10 mL ice-
cold buffer/1 g tissue. Then, centrifugation of the
homogenate was done for 30 minat 3000g. The
obtained supernatant was stored at -80 °C for MDA
analysis.

The concentrations of MDA in plasma and
in hepatic tissue were measured indirectly with
thiobarbituric acid [11]. The hepatic tissue MDA
concentration was normalized against the protein
concentration.

Hematoxylin and Eosin staining and
immunohistochemistry

The liver specimens were fixed in 10% formalin
for at least 24 h. The collected liver tissues were
processed and sectioned at a thickness of 5 um and
stained with hematoxylin and eosin and immunostain
for caspase 3. The prepared slides were examined
under light microscopy by the histologists and
pathologists. The images were photographed and the
percentage area density of caspase 3 was measured
using a Raywild E5 microscope with a Raywild M-300
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digital camera with image analyzing system (Mvi-mage
program v12).

For electron microscope examinations

Samples of liver tissue were cut into
1 mm?thickness, fixed in 3% glutaraldehyde in phosphate
buffer (pH 7.4) at 4°C. Routine processing for E.M was
carried out in the unit of electron microscope. Semi-thin
sections (0.5—1 um thickness) stained with toluidine blue
for structural assessments using L.M. Ultrathin sections,
60 nm thick, were also prepared and stained by lead
citrate 2% and uranyl acetate [12]. Photographing was
done by E.M (JEM-100 Cx11, JEOL, Egypt) at 80 kV.

Statistical analysis

Data were presented as the mean * standard
deviation and analyzed by the two-tailed Student’s test
and one-way analysis of variance test using the statistical
software package SPSS for Windows OS (Version 21.0;
SPSS Inc., Chicago, IL, USA) followed by the Duncan’s
post hoc test for multiple group comparison. Statistical
significance was considered at p < 0.05.

Results

Effects on lipid profile

There was a significant increase in the level of
cholesterol; TGs and LDL in animals treated with HFD
for 6 weeks in comparison to the control group, while
a significant reduction in level of HDL were observed
in comparison to other groups. Daily administration
of 2 ml ginger (10% W/V)/ROSU (15 mg/kg) for 6
consecutive weeks induced a significant reduction in
serum LDL, TG, and significant increase in HDL level in
normal rats. Compared to HFD rats model, 2 ml ginger
10% (W/V)/ROSU produced significant reduction in
serum cholesterol, TG, serum LDL, and serum HDL.
Furthermore, the use of ginger showed significant
changes in comparison to ROSU (Table 1).

Effects on serum levels of liver enzymes
and MDA

Serum AST and ALT of rats on HFD had
significantly increased when they compared with normal
rats. No significant change in ALT and AST was observed

Table 1: Assay of lipid profile in different groups

in HFD rats treated with ginger/ROSU as compared
with rats received HFD alone. Tissue level of MDA in
the liver of the rats treated with HFD showed significant
increase when compared to the control group, while
daily administration of 2 ml ginger 10% (W/V)/ROSU
significantly reduced MDA when compared to rats of
HFD. Furthermore, the use of ginger showed significant
changes in comparison to ROSU (Table 2).

Table 2: Assay of serum levels of liver enzymes,
malondialdehyde, and caspase 3

Parameters Control group HFD HFD+ROSU HFD+Ginger
(mean + SD)

ALT (iu) 30.8+7.2 70.4+6.5 82.1+19.3 63.3+17.8
p <0.005 <0.005

AST (iu) 151.3 +4.43 197.3 + 14.1 266 +23.2 165.2 £ 15.5
p <0.005 <0.005

MDA (mg/dl) 125+1.29 23.60 +2.43 7.30+1.25 55+1.2
Caspase 3 (%)  0.728+0.847  6.47+1.0250  2.65+0.924 1.34 +1.048
p <0.005

MDA: Malondialdehyde, HFD: High-fat diet, ROSU: Rosuvastatin, SD: Standard deviation, ALT: Alanine
aminotransferase, AST: Aspartate aminotransferase.

