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Nonalcoholic fatty liver disease (NAFLD) is characterized by hepatic lipid accumulation, which is the
most common form of chronic liver disease. Multiple clinical studies using natural compounds such as fla-
vonoids have been conducted to treat NAFLD. In the present study, the pharmacological effect of Citrus
aurantium L. (Rutaceae) peel extract (CAE), which contains over 27% of polymethoxyflavone nobiletin, on
NAFLD was evaluated using a high-fat diet (HFD) animal model susceptible to developing NAFLD. C57BL/6
mice were fed an HFD (60% kcal of energy derived from fat) for 8 weeks to induce obesity. Obese mice were
randomly allocated to four groups of eight mice each (HFD alone, HFD with silymarin, HFD with 50 mg/kg
CAE, and HFD with 100mg/kg CAE). After 8 weeks of treatment, all mice were euthanized, and plasma
and liver tissues were analyzed biochemically and histopathologically. The results indicate that CAE treat-
ment significantly reduced HFD-induced NAFLD, as shown by decreased serum lipid index and prevented
liver histopathology. The expression of genes involved in lipid synthesis including free fatty acid (FFA),
peroxisome-proliferator-activated receptor y (PPAR-y), sterol receptor element binding protein 1¢c (SREBP-
Ic), and fatty acid synthesis enzyme was suppressed by CAE treatment. Moreover, compared to untreated
mice, CAE-treated HFD mice showed decreased pro-inflammatory cytokine expression. These results demon-
strated that CAE prevented HFD-induced NAFLD by reducing plasma levels of triglyceride and cholesterol
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and de novo lipid synthesis.
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INTRODUCTION

Nonalcoholic fatty liver disease (NAFLD) is a type of
hepatic steatosis induced by factors not related to alcohol
consumption, and its prevalence is increasing worldwide, con-
comitant with the obesity epidemic.” In recent years, various
therapeutic paradigms have reduced severe hepatic complica-
tions due to conditions such as viral hepatitis. NAFLD is now
being recognized as a major cause of hepatic disorder that
could eventually advance to cirrhosis that requires liver trans-
plantation.?

Although NAFLD pathogenesis is a complex serial process,
the accumulation of triglycerides (TGs) within the hepatocyte
is a classic feature of NAFLD, and the esterification of free
fatty acid (FFA) is recognized as a major source for triglycer-
ide production.” Circulating FFAs are derived from the lipoly-
sis of adipose tissues, dietary intake, or de novo hepatocyte
lipogenesis.? Recently, the mechanism of NAFLD progression
has shifted from a traditional two-hit hypothesis, which com-
prises steatosis and inflammation, to a three-hit hypothesis,
which also includes hepatocyte death.” However, the initial
stage of fat accumulation remains a priority for therapeutic
intervention.

Because of the link to general metabolic disorders, no
established NAFLD therapy has been identified to date, and
diverse natural compounds including flavonoids have been
explored to assess their effects in NAFLD animal models.®”
The consumption of citrus fruits, which contain flavonoids,

was shown to reduce plasma TG as well as liver cholesterol
(CHO) levels.>” Moreover, the broad mechanism of action of
flavonoids has drawn attention to their potential usefulness in
treating NAFLD that involves multiple pathways.'?

There are several subgroups of citrus flavonoids including
the polymethoxyflavones (PMFs), nobiletin, and tangeretin,
which are abundant in citrus fruit peels.” Many studies have
explored the biological properties of PMFs in various disease
conditions including inflammation, diabetes, and cancer.'?
In our previous study, Citrus aurantium L. (Rutaceae) peel
extract (CAE) was found to have various ameliorative effects
against chemical-induced liver injury by enhancing antioxi-
dant-related signals.'¥ However, the effect of CAE on hepatic
lipid metabolism has not been previously explored. In this
study, the effects of nobiletin rich extract, CAE (which con-
tains >50% PMFs), on fatty liver changes were assessed using
a high-fat diet (HFD) animal model.

MATERIALS AND MTHODS

Chemicals and Reagents The ethanol extract of C. au-
rantium peel was purchased from KPLC group (Batch No.
Kca-150925, Paris, France), and the main flavonoid component
was confirmed using HPLC according to Choi et al.'® with
a nobiletin standard obtained from Sigma-Aldrich (St. Louis,
MO, U.S.A).

Animal Studies Five-week-old male C57BL/6 mice
(n=40, Daehan Biolink, Chungbuk, Korea) were housed
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in the animal facility at Myoungji University maintained at
21 £2°C and 55*5% humidity on a 12-h light/dark cycle.
Obesity was induced by feeding an HFD (60% kcal from fat,
##D12492; Research Diets, New Brunswick, NJ, U.S.A.) for
8 weeks. Obese mice were randomly allocated to four groups
of eight animals each (HFD alone, HFD with 200 mg/kg sily-
marin, HFD with 50mg/kg CAE, and HFD with 100mg/kg
CAE), and normal chow-treated mice were used as the control
group. Distilled water was used as the vehicle control, and all
groups were administered the designated compounds for 8
weeks by oral gavage. After 8 weeks of compound treatment,
all mice were euthanized by carbon dioxide asphyxiation, and
the blood and liver samples were collected. The blood samples
were centrifuged (800 X g for 20min) for serum collection,
and serum alanine aminotransferase (ALT), aspartate amino-
transferase (AST), total CHO, and TG levels were measured
using a Fuji Dri-Chem NX-500i (FUJIFILM, Tokyo, Japan).
The liver tissue was carefully dissected, weighed, and sub-
jected to histopathological and Western blot analyses. Animal
experiments were approved by the Ethics Committee of Chun-
gnam National University (CNU-00965) and proceeded under
their guidelines.

