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ABSTRACT

Nonalcoholic fatty liver disease (NAFLD) is a major health problem and is considered as the most
common worldwide liver disease. High fat diet (HFD) leads to NAFLD through the dysregulation
of genes involved in lipid metabolism. Pomegranate Peel Extract (PPE) has many biological
activities and could modify the risk of hyperlipidemia. This study was performed to investigate
whether and how the pomegranate peel extract has a hepatosteatotic effect in NAFLD rats, and its
role in the modulation of sterol regulatory element binding protein-1C (SREBP-1C) and sterol
regulatory element binding protein-2 (SREBP-2) as a molecular target for this therapeutic effects
in the NAFLD rats. Fifty male albino Wistar rats will be used in the present study, The NAFLD
was induced in rats using HFD. Treatment the NAFLD rats with PPE at a dose dependent manner
was significantly ameliorate hyperlipidemia, liver profile, correct glycemic index, IR-HOMA and
normalize the hepatic expression of SREBP-1C and SREBP-2. From the present study we can
concluded that the PPE have efficient therapeutic effect against NAFLD through the modulation of
SREBP-1C and SREBP-2.
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1.INTRODUCTION response to nutritional and hormonal

signals. It is essential for the maintenance
Liver is the largest metabolizing organ in of systemic energy homeostasis in the
the body which regulates homeostasis of body (Purushothamet
different body systems. The main al.,2009).Dysregulation of lipid
important functions of the liver include metabolic pathways results in the
protein synthesis, storage and metabolism development of insulin resistance,
of fats and carbohydrates, detoxification hepatic inflammation and NAFLD
of drugs and other toxins, excretion of (Browning and Horton, 2004; Sanyal,
bilirubin and metabolism of hormones 2005). Nonalcoholic fatty liver disease
(Hassan et al., 2017).1t regulates several (NAFLD) is one of the most important
key aspects of lipid metabolism in chronic liver disorders worldwide
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(Ratziuet al., 2015). It covers a wide
spectrum of hepatic damage in which
steatosis with inflammation progresses to
non-alcoholic steatohepatitis (NASH),
fibrosis, cirrhosis and  ultimately
hepatocellular carcinoma (Yatsujiet al.,
2009; Ahmedet al., 2015). NAFLD is
considered to be the hepatic component
of metabolic syndrome as its features are
similar to those of metabolic disorders
such as obesity, inflammation, insulin
resistance, and type 2 diabetes (Haaset
al., 2016). Thus, it is important to treat
NAFLD as well as its associated
metabolic diseases (Abenavoliet al.,
2016; Machado et al., 2016). Fat
accumulation within the liver during
NAFLD is an indicator of disrupted lipid
homeostasis that is usually controlled by
sterol regulatory  element-binding
proteins (SREBPSs) (Eberleet al., 2004).

The SREBP family members (SREBP-
1a, -1c and -2) are master regulators of
lipid metabolism. Both SREBP-la and
SREBP-1c are encoded by a single gene
and have different N-termini; SREBP-2 is
encoded by a separate gene. Both
SREBP-1c and SREBP-2 are abundantly
expressed in the liver. SREBP1-c
activates the genes that control fatty acid

and TAG synthesis, and SREBP-2
activates the genes that control
cholesterol  biosynthesis. SREBP-1b

promotes both fatty acid and cholesterol
synthesis (Horton et al.,2002). Abnormal
expression of SREBPs may have a role in
the pathogenesis of NAFLD. Indeed,
SREBPs are potential therapeutic targets
for NAFLD (Eberleet al.,2004; Xiao
and Song, 2013).Pharmacotherapy of
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NAFLD is an unmet clinical need. To
date, no drug has received FDA approval
for NAFLD (Ratziuet al., 2015). An
increasing number of studies have
focused on herbal extracts or natural
products, and many of these studies have
discovered herbal products with potent
effects against NAFLD (Yang et al.,
2014; Xu Xet al., 2015). Thus, herbal
medicines are promising candidate drugs
for the treatment of NAFLD.

Pomegranate peels are characterized by
an interior network of membranes
comprising almost 26-30% of total fruit

weight and are characterized by
substantial amounts of  phenolic
compounds, including  flavonoids
(anthocyanins, catechins and other

complex flavonoids) and hydrolysable
tannins (punicalin, pedunculagin,
punicalagin, gallic and ellagic acid) (El-
Sherbini and Shoukry, 2012;
Gianottiet al., 2013). In vivo, in vitro,
and epidemiological studies have shown
the medicinal properties of PPE as an
antioxidant, against colon cancer, T2DM,
and inflammatory-mediated diseases
(Ben-Ali et al., 2014; Bostock-Cox,
2014).  Antioxidant  activity  of
pomegranate peel has been proposed to
play vital role in various pharmacological
activities such  as anti-aging, anti-
inflammatory and anti-atherosclerotic
activities. Inhibition of free radical
induced damage by supplementation of
antioxidants has become an attractive
therapeutic strategy for reducing the risk
of diseases (Khan et al., 2017). The
present study was aimed to evaluate the
therapeutic effect of PPE on the
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experimental rat model of non-alcoholic
fatty liver diseases through modulation of
hepatic expression of sterol regulatory
element binding protein-1c (SREBP-1c
and SREBP-2).