Light microscopic findings

Hematoxylin and eosin stained sections
results

The liver from control rats group showed normal
structure of hepatic lobules. The liver cells appeared
polyhedral in shape exhibiting acidophilic cytoplasm
and central round vesicular nuclei. Hepatocytes were
arranged in cords radiating from the central vein and
separated by blood sinusoids. Portal area was normal
in shape, with no infiltration of inflammatory cells.
In contrast, the liver structure of rats of HFD showed
that minimal dilation of blood sinusoids, many Kupffer
cells, and vacuolar fatty degeneration were detected in
hepatocytes near the central vein. The nuclei of liver
cells were deformed and darkly stained, dilated portal
vessels surrounded by cellinfiltrates. Liver sections from
HFD rats treated with ROSU showed slight dilatation of
the sinusoids with prominent Kupffer cells. Hepatocytes
show homogeneous cytoplasm, with no lipid deposits;
they have normal central vesicular nuclei. The portal
tract area appeared with normal vessels and nearly
normal hepatocytes. The liver of HFD rats treated with
ginger showed hepatocytes, central vein, and portal
areas appear more or less similar to control (Figure 1).

Ultrastructural results

The control liver showed the hepatocytes with
normal eukaryotic nucleus, mitochondria, RER, and

Parameter Control Group (1) HFD Group (2) p HFD+ROSU (3) HFD+Ginger (4) p

Cholesterol (mg/dl) (mean + SD) 55.74 + 6.36 98.35 + 4.69 <0.005 7198 £8.9 72+54 p2-3 and 2—4 < 0.005

TG (mg/dl) (mean + SD) 47 +£8.48 102.56 +9.13 <0.005 38.72+11.8 36.6+7.2 p2-3 and 2—-4 and 3—4 < 0.005
LDL (mg/dl) (mean + SD) 20 +5.92 55+7.83 <0.005 12+£27 15.40 £ 1.96 p2-3 and 2—4 < 0.005

HDL (mg/dl) (mean * SD) 24 +2.16 17.60 + 1.029 >0.005 15.90+7.5 1550 + 1.2 p2-3 and 2—4 < 0.005

HFD: High-fat diet, ROSU: Rosuvastatin, SD: Standard deviation, TG: Triglyceride, LDL: Low-density lipoprotein, HDL: High-density lipoprotein.
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Figure 1: Section of liver from rats of Group | showing classic histological liver structure. (a) (Central vein region) the hepatic cords were
radiating from the central veins (V), hepatocytes were polygonal and had vesicular nuclei (arrow), and the blood sinusoids and their von
Kupffer cells (notched arrow) were seen among the cords. (b) (Portal area region) shows normal portal vein and normal bile ducts (P). Nearly,
hepatocytes show normal cytoplasm and nuclei (arrow). (c) Section of the liver (central vein area) from high-fat diet rat showing slightly dilated
and congested central vein (V). The hepatocytes show vacuolar degeneration, their nuclei were deformed and darkly stained (black arrows).
Some of sinusoids are disorganized and dilated (notched arrow). (d) Liver from high-fat diet group (portal area) showing dilated portal vessels
(P), with ballooning of hepatocytes (arrows). (e) Section in rat liver of high-fat diet with rosuvastatin group (central vein region) showing dilated
and congested central vein (V) with restoration of normal hepatocyte cell cord (arrow) with slightly congested sinusoids (notched arrow).
(f) Section in rat liver of high-fat diet with rosuvastatin group (portal area, region) showed normal portal vein and bile ducts (P) with marked
lymphocytic infiltrations (notched arrow). The hepatocytes showed normal cytoplasm and nuclei (arrows). (g) Liver from high-fat diet and ginger
group (central vein region) showed normal liver cells radiating from the central vein (V) with no lipid deposition, having vesicular round central
nuclei (arrows) and normal blood sinusoids in between (notched arrow). (h): Liver from high-fat diet and ginger group (portal area) showing
nearly normal portal area (P), normal hepatocytes (arrows), normal blood sinusoids in between (notched arrow) (hematoxylin and eosin, x400),
scale bar = 200 um