Histopathological Analysis The paraffin-embedded liver
tissue was cut into 4-um-thick sections that were either
stained with hematoxylin and eosin (H&E), or Oil Red O. All
stained liver slides were evaluated using a light microscope.

Quantitative Real-Time PCR Analysis Total liver RNA
was extracted using the RNeasy mini kit (Qiagen, Venlo,
Netherlands) according to the manufacturer’s instructions.
After extraction, cDNA was synthesized using the Primescript
first strand cDNA synthesis kit (TaKaRa, Shiga, Japan), and
the mRNA expression levels of inflammation- and lipogenesis-
related genes were analyzed using a real-time PCR LightCy-
cler 96 system (Roche, Basel, Switzerland) with a SensiMix
Plus SYBR kit (Quantace, London, U.K.) according to the
manufacturer’s instructions. Primer sequences were as follows:
interleukin-6 (IL-6): forward, 5-AGTTGCCTTCTTGGG
ACT GA-3' and reverse, 5-TCCACGATTTCCCAGAGAAC-
3’; tumor necrosis factor (TNF)-a: forward, 5'-AGC CCC CAG
TCTGTATCCTT-3" and reverse 5'-CTCCCTTTGCAGAAC
TCA GG-3'; interleukin-la (IL-1a): forward, 5'-CCCGTCCTT
AAAGCTGTCTG-3" and reverse, 5-AATTGGAATCCA
GGG GAA AC-3'; fatty acid synthase (FAS): forward, 5'-TGG
TGGGTTTGGTGAATTGTC-3' and reverse, 5-GCTTGT
CCTGCTCTA ACTGGA AGT-3'; peroxisome-proliferator-ac-
tivated receptor y (PPAR-y): forward, 5'-TCA CAA GAGGTG
ACCCAATG-3" and reverse, 5-CCATCCTTCACAAGC
ATGAA-3’; sterol receptor element binding protein Ic
(SREBP-I¢): forward, 5-GGCACTAAGTGCCCT CAACCT-
3’ and reverse, 5-GCCACATAGATCTCTGCCAGTGT-3';
and glyceraldehyde 3-phosphate dehydrogenase (GAPDH):
forward, 5'-TGT CATACTTGGCAGGTTTCT-3' and reverse,
5'-CGTGTTCCTACCCCCAATGT-3". The real-time PCR
cycling conditions were as follows: 2min at 95°C; 45 cycles of
20s at 95°C, 20s at 60°C, 40s at 72°C, and 30s at 72°C; and
a final extension for 5min at 72°C. The mRNA levels of the
target genes were normalized to the GAPDH expression level,
and the results were expressed as the fold change relative to
the normal control group.

Western Blot Analysis Phosphate buffered saline (PBS)-
washed liver tissue (0.03g) was homogenized in 1 mL radio-
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immunoprecipitation assay (RIPA) buffer (SO0mM Tris—HCI
pH 7.5, 150mM sodium chloride [NaCl], 2mM ethylenedi-
aminetetraacetic acid (EDTA), 1% Triton X-100, 0.5% sodium
deoxycholate, 0.1% sodium dodecyl sulfate (SDS)). After cen-
trifugation (13000rpm, 15min, 4°C), the supernatant was col-
lected, and the protein contents were evaluated using a BCA
Protein assay kit (Sigma-Aldrich). The protein was separated
using 10% SDS-polyacrylamide gel electrophoresis (PAGE)
and transferred to a polyvinylidene fluoride (PVDF) mem-
brane using the Trans-Blot Turbo (Bio-Rad, CA, U.S.A.) sys-
tem. For blocking, the membrane was incubated in 15mL of
5% skim milk for 30 min. After three washes in Tris-buffered
saline plus Tween (TBS-T), the primary antibody was adjusted
using the Can Get Signal Solution 1 (Toyobo, Osaka, Japan)
at 4°C with the following antibodies: FAS (Cell Signaling
Technology, MA, U.S.A)), S-actin (Cell Signaling Technology),
nuclear factor-E2-related factor 2 (Nrf2) (Cell Signaling Tech-
nology), p-AMP activated protein kinase (AMPK) (Santa Cruz
Biotechnology, CA, U.S.A.), and AMPK (Santa Cruz Biotech-
nology). After overnight incubation, the secondary antibody
was adjusted with the Can Get Signal solution 2 (Toyobo)
containing goat anti-rabbit immunoglobulin G (IgG) and goat
anti-mouse IgG (Bio-Rad), and the expression was detected
using the Chemiscope 3000 fluorescence/chemiluminescence
imaging system.

Statistical Analysis All experiments were repeated
at least three times, and the results are presented as the
mean * standard deviation (S.D.) of three individual ex-
periments. One-way ANOVA with the Tukey’s test or Mann—
Whitney U-test were used to determine the significance of
difference between the groups. The p <0.05 was considered to
be statistically significant.

