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ACS acyl-CoA synthetase

AMPK AMP-activated protein kinase

APN adiponectin

AR adrenergic receptor

ATF activating transcription factor

ATP adenosine triphosphate

BAT brown adipose tissue

BSA bovine serum albumin

CB cannabinoid

CDK5 cyclin-dependent kinase 5

C/EBP CCA AT-enhancer-binding protein
CIDEA cell death-inducting DNA-fragmentation-factor-45-like effector A
CHOP C/EBP homologous protein

CPT1 carnitine palmitoyltransferase 1

CRE cAMP response element

CS calf serum

DEX dexamethasone

DIO iodothyronine deiodinase

DMEM Dulbecco’s Modified Eagle’s medium
4E-BP eukaryotic translation initiation factor 4E-binding protein
ER endoplasmic reticulum

ERRa estrogen-related receptor alpha

ERRE estrogen-related receptor responsive element
FA fatty acid

FABP4 fatty acid binding protein 4

FBS fetal bovine serum

FFA free fatty acid

FoxO1 Forkhead box O 1

GLUT4 glucose transporter 4

HBSS Hank’s balanced salt solution

HMW high molecular weight

IBMX 3-isobutyl-1-methylxanthine



IKK I-kappa B kinase

Insulin-R insulin receptor

IRS insulin receptor substrate

1WAT inguinal white adipose tissue

JINK Jun-N-terminal kinase

LMW low molecular weight

LPL lipoprotein lipase

MAPK mitogen-activated protein kinase

MCP-1 monocyte chemoattractant protein-1

MEK mitogen-activated protein kinase kinase
MEM Eagle’s minimal essential medium

MMW middle molecular weight

MS metabolic syndrome

mTORCI1 mammalian target of rapamycin complex 1
NADPH nicotinamide adenine dinucleotide phosphate
NBT nitroblue tetrazolium

NF-xB nuclear factor-kappa B

PDK 3-phosphoinositide-dependent protein kinase
PGCla PPAR gamma coactivator-1a

PI3K phosphatidylinositol 3-kinase

PIP2 phosphatidylinositol 4,5-bisphosphate

PIP3 phosphatidylinositol 3,4,5-trisphosphate
PKC protein kinase C

PL panaxynol

PMA phorbol 12-myristate 13-acetate

PPARYy peroxisome-proliferator-activated receptor y
PPRE PPARy-response element

PRDM16 PRD1-BF1-RIZ1 homologous domain containing 16
p70S6K 70-kDa ribosomal protein S6 kinase

RG rosiglitazone

ROS reactive oxygen species

RXR retinoid X receptor

SIRT1 sirtuin 1



SVF
T3

T4
TBS
TNFa
TR
TRE
WAT

stromal vascular fraction
3,3’,5-triiodo-thyronine

thyroxin

Tris-buffered saline

tumor necrosis factor alpha

thyroid hormone receptor

thyroid hormone responsive element

white adipose tissue
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AT R R CHIN L TR Y . 2D AN HIE 1980 I 9 BA L HFF ST
U223, 2013 AR RUIER A IC LD & 21 A E TN L7z L HERF ST B[,
IE%%-%%%E L5E, BAOANDDORK 4550 1 NEHETHH[2], I

(XD REMI OFERE NN 5 & BN ZIEMER 22 RIERRE & 70 0 . IRIABAE O
TTARIA L GWERFEEZSIERIL, AR v 7 Ra—A MS)E75,
ZD 10 FHTHARDOE A HFERE L TWRnbDd, MS iz & LT
e, AEEREE, MR, BhARGE(LAE, OAREZE, IMZER COMREH, *
T2 OEBIZ K DT FHIIHEMO—@Zl-> TS, MS OUFETINLD
REBDOBEZMOTo0ICE, EREREEOMEIO-OIZH, EORE Z2FEED
1 >TH D,

NENGAIEIZ 1 B p i B BRI MIE & e s iiin o 2 FEEFAEL T\ D, H
CHETHIAR X AP IRZE Sk O BT BRI (MyfS )2 543k L (Figure 1), BEH<COR Fre &

