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ABSTRACT

Polymethoxyflavones (PMFs) are flavonoids exclusively found in citrus
fruits. Among the native citrus plants in cultivated in Jeju do, Citrus sunki
Hort, ex Tanaka have the highest contents of PMFs. As PMFs have diverse
health—beneficial bioactivities, it is necessary to develop a method to obtain
the PMF-rich fraction (PRF) for research on their industrial application. In
this study, PMF contents were compared between the fruits and leaves of C
sunki. The results showed approximately three—fold higher PMFs contents in
the leaves than in the fruits, and thus, we established a procedure for
obtaining the PRF from the leaves. Then, the anti-obesity effect of PRF was
investigated in vitro and in vivo.

In this study, we used 3T3-L1 preadipocytes as in vitro model system.
Upon simultaneous treatment with PRF and differentiation-inducing medium,
PRF inhibited differentiation of preadipocytes into adipocytes in a
concentration—-dependent manner. PRF also inhibited the expression of
peroxisome proliferator—activated receptor gamma (PPARY) and
CCAAT/enhancer binding protein alpha (CEBPa), consequently reducing the
expression of sterol regulatory element-binding protein 1 (SREBP1), fatty acid
synthase (FAS), and adipocyte fatty-acid-binding protein 2 (aP2). The
treatment of differentiated 3T3-L1 adipocytes with PRF led to a decline in
the expressions of PPARy, as well as CEBPa, SREBP1, and FAS, which have
a role In maintaining the adipocyte homeostasis. Protein kinase A
(PKA)/sterol regulatory element-binding protein 1 (HSL) was activated to
promote lipolysis. In addition, in differentiated 3T3-L1 adipocytes, PRF
increased the activation of AMP-activated protein kinase (AMPK)/acetyl-CoA

carboxylase (ACC) to promote fatty acid oxidation.



Based on the in vitro results, the anti-obesity effect of PRF in mice with
high-fat-diet-induced obesity was evaluated. Five-week-old C57BL/6 male
mice were supplied with a high-fat-diet (HFD) for five weeks to induce
obesity. The HFD-fed obese mice were divided into three groups, the control
group (HFD + 0.5% carboxymethyl cellulose), orlistat group (HFD + 156 mg
orlistat/kg of BW), and PRF group (HFD + 50, 100, or 200 mg of PRF/kg of
BW), for a 5-week oral administration period. The overall weight gain,
adipose tissue weights, spleen weights, and kidney weights of the PRF and
orlistat groups were significantly reduced compared to those in the controls.
The PRF group exhibited lower contents of plasma triglycerides (TG) and
plasma low-density lipoprotein (LDL-CHO) than the control group, whereas
high-density lipoprotein (HDL-CHO) content was higher than the control
group. These results suggested that PRF improves the dyslipidemia induced
by the HFD. In addition, the PRF and orlistat groups exhibited an
improvement in glucose tolerance compared to controls. Moreover, the PRF
group exhibited a decrease in the level of insulin secretion in a
concentration—dependent manner upon fasting, thereby insulin resistance
estimated by homeostasis model assessment-insulin resistance (HOMA-IR)
were 1mproved.

A comparison of the hematoxylin and eosin-stained adipose tissue from
each group showed that the size of lipid droplets was smaller in the PRF
group than that in the HFD group. To identify the molecular mechanism on
the anti-obesity effect of PRF, we analyzed the expressions of the proteins,
which were related to lipolysis in the adipose tissues. The PRF administration
reduced the expression of PPARYy, a factor required for the maintenance of
adipose tissues. Furthermore, it increased the phosphorylation of HSL, which
facilitates lipolysis. The PRF administration also activated the AMPK/ACC
pathway to promote fatty acid oxidation. In addition, an analysis of the liver

tissue of each group revealed that PRF potentially improved the liver function



as it inhibited the incidence of fatty liver caused by the HFD. In summary,
this study has developed an efficient method to obtain PRF from C. sunki
leaves, and the PRF was found to exert an anti—obesity effect via promoting

the lipolysis and fatty acid oxidation both in vitro and in vivo.

Key words : Citrus sunki, Polymethoxyflavones, Anti-obesity, High-fat-diet,
3T3-L1, C57BL/6, Fatty acid oxidation, Lipolysis, Aipogenesis
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AAR A7 F(WHO) Had 9atd X 3oz B fi=
3

HIRE Qe

i

A, g, aAdTor 5=

’

A& 80 cm oA, e 130/85 mmHg ©]4, TAXH 150 mg/dL °]4,
high density lipoprotein (HDL) < 44 <l 4% 40 mg/dL ©]3&}, o344 A% 50

mg/dL ©]3}, FEE TS 100 mg/dL o]’z 7tol=eklS Aatal glor 54

S
9 AR mAG, DALl B dAFFEY T8 AL HAF, =
=

¢l A %) 11 9QtH(Gadde et al, 2018). B]wke] H = t}oksl Al
mass index (BMD7} AAAA FFo= HHSIL ot #pxle] A
o] AFoz o] (kg/m?) AA ANT = U= sgon BMI AF7F 185
- 249 kg/m*= AN, 250 - 299 kg/m’E FAF W9, 300 - 349
kg/m*= Wk 194, 350 - 399 kg/m*:= BIRF 20HA] RS2 A Asta rk(
Engin et al, 2017). 20151 Aol w2 1980 o] 5 7070= o] oA vlvt f
HEol 22 Frbsksla, 20154 ell= 69 W o] o] HRte] Hlew o T &
< BMIE 7Fxl 400%F o] Atk Hiastar vHGBD 2015 obesity
collaborators, 2017). WHO®] H= 8o ¢t 20161 71= A A4 184 ©]
& Aol A oF 199 Wol A Folw o] T 95F N Wo] HiRto R FAH

ohomd A AFel grne AATnc #AFH vwen Ft AT g



a1 Ba13kal ¢thH(World Health Organization, 2020). &< $-guzte] H|w&&
1941 ©]4, BMI 25 kg/m* 7150 2 33.8%% e 1998 ol F &3] Z7}a)
I glomn E3 wdAdel A9 1998 25.1%0A4 20199 41.8% = oA KT} vk

THE =A YEhd vk RS A7 AR A s 2 Ao Had dAo I (EH
TR, 2019). o2l g vk mE EAFES 4 e Mty Sl o
g Aol Ay iRk A5 e dgs fs gdd dosol 1Y
war 9l

A Fo]l F7Fs= AL WA Z 2] (white adipose tissue, WAT) W A=A
of FAA el Ho] Az o] WA= Aol o= V|E AWAEY AV
7F AA = ol (hypertrophy) E=E AAWA Eo| A 2L XA E7 A
%+ H]t)= (hyperplasia)ell 7]Q13FcH(Figure 1). Hyperplasia Z#-& A AFA <l

Az AAY Ade dadAdy AdEd WA, adiponectin, 28] 11 HAIE %

]

A3l adipokines & A 4 vk 224 hypertrophy =22 A7|7F & A
WA o] 7] wiEol AAtAT WS- (hypoxia)S sy o]Z ek njgAAd o
# A FEY MEIAHnecrosis), G5z Q3 HIAA YT HAEA Hu
(Ghaben et al, 2019). °l& F+ 7FA A=A 7|2= S8 A d4+= H=2E

AYAE FHL AARAY 27 B AYAZE FRATE AT F A

(lipolysis) 7129 A 28 AWz 2o] w50 x| x| H8 A ¥4 (adipogenesis) 7]
I 253 ¢tH(Laurencikiene et al, 2011, de Sa et al,
2017). HIRES oS AU A Ee XzsE ATE A8 Mg ol AMEsheE
AEE 3T3-L1 AAGAEZo|, o] AlEE wpg-zolA fee Mxolm thofst

2d25YH AN g4e JAsAY Ate walshs Aol 8ol AREEtar 9l

N
-3
=2
:(x){:?'
§%
rlo
re
-
N

H(Gregoir et al, 1998, Rosen et al, 2006, Tung et al, 2017). Post-confluence
Al AXWAEAN A insulin (INS), 3-isobutyl-1-methylxanthine (IBMX),
dexamethasone (DEX)¥} #2 =28 207 <l3] mitotic clonal expansion
(MCE) 9 A2 Alxe] ezt vpym olF FAXLE FAdstA € oHGregoire
et al, 1998, Guru et al, 2020). ALAEFA AAHNA L= HAAAA T 7}