RESULTS

Effect of CAE on Body Weight Increment and Serum
Biochemistry Average daily HFD intake was about 5g/
group and the difference between groups were without statisti-
cal significance. HFD treatment for 8 weeks significantly in-
creased the body weight compared to that of the control group
fed a normal diet (Table 1). Although HFD also increased the
body weight of CAE-treated mice, the increment was signifi-
cantly lower than that in the HFD alone group, and the body
weight decrement was proportional to the CAE dose (Table
1). HFD increased the liver weight and serum ALT and AST
levels. Similar to the effect on body weight, CAE administra-
tion prevented the HFD-induced increase in liver weight and
enzyme level. Moreover, HFD-induced elevation of serum TG
and total CHO levels was decreased by 20-30% after 8 weeks
of CAE treatment.

Effect of CAE on mRNA Expression The mRNA
levels for lipid metabolism-related genes and inflammatory
cytokines were assessed in fresh tissue using quantitative real-
time RT-PCR analysis (Fig. 1). The expression of the lipid
synthesis-related genes PPAR-y, SREBP-Ic, and FAS increased
after HFD treatment. Moreover, the expression of SREBP-Ic
and FAS was significantly reduced in the CAE-treated group
compared to that in the HFD alone group. In addition, HFD
markedly increased inflammatory cytokine expression in the
liver tissue with the increase in TNF-a expression being the
highest among IL-1a, TNF-a, and IL-6 expression levels. This
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Table 1. Effect of the Citrus aurantium Peel Extract (CAE) on Body Weight Increment and Serum Biochemistry
Normal control HFD HFD+Silymarin (200mg/kg) HFD+CAE (50mg/kg) HFD+CAE (100 mg/kg)
Weight (g)
Body weight 30.86 £2.00* 50.90 = 1.25 48.49 = 1.70* 48.76 = 1.34* 48.61 = 1.45*%
Liver weight 0.96 £0.03* 1.91£0.11 1.24 £0.24* 1.29£0.10* 1.23£0.11*
Serum Biochemistry (mg/dL)
ALT 58.2+46.2% 256.4+110.7 130.5£29.2* 126.8 =23.5* 114.6 =38.7*
AST 108.2 £25.0* 250.0=37.3 172.2£10.2* 182.8 £37.7* 170.5 =30.6*
TG 144.5 £ 28.0* 198.8 =34.0 157.6 £31.2 156.0 £ 17.1* 142.8 =23.3*
TCHO 112.6 =28.0* 384.0 £40.1 205.2 £59.1* 292.6 =45.7* 232.6 £19.2*
Values are expressed as mean = S.D. *p <0.05, a significant difference in comparison with the HFD alone group.
A. B.
89 59 [ Control
Bl HFD
g g 4
E,,G- ) @ HFD + CAE 50 mg/kg
£ Z 3 £ HFD+ CAE 100 mg/kg
= 44 ] *
e * E 2
< < *
a *
E 2 * H ., E 14 * x ﬂ ﬂ ﬂ .
o al | |{Ny LA
TNF-a

PPAR~y SREBP-1¢ FAS

Fig. 1.

IL-1a IL-6

Changes in Lipid Synthesis and Inflammation Related Signals after Citrus aurantium Peel Extract (CAE) Treatment

C57BL/6 mice were fed an HFD (60% kcal of energy derived from fat) for 8 weeks to induce obesity except for control and the mice were treated with each compound
for 8 weeks. Total RNA was extracted from the liver, and mRNA expression levels were quantified using SYBR Green-based real-time PCR using mouse-specific primers.
Values are expressed as means = S.D. *p <0.05 indicates a significant difference in comparison with the HFD alone group.

increase in the expression of inflammatory cytokines was also
significantly reduced after CAE treatment in a dose-dependent
manner.

Western Blot Analysis The protein levels of FAS, p-
AMPK, AMPK, and Nrf2 were assessed using Western blot
analysis (Fig. 2). Similar to the results of the mRNA expres-
sion analysis, HFD also elevated FAS protein levels. The HFD
alone group showed a 1.2-fold increase in FAS protein levels
compared with the control group. In the CAE-treated groups,
FAS protein levels were lower than those in the normal con-
trol group were. In addition, the levels of p-AMPK protein
were lower in the HFD alone group than in the control group,
and this decrease was prevented in the CAE-treated groups.
Moreover, the Nrf2 protein level was also significantly higher
in the high-dose CAE-treated group (up to 2.3-fold) than in
the HFD alone group.

Histopathological Analysis Liver histology was visual-
ized using H&E and Oil Red O staining with 100 X magnifi-
cation (Fig. 3). The normal control group livers stained with
H&E showed intact hepatic structure. Extensive lipid droplet
accumulation in hepatocytes together with cytoplasmic bal-
looning and inflammation were observed in the livers in the
HFD alone group. Silymarin- and CAE-treated mice showed
reduced HFD-induced liver changes with decreased lipid
droplet accumulation. Moreover, liver tissues of the 100 mg/kg
CAE-treated mice showed well-preserved liver parenchyma
with fewer cytoplasmic lipid vacuoles than HFD alone group.
This result was also confirmed by Oil Red O staining.
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Fig. 2. Changes in FAS, AMP-Activated Protein Kinase (AMPK), and

Nuclear Factor, Erythroid 2 Like 2 (Nrf2) Protein Levels after CAE
Treatment

C57BL/6 mice were fed an HFD (60% kcal of energy derived from fat) for 8
weeks to induce obesity except for control and the mice were treated with each
compound for 8 weeks. Protein levels of FAS, AMPK, and Nrf2 in the liver tissue
were assessed using Western-blot analysis. Values are expressed as means = S.D.
*p<0.05 indicates a significant difference in comparison with the HFD alone

group.
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Fig. 3. Effect of CAE on HFD-Induced Histopathologic Alterations in the Liver

C57BL/6 mice were fed an HFD (60% kcal of energy derived from fat) for 8 weeks to induce obesity except for control, and the mice were treated with each compound
for 8 weeks. Histopathologic changes and cytoplasmic lipid in the liver tissue were assessed using hematoxylin and eosin (H&E) and Oil red O staining, respectively.
Major HFD-induced histopathological changes in the liver were cytoplasmic ballooning, inflammation, and lipid droplet accumulation. Scale bar, 100 #m.