glycogen granules with few fat globules. While that of
HFD showed, marked vacuolation in hepatocytes due
to accumulation of lipid droplets, increased swollen
mitochondria with loosen cristae and distorted r.ER.
The liver of ROSU/ginger groups showed improvement
of hepatocyte structure with less fatty vacuolation and
less swelling of mitochondria. The ginger group showed
better results than that of ROSU group (Figure 2).

Immunohistochemical assessment of caspase 3

Liver sections for caspase-3 showed weakest
expression of caspase-3 in the control group, moderate
expression of caspase-3 were found in treated groups
with ROSU/ginger groups while the marked expression
of caspase-3 was in HFD group as proved statistically
(Figure 3 and Table 2).

ﬁg‘r’ vl Fl ‘a.»-:‘“ 4 - S '——

Figure 2: Electron micrographs from control liver (a) showed the
hepatocytes with normal eukaryotic nucleus, mitochondria (M), and
RER (r), with few fat globules. While that of high-fat diet-induced liver
disease (b) showed multiple vacuolations in hepatocyte due to many
lipid droplets (L), swollen mitochondria (M) with loosen cristae and
distorted RER (r). (c) The rosuvastatin group showed hepatocytes
with less fatty vacuolation (L), less mitochondrial swelling (M) than
that of the fatty liver. (d) The ginger group showed that hepatocytes
have ultrastructure feature nearly similar to the control group with
restoration of mitochondria (M) and less lipid droplets (L) than that
of the rosuvastatin group (lead acetate and uranyl citrate x10,000,
scale bar = 1um

Discussion

Human studies on NAFLD were very limited
due to ethical considerations in administration of drugs,
use of liver tissue biopsy, and the long period of disease

development and progression, so, the animal models
could give more information not only in identifying the
etiology of NAFLD but also in investigating therapeutic
effects of various compounds [4].

The present study investigated the potential
therapeutic effect of Zingiber officinale (ginger) in
comparison with ROSU on diet-induced nonalcoholic
fatty liver disease.

Open Access Maced J Med Sci. 2022 Apr 30; 10(A):916-923.
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Figure 3: Photomicrographs of immunostained liver sections
for caspase-3 show no expression of caspase-3 in the control
group (a); marked caspase-3 expression in high-fat diet group (b);
weak expression (arrow) of caspase-3 in treated groups with
rosuvastatin (C), and the less expression with ginger group (d). A
control group; B: High-fat diet rat group; C: NAFL-ROSU group; and
D: NAFL-ZO group. The positive staining of caspase-3 is presented
as brown hepatocytes (anti-caspase 3 immunostaining x400, scale
bar = 200 pixel)

In this study, induction of non-alcoholic fatty
liver disease was done by feeding rats with high
cholesterol diets (79% standard diet and 21% ghee fat)
for 6 weeks, confirmed by significant increase in lipid
profile (i.e., hyperlipedemia) as the serum cholesterol,
TGs, HDL, and LDL of hyperlipidemic rats were
increased due to the intake of atherogenic diet when
compared to the control group. This was in agreement
to Dizaye and Mohammed in 2019 [10] who used the
atherogenic diet containing (30% vegetable oil and 3%
pure cholesterol) given to 36 adults male rats. Other
published study [13] has obtained similar results to
our study and hyperlipidemia has been induced in
Wistar rats using atherogenic diet which contains 50%
carbohydrate (fructose) and 24% fat (beef tallow) with
25% fructose in drinking water.

