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Abstract: High-calorie food leads to nonalcoholic fatty liver disease (NAFLD) through the dysregulation of genes
involved in lipid metabolism, but the precise mechanism is still unknown. Pomegranate flowers are used to treat
diabetes mellitus in traditional Uighur medicine. Here we sought to investigate the effect and mechanism of pome-
granate flower polyphenols (PFP) on NAFLD Apo E7- mice induced by a high-fat diet (HFD) and whether PFP improves
NAFLD through decreasing oxidative stress. PFP supplementation in mice significantly reduced the HFD-induced
gains in body weight compared with the mice fed only with HFD. It also significantly reduced HFD-induced increases
in serum lipids, including cholesterol and triglyceride. Consistent with the reduced liver weight, hepatic lipid accumu-
lation, and the size of lipid droplets in the epididymal fat pads were also reduced by PFP supplementation. To further
investigate how PFP may reduce obesity, we analyzed lipid metabolism-related genes in the liver. PFP supplementa-
tion altered expression profiles of several lipid metabolism-related genes, including ACC, AMPK, CPT-1¢, FAS, LDLR,
Leptin, LXR, PON1, PPAR, SirT3, and SREBP, relative to those in HFD control mice. The expression patterns of these
genes observed by quantitative reverse transcriptase-polymerase chain reaction and AMPK, SirT3, ACC2, and CPT-
1A expression were confirmed by immunohistochemical assays. Collectively, our results indicate that PFP prevents
HFD-induced obesity in Apo E7- mice, and its anti-obesity effects may be related to the regulation of lipogenesis at
the level of transcription.
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Introduction cytes are replaced by type | collagen, resulting
in partial loss of hepatic function and can ulti-
mately progress to liver cancer [3]. Therefore,
cirrhosis is thought of as an irreversible dis-
ease, and some researchers think that the
pharmacotherapy effect is very modest.
However, botanical drugs present a curative
effect for NAFLD and NASH with relatively low
poisonous effects. Recently, more and more
botanical drugs are applied to treat NAFLD
because they are rich in typical materials, such
as plant polyphenols, which are abundant in
vegetables and fruits and can reduce the risk
factors associated with metabolic syndrome,

Nonalcoholic fatty liver disease (NAFLD), char-
acterized by excessive accumulation of triglyc-
eride (TG) in the hepatocytes, affects about
one-third of adults and an increasing number of
children worldwide [1, 2]. It is closely associat-
ed with obesity [3], insulin resistance [4], and
type 2 diabetes [5]. NAFLD is a group of hepat-
ic-related disorders with four different stages,
differing from a typical disease. The earliest
stage is hepatic steatosis is defined as the
deposition of TG droplets in the cytoplasm in
more than 5% of hepatocytes [6]. Part of hepat-
ic steatosis can develop into NASH (nonalco-

holic steatohepatitis), which is characterized by
the presence of hepatocyte injury (hepatocyte
ballooning and cell death). About one third of
individuals with NASH can develop cirrhosis
within 10 years [2]. In cirrhosis, most hepato-

such as insulin resistance, cholesterol abnor-
malities, obesity, and hypertension [7-9]. They
also contain a number of phenolic hydroxyl
groups that have strong antioxidant activity
[10].
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Table 1. With forward and reverse primer sequenc-

es

Target OLigonuclLeotide (5" to 3’) Tm/°C bp

ACC2 F TCAGCCTACAAAACCGCCCA 150
R AAGGCCGTCCACGATGTAGG

AMPK F TTGAAACCTGAAAATGTCCTGCT 113
R GGTGAGCCACAACTTGTTCTT

SirT3 F ACCCAGTGGCATTCCAGAC 123
R GGCTTGGGGTTGTGAAAGAAG

CPT-1A F TGCTGATGACGGCTATGGTG 115
R GTGCCTTCCAAAGCGATGAG

B-Actin  F TGACGTGGACATCCGCAAAG 205
R CTGGAAGGTGGACAGCGAGG

Figure 1. Effects of PFP on body weight of mice fed
a high-fat diet. Male Apo E7- mice at 6 weeks of age
received a regular HFD. After 4 weeks of feeding,
mice on the HFD were treated for 8 weeks with PFP
or vehicle (n=8 per group). A: Gross appearance of
HFD-fed mice at the end of treatment with PFP (PFP
+ HFD) or vehicle (HFD). B: Changes of body weight
were monitored during PFP treatment.