TREl VX —2 RN & U TP T 2 DICEEREFHIZ R L TnD, Z
hifé@%%ﬁ%iizw%~% SV AN D RO) i) DR sV oY (I QA b/ N i

TINOEZL DT T 4 RIA o EMEHINDEIIEWWE L W 52 LR L
#kﬁofgko BEDTTARIA L ELTHONDT T 4 BT F U iXERIK
e aT = Uk b0 AENTIE 2 7 = AR DV AT A UEREL
ENLTEEREEKRLTEBY ., 3 &8RLMW), 6 BEMMW), ZILl EDOEsy
TEZERHMW)E L TOMHIZHFELTWD, —FH, TT A BT T DO
%@\%%%\ﬁmﬁemﬁﬁbfk@\%%wfi%@@ﬁﬁ%%%%@%%
ZARHE L[3]. APl Cliabssr oMbl 2 = L[4, 5], LR L L D ez RL¥—
R OEHERCHBE RIS ENC B S- L T\ 5, EBIT, TT 4 RR 7 F U2 /IR
MAE.~7 877 = ICHIBL L TR Y | ME TIINEMIE OB 71 DR,
M IR OEIEZ I L, £lo~vr a7 7 —VOiaifbzi 25 2 &b,
#%%@k@%m%%ﬁbfwémﬂo§%¢7?4ﬁ*7%y®5%§§¢m

é%iHMW7?4f*7%yﬁ%%%< T T 4 R F o DAEFREM &
ﬁ%ﬁét iHMWTT%TXﬁ?/ﬁW%EE@@%%LTU5m L2
L. B i@%kkbtaé%%mﬁ(wmvﬂx®%ﬁ JERRBIZ 70> TH D |
FEAEIHIA I IHERER 2K D . HMW 75 o4 IR % 7 F o D EAS WD T 5
[9, 10], ZHNETIZMFDORT 7 4 KRR 7 F o TlE7e HMW 77 4 KRR 7 F
OWD N BEHE OB ORIEICRRT 2 Z ENME SN TE V1], BEick 2



BT LT T 4 W7 F o OEMBEAT 5, 612, BRIE L7z BB
R IR AR (FFA)D B SORIENET 7 4 AR A OEEARE K LT, 2 b=
VR U T OEEARSCTEMEREHER (ROS)Z E4A L, /MER (ER)A b L R Z35E
T 5, £, FFARKRIEMNT 7 4 NI A MG CEFITEITIv, NSO
EOEREE ORI EL 52 5,

H 9 1 SOV TSH 2@ ERIMARIL. B H kO a5 1Al BRi i
(Myf5%)7> 5434t L (Figure 1), J8§ BB ISR IBEILIZAAE L T D, A AR
CNTHRIZT Tl lRE b Epy | ZEERO/NS BT A L, I har R
T, F£72. 2 b2y KU 7 HEEIZIE uncoupling protein 1 (UCP1) & F8EL L T
BO., Ihar I T TORIRY bR THEL L7 e b rAfilofbyz
VX —% ATP DREAEH%D Z & 72 < UCPI ZiEMAL L TR L. #AL L Tk
SELEHZFOl12], BElEMlEE fibroblast growth factor 21 (FGF21)X°
interleukin-6 (IL-6)72 E DT 7 4 R A > & 3WT DT EBHALNZR>TEY
Mod, BAElge. ATlE, A&7 SIT/ER LT, BFECIEE ORI A REST S[13], BN
TIHBEAEAMIRIT L A CHFEE LRV EEZ SN TR, T, RATHLH
HFEE OB BB TET 2 Z ERH LD | EEFIECB3 7 KLt
VERE (B3-ARFIKIC & 0 BRI 2 o bFE - G T 5 2 & THRE
PEE OB 2R L, =X —1HE 2 B K S 2 72 o IR <o i B B oo 1
BHICASID LB 2 BTV H[14],