2.Materials and Methods
Animals and diet

In the present study, we used 50 male
Wistar rats weighing approximately
(150-170 grams) and aged 2-3 months,
obtained from animal house of Medical
Research Institute. Rats were divided into
two groups: control group (group I,
n=10) and non-alcoholic fatty liver
(NAFL) group, (group II; n=40). The
control group was fed a standard diet. The
NAFL group was fed a high fat diet
(HFD) for 14 weeks. The model was
based on the model reported by (Sene-
Fioreseet al., 2008).The HFD consisted
of commercial rat chow plus peanuts,
milk chocolate, and sweet biscuit in a
proportion of 3:2:2:1. All components of
the high-fat diet were ground and
blended.

Pomegranate Peel Extract:

For preparation of pomegranate peel
extract, a peel was removed and dried.
The dried plant materials was powdered
using a grinder. About 100 mg of dried,
ground plant materials was soaked in
methanol (1 L) for 24 hours at room
temperature, followed by filtration
through Whatman filter paper. The
filtrate was centrifuged at 8000 rpm for
15 min, the clear supernatant will be
collected, and then the methanol was
evaporated in a rotary evaporator at 45 °C
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under reduced pressure (Laporniket al.,
2005).

Experimental procedures

After establishing NASH the rats were
divided into 2 groups; NAFLD group: 10
NAFLD rats without treatment and
NAFLD treated with pomegranate peel
extract (30 rats): after establishing
NAFLD, the rats were treated daily with
pomegranate peel extract using different
doses (50, 100 and 150mg/kg body
weight) were administered to rats orally
for 30 days by using 10 rats for each dose
(Svegliati-Baroniet al., 2006). At the end
of treatment period, overnight fasting rats
were sacrificed by cervical dislocation
and blood samples were collected to
obtain serum for assessment of glucose,
insulin, lipid profile, alanine
aminotransferase  (ALT), asparatate
aminotransferase (AST), bilirubin and
gamma glutamyltransferase (GGT).The
liver of animals were quickly removed
and washed with ice-cold saline and
blotted dry. Livers were then divided into
small parts for total RNA extraction and
analysis of gene expression.

Methods:

Serum parameters:

The AST,ALT and GGT were assessed
using Biosystem kinetic kits (Biosystem,
Spain)  (Panteghini and  Bais,
2008),Total Bilirubin was determined
using BioMed colorimetric kit (BioMed,
Germany)(Burtiset al., 2006), insulin
was determined by ELISA kit (Biospes,
China) (Weyeret al., 2000) and fasting
serum glucose was assessed using
SPINREACT colormetric Kit
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(SPINREACT, SPAIN) (Sacks, 2008).
The homeostasis model assessment index
for insulin resistance (HOMA-IR) was
determined using the following formula:
HOMA-IR = [fasting glucose (mg/dl) x
fasting insulin (uU/ml)]/ (22.5 x 18)
(Fenget al., 2017). For lipid profile, the
serum levels of triglycerides (TGs) and
total cholesterol (TC) were determined
using Boehringer Mannheim colorimetric
kits (Mannheim, Germany), while HDL-
C was determined according to the
method described by Lopes-Virella et al
(Rifai and Warnick, 2008).; one aliquot
of the serum was mixed with the
precipitating reagent phosphotungstic
acid and magnesium chloride then the
cholesterol content was evaluated in the
clear supernatant using the Boehringer
Mannheim kit (Mannheim, Germany).
Finally, LDL-C was calculated according
to the Friedewald equation: TC-(HDL-C
+ 1/5 TGs) (Friedewaldet al., 1972).
Liver parameters

Immediately after blood collection
animals liver were excised and divided
into aliquots; one aliquot was used for
determination of hepatic triglycerides and
cholesterol contents and 50 mg was used
for total RNA extraction using miRNeasy
kit (Qiagen, Germany) according to the
manufacturer’s instructions.

Assessment of tissue lipid contents

Hepatic lipids were extracted according
to the method modified by Folich method
(Folichet al., 1975)., where the
chloroform layer, containing all lipids,
was utilized to assay TGs and TC, as
mentioned before.
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Gene expression analysis using reverse
transcriptase-polymerase chain
reaction (RT-PCR)

Quantitative analysis of SREBP-1c and
SREBP-2 expression in hepatic tissues
was performed using quantitative real
time reverse transcriptase-polymerase
chain reaction (QRT-PCR). First, the total
RNA was isolated from the tissues, then
the isolated RNA was reverse transcribed
using reverse transcriptase enzyme into
complementary DNA (cDNA) then
amplified and detected using specific
primers by real-time PCR.

RNA extraction

MRNA were isolated from the liver tissue
using miRNeasy Mini Kit
(Qiagen,Germany) according to the
manufacturer instructions.