Pomegranate flower is a traditional Uighur herb
that had been used to treat diabetes mellitus
for centuries. Previous studies show that pome-
granate flower possesses antioxidant, anti-
inflammatory, antiviral, and antibacterial prop-
erties. Bagri et al. reported that Punica grana-
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tum aqueous extract (PgAq) prevents
hyperglycemia and hyperlipidemia in STZ-
induced diabetic mice. The study by Celik et
al. suggests that a Punica granatum (PG)
beverage produced hepatic-protective and
antioxidant properties against trichloroace-
tic acid (TCA)-exposure in mice. PG fruit juice
flavonoids have also been found to prevent
low-density lipoprotein (LDL) oxidation and
hence are antiarthrogenic [11]. These stu-
dies indicate the PG may reduce the risk of
NAFLD and have the potential of being anti-
NAFLD, and we believe this evidence should
be sustained through more experiments in
Vvivo.

Therefore, we observed the effects of pome-
granate flower polyphenol extracts on NAFLD
apo E” mice and sought to investigate how PFP
regulates NAFLD induced by high-fat diet (HFD).
Further to clarify the mechanism underlying the
regulation of obesity, we analyzed hepatic
expression of genes regulating lipid metabo-
lism in HFD-fed mice with or without PFP using
quantitative reverse transcriptase-polymerase
chain reaction (PCR) and verified the results by
immunohistochemical assays.

Methods and materials
Chemicals and reagants

Pomegranate flower polyphenols and total phe-
nolics measurement: P. granatum flower poly-
phenol (PFP) was a commercial spray-dried
ethanol extract without excipient, dried pome-
granate flower powder was extracted with 70%
ethanol for 20 hours at 95°C. The resulting
extracts were filtered, concentrated under vac-
uum at 60°C, and stored at stored at 4°C until
used. The extraction yield of PFP was 10.4%
(g/100 g, w/w). Determination of total polyphe-
nol content in pomegranate polyphenols was
done with a Waters Symmetry Shield RP18 col-
umn (250 mmx4.6 mmx5 um) by UV spectro-
photometry. Methanol -0.05 phosphoric acid
solution (5:95) was used as the mobile phase.
Total phenol contentin PFP was 40.13% (g/100

g W/W).

Reagents: The kits for determination of glu-
cose, triglyceride (TG), and total cholesterol
(TC) low-density lipoprotein cholesterol (LDL-C),
and high-density lipoprotein cholesterol (HDL-
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Table 2. Apo E7- mice weight gain value (n=10)

Plasma analysis

4 weeks before 8 weeks before 4 weeks after 8 weeks after

treatment (g) treatment(g) treatment(g) treatment(g)

Plasma glucose, total cho-

Normal group  5.81+1.27 1.92+0.36
Model group  8.87+1.64**

PFP group 6.65+1.27

1.69+0.33
3.3+0.77* 2.14+0.5
3.07+0.59  1.18+0.25AA 0.89+0.35AA

lesterol (TC), triglycerides
(TG), and low-density lipid
cholesterol (LDL-C) were

1.12+0.48
2.62+0.56**

Comparison with normal group: *P<0.05 **P<0.01; comparison with model group:

AAP<0.01.

C) were purchased commercially from Rong-
sheng Company in Shanghai, China. Tumor
necrosis factor (TNF)-a and interleukin (IL-8)
assay kits were from Shibayagi Co. Ltd., Gunma,
Japan. All other chemicals were of the best
grade commercially available, unless noted
otherwise.