ZF 83 ZHAAA+= peroxisome proliferator-activated receptor gamma
(PPARy)9} CCAAT/enhancer binding protein alpha (C/EBPa)¢|t}. o] &2 X|Hk
AE FAR 24 Foof Asagom XMz E3t&

x AT dEA
AH(Rosen et al, 2006). E3F o|=¢ HE2E O = lipoprotein lipase (LPL),

Ahe

2

sterol  regulatory  element-binding  protein 1 (SREBP1), adipocyte
fatty—acid-binding protein 2 (aP2) & AW JAF& FFste st FdAE ¢4
A ZItH(Tang et al, 2004). o] % AAka S AlEo] Agete] A X Wo] A7
A Ha A3 F9jo Fol A Tk

AWA E 2] TAAX L lipolysis AZE AXH S8 A= free fatty acid(FFA)
2 JteddEo] Axd wroew 7 Hi FHlE SYAEH} FFAS
gluconeogenesis®}t fatty acid oxidationeS E3&] $2 &ol| AUYAE A&F3ct
(Rui et al, 2014). A Wo] 7Iwalsl= A2 adipose triacylglycerol lipase
(ATGL)7} S4ALS 7t ste] diacylglycerol (DG)3 FAE AA3sta DG
+ monoacylglycerol lipase®] ]3] monoacylglycerol®} FA=Z AAEAY
hormone-sensitive lipase (HSL)el <& 73] 7}4&38] ¥ (Greenberg et al,
2001, Saponaro et al, 2015). Lipolysis AU S % 7} A2 7122 cyclic
adenosine monophosphate (cAMP) 72l 23 x| 7]zto|t}. AlE W
cAMP %7} S7F8kA " cAMP dependent protein kinase A (PKA)7} &4
37 s o} skel AR HSL¥ periliping &43AA SHAEE 7HEei ot
(Figure 2. Egan et al, 1992, Carmen et al, 2006). PKA¢°l ¢]3 HSL &3} F
AE gy oA QAksIE o] FojA =dH 53] Serb637 Ser660 F-$19] <Q14ks)
= SAAHE IR E 233 4 A At (Anthonsen et al, 1998, Su
et al, 2003).

al
protein kinase (AMPK)9] &4 A= tAEES X gzeles 72 9Fglshy 7]

Zto 2 AFE a JuhBijland et al, 2013, Li et al, 2021). AMPK:= $-¢ & A



Aol A s
Aol Ak B =E s 4 AAE T8 ATP 2vE e
atel 2 mEFEZ=gole] A4S Fe ATP A4S 53 AZHKim et dl
2016). AMPK= i@}, + 7He] =
ow 5% A a2 FUIAE FAF HFAR sk Al A= al, a
2 aes HEIHA, AREAQd AF¢E ad FvdAE A48k v AMPKe a
Zujdzk Wl Thr172 #-$]¢] <ibstE AMPKE #4386t H&d a 2999
AF9] @12} liver kinase Bl (LKB1), Ca®/calmodulin-dependent protein kinase
kinase B (CaMKKpP), TGFB-activated kinase (TAK-1) S°] <&# <t}
(Figure 3. Daval et al, 2006, Lipovka et al, 2015).

Acetyl-CoA carboxylase (ACC)& AW4t 3ty 4tsl A2E x4dss T4
g AdAth ACC= AWAake

1—}\0

Ol

F= &<t acetyl-CoA°l A malonyl-CoAZ= 7}

I

28224352 ZRA7)Y,  fatty acid oxidation®] F8& <1AQl  carnitine
palmitoyltransferase I (CPT-1)= Astty. ACC= ACCIZ ACC2Z T4 5 o
Ko, ACCle] Al FAde xdetes Aoz d4dA v ofdATelA
AMPKe] 435 Sl 39 AAQI ACCIY Ser79®l zh7]of <14tksl7E = o
ACCLe] &A4o] JAdva ®asta th(Wang et al, 2018). wehA AMPKS]
gA43l= ACCE ¢14F3FA A malonyl-CoAd] %2 7HAA 7] CPT-1& &4
3pA A AWakstE A7) A ©tH(Figure 4. Wang et al, 2018).

HTES X 5317] f3k FEE v FDAO A+ dAA7FA] 6% F(phentermine
(1959), orlistat  (1999), phentermine/topiramate (2012), lorcaserin(2012),
naltrexone/bupropion sustained release (2014), liraglutide (2014) 2] 3H|%F X &
Aol gt 31717F HojQrh o] SEELS ©Es| AT UAE fse ASUE
e AW 55 Weete ZoE Als #AAE FREIH gEAde=
phentermine®! 74 -¢- A3l norepinephrinestHl & 318t A S EE 4o
7= & o|H, orlistati= pancreatic lipase inhibitor® ¢l %ol lipase A4S
AAAIA FAAL ZhERAE Adfstar Aol AbE A

Locasering A|A17 9] propiomelanocortin (POMC)E &4 3}3to] A1 8-S o)A A

N

719, liraglutides= <& WIS FEAI7IAL vMlaigs X =77 8ol A5<



o A $+tH(Gouni-Berthold et al, 2019). 281} o]¥l k& X &A= H|go] ®o]
£ 3 phentermines A9|d UmA= F7] HE&S sfof st o]= Qg FAE&
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AFE AB7EQ A (Citrus sunki Hort, ex Tanaka)S A FA Go| A ‘A&
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Beneficial adipokines

* FGF21: stimulating hepatic gluconeogenesis

* Leptin: suppressing food intake, promoting lipolysis

* Adiponectin: insulin sensitizing, suppressing hepatic glucose
output, anti-inflammatory and anti-fibrotic

T
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Figure 1. Mechanisms of adipose tissue expansion (Ghaben et al, 2019).
Adipose tissue can primarily expand in one of two ways: through differentiation of
resident tissue precursors to form new adipocytes (hyperplasia) or through

enlargement of existing adipocytes (hypertrophy).



B1, B2, B3
adrenergic
agonists

Figure 2. Gas/cAMP/PKA/HSL pathway to lipolysis (Carmen et al, 2006).
This mechanism implicates the coupling of hormone receptors in the plasma
membrane to a Gs family of GTP-binding proteins. Gas, as subunit of G-protein;

PKA, cAMP dependent protein kinase; HSL, hormone sensitive lipase.



Acetyl-CoA
AMPK —{ é /— Acyl-CoA
Malonyl -CoA —I CPT-1 \'a
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Figure 3. AMPK regulates fatty acid synthesis and (-oxidation. (Lipovka et
al, 2015). AMPK, AMP-activated protein kinase; ACC, acetyl-CoA

carboxylase; CTP-1, carnitine palmitoyltransferase-1.
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4) A& 33E° HPLC &4

D QoA FH[gE PRFY 352 PDA HE712 4 ¥ (Waters 2695
Alliance system) HPLCE Ap&3t o, E2A software= Empower (Version
)2 Abgstgdrh. 248 ZAYS XBridge BEH Cis Column (4.6 mm x 250
mm, 5 pm. Waters, Milford, MA, USA)& AF&3t9 3 330 nm 3% 34
A gRlskdnh. ol s 0.1% <S14kel A7t SR (A)9E 0.1% dtke] A7t
H acetonitrile (ACN, B)& AF&stem™ 0.0 80%;A, 0.0-50% 80%;A,
5.0-40.0-= 30%;A, 40-41.1% 0%;A, 41.1-43.0% 0%;A, 43.0-44.0% 80%:;A,
44.0-45.0% 80%;A= A HEAJT. va AR A4S fdEl 6 HF ol
H &S /4392, Injection volume= 10 pL, %2 0.8 mL/min, ZH-
%40l ATHTable 1). 279l PMFs @& UV -~

g
Fi awen 24 auge Sa Ao BEIAL Agete] 4 FE29

2
M
ks
m

Table 1. Gradient elution condition for HPLC separation.