The mechanism of the induction of NAFL
by high-fat diet may be due to increased level of
cholesterol biosynthesis precursor (acetyl CoA) which
increases the activity of HMGCOoA reductase, leading
to downregulation of LDL receptor either by changing
the activity of hepatic LDL receptor or by changing
the production rate of LDL or by both [14]. Moreover,
several researches revealed that the increase in serum
LDL, cholesterol, and TGs and reduced HDL were
involved in etiology of many diseases such as the fatty
liver disease [15].

The histopathological and ultrastructural
changes observed in the hepatic tissue in the form
of dilation of blood sinusoids and vacuolar fatty
degeneration in hepatocytes near to central vein.
Hepatocyte nuclei were deformed and darkly stained
nuclei (sign of cell apoptosis). Portal vessels are dilated
and surrounded by cell infiltrates. Moreover that,
mitochondrial dysfunction manifested by mitochondrial

swelling and loss of cristae. Similar to our findings, these
structural and ultrastructural changes of hepatocytes
have been observed in animal models and patients of
NAFLD [16], [17].

Together with the laboratory findings, these
abnormalities proved the successful induction of NAFLD
which is in agreement with former reports in animal
models [18], [19]. The histological examination of liver
structure in rat-induced NAFL was also accompanied by
changes in lipid profile and liver enzyme. This coincides
with the results of recent studies [4], [13], [20].

In this study, the outcome of the induction
of NAFL in rat influences the liver functions by a
significant increase in liver enzymes (ALT and ASAT)
in the induced NAFL group compared to control group.
This indicates destruction of liver tissue in the group
with HFD. This in agreement with the finding of a recent
study [20] which recorded that liver enzymes were
significantly increased after induction of NAFL in rats.
This indicates hepatic destruction in the rat-induced
NAFL group. The increase in ALT and AST enzymes is
due to their leakage into blood serum from the different
tissues in case of muscular and hepatic damage. ALT is
known as specific marker of liver damage which leaks
into the blood serum from liver cell cytoplasm through
cell membrane [21], [22].

Aerobic metabolism of the liver induces
peroxidant (e.g., reactive oxygen species) at a
continuous rate, which is balanced with continuous
production of antioxidants. Peroxidant/antioxidant
imbalance for peroxidant substitution (peroxidation)
suggests the induction of oxidative stress which causes
pathological changes in the liver. Reactive oxygen
species with toxic effects lead to membrane lipid
peroxidation [23].

Various studies [4], [24] have revealed that the
most significant theory in the pathogenesis of NAFLD
suggested the oxidative damage, which leads to
inflammation and progression of the disease.

Inthe present study, the serummelondialdehyde
(MDA) level showed significant increase in NAFLD
compared to the control group. This was in agreement to
a previous study in 2020 [3] which recorded a significant
increase in the liver tissue level of MDA in NAFLD rats
in comparison to the control group. Furthermore, lipid
dysregulation in high-fat diet-fed rats was connected
to induction of oxidative stress in related hepatocytes
which favors a disease progression. Hypothesis for
NAFLD progressive cycle suggests the involvement of
metabolic disease, ROS formation, and inflammation.
ROS-induced oxidative stress produces MDA as a
byproduct [1], [25].

The elevated tissue levels of positive caspase 3
in the HFD group compared to the control group indicate
hepatocyte apoptosis in rat with induced NAFLD.
This coincides with the results of a recent study [26]
who found a significant increase in the expression of
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caspase-3 in HFD-exposed liver in comparison to the
control group. Hepatocyte apoptosis is a key mediator
in the initiation of NAFLD. Apoptosis is a high conserved
genetically controlled pathway of cell death which leads
to the induction of liver injury and fibrosis, and the
development of several hepatic diseases [27].

From the above findings we suggest that
fat accumulation in liver leads to membrane lipid
peroxidation, oxidative stress, cellular apoptosis and
consequently leakage of liver enzymes in the patients
with fatty liver disease. This was in agreement to
several studies [3], [4], [27], [28], [29] claimed that both
inflammation and oxidative stress play a vital role in the
initiation of NAFLD.