Animal and diets

Twenty male mice (Apo E7 mice) and 10
C57BL/6 mice 8-week-old with an average
weight 18+2 g were purchased from Cavens
Laboratory Animal Co. Ltd. (Changzhou, China).
They were housed at 20+2°C in a daily light/
dark cycle. All mice were fed normal diet adapt-
ability and water ad libitum in stainless cages
for one week before initiation of the experi-
ment. Apo E7- mice received a high-fat diet (nor-
mal diet 81%, fat 7.5%, cholesterol 1% and bile
acid sodium 0.3%, propylthiouracil 0.2%) for 8
weeks and randomly divided into 2 groups
(n=8): the PFP group (treated with PFP 140 mg/
kg/d) and model group (treated with distilled
water, same dose ). C57BL/6 mice as the nor-
mal control group were fed a regular rodent
food (normal diet: 53% carbohydrate, 5% fat,
23% protein calories). Both the PFP group and
model group were fed intragastrically once
daily for 8 weeks, with dose adjustments week-
ly according to body weight.

Collection of blood and tissue samples

Blood was collected after 9-10 hours of fasting
by an orbital cardiac puncture. Serum was sep-
arated by centrifugation at 1,200xg for 15 min.
at 4°C, and stored at -20°C for subsequent
analysis. After blood collection, organs, such as
liver, kidney, and pancreas, were surgically
removed. The samples were rinsed with a phos-
phate-buffered saline solution, wiped with a
paper towel, weighed, and immediately frozen
in liquid nitrogen and stored at -80°C until
analyzed.
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measured using the com-
mercial kits from Jian-
cheng (Nanjing, China)
according to the manu-
facturer’s instructions. Plasma IL-8 and TNF-a
were measured by ELISA assay kit (R&D
systems).

Histological analysis

After the mice were Kkilled, the livers were
removed and, subsequently, fixed in phosphate-
buffered 10% formalin. The right lateral lobule
of the liver was then divided into 2 sections at
the long middle line, one of which was embed-
ded in paraffin blocks and the other in O.C.T.
compound. A section from each paraffin block
was stained with hematoxylin and eosin (HE) to
examine the pathologic structures of the liver,
and serial cryosections were stained with Oil
Red O to evaluate lipid droplets.

Oxidative stress assessment

Liver lipid content: Hepatic lipids were extract-
ed according to the method of Folch [12] et al.
The TG content was determined as described
previously [13]. Briefly, lipid was extracted from
frozen liver tissues (30 mg) by homogenization
in 1 mL of 2:1 chloroform:methanol, followed by
shaking at room temperature overnight and
centrifugation at 3000 rpm for 10 min. Aliquots
(400 pL) of the organic-extract lipid suspension
were used for the measurement of triglyceride
concentrations. Hepatic lipid content was
defined as milligram of triglyceride per gram of
the liver.

Real-time quantitative RT-PCR analysis: Approxi-
mately 100 mg of liver sample was homoge-
nized in 1 mL of TRIzol reagent (Invitrogen) for
total RNA isolation. gRT-PCR analysis for hepat-
ic gene expression was conducted as previous-
ly described using SYBR Green procedure CFX
96 real-time PCR detection system (Bio-Rad).
Primers were designed using Beacon Designer
software (Premier Biosoft) with forward and
reverse primer sequences (Table 1).

Am J Transl Res 2017;9(6):3073-3083



Both Apo E” mice and Changliver cell

A 150 -

= 100 4

ALT(U-I

504

TG mmol= L-!

B  300-

Table 3. Effect of PFP on the changes of TG, TC, LDL-C, HDLC-

C, Xts
Normal group Model group PFP group
Serum parameters
TG mmol-L* 0.68+0.13  3.46+0.33** 0.82+0.19AA
TC/mmol-L* 2.34+0.33 27.62+3.17** 15.10+9.01AA
LDL-C/mmol-L* 0.28+0.06  9.64+2.27** 6.70+4.12
HDL-c/mmolL* 1.38+0.13 0.77+0.11A 1.13+0.82
GLU 8.96+1.79 8.85+0.31 6.53+1.55
Hepatic parameters
TC 2.37+0.37 27.54+3.92AA 15.1949.55**
TG 0.68+£0.15 3.47+0.43AA 0.83+0.20**
HDLC 1.39+£0.15 0.77+0.14 1.13+0.87
LDL-C 0.28+0.06  9.43+2.91AA 6.80+4.35

**P<0.05 vs normal group, **P<0.01 vs normal group, AAP<0.01 vs model

group, AP<0.05.