Time (min) Flow (mL/min) A (%) B (%)
0 0.8 30 20
5 0.8 30 20
40 0.8 30 70
41 0.8 0 100
43 0.8 0 100
44 0.8 30 20
45 0.8 30 20

A  Water in 0.1%6 H3PO4
B : Acetonitrile in 0.1% HsPO,
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Table 2. Linear regression results of standard calibration curves using

three flavonoid standards

Standards R? AP B°

Sinensetin 0.998487 -3.250927 x 10° 4647635 x 10
Nobiletin 0.998374 ~7.381774 x 10° 3584141 x 10*
Tangeretin 0.998981 5.672935 x 10* 58.678878 x 10°

R? correlation coefficient; Linear equation formula: v = Ax + B; y = peak areas;

AP slope; B intercept; x = concentration (mg).
2. 3T3-L1 MX[H A= bfY

Mouse 3 AXF< 3T3-L1 A *¥E american type culture collection
(ATCC)o. 2 5B Hokuto}l A}&319th Al X 100 U/mL penicillin, 100 ug/mL
streptomycin, 10% bovine calf serum (BCS, Gibco, USA)e] 32 3st# dulbecco’s
minimal essential medium (DMEM, Gibco, USA) ujFolS- A}-g-3}o]

2 37T FAHE G wgFE o, Al g 349 FUIE A

5

w
=
e
0=
P
o
AT
=z

MAE AEE 42 Hsu 5200608 WS 435t 33tk 3T3-L1 #
A ZE 96 well cell culture plate (1x10* cells/well)oll 24A17F B Fst & A

2E T=HE=E Agste 394 & wigsidd. 39 WY 2 mg/mLé

3-(4,5-dimethylthiazol)-2,5-diphyenyltetrazolium bromide (MTT, Sigma, USA)
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f NS 400 ug/mLe FEZ A ste] 37CoA 447 FoF ik s o] F
NS AAST MTTl 9 3w formazan A E2S dimethyl sulfoxide

(DMSO)°ll =] microplate reader (Bio—Tek, USA)E A}-&3}o] 540 nmol A &

FEE YA AT 4TS 38 WB APAGon ARE A gL
HET FHE g vwstel el Ho AEsd

N
Cell viability (%) ControlOD. oD, X

Algol tigh AAWAM xS 544 F5FE 24357] 918l cell cytotoxicity assay
kit (DoGen, Korea)S ©]-&3ste] a3ttt 3T3-L1 AAILAELE 96 well cell
culture plate (1x10* cells/well)el]l 24X 7t v kst & A 82 W2 A7 s}

394 & mgstdth. 39 miF F dixa B AIRTe wWgd S FH ko] lactate
al

mi
kel 490 nmollA FFEE SAHSIAT AT MEe lysis solutions

Aelste] AEZujFAS AbEetlod 2t AR 54 £42 3% wHE ddst
=

A  Exp. — Background control
B : Low control - Background control

C : High control - Volume control
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5. 3T3-L1 X|HiA|iZ

Eolwk

3T3-L1 AAAZE 48 well cell culture plate (3x10° cells/well)el 29 <t
Hj 93t confluence El7F H =5 stglor, migds wEkst < 2¢ ¢ ot

st th. Post-confluence A El(Day 0)olA #3}f%
(INS, Sigma, USA),

HiA][10 ug/mL insulin
1 uM dexamethasone (DEX, Sigma, USA), 05 mM
3-Isobutyl-1-methylxanthine (IBMX, Sigma, USA), DMEM/10% fetal bovine
serum (FBS)]Z ughsto] 29 &<t &3t =

LU
ok ol
&l

=

=

X

st¥l DMEM/10% FBS Hf
o mgkalo] %

insulin©]
DMEM/10% FBS =]

w3 7)ol kel oA A efsal e

-

6. 0il Red 0 HA
3= o]F B3ty X WA X+ phosphate buffered saline (PBS) §91o =
23] AlF & 4% formalin/PBS &9 1A13 43t aL, o] & FHTE 23] A
28t t}. Isopropanol® 31413k 0.6% Oil Red O (Sigma, USA)& & ZHF49}
6:4= ThA] 3|4l st o Fpeto] ARESEAT AMHE AEE= Oil Red O &4 2= 1
AP AL ol F SRTE AHT 5 E3td Fds dAvAd Stel A dEst
Aok A" AgaAES FA587] 918 isopropanol & o ® 3|47 4%
nonidet P-40 (Amresco, USA)S 2 £33t & microplate reader(Bio—Tek, USA)
£ o]&sto] 520 nmel A FA=E S5
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7. Free glycerol 22 =X

AAEZ E3hre wye] wel 3T3-L1 AARAMEE AFAEZE 100% 3}
AZItE °]F- DMEM/2% BSA ®iA| 2 alghsho] 24A13F &b wl Fsholan

aL, o
G o 2 (IBMX) 2 PME(10, 20, 40 ug/mL)E DMEM/2% BSAe°l] &35t 2
A7F A etdnh 29 sk EH[EHE glycerol $HHS free glycerol assay kit

(Biomax, Korea)E ©]&3lo ZA43I%

Tt Al dse] SQl(sINMe 1 2021-0012)=

IR {5 5 A W AAE Wang 5(2012)& #EsHA

t}. 453 47 C57BL/6] "H$2~E= CRONEXAHGyeonggi-do, Korea) ZH-E -

dote] &% 2342, F% 5525%, 183l FAF7] 12413F AbS 230 WolA o
=

174 45 F vex2E FH92 Adste] dWkAlE (Normal, 5179,
Orientbio, Korea)i3} 60% Aol = x4 o](Research Diet, D12492,
USA)w 2 & o] 55 gt Hwks FEetdltl. 5F § H|vto] {F ¥ X4
WAlol s ThAl A WA o] (HFD), Orlistat o (HFD + Orlistat 15.6
mg/kg/day), PRF Fo+"(PRF + 50, 100, 200 mg/kg/day)= &3t 55 &
oF AFF35tA . Orlistate] 5%+ Jiao 5(2019)3¥ Reagan-Shaw 5 (2008)
S Fxole AAIHL, B AE= 05% carboxymethyl cellulose (CMC,

Sigma, USA)°ll 2]Aste] mj<d 13] o33l
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Aol 2 vheAE SAZ T4 A FA A4 71 (Gluneo  plus,

N
o
il

OSANG healthcare, Korea)E o] &3to] #e] AwoA FEIAGS =43

ot} o] % glucose 2 g/kg=s AT+Fo3ke] 30, 60, 90, 120+ Zt

1

o= mwmy A

B
i
2
%
N
)
BN
Y
)
i\

Fo AL AT FHAL vHE2E COE v AN ABaY

4

A A7kA -70C Hasdth dE @ vhgaE R

M

H| & Al

) hud

ON

yo AEstel 4 FAT H4AGI, 0 AR FA ZY TR
2 98l QAL wHsgon w24 A2 99 PBSE AN F

4% paraformaldehyde (Biosesang, Korea)oll 3173}

5) @3 W B 2

g4 W A3te 24L& glutamic oxaloacetic transaminase assay kit (GOT,
ASAN, Korea), glutamic pyruvic transaminase assay kit (GPT, ASAN,
Korea), triglyceride assay kit (TG assay Kkit, Dogen, Korea), high-density
lipoprotein/low—-density lipoprotein assay kit (HDL/LDL assay kit, Dogen,

Korea), total cholesterol assay kit (TC assay kit, Dogen, Korea)2 A}-&3}]

4

HOMA-IR #4

=1
=
g4 W <d<d FEE mercodia mouse insulin ELISA assay kit
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(Mercodia, Sweden)E AF&-3to] #AstR L, 5D ded SFHAE vt
gow Sy #o] AASEY homeostasis model assessment - insulin

resistance (HOMA-IR) #5 T3l tH(Matthews 5, 1985).