DISCUSSION

The increased incidence of metabolic syndrome-associated
NAFLD along with the availability of effective therapies used
to treat severe chronic viral hepatitis have changed the clinical
approach in the treatment of chronic liver disease. Recently,
many studies have shown that some active ingredients found
in natural materials extracts have proven efficacious in the
prevention and treatment of NAFLD.'” In the present study,
the hepatic lipid-lowering effect of CAE was assessed using
an HFD model. HFD treatment for 8 consecutive weeks in-
creases average body weight by >60% compared to that of
the normal chow-fed mice, which indicates obesity induction
in mice.!" Silymarin (a flavonoid present in milk thistle ex-
tract) was used as a positive control due to its widely known
its pharmacological effects including lipid-lowering effect.>
In this study, nobiletin rich extract, CAE (containing ap-
proximately 27% nobiletin) treatment successfully prevented
HFD-induced NAFLD with improved systemic lipid profiles
and liver function. The increase in plasma TG and total CHO
levels after HFD treatment was markedly reduced in the CAE-
treated group in a dose-dependent manner. This was in line
with the previous study that reported decreased plasma CHO
or TG levels or both after oral PMF administration in both
animals and humans.'"® Furthermore, nobiletin (0.3%) in fat
high diet reported to increase hepatic FA oxidation that leads
to evidently decreased hepatic triglyceride.!”

In the present study, reduced -circulating plasma lipid
levels were observed following CAE treatment of HFD-fed
mice, which could be the result of decreased lipid synthesis.
SREBPs are a family of transcription factors that stimulate
gene expression involved in lipid biosynthesis, and the overex-
pression of lipid metabolism-related transcription factors was
reported in the liver from obese patients with NAFLD with
increased SREBP-1c and FAS levels as the most representative
changes.?*?" Moreover, SREBP-1c is known to control the ex-
pression of the PPAR-y transcription factor and its endogenous
ligand.?” PPAR-y is known to be involved in lipid metabolism
by modulating genes involved in fatty acid uptake, binding,
and transport leading to increased de novo fatty acid biosyn-
thesis.?? In addition, cross-regulation of both pro-lipogenic

factors, PPAR-y and SREBP-lc, are reported to affect the
NAFLD liver by altering liver cell signaling leading to hepatic
steatosis.>® Previously, Miyata et al. demonstrated that treat-
ment with prenylated flavonoid from hops suppressed de novo
lipid synthesis by inhibiting SREBPs.?® In the present study,
CAE treatment found to suppress SREBP-1c and FAS expres-
sion levels, which in turn prevented the accumulation of TGs
in the liver as confirmed by Oil Red O staining. Although, the
present decrease in PPAR-y levels after CAE administration
was not dose-dependent, the nobiletin, which is a major com-
ponent in CAE, was reported to have inhibitory effect against
several adipogenic transcription factors including PPARy in
different type of cells.”®

As mentioned above, the pathogenesis of NAFLD is closely
linked to inflammatory events, which are the so-called second
hits. After hepatic TG accumulation, the liver is vulnerable to
stress factors including inflammatory mediators and oxidative
stress, which lead to further injury.’” In addition, steatosis
development was accompanied by evidently elevated of IL-1a,
potent inflammatory cytokine initiates inflammation, and
IL-1a deficiency inhibited steatohepatitis pathogenesis in ath-
erogenic high-fat diet treated mice model.?**

Our results indicate that CAE treatment decreased HFD-
induced expression levels of inflammatory cytokines IL-la,
TNF-a, and IL-6 in a dose-dependent manner. This was in
line with well-characterized anti-inflammatory effects of
PMFs.3? Moreover, combination of PMFs, hesperidin, nobi-
letin, and tangeretin, found to suppress lipopolysaccharide-
induced proinflammatory cytokine secretion in BV2 micro-
glial cell.’V

Nrf2 is a nuclear transcription factor, which is known to
initiate a cytoprotective signal cascade against various oxida-
tive stresses.’” It is widely demonstrated that diverse PMFs
reported to prevent oxidative stress by activating Nrf2 signal
pathway including hesperidin, nobiletin, and tangeretin.**>9
Furthermore, apart from its anti-oxidant action, Nrf2 also
plays a role in hepatic lipid metabolism by suppressing the ex-
pression of small heterodimer partner.*® In addition, a recent
study showed that increased phosphorylation reduced hepatic
lipid accumulation by phosphorylating acetyl-CoA carbox-
ylase and inhibiting ATP-consuming processes.”’ Moreover,
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many other recent studies have reported cross-signaling be-
tween the AMPK and Nrf2 signaling pathways in cellular ho-
meostasis.*®*” In the present study, CAE treatment was found
to increase Nrf2 expression and AMPK phosphorylation in an
HFD mouse model.