Immunohistochemistry: Livers were processed
with the Cell and Tissue Staining Kit (R&D
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Figure 2. Plasma alanine transaminase
(A) and aspartate aminotransferase (B)
of Apo E7 mice after 4 weeks consum-
ing a control high fat (model group),
pomegranate flower polyphenols (PFP
group). Quantitation of triglycerides (C)
was checked by enzymatic assays. Bars
bearing different letters are significantly
different by one-way ANOVA with Tukey’s
multiple comparison post-hoc test,
P<.05. Data are means * SE, n=10 per
group. (C) The content of triglycerides in
the liver.

Systems) and protein from rat liver
samples was extracted with RIPA
buffer [50 mmol/L Tris-HCI (pH 7.4),
1% NP-40, 0.5% sodium deoxycho-
late, 150 mmol/L NaCl, 0.1% SDS,
EDTA, etc.] containing protease and
phosphatase inhibitors. Protein
concentrations were measured
using a BCA-100 Protein Quantit-
ative Analysis Kit. After denatur-
ation, protein samples were sub-
jected to SDS-PAGE and blotted
onto polyvinylidene difluoride (Mi-
llipore) membranes. Nonspecific
binding sites were blocked with 5%
skim milk in Tris-buffered saline
containing 0.1% Tween 20 for 1 h
and then incubated with primary
antibodies against CPT-1a (Santa

Cruz), AMPKa (Santa Cruz), ACC2 (Abcam),
SirT3 (Abcam) overnight at 4°C. After three
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Figure 3. Oil Red O results of chang Liver cell intervened by different
concentration OA for 24 (x400). The DMSO group was similar to Con-
trol group, in which cells showed clear outline and arranged as shuttle
like shape and with lower accumulation of lipids. After intervention of
0.2~0.8 mM OA, we observed much orange mass suggesting the ac-
cumulation of lipid significantly increased than control group. And the
cells numbers reduced under the similar visual field, and their volume
significantly shrunk compared with Control group after treating with 1
mM OA, those indicated that the 1 mM OA might damage the cells. Ac-
cording to the results of Oil Red O stain and TG levels after intervention
of OA, we selected the 0.2 mM OA to intervene the chang Liver cells for
24 h to prepare NAFLD model. Just shown in the picture.

Statistical analysis

The data are expressed as mean *
standard deviation (SD). Statistical
comparisons were carried out by
one-way ANOVA with the Tukey post
hoc test using the 11.5 version of
SPSS software. The differences
were considered statistically signi-
ficant if the p values were less
than 0.05.

Results

Effects of PFP on body weight, se-
rum lipid profiles of HFD-fed mice

Mice fed a HFD tended to be-
come obese (Figure 1A). After 11
weeks of PFP treatment, body
weights of HFD mice were signifi-
cantly reduced, reaching similar
levels of ND-fed control animals
(P<0.05, Figure 1B). PFP did not
result in dramatic changes in food
intake, although slight differences
were observed at weeks 10 and
13. Notably, PFP treatment for 16
weeks significantly lowered viscer-
al fat mass by up to 42.8% (P<0.05)
and reduced the serum levels of TC
and LDL-C (Table 2), whereas PFP
did not significantly affect serum
TG levels (HFD group, 1.02+0.10
mmol/L, n=8; PFP + HFD group,
0.95+0.12 mmol/L, n=7; P=0.32)
or HDL-C levels. Further analysis of
the lipid profiles at 4, 8, and 16
weeks after PFP treatment showed
that PFP did not exhibit significant
effects on serum TC and LDL-C
until 16 weeks. These data suggest
that PFP exerts antagonizing eff-
ects on HFD-induced obesity, and
long-term PFP treatment can im-
prove serum TC and LDL-C (Table
2).