HOMA-IR = [fasting glucose (mg/dL) x fasting insulin(mU/L)] / 405

7) H&E 44
4% paraformaldehyde] A gH Fa} AwE o] s uAT F+ Y=
= 22 1A H FTHFFE FAHSAT °o]F  histocorePEARL  (Leica,

Germany) =2 A 7] & o] &3l 50%, 70%, 80%, 90%, 100% ol&== =

ns)
(illua

st AL, xylened depdlS Tttt gepdlo] HFHE A2 tissue
embedding & cooling system (Wincom, China)® 2 3I}2}¥ =

31, o] % microtome (Leica, Germany)< ©]&3to] 7 ume T2 AASA
A =42 xylene, 100% ~ 50% ol&s A= I3 $ hematoxylin &
45 AHA canada balsam (Junsei,

Japan) 2.2 5435t &Av] 4 (Olympus IX71, Japan)o.2 ¥2&}9] o

. Western blot &M

3T3-L1 M¥® % 73} xWx4-S RIPA lysis buffer (1xRIPA (Millipore
Germany), 1 mM PMSF, 1 mM NazVO, (Sigma, USA), 1 mM NaF (Merk,
Germany), 1 ug/mL aprotinin (Amresco, USA), 1 ug/mL lupeptin (Millipore,
Germany), 1 ug/mL pepstatin (Amresco, USA))S #7}sle] A3ttt o
Astel AlE= 14,000 rpmoll Al 2083 Al et A ds EEsida Al
29 @A FE Bio-Rad protein assay reagent (Bio-Rad, USA)E o] &
st A Y. 10 uge ©WAS 10%  sodium  dodecyl sulfate-

polyacrylamide gel electrophoresis (SDS-PAGE)®Z 100Vl Al 2A17F &9 A
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Fo] wwlAS B3 ow,  polyvinylidene difluoride (PVDF,

Ol

7195
Millipore USA) membrane®o.2 ZHo]&tdtt. Aol¥ membrane blocking
buffer (5% skim milk/0.1% TBST)® blocking 393, 1x A= 3%
bovine serum albumin (BSA, Vovogen, Australia) =+ skim milk® 3] 4] 3}
of 4TelA 24413 whgAZ Y. 12 FA ¥kgo] #% membranes 0.1%
TBST= A 23} 3L horseradish peroxdase (HRP)7} ZA3%¥ mouse, rabbit &
= goat 22+ A (Vector laboratories, USA)E blocking bufferel] 3]4]s}o] 1
AlZE 9 Ao A RESAIFTE WES-o] E4Y membrane 0.1% TBSTZ Al
zslo] westar ECL (Cyanagen, Italy) kit®= WFSA]Zl 3 x-ray 2 E(Agfa,
Belgium)s o] &3] ddstdtt. 12 &A= PPARy, FAS, SREBP1, G
—actin, aP2 (Santacruz, USA), phospho-AMPK, AMPK, phospho-ACC, ACC,
phospho-HSL, HSL, p-ACC (Cell signaling, USA)E A}-&3}3]

10. SAH A&
e A Aye B 2 AR g8 o, Ay e fod A4

L SPSS =23 (IBM SPSS statistics 21, USA)S o] &3t t-test &
9 wjx] BEAHEA (One-way analysis of variance, ANOVA) % Duncan Y% A
Ao FAste] AT oL p<0.05 olste] FEolM ROl At

[ex]
s

_18_



1. &2 2olM FE2|et PMFs Cl2F &7 2= (PRF)2| Y

B

i

@ A3 Ao BD PMPs 8L ¥ 248l PMFs
b

=

off
ftlo

o] thE A<l & A<l nobiletin, sinensetin, tangereting Fa+& WO F HA

H
N
)

u sinensetin< 25.694+, nobiletin= 28.488+%, tangeretin< 31.777+°l
ekt th(Figure 4. A). FE8& 49 da5 7oz 74 Ada oA A A
ZHdel Yely= 3702] PMFs 8-S #4913 A3t 32049 sinensetine %
stk UEFW 2 nobiletin?} tangeretine =S S-S ® 9 th(Figure 4. B).
oA o] PMFsv #HoA] EA1E 329 43 v 523k th(Figure 4. C).

Al 932 7} PMFs9] s 2418 A3 HA oA 9] sinensetine &5 A

%9kl nobiletine 8.07 mg/g, tangeretin< 13.96 mg/gl & HEAFAom o

S~

rlo

X1 = sinensetin 1.10 mg/g, nobiletin 15.81 mg/g, tangeretin 50.34 mg/g°. = 3}
A3} <lelA el PMFs+= tangeretin $F&Fo] tif-Zs A3 AL et
(Table 1). ¥k A HTE SloAe] PMFs $Hdeo] w4 =2 A& glstdlar 3
7FA1¢] PMFs ¢ds S¢8tds o A v o el PMFs ¢Fe] 3u] o4
o Ao 45t (Table 3.).
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ey @ (D) : Sinensetin
030 | (2 : Nobiletin
2 020] @ @ | (3 : Tangeretin
||
i
| |
0 I': !
i 10 " Tooa v 204 4a'on T
b
B 2 80
' Nobiletin _ | Tangeretin
a0 '\ t
1.80
5
Sinensetin
o580 \
o000 il 1
500 10,00 12,00 2000 28500 30 00 38,00 40 00 A5 00
wlrae
-
C .. ' Tangeretin
Nobiletin
ot S
2 150
i
oo |
Sinensetin 1
086
000
5.00 1000 1800 2000 2600 0. 00 25 00 o'na o

Figure 4. HPLC chromatograms of three major components in PRF
(A) Standard mixture; (B) Analysis of PMFs in Citrus sunki fruit; (C)

Analysis of PMFs in Citrus sunki leaves.
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Table 3. Contents of the PMF's in Citrus sunki fruit and leaves

Samples(mg/g) Sinensetin Nobiletin Tangeretin Total
Fruit ND 8.07 13.96 22.03
Leaves 1.10 15.81 50.34 67.25
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2. PMFs C}2F 8t} Z2EZ2(PRF)0| 3T3-L1 MX|HtA|Z 23l0 O|X|= Ao

g oA F2s PRE7F 3T3-L1 AX|HA|E
a7l #1834 ¢4 PRFel gk AlE ALE 2 54
(Figure 5.). MTT Z1g]x LDH ¥4 Z3 PRF9 H%7

= 90%9 AxE AEES B AgsA g dEzadd 74 Zol7k AN
ow, AE B A7t PRFY Ao o3 AdA 43 A3 50 ug/mL 5
of| 5] 420 = 1.67%, 100 ug/mLe] &4 158 + 1.62%
o = AT wEkA PRFE 50 ug/mL P gHe] 5 E o) A

ri L
i
=
>~
el
oo
ol
ol
2
i

1) AEs oA w3

7t TS ZF 946 = 06, 85 £ 082, 525 * 504% 2 A AaH o] T H
O FoHer o Aor SUHAY(Figure 6. B). webA & ol 2
23k PRF+= 3T3-L1 AAWAE £3t5 ojAgtta dckdr
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140 1 CICytotoxicity == Cell viability r 100

3 120 | =
§ 100 o — k3 F ET %% [ 80 l%
< = —— | co g
¢ M
£ 60 1 L 40 &
2 40 >
; iz 20 E
s 20 4 2 I—’—I 3
0 , — 0o

0 12.5 25 50 100

Concentration (ug/mL)

Figure 5. Effects of PRF on cell viability and cytotoxicity of 3T3-L1
preadipocytes. 3T3-L1 preadipocytes were treated with  various
concentrations for 72h. Cell viability and cytotoxicity were analyzed by MTT
and LDH assays. The results are expressed the means + S.D.(n=3; * < 0.05,
=k < 0.01, # < 0.05, # < 0.01 compared to non treated group)
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MDI + PRF (ug/mL)

_ 120
s
£ 100 | T
8 R
S 80
s
o £33
£ 60
g 40
-
=
2 20
]
0 . . .
0 10 20 40

PRF (ug/mL)

Figure 6. Effect of PRF on differentiation of 3T3-L1 preadipocyte. Two
day Postconfluent 3T3-L1 cells differentiated with MDI (1 uM DEX, 0.5 mM
IBMX, 10 ug/mL Insulin) medium in the presence of absence PRF. (A)
Differentiated adipocytes were stained with Oil Red O on day 8 and stained
triglycerides were presented at 200 X magnification. (B) Lipid contents were
measured at 520 nm by microplate reader. The results are expressed the

means = S.D.(n=3; *p < 0.05, **p < 0.01 compared to non-treated group)
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2) PPARy®} C/EBPa W&d ¢4 &3

23!

of whel A A

1
=

Al

[e2]
Sa

PREF7} 3T3-L1 AWAE E3+&
12191 PPARy¢} C/EBPa 12]il

-

1=

PPAR y<}

[e)

L

FASS} aP29]

- (MDI)
-]

1

k9
pul

A1

19l Q1AkQl FAS 9 aP29] w3
o

°

[e)
C/EBPa 3

—_
N
No

H
Ho

)

1

1o 2 e or

S

ki3

A€

¢l tH(Figure 7. A). PRFZ

g% PPARy¢ C/EBPa

o

il

B

19] <1zkel FASS} aP29] o

)

=

T

3] PPARy
Ho

ol A9 PPARY29 47 10 ug/mLe S TR AFH thxLHT

PRF7} PPARy<}t

-

R

o

o2 YeyoH(Figure 7. B).