In this study, CAE prevented HFD-induced fatty liver
changes by lowering plasma TG and CHO levels. Although
CAE-induced changes in PPAR-y were not dose-dependent,
our study suggests that suppressed SREBP-1¢/FAS signaling
might contribute, at least in part, to decreased de novo lipid
synthesis. Moreover, the anti-inflammatory and Nrf2-enhanc-
ing effects of CAE were confirmed in the HFD animal model.
Additional mechanistic and safety-related studies on CAE are
needed to assess its applicability in the treatment of NAFLD.

Acknowledgments This work was supported by the
Korea Institute of Planning and Evaluation for Technology in
Food, Agriculture, Forestry and Fisheries (IPET) through the
High Value-added Food Technology Development Program
(or Project), funded by the Ministry of Agriculture, Food and
Rural Affairs (MAFRA, 116014033SB010).

Conflict of Interest The authors declare no conflict of

interest.

REFERENCES

D __NCD Risk Factor Collaboration (NCD-RisC). Trends in adult body-
mass_index in 200 countries from 1975 to 2014: a pooled analysis
of 1698 population-based measurement studies with 19-2 million
participants. Lancet, 387. 13771396 (2016).

2) Zezos P, Renner EL. Liver transplantation and non-alcoholic fatty
liver disease. World J. Gastroenterol.. 20. 1553215538 (2014).

3)_Polyzos SA, Kountouras J. Zavos C. Deretzi G, Nonalcoholic fatty

liver_disease: multimodal treatment options for a_pathogenetically
multiple-hit disease. J. Clin._Gastroenterol., 46, 272284 (2012).
4) Bechmann LP.__Hannivoort RA. Gerken G. Hotamisligil GS,

Trauner M, Canbay A, The interaction of hepatic lipid and glucose
metabolism in liver diseases. J. Hepatol., 56, 952964 (2012).

5) Jou J, Choi SS, Diehl AM. Mechanisms of disease progression in
nonalcoholic fatty liver disease. Semin. Liver Dis., 28, 370-379
(2008).

6) Crespillo A, Alonso M. Vida M. Pavén FJ. Serrano A, Rivera P,
Romero-Zerbo Y, Fernandez-Llebrez P. Martinez A, Pérez-Valero
V. Bermiidez-Silva FJ. Sudrez J. de Fonseca FR. Reduction of body
weight, liver steatosis and expression of stearoyl-CoA desaturase 1
by_the isoflavone daidzein in diet-induced obesity. Br. J._ Pharma-
col., 164, 1899—1915 (2011).

7)_Grattagliano I, Diogo CV. Mastrodonato M. de Bari O. Persichella
M, Wang DQ. Liguori A, Ferri D. Carratu MR, Oliveira PJ. Portin-
casa P._A silybin-phospholipids complex counteracts rat fatty liver
degeneration and mitochondrial oxidative changes. World J. Gastro-
enterol.. 19. 3007-3017 (2013).

8) Gorinstein S. Leontowicz H. Leontowicz M. Drzewiecki J. Jastr-
zebski Z. Tapia MS. Katrich E. Trakhtenberg S. Red Star Ruby
(Sunrise) and blond gualities of Jaffa grapefruits and their influence
on_plasma lipid levels and plasma antioxidant activity in rats fed

with_cholesterol-containing and cholesterol-free diets. Life Sci,, 77,
23842397 (2005).

9) Morin B, Nichols LA Za_laskv KM, Davis JW, Manthey JA, Hol-
land LJ. The citrus flavonoids hesperetin_and nobiletin_differen-
tially regulate low-density lipoprotein receptor gene transcription in
HepG2 liver cells. J. Nutr., 138, 12741281 (2008).

10) Van De Wier B, Koek GH, Bast A, Haenen GR. The potential of

Biol. Pharm. Bull.

259

flavonoids in the treatment of non-alcoholic fatty liver disease. Crit,
Rev. Food Sci. Nutr., 57, 834—855 (2017).

1D __Guo J. Tag H. Cao Y, Ho CT. Jin SM. Huang Q. Prevention of obe-
sity and tvpe 2 diabetes with aged citrus peel (Chenpi) extract, J.
Agric. Food Chem., 64, 2053-2061 (2016).

12) Rahideh ST Keram_atipour M, Nourbakh_sh M, Koohdani F, Hoseini

M, Shidfar F. The effects of Nobiletin, Hesperetin, and Letrozole in

a combination on the activity and expression of aromatase in breast
cancer cells. Cell. Mol. Biol., 63, 9—13 (2017).

13) Choi BK, Kim TW, Lee DR, Jung WH, Lim JH, Jung JY, Yang SH
Suh JW._ A polymethoxy flavonoids-rich Citrus aurantium extract
ameliorates _ethanol-induced liver injury through modulation of
AMPK and Nrf2-related signals in a binge drinking mouse model.
Phytother. Res., 29, 1577-1584 (2015).

14)  York DA. Animal models of obesity. International Textbook of Dia-
betes Mellitus, John Wiley & Sons, New York, pp. 691-708 (2003).

15) Haddad Y, Vallerand D, Braulat A, Haddad PR. Antioxidant and
hepatoprotective effects of silibinin in a rat model of nonalcoholic
steatohepatitis. Evid. Based Compl. Alt. Med., 2011, nepl64 (2011).