Relative quantification of SREBP-1c
and SREBP-2 gene expression using
PCR:

The cDNA were used to quantify the
hepatic gene expression of SREBP-1c
and SREBP-2 by Rotor-Gene Q gPCR
(Qiagen, USA) using QuantiTect SYBR
Green PCR Master Mix
(Qiagen,Germany). Quantitative PCR
amplification conditions started with
initial denaturation for 10 minutes at
55°C and the then amplification by 40
cycles of PCR as follows: Denaturation at
95°C for 5 seconds, annealing at 55°C for
15 seconds and extension at 60°C for 15
seconds. The house keeping gene
GAPDH was used as a reference gene for
normalization. Primers used for rat genes
were as follows:
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Table (1) Primers used for rat genes were as follows:

Gene primer sequence

F: 5’-GACGACGGAGCCATGGATT-3’(Tianet al., 2016)
SREBP-1c

R: 5’-GGGAAGTCACTGTCTTGGTTGTT-3’(Tianet al., 2016)

F: 5-CCCTGGGAGACATCGACGA-3' (Dong et al., 2010)
SREBP-2

R: 5'-CGTTGCACTGAAGGGTCCA-3' (Dong et al., 2010)

F: 5’-GGGTGTGAACCACGAGAAATA-3’(Sautinet al., 2007)
GAPDH

R: 5’-AGTTGTCATGGATGACCTTGG-3’(Sautinet al., 2007)

The values of threshold cycle (Ct) were
determined by Rotor-Gene Q-Pure
Detection version 2.1.0 (build 9)
(Qiagen®, Valencia, CA, USA). For each
gene, the relative change in mRNA in
samples was determined using the 2-44¢
method and normalized to the
housekeeping gene (GAPDH) (Livak
and Schmittgen, 2001).

Statistical analysis of the data (Kotz et
al.,2006)

Data were fed to the computer and
analyzed using IBM SPSS software
package version 20.0. (Armonk, NY:
IBM Corp) (Kirkpatrick L,A. and
Feeney, 2013).The Kolmogorov-
Smirnov test was used to verify the
normality of distribution Quantitative
data were described using mean and
standard deviation. Significance of the
obtained results was judged at the 5%
level. The wused tests were F-test
(ANOVA) For normally distributed
quantitative  variables, to compare
between more than two groups, and Post
Hoc test (Tukey) for pairwise
comparisons.

3. RESULTS
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The effects of HFD on
biochemical parameters

The HFD-induced NAFLD model is
usually accompanied by hyperlipidemia,
hyperglycemia, impaired insulin
sensitivity. In the present study, there is
a significantly high level of fasting blood
glucose, insulin and insulin resistance
(HOMA-IR) induced by HFD table (2).

serum

In addition, the serum level of
triglyceride, cholesterol, low-density
lipoprotein cholesterol (LDL-C) was

elevated by HFD. While the serum level
of high-density lipoprotein cholesterol
(HDL-C), was decreased by HFD, and
there is an elevation of liver enzymes
(ALT, AST, GGT) and serum total
bilirubin.

The effect of PPE on serum
biochemical parameters of NAFLD
rats

The NAFLD rats treated with PPE
showed significantly decreased activity
of ALT, AST, GGT in a dose-dependent
manner (50, 100 and 150 mg/Kg) when
compared to untreated rats, there is no
significance in the activities of serum
ALT, AST, GGT and total bilirubin at the
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high dose (150 mg/Kg) of the PPE treated
rats when compared to control rats table

).

There is a significant decreased effect of
NAFLD rats treated with PPE on the
fasting blood glucose, insulin and insulin
resistance (HOMA-IR) in a dose
dependent manner when compared to
untreated rats, and at the high dose (150
mg/Kg) of PPE in fasting blood glucose,
insulin and insulin resistance (HOMA-
IR) were normalized compared to control
groups table (2).

The treatment of NAFLD rats with PPE
result in significantly dose-dependent

decline in the level of TG, TC and LDL-
C compared to untreated NAFLD rats
table (2), On the other hand the level of
HDL-C showed dose—dependent
increased in the NAFLD rats treated PPE
when compared to untreated rats table
(2). The results clearly indicated that,
PPE treatment of NAFLD group were
completely normalized the serum levels
of TG and HDL-C at the highest dose
(150 mg/kg), however, TC and LDL-C
still significantly higher than control
groups table (2).

Table (2)Serum levels of hepatic profile parameters, Glucose homeostasis parameters and lipid
profile parameters in the control rats and non-alcoholic fatty liver rats untreated
and treated with different doses of PPE.

Control NAFAL rats NAFAL rats treated
Untreated

(n=10) (n=10) 50 mg/Kg (n=10) [100mg/Kg (n=10) 150 mg/Kg (n=10)
ALT (U/L) 3304503  |64.4%415.46  |40.30°46.62 36.90°+6.64 34.40°49.57
AST (U/L) 110.20+22.26 [168.70°22.10 |147.10°+12.47 130.50°+21.42 115.30"+14.26
Total Bilirubin(mg/dl) J0.36+0.05 |1.272+0.15 0.59% + 0.27 0.45" +0.14 lo.33 +0.13
GGT(UIL) 12.10+2.65 J47.50°+5.93 [25.06% +5.32 17.15%c+2.19  |14.78 + 164
Insulin (ulU/ml) 3.82+0.85  [8.36+0.94  |4.99%+0.78 3.90%+0.63 3.58+0.54
[FBS (mg/di) 99.20+10.25 [172.8+443 [144.0:+17.33 126.6"+23.85 119.2°+23.44
[Homa lo.95£0.27 35524093  |1.78%+0.38 1.23°+0.33 1.05%+0.24
Triglycerides(mg/dl) |80.249.34 J110.72+12.2 [92.10+£17.55 |86.60°+22.91 83.40°+20.59
T.Cholesterol(mg/d) |107.6+14.0 ]171.0%+20.1 |146.2%+7.28 132.8%+5.27 127.3%c+5 03
HDL-C(mg/dl) 42.6+£2.27 129.96%+3.26 132.90%+3.03 37.82¢+3.49 41.70P0+2 83
LDL-C(mg/dl) 48.96+15.1 [118.92+19.0 |94.88%+7.9 77.68%°+7.84 |68.923b°ﬂ.07