In the present study, we used ginger (Zingiber
officinale) or ROSU to alleviate those conditions and
we found that they significantly reduced the level of
serum TG, LDL-C, TC, and increased serum HDL in
hyperlipidemic rats when they compared with normal
rats after 6 weeks of administration. Similar results were
recorded after the use of ROSU in the study of Abdul-
Kafy et al. [4], they revealed that ROSU treated group
showed non-significant liver changes when compared
to the control group while it showed significant
decrease in comparison to NAFL group. Furthermore,
Antonopoulos et al. [30] reported that treatment with
ROSU (10 mg/day) normalized lipid profiles and
transaminases in NAFLD patients with hyperlipidemia.

Similar significant results were recorded after
the use of ginger in NAFLD, as it reduced HF-diet-
mediated hypercholesterolemia. These results were
in agreement with other experimental study [31] which
carried out on 40 rats received ethanolic extract of
ginger (500 mg/kg/day) for 9 weeks, showed significant
reduction in serum level of TC, TGs, LDL-C, and
significant increase in serum HDL. However in contrast
to the present study, Prasad et al. [32] did not observe
any significant changes in level of serum LDL and TG
after the use of ginger. These differences indicated that
using of ginger for 21 days is not sufficient to induce
significant changes in serum TG and LDL.

Regarding the mechanism behind the anti-
hyperlipidemic effect of the ginger, it comes from its
ability to activate cholesterol 7a-hydroxylase, which is
considered a rate-limiting enzyme in biosynthesis of
bile acid. It induces conversion of cholesterol to bile
acid, thus leads to enhance clearance very LDL (VLDL)
and reduce TGs level [33].

Furthermore, ginger had a niacin component
which may induce its anti-hyperlipidemic effect through
increase in VLDL clearance, decrease of TGs level,
and an increase in liver uptake of LDL. Concerning
the beneficial effects of ginger on liver enzymes, our
results are in agreement with the findings obtained
from the previous study [24] which showed that hepatic
enzymes ALT and AST were increased significantly in
rats received two different doses of ginger extract (200

and 400 mg/kg) for 6 weeks showing reduction in serum
AST and ALT at same time.

As observed in our results, the use of ginger
in NAFLD rats produced significant reduction in
MDA concentration. This agrees with the previous
findings [34], [35] which recorded that ginger decreased
the concentration of MDA in rats and so decreased
the lipid peroxidation. Ginger also given to pregnant
women in the first trimester safely [36]. In contrast to
our results, Abd-Allah et al. [37] observed that using of
ginger solution for 6 days in 40 rats showed no effect on
MDA level of normal rats. The variation in the influence
of ginger conforms that the plant decoction needs more
than 1 week to exert its effect on MDA.

In the present study, rats treated with ginger
showed that a decrease in apoptosis in the injured
hepatic tissues, as the expression of protein levels of
the pro-apoptotic caspase 3 decreased. Therefore,
the ameliorative effect of ginger on NAFLD-induced by
ROS production may be the underlying mechanism for
its protective effect against apoptosis, which plays a
role in the pathogenesis of NAFLD.

Conclusion

Our findings provide evidence that ginger/
ROSU may be used to protect against non-alcoholic
fatty liver disease and ginger effect is superior to ROSU.

The possible mechanisms of such effects
involve the anti-apoptotic, anti-inflammatory, and
antioxidant actions, decreased oxidative stress,
additionally, lipid peroxidation. Therefore, further
studies are required to establish its clinical application.

Institutional review board statement

The study was approved by the Institutional
Review Board of at Damietta Faculty of Medicine,
Al-AzharUniversity, IDnumber:IRB0001267-21-07-005.