°] 10 ug/mLe] F=HH tzarit Fodoez As= 23
C/EBPa 2@ B AWIAS AAFozA AYL3E oA

1, C/EBPqa, FAS, aP2¢] wdo|A %= PRF¢

Eil

1E15
=
1E15
=

el
!

_25_



MDI ~ + + + +

A PRF(ng/mL) 0 0 10 20 40

PPARYZ —+ -

PPARyl— s-— .

C/EBPa (42kDa) — -_— — - -
C/EBPa. (30kDa) —» A — -

ns | G -

aP2 R ——————

practin | G —- P < S

60 - 120
i s

50 1 = w0
o g
S 404 8 80 *E
X g
S 30 4 ;-':. 60
= EE &
<1 20 4 % 40
g 10 4 g

=
0 [SEE.
NC MDI 10 20 40 NC MDI 10 20 40
PRF (ug/mL) PRF (ug/mL)
16 35 4
HH
HH

14 4 & 30 4

12 4 ] ok
= . . = 25
£ "7 £ 204
2 8 E
(] 15 4
w4 E 10 4
= ]

2 4 5

[ 04

NC MDI 10 20 40 NC MDI 10 20 40
PRF (ug/mL) PRF (ug/mL)

Figure 7. Effect of PRF on expressions of PPARy, C/EBPq, FAS and
aP2 during 3T3-L1 preadipocyte differentiation. Two-day postconfluence
3T3-L1 cells differentiated with the MDI plus various concentration PRF,
respectively. (A) Western blot analysis measured the PPARy, C/EBPa, FAS,
aP2 and [-actin expression. (B) The intensity of each band was determined
using Image]. The results are expressed the means * S.D.(n=3; #p < 0.05,
#p < 0.01, compared to NC(undifferentiated control) , *p < 0.05, **p < 0.01,

compared to MDI). MDI : differentiation medium.
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2|
=2

(=13
=

3. PMFs C}2F S (PRF)O0| 3T3-L1 X|gtA|xZe| X|dtCAlof| O|X|= ek

o
T

3T3-L1 AWAHEZANAN F
23] 23l 3T3-L1 R WA xE
phosphodiesterase inhibitor®! IBMX$} PRFE 484

= 2] x] Hol—

e
A 7t starvationdt &

g3sto] Oil Red O

3717 231 LA E

A=A

24

. T8 ke 3T3-L1 A Al S

i

Ris

FAAY £4
ug/mLol A €]

‘61—/“& Oﬂ AH E] x] Hol—

oM o
2 YEwten PRFY ¥
ZF23te], 40 ug/mLe 5 Eol A
+S5 B H(Figure 8. B) H
| 22 AE3} FFAR Zajste] AEA
A3 IBMXE 559
o2 =4 YEsen PRF=
+ 0.26, 3.13 £ 0.12 nmol/uL® 2] & o
(Figure 8. C). °ol&= PRF7} A|W& S8 Al&3 FFAR #3alfato]
Ban7e Aoz suEr
PRE7} 3T3-L1 AWAEe] AW-g A&7 FFAZ E3ste] *
oA ol wel AuEsle] #olsli= PPARy9 C/EBPa @il X
Polst= SREBP13 FAS & o] ojw gl ¢

B3td 3T3-L1 AW Al Fo] PRFS 48413 A g

PPARy® C/EBPa @] A WAool #ho]

% IBMXE &%

AN

_L/

o=z
8 B). 94

2 A

=]
AL

=]
AL

O

.

=

03]_ =

1o},
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4]

C/EBPa Zrde] =LA ZAsAo™ 319 1Al SREBP1¥ FAS 23 3
s a9l Atk PREE Agstdls W v%7F S7tE+5 PPAR
3, a9 ¢1x¢l SREBP13 FAS @& =3+ 5

S FAEEE gaste AL FARAHFigure 9. A). A4 BE Py

g Av BMXE ALSAS 0 4749 BAAA BF FOIH0E gad
= Aom uehow, PRFE A2s9S u PPARySH C/EBPe B@e F&
3

£ A4 3= PPARy9t C/EBPa @3S ZAaA7la AwshA cdxtEe

LHS Fasto] AWAESL FA9 Ve s GoH YA st Aom AdEd
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Figure 8. Lipolytic effects of PRF in mature 3T3-L1 adipocyte.
Differentiated 3T3-L1 cells were starved for 24h and treated with IBMX
(0.5mM) and PRF (10, 20, 40 ug/mL) for 48h. (A) Differentiated adipocytes
were stained with Oil Red O and stained triglycerides were presented at 200
X magnification. (B) The stained lipids were dissolved in isopropanol and
measured at 520 nm by microplate reader. (C) Glycerol contents were
determined in the culture medium. The results are expressed the means =
S.D.(n=3; *p < 0.05, =xp < 0.01, #p < 0.05, ##p < 0.01 compared to Con).

Con: differentiated control.
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Figure 9. Effects of PRF on protein expressions related to adipogenesis

in mature 3T3-L1 adipocyte. Differentiated 3T3-L1 cells were starved for

24h and treated with IBMX (0.5 mM) and PRF (10, 20, 40 ug/mL) for 48h.

Cells were lysed and western blot analysis. (A) Western blot analysis

measured the PPARy, C/EBPq, SREBP1, FAS and [-actin expression. (B)

The intensity of each band was determined using Image]. The results are

expressed the means £ S.D.(n=3; #p < 0.05, #p < 0.01 , *p < 0.05, *p <

0.01, compared to control)
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7 2o 64 ol Frhekel A3 &S BofF9lal, PKA sl 1At
I HSL <128l mgh tizatwth 8ulf o) ZstA &4d& e Atk (Figure
10. B). PRF A] s%7F 57185 PKAS AAbstrt dizdtel nls) #2914
o2 FAE o 40 ug/mLel sEolA 3uf o] de] FAE Holal UL
™, a9l ARl HSL 4bsr 3 giert S7tgdes foldor At 24
3} 5o] 40 ug/mLe] sl 4u) o] ¥l A3k &S5 HAtH(Figure 10. B).
ek PRF= PKA F2E A7 AlEdE 34002 & 5 9o
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Figure 10. Effects of PRF on protein expressions related to lipolysis in
mature 3T3-L1 adipocyte. Differentiated 3T3-L1 cells were starved for 24h
and treated with IBMX (0.5 mM) and PRF (10, 20, 40 ug/mL) for 48h. Cells
were lysed and western blot analysis. (A) Western blot analysis measured
the p~PKA, p~HSL, HSL and B-actin expression. (B) The intensity of each
band was determined using Image]. The results are expressed the means =*

S.D.(n=3; *p < 0.05, =xp < 0.01, #p < 0.05, ##p < 0.01 compared to control)
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g A 23} FFAR Haata, =A

X A A ALFAol gAEE AS gelarh. wepA B A A=
PRF7} A2tsl 425 Fa 209 2YA23 FFAE &2v|shex] 243519
xS AMPKel ACC 214bsb7)h =%

grol AWAkst Aol gle Ae e IBMXE AHEd deAe
AMPK$ ACC 14tstzt ZetAl @4 37F Ho] Aiakstzb ZsthAl YEebv=
As Fsddth. PRFE AEd oAM= w571 S71d5 AMPKeF ACC
o] gAdo] Feoldor FTUteta oS EAtH(Figure 11. A). Z+ Q14kstol] o
A3 PRFS A3 & AMPK #4o] 10 ug/mLe &k

Foldel Axrb el e 40 ug/mLe FECA = IBMXE A3 &

v 5=E FAS Bk =3 AMPK 2432 <13k 89 ¢x91 ACC &4
10 ug/mLol A &Aool YeEbEA Y 20 ug/mLe FEAFE F93F

N st E B oH(Figure 11. B). wekA], PRF= AMPKE €4 3tA A ACC
S s eEZN AMPK Z25 3 AWAsE A0 & 5 gl
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Figure 11. Effects of PRF on protein expressions related to fatty acid
oxidation in mature 3T3-L1 adipocyte. Differentiated 3T3-L1 cells were
starved for 24h and treated with IBMX (0.5 mM) and PRF(10, 20, 40 ug/mL)
for 48h. Cells were lysed and western blot analysis. (A) Western blot
analysis measured the p-AMPK, AMPK, p-ACC, ACC and [actin
expression. (B) The intensity of each band was determined using Image].
The results are expressed the means = S.D.(n=3; *p < 0.05, =*p < 0.01, #p <