Data was expressed as mean + SD.

a: significant with Control group at p <0.05

b: significant with Untreated group at p <0.05

c: significant with 50 mg/Kg treatedgroup at p <0.05
d: significant with 100 mg/Kg treatedgroup at p <0.05
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The effect of HFD and PPE on Hepatic
lipid content of NAFL rats

The hepatic tissues of untreated NAFLD
rats have greatly elevated contents of
triglycerides and cholesterol. The
treatment of NAFLD rats with PPE
showed significant decline of hepatic

contents of triglycerides and cholesterol
in a dose-dependent manner. At the
highest dose of PPE 150mg/Kg the
hepatic TG and hepatic cholesterol
content were completely normalized
compared control rats figure (1).
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Figure (1): The hepatic triglycerides and cholesterol contents in the control rats, untreated NAFL
rats and treated NAFL rats with different doses of pomegranate peel extract.

Data was expressed as mean + SD.

a: significant with Control group at p <0.05

b: significant with Untreated group at p <0.05

c: significant with 50 mg/Kg treatedgroup at p < 0.05

The effect of HFD and PPE on Hepatic
expression of (SREBP-1C, SREBP-2)

Previous reports have indicated that
SREBP-1c and SREBP-2 pathway
activation may be involved in the
progression of NAFLD. We, therefore,
examined the involvement of the SREBP-
1c and SREBP-2 pathway in HFD-
induced NAFLD and the effect of PPE on
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their expression. The hepatic gene
expression levels of SREBP-1C was
greatly increased in the untreated
NAFLD rats compared to control rats, on
the other hand the level of SREBP-1C
was markedly decreased in the treated
rats compared to untreated rats. But their
levels still higher than control value
figure (2). The hepatic gene expression
levels of SREBP-2 was significantly
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increased compared to control rats. on the
other hand the level of SREBP-2 was
significantly decreased in the treated rats

compared to untreated rats. But their
levels still higher than control value
figure (2).
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Figure (2): Gene expression of SREBP-1C and SREBP-2 in the control rats, untreated NAFL rats
and treated NAFL rats with different doses of pomegranate peel extract.

Data was expressed as mean = SD.

a: significant with Control group at p < 0.05

b: significant with Untreated group at p <0.05

¢: significant with 50 mg/Kg treatedgroup at p <0.05

4.Discussion

In the present study HFD used to create a
model of NAFLD in rats. The using of
HFD model because it is easy to be
established and mimics the
pathophysiology of NAFLD in
human(Liuet al., 2012). From the results,
The NAFLD rats showed significant
hepatic accumulation of triglycerides and
cholesterol which were higher compared
to control values. Also, the activity of
liver enzymes; AST, ALT, yGT and the
level of serum bilirubin  were
significantly elevated compared to
control rats. The elevated level of liver
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enzyme was an indication of fatty liver
pathogenesis (Mukherjee et al., 2013).
At the glucose homeostasis level the
NAFLD rats showed a significant
elevation in fasting blood glucose, insulin
and HOMA-insulin resistance index
compared to control rats. The occurrence
of insulin resistance considered as the
first hit for hepatic fat accumulation and
steatosis (Gaggini et al., 2013). Also,
There are significant abnormalities in the
lipid profile; such as elevated serum
levels of triglycerides, total cholesterol
and LDL-cholesterol and lower HDL-
cholesterol compared to control rats. This
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condition commonly referred to as
dyslipidemia(Tangvarasittichai, 2015).

Our results indicated up-regulation of the
hepatic gene expression of SREBP-1c by
about 6-fold and SREBP-2 by about 2-
fold compared to control rats. Which are
the main lipogenic transcription factors
that activate the hepatic DNL (George
and Liddle, 2007;Pettinelliet al., 2011).
it is suggested that pharmacological
manipulation of SREBPs may prove
beneficial effect in the management of
NAFLD and we used PPE for this
purpose.

From the results PPE treatment had dose-
dependent ameliorating effects on the
different pathogenic pathways that
participated in the induction of NAFLD
in rats. It acted as a lipotropic factor that
prevents or reduce accumulation of fat in
the liver as indicated by the decline in the
hepatic lipid content and serum
triglycerides, total cholesterol, and LDL-
cholesterol. The lipotropic effects of PPE
are in agree with findings of other
researchers who found significant
changes in levels of blood glucose and
lipids in metabolic syndrome subjects (
Basuet al.,2013; Al-Shaaibiet al., 2016)
that consume pomegranate juice. Another
report has indicated that pomegranate
juice can protect against developing
changes caused by high-fat diet or reduce
the risk for development of NAFLD
(Hassan et al., 2017). These findings
agree with the present study and many
other studies that demonstrated a
correlation between the role of PPE and
juice in regulating vital cellular functions,
including  cell  proliferation  and
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differentiation and its potent antioxidant
activity and free radical scavenging
capability (Ahmed et al.,2014).