BT, 553 O E LT beige BN ER STV 5, B2 H
7o FERDNG, | TEE), FE . B3-AR FNKIC L 0 . WAT OB AR IR O K% C
bHLZEMOENR DI ha vy FUT7E2AL, 2 b2 RU 72T UCPI
AT L CWAEMlaRZFE IS Z ENHA LM SN, oML, At
HEWGHEIE & R C MyfS™ ORTERFAIZE R LTV A[15]25, B ElETiHa o R %
Ffo7=%. beige TENHHMIE I3 brite (brown-in-white)ffifid & FE X1 T U5 (Figure 1),
RN THE - IEHE L SN B AN OBIE 32— L EWEONEMa O
BT RE— R T 5 L BEfEMIETIEe < beige RN & OFEFIME
DEWZ EDPRSIITND[6, 17],

Pbo X o, IBIHIERRE 3L X —2 8T 27210 T, 7T 44870
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F1E @O TEZEERT T 4 RN F DR ESES D KRR D
PRIR & B igT
1-1 F¢

AENRS 20 EEEZ ARG 23 AR LAERAL U 72 WAT TR PER 7288 0 RAEIRAEIC
Y. AEfEMIIEEARRIC S, BERMRONRENRT 7 4 Rl A~
THAHTT A ARR 7 T OMPREIX, 4~30 pg/mL & MORALE SHIZESRT
HHEITHRETH Y . FrZ, HMW 77 o W3R 7 F 2 B0 73 e B R B O
RELAHEET 2 Z LALLM E RS> TWAB[I,HMW 77 4 R 7 F R &
% RE AR DIAE TREA 57U 59, 101, AEMIFHARORIEIC L © BEfER
FILDT 7 4 RR 7 F o OFEA « WD T 2R RITEEERICHA S TH
RV, FO—itE LT, BBMlaD~ A X —L X 2 L—X—ThDHENZTRHIK
@ peroxisome-proliferator-activated receptory (PPARY) DIEMEZA LN T B 5,
PPARy(E, IENIEFEICPET DIENIEERE & & /X7 E(FABP4), U ARZ /X7 B U /N
—EB(LPL), 7 3 /V-CoA AKELHE(ACS)7: EDBEB 10, 7T 4 R F 85
F OGRS TH Y, DNA EOISERSISHE L. 26 OB{aF OfRE 2 Lt
9%, L2 L. FFA X tumor necrosis factor oo (TNFo)72 EDRIEMET 7 4 R A >
WL BT D & RIEMWT T 4 R A 128D cyclin-dependent kinase 5 (CDKS5)
EMAE L, PPARYD Ser273 % U V(b3 5, Ser273 ® U ki PPARyDHRE:
EHEEZE X2, IBEMEICET 286 FORBUITEELZ H X TIZ, TT7 4R
FUOHRBEEIKTEEDH[18], ZOXIT, RIECLV T T A HRAR T F U OFEA
A L, HMW 77 o R 7 F o OpEAZW S AT 5, £72. PPARyIE, /)
JAA&(ER) > ¥ <1 > D ER oxidoreductin 1 like protein o (Erol-La)[19]. disulfide-bond
A oxidoreductade like protein (DsbA-L) ZHiliHllT 25 Z LI T T 4RI F D
ZEMRLERE L, HMW 75 4 R 7 F o O FEAE & T S8 5[20],

Pioglitazone X° rosiglitazone |ZfRE N HF T V' U VR EE W)L, PPARyT 2=
ARTHY, AR ARPIMEEUEE L, 72 PPARYIKIFIRT T 4 R 7 F
DEGEAREL TT 7 4 R 7 F U OREEAR « BaSET 2 2 ERH LN -
TW5[21], LA L. PPARyT =R MIDdEt:, RERN, FE2 EORIER N
HOHNTVDR1], S HIT, AFRTILBE pioglitazone DA AEGEIRAITAE oA TV



L705, UT4E, pioglitazone DEIIIRMBEMNA ALY 27 % FRHSELH T EHES
22]. BKTOMANKIEIZRED L, S SISHBERFEREOHELE o T, 8l
1E CIXERR COERITHE L T\ 5,