References

1. Solanki ND, Vadi K, Patel S. Alleviating effect of Ficus racemosa
in high-fat-high-fructose diet-induced non-alcoholic fatty liver
disease. Indian J Physiol Pharmacol. 2021;65(1):12-20. https://
doi.org/10.25259/ijpp_406_2020

2. Bunbupha S, Pakdeechote P, Maneesai P, Prasarttong P.
Nobiletin alleviates high-fat diet-induced nonalcoholic fatty liver
disease by modulating AdipoR1 and gp91°"** expression in rats.
J Nutr Biochem. 2021;87:108526. https://doi.org/10.1016/].
jnutbio.2020.108526

PMid:33096235

Open Access Maced J Med Sci. 2022 Apr 30; 10(A):916-923.

921



A - Basic Sciences

Histology

3.

10.

1.

12.

13.

14.

15.

16.

Ogunlana OO, Ogunlana OE, Adekunbi TS, Adetuyi BO,
Adegboye BE, lheagwam FN. Anti-inflammatory mechanism
of Ruzu bitters on diet-induced nonalcoholic fatty liver disease
in male Wistar rats. Evid Based Complement Alternat Med.
2020;2020:5246725. https://doi.org/10.1155/2020/5246725

Abdul-Kafy AL, Sharaf HH, Abdul-Aziz Al, Keshka MG.
Effect of metformin, pioglitazone and rosuvastatin on
induced non-alcoholic fatty liver in rats. Egypt J Hosp Med.
2019;76(4):4021-8. https://doi.org/10.21608/ejhm.2019.42129

Nguyen V, George J. Nonalcoholic Fatty liver disease
management: dietary and lifestyle modifications. Semin Liver Dis.
2015;35(3):318-37. https://doi.org/10.1055/s-0035-1562950

PMid:26378647

Kandeil MA, Hashem RM, Mahmoud MO, Hetta MH,
Tohamy MA. Zingiber officinale extract and omega-3 fatty acids
ameliorate endoplasmic reticulum stress in a nonalcoholic fatty
liver rat model. J Food Biochem. 2019;43(12):e13076. https://
doi.org/10.1111/jfbc.13076

PMid:31608477.

Faran SA, Asghar S, Khalid SH, Khan IU, Asif M, Khalid |, et al.
Hepatoprotective and renoprotective properties of lovastatin-
loaded ginger and garlic oil nanoemulsomes: Insights into
serum biological parameters. Medicina. 2019;55(9):579. https://
doi.org/10.3390/medicina55090579

PMid:31505863

Abdel-Daim MM, Abdeen A. Protective effects of rosuvastatin
and Vitamin E against fipronil-mediated oxidative damage
and apoptosis in rat liver and kidney. Food Chem Toxicol.
2018;114:69-77. https://doi.org/10.1016/j.fct.2018.01.055

PMid:29432839

Kalantari H, Rastmanesh M. Protective property of cichorium
intybus in CCL4 induced liver damage in mice. Arch Iran Med.
2000;3(1):28-30.

Dizaye KF, Mohammed HH. Hypolipidemic efficacy of Zingiber
officinale extract in comparison with fenofibrate, rosuvastatin
and ezetimibe in hyperlipidemic rats. JSMC. 2019;9(3):211-7.
https://doi.org/10.17656/jsmc.10208

Draper HH, Squires EJ, Mahmoodi H, Wu J, Agarwal S,
Hadley M. A comparative evaluation of thiobarbituric acid
methods for the determination of malondialdehyde in biological
materials. Free Radic Biol Med. 1993;15(4):353-63. https://doi.
org/10.1016/0891-5849(93)90035-s

PMid:8225017

Reynolds ES. The use of lead citrate at high pH as an electron-
opaque stain in electron microscopy. J Cell Biol. 1963;17(1):208-
12. https://doi.org/10.1083/jcb.17.1.208

PMid: 13986422

EissaAA, AbdelateefAS, Elkotby HM. Potential effect of curcumin
versus atorvastatin on hepatic and metabolic changes in rat
model of metabolic syndrome. Int J Med Arts. 2021;3(3):1507-
15. https://doi.org/10.21608/ijma.2021.61857.1267