Also PPE treatment had an ameliorating
effect on glycemic parameters, The anti-
diabetic effect of the PPE may be partly,
due to their positive effect on glycogen
synthesis in the liver, skeletal muscle, and
heart muscle, and partly, due to the
insulin-like or insulin-releasing action of
the ingredients present in the peel of the
plant  (Halawaet al.,2016). The
compounds that present in pomegranate
peel, such as ellagic, gallic and ursolic
acid, have been identified as having
antidiabetic actions (Hidayatet al.,
2014). Also, the presence of one or more
bioactive antihyperglycemic principles,
such as flavonoids, isoflavones, and their
synergistic effects (Ismail et al., 2012)
are known to be natural antioxidants and
thus protecting the existing f-cells from
dying by their free radical scavenging
action (Allen et al., 2005). It has been
suggested that polyphenols, as the main
component of pomegranate, might have
hypoglycemic effects on different
mechanisms, including increased glucose
uptake by peripheral tissues, inhibition of
glucose absorption in the gut, increased
insulin  release, or inhibition of
gluconeogenesis (Viuda-Martoset al.,
2010). In line with our data, reports have
found that FBG levels were decreased
significantly by punicic acid, and PPE
(Banihaniet al., 2013). It was reported
for both in vivo and in vitro studies that
pomegranate  exerts  hypoglycaemic
effects, including increased insulin
sensitivity, inhibition of a-glucosidase,
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and has an impact on glucose transporter
type 4 function (Medjakovic and
Jungbauer, 2013).

The activities of ALT, AST, yGT and
the level of serum bilirubin were
significantly ~ decreased  after  the
treatment of NAFLD rats with PPE. This
results agree with (Tokluet al., 2007)
which  studied the effect of chronic
administration of PPE on liver fibrosis
induced by bile duct ligation. They
showed that the elevated levels of AST
and ALT were significantly decreased
after treatment. Thus the hepatoprotective
effect of PPE is due to its antioxidant and
antifibrotic properties which may protect
the liver from fibrosis and oxidative
injury.

From the previous results, PPE have a
potential clinical utility in combating
NAFLD. The  exact  molecular
mechanism involved is unclear, so in this
study, the probable involvement of
SREBP-1C and SREBP-2 in this
mechanism was explored.

In the present study it is clear that the PPE
treatment causes a significant dose-
dependent decline in the hepatic
expression of SREBP-1c and SREBP-2.
The modulating effects of PPE on gene
expression are in line with the previous
study of (Tahaet al, 2016), who reported
significant down-regulation of the gene
expression of SREBP-1c, SREBP-2, fatty
acid synthase (FAS) and 3-hydroxy-3-
methylglutaryl-CoAreductase (HMGCR)
upon PPE treatment in HepG2 cell line.
In accordance with the present work, a
new report indicates that pomegranate
exerts hepatoprotective effects against
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CCl4-induced oxidative stress through
anti-inflammatory effects by suppressing
CCl4-induced IL-6 expression and
suppressing CCl4-induced SREBP-1c
expression (Ibrahim et al., 2016).

5. Conclusion

The results of the present study clearly
indicate the ameliorating effect of PPE
treatment against HFD-induced NAFLD
in rats and the correction of glycemic and
lipid homeostasis through modulation of
hepatic gene expression of SERBP-1c
and SREBP-2 especially SREBP-1c.
However, further investigation is
required to elucidate which of the major
components in PPE are responsible for
the antisteatotic effect seen with
treatment.

Reference

Abenavoli, L.; Milic, N.; Di Renzo, L.;
Preveden, T.; Medic-Stojanoska,
M. and De Lorenzo, A. (2016).
Metabolic aspectsof adult patients
with  nonalcoholic  fatty liver
disease. World J. Gastroenterol,
22:7006-7016.

Ahmed, A.; Wong, R.J. and Harrison,
S.A. (2015). Nonalcoholic fatty
liver disease review: Diagnosis,
treatment,and  outcomes.  Clin.
Gastroenterol. Hepatol, 13:2062-
2070.

Ahmed, T. G.;Belal, K. S. and Salem,
A. G. (2014). Protective Effect of
Pomegranate Peel Extract against
Diabetic Induced Renal
Histopathological Changes in
Albino Rats. IOSR-JDMS, 10, 94-
105.



Allen,

D.A.; Yagoob, M.M. and
Harwood, S.M. (2005).
Mechanisms of high glucose-

induced  apoptosis and its
relationship to diabetic
complications. Journal of
Nutritional Biochemistry,

16(12):705-713

Al-Shaaibi, S.N.; Waly, M.1.; Al-Subhi,

L.; Tageldin,  M.H.; Al-Balushi,
N.M. and Rahman, M.S. (2016).
Ameliorative Effects of

Pomegranate Peel Extract against
Dietary-Induced Nonalcoholic
Fatty Liver in Rats. Prev. Nutr.
Food Sci, 21(1):14-23.

Banihani, S.; Swedan, S. and Alguraan,

Z. (2013). Pomegranate and type 2
diabetes. Nutr Res, 33(5):341-8.

Basu, A.; Newman, E.D.; Bryant, A.L.,

Lyons, T.J. and Betts, N.M. (2013).
Pomegranate polyphenols lower
lipid peroxidation in adults with
type 2 diabetes but have no effects
in healthy volunteers: A pilot study.
J NutrMetab, 2013:708381.

Ben-Ali, M.; Dhouib, K.; Damak, M.

and  Allouche, N. (2014).
Stabilization of sunflower oil
during accelerated storage: use of
basil extract as a potential
alternative to synthetic
antioxidants. Int J Food Prop, 17:
1547-1559.