HMW 77 o R F o OREAZ W SGET DA 2RI T 22 Lid, A A
U VMR D DICBHRMNTH 5721 Tl < | NEMBIER B ORI DT 5
IZHEILD, Fo, BABICEE L T, ARSIl ER SN T DA A ]
THZ LK, K0 ZERERORBNPMGFTELEEXLND, &2 TR
ZECIE, IS OIREEIZAI L, FFA (2 X D ERREAR I - 72 BB 2 v,
WO LT HMW 77 4 IR 7 T2 D53 a 5T 5 R ORBE 21T > 1=, %R
2% BAEGEBENEE L [H—BAEAASOFF ] 23N STy
ST 5 294 AL IF I FITELA STV D AEID Q0TI D A & /) — /Uil % =
A L7,



1-2  EBRGE R
12-12 27 J —=> FZDOEHL

3T3-L1 fElGHIIE 2 WV C L IBIMIE DI KALIC KD 77 4 RA 7 F U W%
bR 572012, b6 HEMDS 2 BEICHEE BiEAREIL L, 153E 5 a2 IE
L - JERT T 2 AKX Ty T 47 Lz, LMW, MMW, HMW & # #¢HF
BN WD L, £72, 77 4 AR3 7 T mRNA L& [ IR
/b L7z (Figure 2),

t FOEBRILF D FFA ORI SV I F U TH S 729, 3T3-L1 feifiaic
PNV FUBRELEIRNL, BIFEMEICI D BWMEND T T 4 W17 F N
THENERS Lz, 7OV F UMD A A I N, TT 4 W7 F o in+5y
IZWENTEY , WD ZSCBIETE 50k 6 HA L L, 24 BifER;
BHIHEE FEAEIN LTy =227y T 4 o 7 TR LT, 2L F U
Z300 MBI L7 Z ST R0 S Dd T T 4 AR 7 F 238 L= (Figure 3),
ZOWRREE, S TFUBBHERONEEMEIC L D RIETT 7 4 KA 7 F o D53
M SAVIRAE L L, A 43KD MeOH i =F X 2RI L T, HMW 77 1 7R3
I F DR ERETDAEIXADRAY ) —= v T hiToT2,
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Figure 2. Time dependent decrease of secreted adiponectin protein and adiponectin mRNA expression.
(A) Multimeric adiponectin secreted from 3T3-L1 adipocytes in culture medium were evaluated using western blot
analysis. (B) Adiponectin mRNA levels were measured using quantitative RT-PCR. Adiponectin mRNA levels were
normalized relative to f-actin mRNA levels. Data represent the means + S.D. of three independent experiments.
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Figure 3. Sequential analysis of secreted adiponectin protein after 24 h incubation with palimic acd.

Multimeric adiponectin secreted from 3T3-L1 adipocytes treated with 300 pM palmitic acid for 24 h were evaluated
using western blot analysis.