washes in Tris-buffered saline containing 0.1%
Tween 20, the membranes were incubated with
hor-seradish peroxidase-conjugated secondary
antibodies (anti-mouse or anti-rabbit 1gG) for 1
h and visualized by ECL detection (Pierce Bio-
technology, Rockford, IL). Quantitation was
performed by Fujifiilm Las-3000 Luminescent
Image Analyzer.
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PFP alleviates liver steatosis in HFD-fed Apo
E7”" mice

Histological analysis by HE or Sudan LLl staining
of the liver sections showed derangement of
liver cells and excessive lipid droplets in the
hepatocytes of Apo E” mice fed the HFD (Figure
2A), which were alleviated by PFP treatment.

Am J Transl Res 2017;9(6):3073-3083
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Figure 4. Oil Red O results of NAFLD cell model intervened by PFP
(x400). NAFLD model were treated with different concentrates PFP
for 24 h, and stained with Oil Red O and observed under microscope.
Results showed that the cells showed clear outline in model group and
DMSO group, while there was much stained accumulation of lipids in
cells and their proportions of fatty degeneration dramatically higher
than DMSO group. And the rate was much lower in the PFP 100, 200
ugmL* groups where the orange lipid drops scattered in cells while
cell outlines in two groups were fuzzier than DMSO group. Compared
with model group, the PFP 50 ugmL?* group had lower accumulation
of lipids and showed clear outline, suggesting that the 50 ug ml* PFP
could significantly regulate the cellular TG levels.

Table 4. Effects of PFP to SOD, GSH-PX and MDA level in
NAFLD cell model (X s, n=06)

Group SOD (Umgport™) (U%S:p_rpo)‘i'l) Mr?]gépo?f;b
DMSO group 23.60+3.14 290.68+73.04 0.07+0.02
Model gorup 4.96+1.39A 158.79+40.07A 0.20+0.03AA
PFP 25 pygmL*  34.85+5.93**  234.58+21.48 0.06+0.03**

PFP 50 pgmL* 33.79+14.13** 632.81+50.36** 0.11+0.04*
PFP 100 pgmL* 36.31+12.19** 389.22+38.24** 0.0810.01**
PDP 200 pgmL? 36.12+17.97**  215.73+17.47 0.12+0.03

Comparison with DMSO group, AP<0.05, AAP<0.01; comparison with model
group, *P<0.05, **P<0.01.

Consistently, treatment of HFD-fed rats with
PFP for 16 weeks significantly lowered liver
weight by 21% (P<0.05, Figure 2B) and
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decreased hepatic triglyceride con-
tents by 76%, (P<0.01, Figure 2C).
Serum alanine transaminase (ALT)
and aspartate aminotransferase
(AST) levels were also reduced by
PFP treatment (Table 3). Thus, PFP
alleviates HFD-induced liver ste-
atosis.

Oil Red O stain after intervention
of different concentration OA

The different concentration OA was
prepared using culture medium
containing 0.48% DMSO to inter-
vent Chang liver cells for 24 h. After
Oil Red O stain, cells were observed
and photographed, and results are
shown in Figure 3. In the control
group, the cells showed clear out-
lines and were arranged in a spin-
dle, and several cells had spot lipid,
showing orange fluorescence. The
DMSO group was similar to the con-
trol group with little lipid storage,
which suggested that DMSO had
no significant effects on cellular
lipid content. After intervention of
0.2-0.8 mM OA, the cell outline was
clear, and there were no significant
changes in cell arrangement and
amounts compared with the control
group at the same area under
microscope. However, there were
many orange spots, which suggest-
ed that lipid storage significantly
increased compared to the control
group. After intervention of 1 mM
OAfor 24 h, cellamounts decreased
in the same area under micro-
scope, and cells were smaller than
normal ones, which suggested that
this concentration of OA and inter-
vention at 24 h might cause injury
to cells. Based on the Oil Red O
results and changes of TG levels
after OA intervention, the 0.2 mM
OA was used to prepare the Chang
liver cell NAFLD model for 24 h in
late experiments.