Mohammed NA, Fadlelmula TM, Alameen AA. The effect of
ethanolic pulp extract of Adansonia digitata in hyperlipidemic
experimental albino rats. World J Pharm Res. 2017;6(7):365-
71. https://doi.org/10.20959/wjpr20177-8786

Li QP, Dou YX, Huang ZW, Chen HB, Li YC, Chen JN, et al.
Therapeutic effect of oxyberberine on obese non-alcoholic fatty
liver disease rats. Phytomedicine. 2021;85:153550. https://doi.
org/10.1016/j.phymed.2021.153550

PMid:33831691

Mamikutty N, Thent ZC, Suhaimi FH. Fructose-drinking water
induced nonalcoholic fatty liver disease and ultrastructural
alteration of hepatocyte mitochondria in male Wistar
Rat. Biomed Res Int. 2015;2015:895961. https://doi.
org/10.1155/2015/895961

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

PMid:26273656

Han H, Li X, Guo Y, Zheng M, Xue T, Wang L. Plant sterol
ester of o-linolenic acid ameliorates high-fat diet-induced
nonalcoholic fatty liver disease in mice: Association with
regulating mitochondrial dysfunction and oxidative stress via
activating AMPK signaling. Food Funct. 2021;12(5):2171-88.
https://doi.org/10.1039/d0fo02623a

PMid:33566044

Qiu Y, Sui X, Zhan Y, Xu C, Li X, Ning Y, et al. Steroidogenic
acute regulatory protein (StAR) overexpression attenuates
HFD-induced hepatic steatosis and insulin resistance. Biochim
Biophys Acta Mol Basis Dis. 2017;1863(4):978-90. https://doi.
org/10.1016/j.bbadis.2017.01.026

Mahmouda AM, Noha AR, EI-Bitar HI, Afifi AH. Potential
protective effect of curcumin in high-fat diet-induced nonalcoholic
fatty liver disease in rats. J Curr Med Res Pract. 2021;6(1):92.
https://doi.org/10.4103/jcmrp.jcmrp_37_20

El Seedy GM, El-Shafey ES, Elsherbiny ES. Ziziphus spina-
christi (L.) fortified with Camellia sinensis mediates apoptosis,
Notch-1 signaling, and mitigates obesity-induced non-alcoholic
fatty liver. J Food Biochem. 2021;45(8):e13849. https://doi.
org/10.1111/jfbc.13849

PMid:34245170

Golmohammadi R, Dashti GR, Vahedi P. Studying the effect of
Vitamin C on blood serum lipoproteins and liver tissue in high
cholesterol-fed rabbits. KAUMS J (FEYZ). 2009;13(1):20-4.

Omar ZM, Ahmed AA, El-Bakry MH, Ahmed MA, Hasan A.
Metformin versus silymarin as hepatoprotective agents
in mice fibrotic model caused by carbon tetrachloride.
In:  Annales Pharmaceutiques Francaises. Amsterdam,
Netherlands: Elsevier, Masson; 2022. https://doi.org/10.1016/].
pharma.2022.01.005

Jahromi HK. Examining the effect of selenium in improving
non-alcoholic fatty liver disease in rats. Asian J Pharm.
2018;12(1):2059.

Shalaby MA, Saifan HY. Some pharmacological effects of
cinnamon and ginger herbs in obese diabetic rats. J Intercult
Ethnopharmacol. 2014;3(4):144-9.  https://doi.org/10.5455/
jice.20140818050741

PMid:26401364

Marchesini G, Bugianesi E, Forlani G, Cerrelli F, Lenzi M,
Manini R, et al. Nonalcoholic fatty liver, steatohepatitis, and
the metabolic. Hepatology. 2003;37(4):917-23. https://doi.
org/10.1053/jhep.2003.50161