0.05, ##p < 0.01 compared to control)
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Figure 12. Effect of PRF on weight gain in C57BL/6 obese mice
induced by high fat diet. Mice(n=7) were divided into high fat diet(HFD),
HFD + orlistat(15.6mg/kg/day), HFD + PRF 50 (50 mg/kg/day), HFD + PRF
100 (100mg/kg/day), HFD + PRF 200 (200 mg/kg/day) groups and orally
administered for 5 weeks after inducing obesity by ingesting a HFD for 5
weeks. (A) Representative photographs of each groups after the end of the
experiment. (B) Body weight was monitored weekly. The results were
expressed the means * S.D(n=7) and analyzed using a one way ANOVA
followed by Duncan’s multiple-range test(p<0.05). ND, normal diet; HFD,

high-fat diet; PRF, polymethoxyflavones-rich fraction.
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PRFE 577 A% § AT S/t ol A3 2 24 24 FAE ¥
A A5 TH(Table 2). dubao] #& 27.64 + 126golA] 2873 + 0.3go =
1.26 + 0.3ge] Z7hg wbid, mx bl o]+2 346 + 6.20gl A 43.26 + 568g2
2 866 = 12g°] T7lsted AF S7F FEHASS AT+ Audrh
Orlistat <& 3253 + 3.78g°lA 55 ¥ 37.36 + 398g = 4.83 + 1.93g 7}
sto] A Aol fojHor AHFo] FrhekA Fskon PRF Fofwt o
A% F7vER 7+ 453 £ 21g, 437 + 2.17g, 3.87 £ 222g° % PRF %7} =
S/ o] AAasE AEgS Hola AT
& F 5F BoF dukro] o] 14277 + 17.98g0 % Ao
 orlistat, PRF TS 233 uA| 2ol 95 7 106ge= A Fste] ¥

Fol Ao, mA LA ol ol Al Atw A A S Ao

A A v Fe] FAZE 2 036 £ 0.02g, 0.13 + 0.02g0. & TE 7R 79
Ao FAYeH, orlistatet PRF Folt& RF ax|wAoliHet Ae 3

AL YERR AT
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Table 2. Effect of PRF on body weight, weight gain, food intake and organ weights

Normal HED HFD + Orlistat HFD + PRF 50 HFD + PRF 100 HFD + PRF 200
Initial weight(g) 2764 + 1.26° 34.60 + 6.20° 3253 + 3.78 33.01 + 461" 3270 + 3.11° 32.84 + 2.83"
Final weight(g) 28773 + 0.3° 43.26 + 5.68° 37.36 + 3.98 3754 + 512" 37.07 + 356" 36.71 + 4.66°
weight gain(g) 126 + 0.3 8.66 + 1.20° 483 + 1.93" 453 + 2.10° 437 £ 2.17° 3.87 + 2.22°

Food intake 14277 + 1798 9643 + 647" 10663 = 1173 10109 + 1748 9144 =

(g/mouse/5weeks)
Kidney(g) 0.30 = 0.03* 0.36 = 0.02" 0.31 = 0.04% 0.35 + 0.03" 034 =
Spleen(g) 0.08 = 0.01° 0.13 + 0.02" 0.07 = 0.02? 0.09 £ 0.01* 0.08 =

7.90° 95.77 + 19.56

0.02 0.34 + 0.03"
0.02% 0.09 £ 0.03

The results were expressed the means * S.D(n=7) and analyzed using a one way ANOVA followed by

test(p<0.05). ND, normal diet; HFD, high-fat diet; PRF, polymethoxyflavones-rich fraction
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3 AL A &

PRF7} A5 S7F Al mE &Y  triglyceride (TG), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL), low-density lipoprotein
cholesterol (LDL) &#& #4135t tHFigure 13.). A WA ol TG TC
greFol 7 1.97 £ 0.31 nmol/uL, 265 £ 0.79 ug/uL= vk o] (1.23 + 0.18

=4

nmol/ul,, 156 + 0.21 ug/ul) Bt} fFod oz =4 yeh} mxaol2 A3k
HIRE 271 o] df X@dFo] Zolx& & 4 A PRFE T o
ANX= T/t S7HS+E TG sh=Fo] ZF 1.37 £ 0.22 nmol/ul, 1.30 £ 0.11

fz

nmol/ul,, 1.27 + 022 nmol/ulL® A MAo|FHT} FoHo =z o7t yhon
dukao] 3 e S e TC %2 ZF 1.74 £ 031 nmol/ul,
226 + 0.24 nmol/uL, 244 + 0.30 nmol/uL® PRF9 ®%7} S71&45 TC
ol SrFskTh. Aol AS TC ol =& olf e

HDL-cholesterol =Xt} LDL-cholesterol $t#Fo] t}& +#HU} =& AHeS

Hola  3l7] Foltf, ¥bH  PRF  Fo 2  LDL-cholesterol H.t}
HDL-cholesterol &t&o] mAbAlo]l#HT} §oAHom =& AHoZ ey},

o] PRF Folo] 4AYS v HDL Zd2vEs S7HA AZES

S fAstn FgE )
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Figure 13. Effect of PRF on serum lipid profiles in C57BL/6 obese mice
induced by high fat diet. The results were expressed the means £ S.D
(n=7) and analyzed using a one way ANOVA followed by Duncan’s
multiple-range test(p<0.05). ND, normal diet; HFD, high-fat diet; PRF,

polymethoxyflavones-rich fraction.
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Ao AEgS v A=A BASIET Ado] aH kA5 8AIZF FAAA
gom 2 g/kgdl glucoseE 7 TFoste] Al
y

1 WGe sk ofF AdA Q&Y = L HOMA-IRS 43

BAIZE &b FA AR vhg-ol M FiE A2 ARkl oA 133 +

o

9.18 mg/dLolglom A w2Alo]li2 22667 £ 35.06 mg/dLE 353 Fo]
Zt7t itk PRF Fo oAM= 2+ 19 23.40 mg/dL, 186.00 + 14.94
mg/dL, 16050 + 20.06 mg/dLE d¥k2o] TR T} A VERSE AR G2
ol = FoH2l ZolE e A tH(Figure 14. A). 2 g/kg9] glucoseE 7
TFHRolste] Al dEEs FA4% Ay uA iAo 304 30867 +
62.84 mg/dL=E ¥/ YEFI o] F 1208 % 21617 + 3512 mg/dLE =

< @3s FA8 18T SAE HERHAT PREFE Foldh dollM= It

—_
N
H+

N

+

Holzel wlal FRAF] Lehztet WFs A 0% Foli 2t 2285
10.43 mg/dL, 226.17 + 19.16 mg/dL, 226.17 + 2490 mg/dL=Z A2 o]+
Aol nt)

6
W FAA AolE Hlow oF AFte] Aud = aAW
] =

S Hola UK Figure 14. B). o]&= PRF7} H|®HS FE3 o] %
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Figure 14. Effect of PRF on glucose tolerance in C57BL/6 obese mice
induced by high fat diet. The mice were fasted for 8h before measuring
blood glucose. (A) Fasting blood glucose levels were measured after 8h of
fasting. (B) After oral administration of 2 g/kg glucose, blood glucose levels
were measured at 30, 60, 90 and 120min. The results were expressed the
means ¥ S.D (n=7) and analyzed using a one way ANOVA followed by
Duncan’s multiple-range test (p<0.05). ND, normal diet; HFD, high—fat diet;
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Figure 15. Effect of PRF on insulin resistance in C57BL/6 obese mice
induced by high fat diet. The mice were fasted for 8h before measuring
blood glucose. (A) After fasting 8h, bloods were collected and measured
serum insulin levels and (B) HOMA-IR was calculated. The results were
expressed the means + S.D (n=7) and analyzed using a one way ANOVA
followed by Duncan’s multiple-range test (p<0.05). ND, normal diet; HFD,

high-fat diet; PRF, polymethoxyflavones-rich fraction.
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Figure 16. Effect of PRF on adipose tissue weights in C57BL/6 obese
mice induced by high fat diet. (A) Epididymal fat tissue weight analysis
for each group. (B) Perirenal fat tissue weight analysis for each group. The
results were expressed the means + S.D (n=7) and analyzed using a one way
ANOVA followed by Duncan’s multiple-range test (p<0.05). ND, normal diet;