Oil Red O results of NAFLD cell
model intervened by different con-
centration of PFP

After intervention by different concentrations
of PFP, ellagic acid, and gallic acid at 24 h, the
NAFLD model cells were colored by Oil Red O

Am J Transl Res 2017;9(6):3073-3083
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Figure 5. The evaluation of antioxidant
function of PFP. A: Effects of PFP to SOD
level of NAFLD cell model; B: Effects of
PFP to GSH-PX level in NAFLD cell model;
C: Effects of PFP to MDA level of NAFLD
cell model. Compared with DMSO group,
SOD, GSH-PX in model group decreased
significantly (P<0.05), MDA increased

greatly (P<0.01), after intervention of four
different concentration of PFP, GSH-PX
increased significantly (P<0.01); After in-
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Table 5. Effects of PFP to the TNF-oac and IL-8
level of NAFLD cell model (X +s, n=3)

Group TNF-o (pgmL?)  IL-8 (pg-mL?)
DMSO group 15.24+2.83 14.93+6.01
Model gorup 32.03+8.04AA 41.79+13.88AA
PFP 25 ygmL?* 15.26+8.06** 2.91+1.01**
PFP 50 pgmL*  10.05+2.30**  1.8+0.65**
PFP 100 ygmL?* 8.03+0.89**  5.54+3.64**
PFP 200 pgmL* 7.63+1.19** 7.95+1.76**

Comparison with DMSO group, AAP<0.01; comparison
with model group, **P<0.01.

and photographed under a microscope. The
cells showed clearer outlines in model group
than the DMSO group, and many stained lipid
drops were found in the cells. Additionally, its
lipid rate was significant higher than the DMSO
group in the same area, in which the lipid rates
of the PFP 100 pg:-mL?* and 200 ug:mL? group
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MDA (nmol-mgprot -1 )

tervention of 50, 100 yg-mL* PFP, SOD in-
creased significantly (P<0.01); After inter-
vention of 25, 50, 100 pugmL* PFP, MDA
decreased significantly (P<0.05, P<0.01).

0.204

0.154

0.104

0.05 4

0.004

were significantly lower than the model group. A
few orange lipid drops were located in the
model group cells, but cell outline was fuzzier
than the DMSO group. Moreover, the lipid rate
significantly decreased in the PFP 50 pg:-mL?
group compared to the model group, and the
cell outline was clear, which suggested that 50
ug-mL* PFP could regulate the cellular TG con-
tent. Results are shown in Figure 4.

Effects of PFP to the SOD, MDA, and GSH-PX
levels of NAFLD model cells

The SOD and GSH-PX levels significantly de-
creased and MDA level significantly increased.
The differences compared with the DMSO
group were statistically significant (P<0.05,
P<0.01). After intervention of PFP, the SOD
level was significantly improved in the PFP
25~200 ug:-mL* group compared to the model
group, and differences were statistically signifi-

Am J Transl Res 2017;9(6):3073-3083
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Table 6. Effects of PFP to mRNA relative expression of cell lipid
metabolizing enzymes of NAFLD cell model (X s, n=5)

The results of this study par-
tially support this hypothe-

Group SirT3 CPT-1A ACC2

AMPK sis, in that PFP modulated

DMSO group  1.31#0.30  1.31+0.47

Model gorup

0.41+0.04
0.78+0.12 0.40£0.05AA 0.74+0.05AA 0.69+0.10AA
PFP 50 uygmL* 1.58+0.10* 0.71+0.22** 0.23+0.04**

1.16+0.10 plasma gholgsteroll as well
as hepatic triglyceride, cho-

| rol, or mRNA an ro-
0.47+0.24 esterol, o and pro

Comparison with DMSO group, AAP<0.01; comparison with model group, *P<0.05,

**pP<0.01.

cant (P<0.01). The GSH-PX levels were signifi-
cantly improved in the PFP 50 ugmL* and 100
pg-mL?t groups compared with the model group,
and the differences were statistically signifi-
cant (P<0.01). Lastly, the MDA level significant-
ly decreased in the PFP 25~200 pg-mL?* group
compared with the model group, and the differ-
ences were statistical significant (P<0.05,
P<0.01). Results are shown in Table 4 and
Figure 5.