16) Chiba H. Uehara M. Wu J. Wang X. Masuyama R, Suzuki K,
Kanazawa K, Ishimi Y. Hesperidin, a citrus flavonoid, inhibits bone
loss and decreases serum and hepatic lipids in ovariectomized mice.
J. Nutr., 133, 1892—-1897 (2003).

17) Jeon SM. Park YB. Choi MS. Antihvpercholesterolemic_property
of naringin alters plasma_and tissue lipids, cholesterol-regulating
enzymes, fecal sterol a_nd tissue morphology in rabbit_s. Clin. Nutr.,
23, 1025-1034 (2004).

18) Jung UJ. Kim HJ. Lee JS. Lee MK, Kim HO, Park EJ. Kim HK,
Jeong TS. Choi MS. Naringin supplementation lowers plasma lipids
a_nd enh_ances erythrocyte antioxida_nt enzyme activit_ies in hyper-
cholesterolemic subjects. Clin. Nutr,, 22, 561568 (2003).

19)  Mulvihill EE, Assini JM, Lee JK, Allister EM Sutherlgnd BG
Koppes JB. Sawyez CG, Edwards JY, Telford DE, Charbonneau
A, St-Pierre P, Mgrette A, Huff MW. Nobiletin attenuates VLDL
gverproduction, dyslipidemia, and atherosclerosis in mice with diet-
induced insulin resistance. Diabetes, 60, 14461457 (2011).

20) Brown MS, Goldstein JL. A proteolvt_ic pathway that controls the
cholesterol content of membranes, cells, and blood. Proc. Nail,
Acad. Sci. U.S.A., 96, 11041-11048 (1999).

) Pettinelli P, Del Pozo T, Araya J, Rodrigo R, Araya AV, Smok G
Csendes A, Gutierrez L Roia_s J, Korn O, Mgluenda F, Diaz JC?
Rencoret G Brgghetto 1, Castillo J, Ponigchik J, Videlg LA. En-
hancement in liver SREBP-1¢/PPAR-o ratio and steatosis in_obese
Qatients: correlatio_ns with instilin resistance and n-3 lon,q-cha_in
polyunsaturated fatty acid deplet_ion. Biochim. Biophys. Acta, 1792
10801086 (2009):

2_2) Kim JB, Wright HM, Wright M Spiegelmgn BM. ADDI1/SREBPI
activates PPARy through_the production of endogenous ligand.
Proc. Natl. Acad. Sci. U.S.A., 95, 4333—4337 (1998).

23) Bensinger SJ, Tontonoz P. Integration of metabolism gnd inﬁa_m—
mation by lipid-activated nuclear receptors. Nature, 454, 470477
(2008):

24) Pettinelli P, Videla LA. Up-regulation of PPAR-y mRNA expression
in the liver of obese patients: an additional reinforcing lipogenic
mechanism to SREBP-1c induction. J. Clin. Endocrinol. Metab., 96

14241430 (2011):
25) Miyata S, Inoue J. Shimizu M, Sato R. Xanthohumol improves

diet-induced obesity aLnd fatty liver by suppressinlg sterol regulatory
element-binding protein (SREBP) activation. J. Biol. Chem., 290
20565-20579 (2015).

26) Lee J, Namkoong S. Anti-adipogenic and anti-inflammatory
mechanism of nobiletin in co-culture of adipocyte and macrophage.
FASEB J., 28, 1045 (2014).

27) Day CP. From fat to inflammation. G&vtroenterologv, 130, 207-210

(2000).