Bostock-Cox, B. (2014). Liver disease-

what you need to know and what
you need to do. Practice Nurse, 44:
30-34.

Research Journal of Applied Biotechnology (RJAB)

62

Browning, J.D. and Horton, J.D. (2004).

Molecular mediators of hepatic
steatosis and liver injury. J. Clin.
Invest. 114, 147-152.

Burtis, C.; Ashwood, E.R. and Bruns

DE. (2006). Tietz Textbook of
Clinical Chemistry and Molecular
Diagnostics. 4" Ed. Elsevier
Saunders Company, St Louis, pp.
1788-98 (Liver Function Tests).

Dong, B.; Wu, M.; Li, H.; Kraemer, F.

B.; Adeli, K.; Seidah, N. G.; Park,
N.W and Liu, J. (2010). Strong
induction of PCSK9 gene
expression through HNFla and
SREBP2: mechanism for the
resistance to  LDL-cholesterol
lowering effect of statins in
dyslipidemic hamsters. Journal of
lipid research, 51(6), 1486-1495.

Eberle, D.; Hegarty, B.; Bossard, P.;

Ferré, P. and Foufelle, F. (2004).
SREBP transcription  factors:
master  regulators  of lipid
homeostasis. Biochimie, 86(11),
839-848.

El-Sherbini, G.T. and Shoukry, N.M.

(2012). In vitro Effect of
Pomegranate Peel Extract on
Trichomonastenax. Life Sci J,

9:791-797.

Feng, X.T.; Tang, S.Y.; Jiang, Y.X. and

Zhao, W. (2017). Anti-Diabetic
Effects of ZhuodugingFormula, a
Chinese Herbal Decoction, on a Rat
Model of Type 2 Diabetes. African
J Tradit Complement Altern Med,
14(3):42-50.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Shaaibi%20SN%5BAuthor%5D&cauthor=true&cauthor_uid=27069901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Waly%20MI%5BAuthor%5D&cauthor=true&cauthor_uid=27069901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Subhi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27069901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Subhi%20L%5BAuthor%5D&cauthor=true&cauthor_uid=27069901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Tageldin%20MH%5BAuthor%5D&cauthor=true&cauthor_uid=27069901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Balushi%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=27069901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Al-Balushi%20NM%5BAuthor%5D&cauthor=true&cauthor_uid=27069901
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rahman%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=27069901

Folich, J.; Lees, M. and Sloane Stanley,

G. H. (1957). A simple method for
the isolation and purification of
total lipids from animal tissues. J
biolChem, 226(1), 497-5009.

Friedewald, W.T.; Levy, R.l. and

Fredrickson, D.S. (1972).
Estimation of the concentration of
low-density lipoprotein cholesterol
in plasma, without use of the
preparative ultracentrifuge.
ClinChem, 18(6):499-502.

Gaggini, M.; Morelli, M.; Buzzigoli, E.;

DeFronzo, R. A.; Bugianesi, E.;
and Gastaldelli, A. (2013). Non-
alcoholic  fatty liver disease
(NAFLD) and its connection with
insulin resistance, dyslipidemia,
atherosclerosis and coronary heart
disease. Nutrients, 5(5), 1544-
1560.

George, J. and Liddle, C. (2007).

Nonalcoholic fatty liver disease:
pathogenesis and potential for
nuclear receptors as therapeutic
targets. Molecularpharmaceutics,
5(1), 49-59.

Gianotti, T. F.;Burguefio, A.;Mansilla,

N. G.;Pirola, C. J. and Sookoian, S.
(2013). Fatty liver is associated
with transcriptional
downregulation of stearoyl-CoA
desaturase and impaired protein
dimerization. PLoSOne, 8, e76912.

Haas, J.T.; Francque, S. and Staels, B.

(2016).  Pathophysiology and
mechanisms of nonalcoholic fatty
liver disease.Annu. Rev. Physiol,
78:181-205.

Research Journal of Applied Biotechnology (RJAB)

63

Halawa, A.; Mohamed, D. and Obeid,
R. (2016). Capsaicin induced
histological and ultra-structural
changes in the sub mandibular
salivary gland of albino rats. Future
Dental J, 2:22-27.

Hassan, N. F.; Soliman, G. M.; Okasha,
E. F.; and Shalaby, A. M. (2017).

Histological,
Immunohistochemical and
Biochemical Study of

Experimentally  Induced Fatty
Liver in Adult Male Albino Rat and
the Possible Protective Role of
Pomegranate. Journal of
Microscopy and Ultrastructure,129

Hidayat, M.; Tahir, M. and Shoro, A.A.
(2014). Melatonin preserves the
morphology of parotid gland
damaged by streptozotocin induced
diabetes. J Postgrad Med Inst,
28:128-32.

Horton, J.D.; Goldstein, J.L. and Brown,
M.S. (2002). SREBPs: activators of
the complete program of cholesterol
and fatty acid synthesis in the liver. J.
Clin. Invest, 109:1125-1131.

Ibrahim, Z. S.;Nassan, M. A. and
Soliman, M. M. (2016).
Ameliorative effects of
pomegranate on carbon
tetrachloride hepatotoxicity in rats:
A molecular and histopathological
study. Molecular medicine
reports, 13(4), 3653-3660.