Effects of PFP to TNF-a and IL-8 of NAFLD cell
model

Compared with the DMSO group, the TNF-a
level was significantly improved in the model
group, and the differences were statistically
significant (P<0.01). After intervention of differ-
ent concentrations of PFP, the TNF-a signifi-
cantly decreased in NAFLD cells, and the differ-
ences were statistically significant compared
with the model group (P<0.01). Compared with
the DMSO group, the IL-8 level significantly
increased in the model group, and the differ-
ences were statistically significant (P<0.01).
After intervention of four different concentra-
tions of PFP, the IL-8 level of NAFLD cells signifi-
cantly decreased, and the differences com-
pared with the model group were statistically
significant (P<0.01). Results are shown in
Tables 5, 6, and Figure 6.

Discussion

The present study clearly shows that pome-
granate flower polyphenols have an effect on
the development of NAFLD in Apo E” mice. The
mechanisms responsible for PFP-induced
improvements in lipid and antioxidant function
have not been fully characterized. We hypothe-
sized that a polyphenol-rich PFP would present
modulate hepatic lipid metabolism and im-
proved antioxidant function for Apo E- mice fed
high-fat, high-cholesterol diets.
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tein levels of AMPK, SirT3,
ACC2, and CPT-1A in Apo E”
mice. PFP supplementation
improved antioxidant func-
tion in the plasma and liver of Apo E7 mice and
reduced plasma ALT and AST. Histological anal-
ysis of livers shows that PFP attenuates obesi-
ty-induced liver steatosis and inflammation.

Collectively, our findings provide novel evidence
that PFP exerts anti-inflammatory activities in
Apo E7 mice and protects against pathogenic
events contributing to liver injury associated
with obesity-induced NASH.

We examined effects of PFP on the elevated
serum lipid parameters in the HFD-fed mice. As
shown in Table 2, the levels of total cholesterol,
triglycerides, and free cholesterol were signifi-
cantly decreased at week 12 of HFD + PFP
feeding, whereas HDL cholesterol levels did not
change significantly (P<0.05). Furthermore, we
measured serum TBARS and the total antioxi-
dant status of each group. Obesity is associat-
ed with defective antioxidant status and oxida-
tive stress, which is an important early instiga-
tor of obesity, and dietary antioxidants play a
role in the reduction of oxidative stress [3, 5].
PFP supplementation also decreased the levels
of serum TBARS and the total antioxidant sta-
tus by 48.4% and 18.4%, respectively, suggest-
ing that PFP supplementation effectively pre-
vents increased oxidative stress induced by
HFD consumption.

Pomegranate flower extracts inhibit lipopoly-
saccharide activation of NFkB, suppressing
overexpressed cardiac fibronectin and collagen
I and Il MRNAs in the heart of ZDF rats [14]. K.
Zhe et al. investigated how pomegranate flower
extracts ameliorate fatty liver in rats with type
2 diabetes and obesity by upregulation of
hepatic expression of the PPAR and SCD-1-
regulated genes responsible for fatty acid oxi-
dation, resulting in a decrease in lipid accumu-
lation in the liver. These findings are potentially
important for supporting further study of the
subject to demonstrate the effectiveness of
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Figure 6. Effects on the inflammation. A: Effects of PFP to the TNF-a level of NAFLD cell model; B: Effects of PFP to
the IL-8 level of NAFLD cell model; Compared with DMSO group, the TNF-a level was significant improved in model
group, and the differences were statistically significant (P<0.01); after intervention of different concentration of PFP,
the TNF-a significantly decreased in NAFLD cells, and the differences were statistically significant compared with
model group (P<0.01). Compared with DMSO group, the IL-8 level significantly increased in model group, and the
differences were statistically significant (P<0.01); and after intervention of four different concentration of PFP, the
IL-8 level of NAFLD cells significantly decreased, and the differences compared with model group were statistically
significant (P<0.01). Compare with DMSO group, TNF-¢, IL-8 in model group increased significantly (P<0.01); after
intervention of four different concentration of PFP, TNF-, IL-8 level decreased significantly (P<0.01).