HFD, high—fat diet; PRF, polymethoxyflavones-rich fraction.
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Figure 17. Effect of PRF on lipid droplets in epididymal adipose tissue

of C57BL/6 mice induced by high fat diet. (A) photographs of a mice

epididymal fat section stained with H&E staining after the end of the

experiment (100X). (B) The epididymal adipocyte size of each group was

presented as graphs. The results were expressed the means + S.D (n=7) and

analyzed using a one way ANOVA followed by Duncan’s multiple-range test

(p<0.05). ND, normal diet; HFD, high-fat diet; PRF, polymethoxyflavones-rich

fraction.
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(3) PPARy &r& oA &3}
% Aol A PRF= 3T3-L1 AGAlEe] A FA FAo #Host=
PPARy ¢ C/EBPa ¢ o@dS ZAAFAL, A3
T AR FS Wt (Figure 9.). webA o AFE AAIZ in vivo °l
A ARMEE FASkE PPARyS] o] FHAaste=Al 418k 2]
olirol Al dntlo] FH T PPARy W&ol ZstA yER} AEHH o2 A ¥
=

A FASE A2 YER oW orlistat F

Lan

o
%
i

Ut (Figure 18. A). ZF ¢ PPARy w3a 9AS A=d A} orlistate}

PRF FololA mA¥Alo]l¢] PPARy 23 ALERT §9Fo=z 7HAsE=
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Figure 18. Effects of PRF on PPARYy expression in adipose tissue of
C57BL/6 obese mice induced by high fat diet. (A) Western blot analysis
measured the PPARy expression. (B) The intensity of each band was
determined using Image]. The results are expressed the means = S.D. (n=3;
#p < 0.01 compared to ND, *p < 0.05, **p < 0.01 compared to HFD), ND,

normal diet; HFD, high—fat diet; PRF, polymethoxyflavones-rich fraction.
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(4) A e 3 &3t

S+ Ao A PRF7F 3T3-L1 A WAoo PKAE &4d3lste] PKA 7
JEs|E =% 3k ch(Figure 10.). wheba] o] < o A
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E aAA ol & H|wS §13 AF A PRF7F PKA H&22
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M

1o R il E Yol =A A AT Aol A B o
aA A olol A= HSL &/de] Ael7b glAl yeksk o, orlistats 7
oA HSL &) "Eojx+= A3E At PRF 50 mg/kgs T3 |
A= HSL QI4bst7E A w2 o]t vty A e tH(Figure 19. A). HSL9
AMsE e Ay dubAo] I Aol A= ol H Q] Aol vt
WA eFskem ) orlistat Fol vt DA WA ol HT {Fo Al FHATE YERS
ot} oA AT oA orlistaty HSLS AN 7= ZAyE AHEHE A&t
3 BaEa Qol(Clifford et al, 2000, Iglesias et al, 2016) ©]¥H Aol =
orlistat= HSL9 &4 & Adlst= Aoz ddd. PRF Fol oA = HSL
gdo] & IR FoHom Ao =4 Uehds o F UAHFigure
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Figure 19. Effects of PRF on protein expressions related to lipolysis in
C57BL/6 obese mice induced by high fat diet. (A) Western blot analysis
measured the p~HSL and HSL expression. (B) The intensity of each band
was determined using Image]. The results are expressed the means * S.D.
(n=3; ##p < 0.01 compared to ND, *p < 0.05, **p < 0.01 compared to HFD),
ND, normal diet; HFD, high-fat diet; PRF, polymethoxyflavones—-rich fraction.
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7 FFAE 3T3-L1 A%Al ZelA
gl itk (Figure 11.). ©W A= A4 ol2 vivks F23 AF A
PRE7} AMPK =25 FsiM Awatshrt S38h=A 248k sivh. A4

o

15 AT nAgaolFol s AMPKS ACC &4Jo] dntalo] wwrlh 7+
Zske Aol vErE o orlistatE Fold wolAE AMPK 242 ¥
of w3} ;A A oL 2ol 7p A FAANE, ACCe] Axbs7F ZAakA
Ehib= Zlo] #aEE ek v, PRF 50 mg/kg
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TA A= FoHQd Zolg Heolx ¢ JqANH PRF 50 mg/kg Fo ol A&
AMPK?®| &4 o] fFojHom Folxl S sty =3 ACC g4 2 L
AgA ol A FrelHom A% Aol uEistew, orlistatet PRF 50
mg/kg FolwolM= ACC &40 FoHew £/ deds & + AU
(Figure 20. B). webA PRF+= 3T3-L1 A WA 2ol AMPK 225 3 A
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Figure 20. Effects of PRF on protein expressions related to fatty acid
oxidation in C57BL/6 obese mice induced by high fat diet. (A) Western
blot analysis measured the p~-AMPK, AMPK, p—ACC and [-actin expression.
(B) The intensity of each band was determined using Image]. The results are
expressed the means = S.D. (n=3; ##p < 0.01 compared to ND, *p < 0.05, **p
< 0.01 compared to HFD). ND, normal diet; HFD, high-fat diet; PRF,

polymethoxyflavones-rich fraction.
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Figure 21. Effect of PRF on liver morphology in C57BL/6 obese mice
induced by high fat diet. (A). photographs of a mice liver stained with
H&E staining after the end of the experiment (200X). (B) Liver weight
analysis for each group. The results were expressed the means + S.D (n=7)
and analyzed using a one way ANOVA followed by Duncan’s multiple-range
test(p<0.05). ND, normal diet; HFD, high—fat diet; PRF,

polymethoxyflavones-rich fraction.
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(2) 2+ 715 N4 2=

PRF7} mA 2ol & nvks f=dt AF A 2+ 75 Ad 237 EA
orolr 7] ¢la] o W GOT, GPT #41S &t th(Figure 22.). A2 o]+
o] GOT A+ 2862 + 862 IU/LZ dnkalo] i+ 2426 + 525 [U/LET} Tf
2 = yEbskth Orlistat Folt9] GOT FX & 2354 + 343 IU/LE 1A
Aol BT vk =X E B A, PRF FoliolME B2 5 7 #9
¢l zpoli= uEbUAl @gkont 7F 1804 + 2.73 TU/L, 20.28 + 4.14, 17.11 +
508 IU/LZ dutro] ux|ub2o] orlistat Fo]Ht} 2% oz kol
e Aoz BAHEU GPT & 43 Ao axwaolitol

1295 + 529 IU/LZE & THT Fodoz X7 =4 S4FHAT ol &

gt & 4 Aok PRFE 793 ¢ GPT A+ 7
598 £ 0.54 TU/L, 6.73 + 1.24 TU/L
o] PRF7} orlistat$} #2o] A #7ko
= HoF
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Figure 22. Effect of PRF on serum GOT, GPT levels in C57BL/6 obese
mice induced by high fat diet. The results were expressed the means =*
SD (n=7) and analyzed using a one way ANOVA followed by Duncan’s
multiple-range test (p<0.05). ND, normal diet; HFD, high-fat diet; PRF,

polymethoxyflavones-rich fraction.
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Figure 23. Effects of PRF on protein expressions related to lipolysis in
liver of C57BL/6 obese mice induced by high fat diet. (A) Western blot
analysis measured the p~HSL and HSL expression. (B) The intensity of each
band was determined using Image]. The results are expressed the means =*
S.D.(n=3; ##p < 0.01 compared to ND, *p < 0.05, #*p < 0.01 compared to
HFD), ND, normal diet; HFD, high-fat diet; PRF, polymethoxyflavones-rich

fraction.