Ismail, T.; Sestili, P. and Akhtar, S.
(2012). Pomegranate peel and fruit
extracts: A review of potential anti-
inflammatory and antiinfective



Research Journal of Applied Biotechnology (RJAB)

effects. J.
143(2):397-405.
Khan, S.; Patel, A. and Bhise, K. S.
(2017). Antioxidant activity of
pomegranate peel powder. Journal

Ethnopharmacol,

of Drug Delivery and
Therapeutics, 7(2), 81-84.
Kirkpatrick L,A. and Feeney, B.C.

(2013). A simple guide to IBM
SPSS statistics for version 20.0.
Student ed. Belmont, Calif.
Wadsworth, Cengage Learning.

Kotz, S.; Balakrishnan, N.; Read, C.B.
and Vidakovic, B. (2006).
Encyclopedia of statistical
sciences. 2nd ed. Hoboken, N.J.:
Wiley-Interscience.

Lapornik, B.;Prosek, M.; and Wondra,
A. G. (2005). Comparison of
extracts prepared from plant by-
products using different solvents
and extraction time. Journal of food
engineering, 71(2), 214-222.

Liu, T.; Yang, L.L.; Zhang, L.; Song,
H.Y.; Li, D.F. andJi, G. (2012).
Comparative study on the effects of
different therapeutic methods in
preventing and treating
nonalcoholic fatty liver in rats.

Zhong Xi Yi Jie He Xue
Bao,10:1120-6.
Livak, K.J. and Schmittgen, T.D.

(2001). Analysis of Relative Gene
Expression Data Using Real- Time
Quantitative PCR and the 2(-Delta
Delta C(T)) Method. Methods,
25(4):402-8.

64

Machado, M.V. and Cortez-Pinto, H.
(2016). Diet, microbiota, obesity,
and NAFLD: A dangerous quartet.
Int. J. Mol. Sci,17:481.

Medjakovic, S. and Jungbauer, A.
(2013). Pomegranate: a fruit that
ameliorates metabolic syndrome.
Food Funct, 4(1):19-39.

Mukherjee, S.; Ghosh, S.; Choudhury,
S.; Adhikary, A.; Manna, K.; Dey,

S Sa, G., Das, T. and
Chattopadhyay, S. (2013).
Pomegranate reverses

methotrexate-induced  oxidative
stress and apoptosis in hepatocytes
by  modulating Nrf2-NF-xB
pathways. J NutrBiochem,
24:2040-2050.

Panteghini, M. and Bais R. (2008).
Enzymes. In: Burtis CA, Ashwood
ER and, Bruns DE, editors. Tietz
Text Book of Clinical Chemistry
and Molecular Diagnostics. 6th Ed.
Elsevier Saunders Company, St
Louis; p. 317-36.

Pettinelli, P.;Obregon, A. M., and
Videla, L. A. (2011). Molecular

mechanisms  of  steatosis in
nonalcoholic fatty liver
disease. Nutricionhospitalaria, 26(
3).

Purushotham, A.; Schug, T. T.; Xu, Q.;
Surapureddi, S.; Guo, X. and Li, X.
(2009). Hepatocyte-specific
deletion of SIRTL1 alters fatty acid
metabolism and results in hepatic
steatosis and inflammation. Cell
metabolism, 9(4), 327-338.

Ratziu, V.; Goodman, Z. and Sanyal, A.
(2015). Current efforts and trends


http://www.ncbi.nlm.nih.gov/pubmed/?term=Liu%20T%5BAuthor%5D&cauthor=true&cauthor_uid=23073195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Yang%20LL%5BAuthor%5D&cauthor=true&cauthor_uid=23073195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhang%20L%5BAuthor%5D&cauthor=true&cauthor_uid=23073195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=23073195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Song%20HY%5BAuthor%5D&cauthor=true&cauthor_uid=23073195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=23073195
http://www.ncbi.nlm.nih.gov/pubmed/?term=Ji%20G%5BAuthor%5D&cauthor=true&cauthor_uid=23073195
http://www.ncbi.nlm.nih.gov/pubmed/23073195
http://www.ncbi.nlm.nih.gov/pubmed/23073195

in the treatment of NASH. J.
Hepatol, 62:5S65-S75.

Rifai, N. and Warnick, G.R. (2008).

Lipids, Lipoproteins,
Apolipoproteins, and Other
Cardiovascular Risk Factors. In:
Burtis CA, Ashwood ER and,
Bruns DE, editors. Tietz Text Book
of  Clinical Chemistry and
Molecular Diagnostics. 6th Ed.
Elsevier Saunders Company, St
Louis, p. 402-30.

Sacks, D.B. (2008). Carbohydrates. In:

Burtis, C.A.; Ashwood, E.R and,
Bruns, D.E, editors. Tietz Text
Book of Clinical Chemistry and
Molecular Diagnostics. 6th Ed.
Elsevier Saunders Company, St
Louis, p. 373-401.

Sanyal, A.J. (2005). Mechanisms of

Disease: pathogenesis of
nonalcoholic fatty liver disease.
Nat. Clin. Pract.

GastroenterolHepatol. 2, 46-53.

Sautin, Y.Y.; Nakagawa, T.; Zharikov,

S. and Johnson, R.J. (2007).
Adverse effects of the classic
antioxidant uric acid in adipocytes :
NADPH oxidase-mediated
oxidative / nitrosativestress. Am J
Physiol - Cell Physiol, 293(2):584—
96.