PMid:12668987

Zaitone S, Hassan N, EI-Orabi N, El-Awady S. Pentoxifylline
and melatonin in combination with pioglitazone ameliorate
experimental non-alcoholic fatty liver disease. Eur J
Pharmacol.  2011;662(1-3):70-7.  https://doi.org/10.1016/].
ejphar.2011.04.049

PMid:21549113

Neuschwander-Tetri BA. Non-alcoholic fatty liver disease. BMC
Med. 2017;15(1):45. https://doi.org/10.1186/s12916-017-0806-8

PMid:28241825

Dwivedi DK, Jena GB. NLRP3 inhibitor glibenclamide attenuates
high-fat diet and streptozotocin-induced non-alcoholic fatty liver
disease in rat: studies on oxidative stress, inflammation, DNA
damage and insulin signalling pathway. Naunyn Schmiedebergs
Arch Pharmacol. 2020;393(4):705-16. https://doi.org/10.1007/
s00210-019-01773-5

PMid:31834465

Elsyade R, El Sawaf E, Gaber D. Hazards of chronic exposure
to nonylphenol: Concomitant effect on non-alcoholic fatty liver

disease in male albino rats. Open Access Maced J Med Sci.
2021;9(A):548-55. https://doi.org/10.3889/0amjms.2021.6237

922

https://oamjms.eu/index.php/mjms/index


https://oamjms.eu/index.php/mjms/index

Ramadan et al.Zingiber officinale in Comparison to Rosuvastatin on High-fat diet-induced Non-alcoholic Fatty Liver Disease

30.

31.

32.

33.

Antonopoulos S, Mikros S, Mylonopoulou M, Kokkoris S,
Giannoulis G. Rosuvastatin as a novel treatment of non-
alcoholic fatty liver disease in hyperlipidemic patients.
Atherosclerosis. 2006;184(1):233-4. https://doi.org/10.1016/j.
atherosclerosis.2005.08.021

PMid: 16168995

Berroukche A, Attaoui A, Loth M. Comparative study between
effects of ethanol extract of Zingiber officinale and Atorvastatine
on lipid profile in rats. J Pharmacogn Phytother. 2016;8(8):155-
62. https://doi.org/10.5897/jpp2015.0369

Prasad SS, Kumar S, Vajpeyee SK, Bhavsar VH. To establish
the effect of ginger-juice Zingiber officinale (Zingiberaceae)
on important parameters of lipid profile. Int J Pharm Sci Res.
2012;3(4):352-6.

EIRokh SM, Yassin NA, EI-Shenawy SM, Ibrahim BM.
Antihypercholesterolaemic effect of ginger rhizome (Zingiber
officinale) in rats. Inflammopharmacology. 2010;18(6):309-15.

34.

35.

36.

37.

https://doi.org/10.1007/s10787-010-0053-5
PMid:20730603

El-Hameed A, Noura E, Heshmat HA. Effect of ginger aqueous
extract on some reproductive and antioxidant parameters in
male rabbits. Alexandria J Vet Sci. 2019;60(2):38-45. https://doi.
org/10.5455/ajvs.24544

Khaki A, Fathiazad F, Nouri M, Khaki AA, Ozanci CC, Ghafari-
Novin M, et al. The effects of ginger on spermatogenesis and
sperm parameters of rat. Int J Reprod Biomed. 2009;7(1):7.
https://doi.org/10.1016/s1472-6483(12)60133-3

Abidah SN, Anggraini FD, Nisa F, Hasina SN. The effect of
ginger herbal drink on hyperemesis gravidarum in the first
trimester pregnant women. Open Access Maced J Med Sci.
2022;10(G):64-8. https://doi.org/10.3889/0amjms.2022.7955
Abd-Allah OM, EI-Din AA. The possible protective effect of
ginger against intestinal damage induced by methotrexate in
rats. Med J Cairo Univ. 2013;81(1):1073-84.

Open Access Maced J Med Sci. 2022 Apr 30; 10(A):916-923.

923