1-2-2 HMW 77 A4 "R T F 2 DM SGEER DA 7 ) — = 7§53

3T3-L1 fRIAFBREIC OV R F- U B2 RN L C 24 REEIEG 2 L 7=, 423K MeOH Hif

=% 2% 100 pg/mL PN L7255HIC A 2 T2 BIfESE L, B BEIC WS
HEERT T 4 W27 F %, LMW, MMW, HMW 77 ¢ R 37 T A2 o5HE L
T AZ T ay METHNT Lz, 70 F U RAERE L CUNVRWEED B 43k
ENTZHMW 7T 4 RR 7 F O RiffER 1 & LT, TNENDONY REH
AL U, 23 Wmifil ot % 314f L 7= (Figure 4), VS FUBBEE 245 Z LiIc K
D HMW 77 o 27 F 2 D5y S 7z, il Sz HMW 7
T AR F L OWaEWE LT AR 3R H -7, £ T, HMW D%
WA 1.5 U EICHEnSE2AR o 21250 T, 75 4 "1 7 F >, PPARy, HF
0LV iAZ %0 5 glucose transporter 4 (GLUT4), KIEMET 7 4 AR A1 A > D MCP-1 |
DUNT mRNA FBL L~V ZE L, MIE=X R LR X 21X, 77 4 AR
F >, PPARy. GLUT4 ® mRNA FEH 2 &4, MCP-1 mRNA 8% K& < B
b ST (Figure 5), F72, MIETF A LRI ADKLERT T 4 WA T F
DWW G- Z DB LTz L 2 A MIETF AL HMW & MMW O 2% K
SLHEMESEZDITR L, AT X 21X HMW D5y % B BB S w7
(Figure 6),
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Figure 4. Results of screening. Effects of crud drug extracts on HMW adiponectin secretion from 3T3-L1
adipocytes treated with 300 uM palmitic acid were evaluated using western blot analysis. 3T3-L1 adipocytes were
treated with palmitic acid for 24 h, followed by 48 h incubation with crud drug extracts at the concentration of 100
pg/mL. Adiponectin levels in culture media were determined using western blot analysis. Secreted HMW adiponectin
levels were quantified using ImageJ analysis software.
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Figure 5. Ameliorative effect on palmitic acid-induced impairment of related gene expressions. Effects of crud drug
extracts on mRNA expression. 3T3-L1 adipocytes were treated with palmitic acid for 24 h, followed by 48 h incubation
with crud drug extracts at the concentration of 100 pg/mL. Adiponectin, GLUT4, PPARy and MCP-1 mRNA levels were
measured using quantitative RT-PCR. mRNA levels were normalized relative to $-actin mRNA levels. Controls were
not treated with palmitic acid, and were instead incubated with the vehicle solution. Data represent the means + S.D. of
three independent experiments. *p<0.05, **p<0.01 vs Vehicle by Bonferroni's ¢-test.
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Figure 6. Ameliorative effect on palmitic acid-induced impairment of secreted multimetric adiponectin. Effects of
extracts on multimeric adiponectin secretion from 3T3-L1 adipocytes treated with palmitic acid (300 pM) were
evaluated using western blot analysis. 3T3-L1 adipocytes were treated with palmitic acid for 24 h, followed by 48-h
incubation with each extract at the indicated concentrations. Adiponectin levels in culture media were determined using
western blot analysis. Secreted adiponectin levels were quantified using ImageJ analysis software. Data represent the
means * S.D. of three independent experiments.
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1-2-3 HMW 77 o 83 7 F BB R 22 & D RI B

BRI, BAE Y v~ FORMERIEI R IV B D KRG, BEER ORI
LYY QY 2 S IR N WA XIS A s MAN Y gV )i i/ O =0) VRl w - TN
WHEN A BEEGEEE L, ISR I B D TEEBCC RIS . SEEIC
TSI FHIFSEIS 7 & O AESED 1 > Th D, 2D LI MS ICEEL -
PRIBICHH S, FRIEEORBICHEH I TS Z b, BiEO HMW
TT AR T SEIERNEO—R A RS D, £, A7 U —
=2 7 OFRERNS | BRUIE bIEA OO HMW 77 4 R 7 F v & R Rk
F L7, PR D OIEMER S O B2 3R A T,

Z I DBSE (7 27 Lot: F16991) 500 g |~ MeOH % 3 L iz C—Brmizdhit % 3
[El# 0 IR L, AR 2 ez Lo, B0 900 mL : /K 800 mL X3 Ty
e — M W TR B A AT o 7o, AT O N EN TN O 73 2 8+E T T
TEAERLEE L. =20 50 ug/mL, 100 ug/mL TO HMW 75 4 AR 7 F
VYW 2 5 U 7=, Figure 7 (\RT L 912, BERE T F L Sy 1 35 ek
ERZR L, KED DWW EERANGED b o7z, BEEET T LVEIZ O
TV TN FA =TT L0~ NTTT7 4 —%470, TLC DAKR > k&5
25 SOMEZIZNEEL . ENENDOE I OW TR 24T ->7- & Z A, Fr. 10
IZIEPEDS L S 007, Sep-Pak Cis (Waters, Milford, MA, USA) % F 7= [EFEHH 15 T
Fr. 2 7>% compound A % B L 7= (Figure 8),