_60_



TN m o o o ok B o)
X ORTOT R %o
TEs2wzVEs
N of S .m L
ol

T o8 B Iy
=0 ﬂr n Mm < T o o <
X g M = = o
A - A
o = X X g &
o X FoZo &
g W MM B Y m ol
o O ,W e % Ry A ~n
R T TR

HL o -

E (AP RS X va 2
AP B B o=
G _ﬂ < H]o ) oy ™ O 70
= m.o _ Ay T O OBH W

N M T o O owm
M ox o oy oz T IH

) oo © )
T Hog o

U B Y roy
m.o Eo ﬂl A_OI 0 A Ho =
Xow W Tow = o O
[ ST - I )
S T

€ TR, TG X0 Mo Ay
o 2 % W o T el °o° o
T - R TR
— ' o T o
g % VR TR

[al

GO S R
hﬁaKﬂmAﬂﬂ&m

o R S
B - B - B )
= T M R P oA w R

A=

o] YeltH(Figure 23. B). ©]
=47
- 6'] -

J

g

3}
=

=3¢

o
3 A

=
L

orlistatw H.T} 3
Z7 Yo 4= PRF7} PKA/HSL

2} AMPK/ACC



A

ND HFD

Orlistat(mg/kg/day) - - + -
PRF(mg/kg/day) - - - +
[ 'l 'l

-AMPK (Thr172) ‘ ——— — ........|— o -|~‘-|- — .“

e s S T

p-ACC (Ser7s) | D D Wl ww o g . . g- e
R Y e

p

f-actin !
5 3
=
25
g 4
e g
:éi 3 g ww
= U 154
:
%]
2 S
- . :
"i 1 & s
0 0
ND HFD HFD + Otistat HFD + PRF 50 ND HFD HFD + Orlistat HFD + PRF 50

Figure 24. Effects of PRF on protein expressions related to fatty acid
oxidation in liver of C57BL/6 obese mice induced by high fat diet. (A)
Western blot analysis measured the p—-AMPK, AMPK, p-ACC and ACC
expression. (B) The intensity of each band was determined using Image].
The results are expressed the means = S.D.(n=3; #p < 0.01 compared to ND,
*p < 0.05, *xp < 0.01 compared to HFD). ND, normal diet; HFD, high-fat

diet; PRF, polymethoxyflavones-rich fraction.
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§+ naringin, hesperidin, rutin,
PMFs & t&3 St eol=5 3hFstal vt delAd vk A4 S &%
S 72 ZgtR-o]l= Fol A nobiletin, sinensetin, tangereting X33 PMFs
e g BaelM 7HE =4 AE9ual &eld A (Choi et al, 2007). o =
HFEH AdE dys fgor ARSH A AARE E 2 m&dEEa e e
de] 7T BE AAEAY &8 Ttedel #E AU e s Aol
= 33 9] PMFs gt&F2 A9 A& dAld wel tr2%(Choi et al, 2007),
n A< dlu] F=E5E9] PMFs 359 g%sinensetin (4.23 mg/g), nobiletin (38.83
mg/g), tangeretin (55.13 mg/g)l> x5 HFIYFE=E T sinensetin (091
mg/g), nobiletin (867 mg/g), tangeretin (14.52 mg/g)]E.t} =tH(Shin et al,
2011, Kang et al, 2012). PMFs+& Abge] 77 e felsh kst Agads o
B 7] wfiZeo] E A4 = PRFsE S &4o2 5317 93 AEAYS &
=371 918 = HA3 o PMFs 3% &S H

ol =
213} 9lo A tangeretin, nobiletin, sinensetin <=0 & 3dtgko] WA Elyko}
=

in vitro ¢} in vivo oA A} T}

g dellM 287 PRFE 3T3-L1 ARAIE Z35to] F8 Al PPARys}
C/EBPa ¢ & % Awgtido] #ojsti= SREBP1 ¥} FAS 2dS A 3}o]
AEs 2 ARFES AsAAT. =T Aol Ee2ld PMFse 452
nobiletin¥} tangeretin =+ %2 PMFs 332 F+A4Y 5352 3T3-L1 A
WA B3lE AgAstttn I A JqtH(Choi et al, 2011, Kanda et al, 2012,

=
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3HE FA X% nobiletin¥ tangeretin $FFo] =7 G Ad] A HAE B3 o
A A4S Hole Aoz Amdrt. PRF& AAFQIASI PPARy2 HH S AAE
o274 3T3-L1 A+ AAES £31& gAlsts Aoz yeiuth AWAE 2
st 9 A Fae AR 283k PPARyS 7 EF 9 FEHQ PPARyl
I PPARy2Z &% +=d PPARyl Ht} 307 ofvjwilo] @2 PPARy27F
A A F3lo] 23t} o]+ zinc finger repressor protein 55(ZFP55)¢] 1HHd]
< PPARyl Z&ol= A A AR, PPARy29] 3 50% o a4
Al A AAE 735 50% FAaA 71, PPARy2E HHdAAI 7S u PPARyl 9
Fdd R ARAE 735 EAZTE Bark 7] wiEeltt (Ren et al
2002, Zhu et al, 2005). wetx PRF= A WAE E3te] 4 A2l PPARy29]
s AAstal oz el C/EBPa®l d  FAS®F aP2o] AW QAAE A
sto] AAHE ZL3HE AARTL Alsdn Bk Z3kd A WA 29 PPARy

off
ok
ftlo

il
o

ﬂl

3 qge AYAEY Y2 AsHow

2 FAANLDTF Qs s ARt
o] BdES fFEste Aol (Tamori et al, 2002). ¢+43] 3% 3T3-L1 A %A
FolA PRFE Hed Ax PPARy®t C/EBPa 2rdo] #Hastgich weba 23}
H 3T3-L1 AWAM x4 PRFE PPARye WS AAAA E3td A WA EZe
548 doe A ste 298 B & 5 9l
3T3-L1 A|®WrAlEZ oA sinensetin, nobiletin, tangeretine PKA =& &3
AR S St A QA (Saito et al, 2007. Kang et al, 2015, Ting
et al, 2013). °]* & PMFs¥ < 9@ gtghee] a3 A+ wol s A,
PMFs &&= dgt Ayx] gife] #3sk A5+ 1| F3}th. Phosphodiesterase
inhibitorq! IBMX+ AW cAMPe %55 ST7HAA PKA H2& 3 AW

L)

i

S =AM 71 dH A JHEIks et al, 1984, Chen et al, 1998, Boone et al,
1999). HSL®] <¢14tksl= cAMP s%=7F 5713 @ PKA <I4bstE §38 HSL
Ser563 ¥ Ser660 912 A 7F Ho] AWENE AT B AFoAME
PRF= PKA/HSL 4 =& Sl AWEE Fedvtal dddch

TEOR UAE TEWA XY &5 T B2 oAUAZE 28 o A

Wz PKA A28 &8 sAAe] Zefste] =dAE3 FFAE Alxd W



o7 Eugt EuE ZYA S FFAE AWtsE 53] ATPE A s
YA E Fgete=d 783 7|22 AMPK A=2E 53] 249 et al, 2021).
HSL& AMPK® dh91dA 2 #g3tha dejd glen AMPKa Thrl72 919
274 st= HSL Serb65 H-91&5 <14FstA7 HSL Ser6603 Ser563 419 <14h3st
S Aoz st 712S oA tH(Wang et al, 2018). ¥ AGolA =
PRE7} #38hd A WA e A AMPKa Thrl72¢] <14tslzh 9 sh9i9label ACC
Ser79 F91¢ QIAtstE FZsATr. ol PRF7F A WA 2e|A AMPK/ACC &
Azt ARE T3 AWAstE X%t AdEARE AMPK 2435t Qg
HSLe| &4 A|¢ PMFs®] #H& 7] ol #g F714Q0 A+7F d st

< 59° PMFsol| 9|3 tiAtF5a R 8wt A5-50] Ho] 31 E
(Feng et al, 2019, Zeng et al, 2020, Zhang et al, 2020). 3}A| %t o] AFEL
FiE AL ol gt PMEsE sAld Folsts = RA= Hw o 555 ¥

1

Fshe Aoleh @ Uk B ATE aAgAelR mug §E@ nw AT o

_{

o PREZF MWk AR 5 AN fats Wkl sl Fastsit A A

o9 AFol B uldfA 18} Alolsk AFH ] A|F=L 5F Fo FoFor =
7}s} |27 mAgAol2 iy Hwk AFHELS A2 o9} orlistat =

& PRFZ 557 77 T4t} Orlistats= v=F FDAoA <l® v wk X 54
2 pancreatic lipase AsfAlZ G A A STE wslste] A=

oF & ol th(Heck et al, 2000). Orlistat w2} w}371A] 2 PRF Folw2 f2 4
A AT #A a¥E Yelfduh PRF Folit 9 §o 490 ol oA A

= o

o Y TG, TC, LDH %S =3 HDL =& okt wbHo orlistat 3
= =
T [e)
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