Sene-Fiorese, M.; Duarte, F. O.;

Scarmagnani, F. R.; Cheik, N. C;
Manzoni, M. S.; Nonaka, K.
O.; Rossi, E.A.; de Oliveira Duarte,
A.C. and Déamaso, A. R. (2008).
Efficiency of intermittent exercise
on adiposity and fatty liver in rats

Research Journal of Applied Biotechnology (RJAB)

65

fed with high fat
diet. Obesity, 16(10), 2217-2222.

Svegliati-Baroni, G.; Candelaresi, C.;
Saccomanno, S.; Ferretti, G.;
Bachetti, T.; Marzioni, M.; De
Minicis, S.; Nobili, L.; Salzano,
R.; Omenetti, A.; Pacetti,
D.; Sigmund, S.; Benedetti, A.
and Casini, A. (2006). A model of
insulin  resistance and non-
alcoholic steatohepatitis in rats
which ameliorated the degree of
liver injury. Am J Pathol
2006;169:846-60.

Taha, O.A.; Barakat, A.; Abdelhakim,
H.K.; Shemis, M.A. and Zakaria, Z.
(2016). Hypolipidemic and anti-
fatty liver effects exerted by
standardized Punicagranatum L.
Peel extractin HEPG 2cell-line and
high fat diet induced mice. Int J
Pharm PharmSci, 8(6):156-161.

Tang, J.J.; Li, J.G.; Qi, W.; Qiu, W.W_;
Li, P.S.; Li, B.L. and Song, B.L.
(2011). Inhibition of SREBP by a
small molecule, betulin, improves
hyperlipidemia and insulin
resistance and reduces
atherosclerotic ~ plaques.  Cell
Metab, 13:44-56.

Tian, J.; Goldstein, J.L. and Brown,
M.S. (2016). Insulin induction of
SREBP-1c in rodent liver requires
LXRa CEBPp complex.
ProcNatlAcadSci U S A
113(29):8182-7.

Toklu, H.Z.; Dumlu, M.U.; Sehirli, O.;
Ercan, F.; Gedik, N.; Gokmen, V.
and Sener, G. (2007). Pomegranate
peel extract prevents liver fibrosis


https://www.ncbi.nlm.nih.gov/pubmed/?term=Rossi%20EA%5BAuthor%5D&cauthor=true&cauthor_uid=18719640
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Oliveira%20Duarte%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=18719640
https://www.ncbi.nlm.nih.gov/pubmed/?term=de%20Oliveira%20Duarte%20AC%5BAuthor%5D&cauthor=true&cauthor_uid=18719640
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Minicis%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=De%20Minicis%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nobili%20L%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salzano%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Salzano%20R%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Omenetti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pacetti%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Pacetti%20D%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sigmund%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Benedetti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Casini%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16936261
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sener%20G%5BAuthor%5D&cauthor=true&cauthor_uid=17939210

in biliary-obstructed rats. J Pharm
Pharmacol, 59:1287-95.

Viuda-Martos, M.; Fernandez-Lopez, J.

and Perez-Alvarez, J.A. (2010).
Pomegranate and its Many
Functional Components as Related
to Human Health: A
Review. Comprehensive  Reviews
in Food Science and Food Safety,
9(6):635-54.

Weyer, C.; Hanson, R.L.; Tataranni,

P.A.; Bogardus, C.; and Pratley,
R.E. (2000). A high fasting plasma
insulin concentration predicts type
2 diabetes independent of insulin

resistance:  Evidence for a
pathogenic role of relative
hyperinsulinemia. Diabetes,

Research Journal of Applied Biotechnology (RJAB)

Yatsuji, S.; Hashimoto, E.; Tobari, M.;

Taniai, M.; Tokushige, K. and
Shiratori,  K.(2009).  Clinical
features and outcomes of cirrhosis
due to non-alcoholic steatohepatitis
compared with cirrhosis caused by
chronic hepatitis CJ.
Gastroenterol. Hepatol, 24:248-
254,

Yatsuji, S.; Hashimoto, E.; Tobari, M.;

Taniai, M.; Tokushige, K. and
Shiratori,  K.(2009).  Clinical
features and outcomes of cirrhosis
due to non-alcoholic steatohepatitis
compared with cirrhosis caused by
chronic hepatitis C.J.
Gastroenterol. Hepatol, 24:248-
254.

49(12):2094-101.

Xiao, X. and Song, B. L. (2013).
SREBP: a novel therapeutic
target. Actabiochimica et
biophysicaSinica, 45(1), 2-10.

Xu, X.; Lu, L.; Dong, Q.; Li, X.; Zhang,
N.; Xin, Y. and Xuan, S. (2015).
Research  advances in  the
relationship between nonalcoholic
fatty liver disease and
atherosclerosis. Lipids in health
and disease, 14(1), 158.

Yang, Y.; Li, W.; Liu, Y.; Sun, Y.; Li,
Y.; Yao, Q.; Li, J.; Zhang, Q.; Gao,
Y.; Gao, L. and Zhao, J. (2014).
Alpha-lipoic acid improves high-
fat diet-induced hepatic steatosis by
modulating the transcription factors
SREBP-1, FoxO1 and Nrf2 via the
SIRT1/LKB1/AMPKpathway.The
Journal of nutritional
biochemistry, 25(11), 1207-1217.

66