28) Di Paolo NC, Shayakhmetov DM. Interleukin la and the inflamma-

2

—_



http://dx.doi.org/10.1016/S0140-6736(16)30054-X
http://dx.doi.org/10.1016/S0140-6736(16)30054-X
http://dx.doi.org/10.1016/S0140-6736(16)30054-X
http://dx.doi.org/10.1016/S0140-6736(16)30054-X
http://dx.doi.org/10.3748/wjg.v20.i42.15532
http://dx.doi.org/10.3748/wjg.v20.i42.15532
http://dx.doi.org/10.1097/MCG.0b013e31824587e0
http://dx.doi.org/10.1097/MCG.0b013e31824587e0
http://dx.doi.org/10.1097/MCG.0b013e31824587e0
http://dx.doi.org/10.1016/j.jhep.2011.08.025
http://dx.doi.org/10.1016/j.jhep.2011.08.025
http://dx.doi.org/10.1016/j.jhep.2011.08.025
http://dx.doi.org/10.1111/j.1476-5381.2011.01477.x
http://dx.doi.org/10.1111/j.1476-5381.2011.01477.x
http://dx.doi.org/10.1111/j.1476-5381.2011.01477.x
http://dx.doi.org/10.1111/j.1476-5381.2011.01477.x
http://dx.doi.org/10.1111/j.1476-5381.2011.01477.x
http://dx.doi.org/10.1111/j.1476-5381.2011.01477.x
http://dx.doi.org/10.3748/wjg.v19.i20.3007
http://dx.doi.org/10.3748/wjg.v19.i20.3007
http://dx.doi.org/10.3748/wjg.v19.i20.3007
http://dx.doi.org/10.3748/wjg.v19.i20.3007
http://dx.doi.org/10.3748/wjg.v19.i20.3007
http://dx.doi.org/10.1016/j.lfs.2004.12.049
http://dx.doi.org/10.1016/j.lfs.2004.12.049
http://dx.doi.org/10.1016/j.lfs.2004.12.049
http://dx.doi.org/10.1016/j.lfs.2004.12.049
http://dx.doi.org/10.1016/j.lfs.2004.12.049
http://dx.doi.org/10.1016/j.lfs.2004.12.049
http://dx.doi.org/10.1093/jn/138.7.1274
http://dx.doi.org/10.1093/jn/138.7.1274
http://dx.doi.org/10.1093/jn/138.7.1274
http://dx.doi.org/10.1093/jn/138.7.1274
http://dx.doi.org/10.1080/10408398.2014.952399
http://dx.doi.org/10.1080/10408398.2014.952399
http://dx.doi.org/10.1080/10408398.2014.952399
http://dx.doi.org/10.1021/acs.jafc.5b06157
http://dx.doi.org/10.1021/acs.jafc.5b06157
http://dx.doi.org/10.1021/acs.jafc.5b06157
http://dx.doi.org/10.14715/cmb/2017.63.2.2
http://dx.doi.org/10.14715/cmb/2017.63.2.2
http://dx.doi.org/10.14715/cmb/2017.63.2.2
http://dx.doi.org/10.14715/cmb/2017.63.2.2
http://dx.doi.org/10.1002/ptr.5415
http://dx.doi.org/10.1002/ptr.5415
http://dx.doi.org/10.1002/ptr.5415
http://dx.doi.org/10.1002/ptr.5415
http://dx.doi.org/10.1002/ptr.5415
http://dx.doi.org/10.1093/jn/133.6.1892
http://dx.doi.org/10.1093/jn/133.6.1892
http://dx.doi.org/10.1093/jn/133.6.1892
http://dx.doi.org/10.1093/jn/133.6.1892
http://dx.doi.org/10.1016/j.clnu.2004.01.006
http://dx.doi.org/10.1016/j.clnu.2004.01.006
http://dx.doi.org/10.1016/j.clnu.2004.01.006
http://dx.doi.org/10.1016/j.clnu.2004.01.006
http://dx.doi.org/10.1016/S0261-5614(03)00059-1
http://dx.doi.org/10.1016/S0261-5614(03)00059-1
http://dx.doi.org/10.1016/S0261-5614(03)00059-1
http://dx.doi.org/10.1016/S0261-5614(03)00059-1
http://dx.doi.org/10.2337/db10-0589
http://dx.doi.org/10.2337/db10-0589
http://dx.doi.org/10.2337/db10-0589
http://dx.doi.org/10.2337/db10-0589
http://dx.doi.org/10.2337/db10-0589
http://dx.doi.org/10.1073/pnas.96.20.11041
http://dx.doi.org/10.1073/pnas.96.20.11041
http://dx.doi.org/10.1073/pnas.96.20.11041
http://dx.doi.org/10.1016/j.bbadis.2009.08.015
http://dx.doi.org/10.1016/j.bbadis.2009.08.015
http://dx.doi.org/10.1016/j.bbadis.2009.08.015
http://dx.doi.org/10.1016/j.bbadis.2009.08.015
http://dx.doi.org/10.1016/j.bbadis.2009.08.015
http://dx.doi.org/10.1016/j.bbadis.2009.08.015
http://dx.doi.org/10.1016/j.bbadis.2009.08.015
http://dx.doi.org/10.1073/pnas.95.8.4333
http://dx.doi.org/10.1073/pnas.95.8.4333
http://dx.doi.org/10.1073/pnas.95.8.4333
http://dx.doi.org/10.1038/nature07202
http://dx.doi.org/10.1038/nature07202
http://dx.doi.org/10.1038/nature07202
http://dx.doi.org/10.1210/jc.2010-2129
http://dx.doi.org/10.1210/jc.2010-2129
http://dx.doi.org/10.1210/jc.2010-2129
http://dx.doi.org/10.1210/jc.2010-2129
http://dx.doi.org/10.1074/jbc.M115.656975
http://dx.doi.org/10.1074/jbc.M115.656975
http://dx.doi.org/10.1074/jbc.M115.656975
http://dx.doi.org/10.1074/jbc.M115.656975
http://dx.doi.org/10.1053/j.gastro.2005.11.017
http://dx.doi.org/10.1053/j.gastro.2005.11.017
http://dx.doi.org/10.1038/ni.3503

260

tory process. Nat. Immunol., 17, 906913 (2016).
29) Kamari Y, Shaish A, Vax E. Shemesh S, Kandel-Kfir M. Arbel Y.

e —————————————
Olteanu_S. Barshack I. Dotan S. Voronov E. Dinarello CA. Apte

RN, Harats D_Lack of interleukin-la_or_interleukin-14_inhibits
transformation of steatosis to_steatohepatitis_and liver fibrosis in
hypercholesterolemic mice. J. Hepatol., 55. 1086—1094 (2011).

30) _Chen XM, Tait AR, Kitts DD._Flavonoid composition of orange peel
and_its_association_with antioxidant and anti-inflammatory_activi-
ties. Food Chem., 218. 15-21 (2017).

31) Ho SC, Kuo CT. Hesperidin, nobiletin, and tangeretin_are col-
lectively responsible for the anti-neurginflammatory_capacity of

Biol. Pharm. Bull.

Vol. 42, No. 2 (2019)

and apoptosis. PLOS ONE, 11, 0151649 (2016).