PFP in the prevention and/or treatment of dia- vented the reduction of SifT3 expression, in
betes and obesity induced non-alcoholic fatty both mRNA and protein levels. SIRT is a NAD+-
liver disease, as it may specifically affect the dependent protein deacetylase, which was first
liver due to accumulation after absorption by discovered in yeast and termed Silent
the intestines and liver. Moreover, the treat- Information Regulator 2 (SIR2) [5, 6]. SIRT3
ment increases the expression of hepatic reduces lipid accumulation via AMPK activation
genes related to lipid metabolism and decreas- in human hepatic cells [15]. Our data also indi-
es the levels of plasma triglyceride and NEFA by cate that AMPK, ACC2, and CPT-1A are up or
attenuating the expression of hepatic PPARa down regulated by PFP. Recent studies demon-
[1]. Here, we show that levels of total lipids and strated that AMP-activated protein kinase
triglycerides in the liver were significantly (AMPK) was involved in the regulation of FFA
decreased in the HFD + PFP-fed mice com- metabolism [16]. AMPK is a heterotrimeric
pared with the HFD control mice (Figure 1B). complex that serves as a sensor at the cellular
We observed a decreased number of lipid drop- energy level. AMPK is activated when the cel-
lets in the hepatic tissue by Oil Red O staining lular energy store decreases, leading to a rise
when the HFD-fed mice were treated with PFP. in cellular AMP level. Upon the activation of
Taken together, these results clearly demon- AMPK, the adenosine triphosphate (ATP)-

utilizing pathway (such as FFA synthesis) is
switched off and the ATP-producing pathway
(such as FFA oxidation) is switched on. Two anti-

strate that PFP reduces fat accumulation in
mice with HFD-induced obesity.

To investigate the molecular mechanism by diabetic drugs have been found that could acti-
which PFP regulates hepatosteatosis, we com- vate AMPK and reduce liver fat accumulation
pared hepatic gene expression in HFD-fed or [17, 18]. FFA synthesis is mediated by seven
HFD + PFP-fed mice versus normal mice using enzymes, where acetyl coenzyme A carboxyl-
quantitative reverse transcriptase-polymerase ase (ACC) is the rate-limiting enzyme. ACC is
chain reaction and immunohistochemical phosphorylated by activated AMPK, which
assays, finding various genes of lipid metabo- reduces malonyl-coenzyme A formation. CPT-
lism were altered (data not shown). PFP pre- 1A is a rate-limiting enzyme in the process of
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fatty acid oxidation. Malonyl CoA inhibits CPT-
1A, and ACC2 activity reduction led to the
reduction of malonyl CoA synthesis, and thus a
weakening CPT-1A of inhibition. Fatty acid oxi-
dation was, therefore, enhanced and there was
improved fat degeneration [2]. In our study, PFP
moderately increased the expression of SirT3,
AMPK, and CPT-1 compared with HFD control
by both RT-PCR and immunohistochemical
assays, suggesting that inhibitory effects of
PFP on HFD-induced obesity may be partly
caused by the recovery of normal expression of
these genes. PFP also suppressed expression
of ACC2 in the livers of the HFD-fed mice. The
reduction of ACC2 expression brought about
enhanced fatty acids.

Collectively, these data demonstrate that the
reduction of hepatic lipid accumulation is
induced by PFP treatment. We also confirmed
the presence of regulatory proteins involved in
lipid metabolism, such as SirT3, AMPK, ACC2,
and CPT-1, suggesting that changes in lipid
metabolism-related gene expression also occ-
urred.
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