35) Zhang L. Zhang X, Zhang C. Bai X, Zhang J. Zhao X, Chen R,
Wang L. Zhu C. Cui L. Chen R, Zhao T. Zhao Y. Nobiletin pro-

motes antioxidant and anti-inflammatory responses and elicits pro-
tection against ischemic_stroke in vivo. Brain Res. 1636, 130141

(2016).

36) Huang J. Tabbi-Anneni I._Gunda V. Wang L. Transcription fac-
tor Nrf2 regulates SHP and lipogenic_gene expression in_hepatic
lipid metabolism. dm. J. Physiol. Gastrointest. Liver Physiol., 299,

G1211-G1221 (2010).
37) Smith BK. Marcinko K. Desjardins EM. Lally JS. Ford RJ. Stein-

tangerine peel (Citri reticulatae pericarpium). Food Chem. Toxicol.,
71, 176182 12014!.

32) Ma Q. Role of nrf2 in_oxidative stress and toxicity. Annu. Rey.
Pharmacol. Toxicol., 53. 401-426 (2013).

33) Mahmoud AM. Mohammed HM, Khadrawy SM. Galaly SR.

Hesperidin protects_against chemically induced hepatocarcinogen-
esis via modulation of Nrf2/ARE/HO-1, PPARy and TGF-A1/Smad3

berg GR. Treatment of nonalcoholic fatty liver disease: role of
AMPK. Am. J. Physiol. Endocrinol. Metab.. 311, E730-E740
(2016).

38) Joo MS. Kim WD. Lee KY. Kim JH. Koo JH, Kim SG. AMPK fa-

cilitates nuclear accumulation of Nrf2 by phosphorylating at serine
550. Mol. Cell. Biol., 36, 1931-1942 (2016).

39) Zimmermann K. Baldinger J, Maverhofer B, Atanasov_AG, Dirsch

signaling._and amelioration of oxidative stress and_inflammation,
Chem. Biol. Interact., 277. 146—158 (2017).

34) Omar HA, Mohamed WR, Arab HH. Arafa ESA. Tangeretin allevi-
ates cisplatin-induced acute hepatic injury in rats: targeting MAPKs

VM, Heiss EH. Activated AMPK boosts the Nrf2/HO-1_signaling
axis—A role for the unfolded protein response, Free Radic. Biol.
Med., 88 (Pt B). 417-426 (2015).



http://dx.doi.org/10.1038/ni.3503
http://dx.doi.org/10.1016/j.jhep.2011.01.048
http://dx.doi.org/10.1016/j.jhep.2011.01.048
http://dx.doi.org/10.1016/j.jhep.2011.01.048
http://dx.doi.org/10.1016/j.jhep.2011.01.048
http://dx.doi.org/10.1016/j.jhep.2011.01.048
http://dx.doi.org/10.1016/j.foodchem.2016.09.016
http://dx.doi.org/10.1016/j.foodchem.2016.09.016
http://dx.doi.org/10.1016/j.foodchem.2016.09.016
http://dx.doi.org/10.1016/j.fct.2014.06.014
http://dx.doi.org/10.1016/j.fct.2014.06.014
http://dx.doi.org/10.1016/j.fct.2014.06.014
http://dx.doi.org/10.1016/j.fct.2014.06.014
http://dx.doi.org/10.1146/annurev-pharmtox-011112-140320
http://dx.doi.org/10.1146/annurev-pharmtox-011112-140320
http://dx.doi.org/10.1016/j.cbi.2017.09.015
http://dx.doi.org/10.1016/j.cbi.2017.09.015
http://dx.doi.org/10.1016/j.cbi.2017.09.015
http://dx.doi.org/10.1016/j.cbi.2017.09.015
http://dx.doi.org/10.1016/j.cbi.2017.09.015
http://dx.doi.org/10.1371/journal.pone.0151649
http://dx.doi.org/10.1371/journal.pone.0151649
http://dx.doi.org/10.1371/journal.pone.0151649
http://dx.doi.org/10.1016/j.brainres.2016.02.013
http://dx.doi.org/10.1016/j.brainres.2016.02.013
http://dx.doi.org/10.1016/j.brainres.2016.02.013
http://dx.doi.org/10.1016/j.brainres.2016.02.013
http://dx.doi.org/10.1016/j.brainres.2016.02.013
http://dx.doi.org/10.1152/ajpgi.00322.2010
http://dx.doi.org/10.1152/ajpgi.00322.2010
http://dx.doi.org/10.1152/ajpgi.00322.2010
http://dx.doi.org/10.1152/ajpgi.00322.2010
http://dx.doi.org/10.1152/ajpendo.00225.2016
http://dx.doi.org/10.1152/ajpendo.00225.2016
http://dx.doi.org/10.1152/ajpendo.00225.2016
http://dx.doi.org/10.1152/ajpendo.00225.2016
http://dx.doi.org/10.1128/MCB.00118-16
http://dx.doi.org/10.1128/MCB.00118-16
http://dx.doi.org/10.1128/MCB.00118-16
http://dx.doi.org/10.1016/j.freeradbiomed.2015.03.030
http://dx.doi.org/10.1016/j.freeradbiomed.2015.03.030
http://dx.doi.org/10.1016/j.freeradbiomed.2015.03.030
http://dx.doi.org/10.1016/j.freeradbiomed.2015.03.030