Compound A % CDCl; Z &4t & LC 'TH-NMR & BC-NMR ##I7E L7z, BC-NMR
L0 ZHEAOKFEDN 4R, ZHEHEEDRFD 4K, Wk L OB Z T KA
1 AR, AFVUIRBN TR, AT VRSB 1 ROFE 1T RKORSE S 7TV 03B &
A7z (Table 1), 3 EfEAREN 42D L BREEENDHDIIKZEN 1 2HDH 2
ED, BURNIZL EAENDIRI T EF L ALEH EE L, Figure 9 (IR
THEETH D EHER L7z, & 2 CICHRE[24, 251 L B L 7= & 2 A, BC-NMR OF
— XN —F L7 D . compound A % (9Z)-heptadeca-1,9-dien-4,6-diyn-3-ol
(panaxynol) T 5 L [FIE LTz, E£7c. 3 MONAREEIZE LTI, PR EFAE
W C& % Saposhnikoviae divaricate (2 V £} 6 [FIE S 4172 panaxynol 239X T R
KTHoT-Z &[26, 27]. Fi=t VU EHIIHE L THA SIS panaxynol HIDOKR Y 7 &
F L ALEMHRT X T RIKTHDH[28]Z &5, Figure 9 DX HIZRIKTH D &
HEE LT,
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Figure 7. Ameliorative effect of Saposhnikoviae Radix fractions on palmitic acid-induced impairment of secreted
adiponectin oligomers. Effects of fractions on multimeric adiponectin secretion from 3T3-L1 adipocytes treated with
palmitic acid (300 uM) were evaluated using western blot analysis. 3T3-L1 adipocytes were treated with palmitic acid
for 24 h, followed by 48 h incubation with each extract at the indicated concentrations. Adiponectin levels in culture
media were determined using western blot analysis.

Saposhnikoviae Radix 500 g

MeOH ext. 114 g

AcOEt AcOEt
soluble part insoluble part
320¢g 824¢

Silica-gel column chromatography
Hexane-AcOEt (10:1)

| 1 | | |
Fr. 1 2 3 4 5

Sep-Pak C,4 ( Waters, Milford, MA, USA)
MeOH-H,O0 (3:1)
Compund A

Figure 8. Activity-guided fractionation of Saposhnikoviae Radix extract.
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Table 1. 'H and 3C-NMR Spectral Data of compound A

No. [dc (ppm) dy (ppm)

1 117.0| 5.24 | 1H, d, J=10.0 Hz

2 136.2| 5.94| 1H, ddd, J=16.2, 11.0, 6.2 Hz
3 63.5|4.91|1H, d, J=4.4 Hz

4 74.2

5 71.3

6 64.0

7 80.3

8 17.7| 3.02|2H, d, J=6.8 Hz

9 121.9] 5.37|1H

10 133.1| 5.49| 1H, dd, J=9.0, 7.2

11 27.2|2.01|2H, dd, J=14.4,7.2 Hz
12 29.2

18 29.2

14 29.1

15 31.8

16 22.6

17 14.1| 0.88 | 3H, t, J=6.6 Hz

'H and '3C-NMR spectra were measured at 400 MHz and 100 MHz, respectively.

HO

\ 74.3 64.0

63.5 71.3 80.3

117.0 136.2

14.1

Figure 9. Estimated structure of compound A. The numbers represent 3C-NMR spectra 8c (ppm) in CDCls.
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1-2-4 Panaxynol ® HMW 77 ¢ 7R3 77 T L S b e A RS ARHT — PPARYIC
x4 5 1EH

PV X F R A U7 3T3-L1 HERABIEIC panaxynol Z N9~ % & | panaxynol
DIEFERIFENC HMW 757 4 WFR 7 F o O3 ERE LT, £/, 7T 4 BFR7
F > mRNA #88L %, panaxynol D EERAFHIITHINN L 7=(Figure 10),

PPARYZIEMALT D & 75 4 MR 7 F o DREA & WNEEINT 5 Z LN bh
TW5 728, PPARy7 2 =R KT 5 rosiglitazone & panaxynol DEM & LLlschiFt
L7z, Panaxynol % rosiglitazone &, /LI F UM K > T L7277 4 AR
F 0 mRNA I &L HMW 77 4 WK 7 F D53k 2V L F VR 2 L
TUWRUVVRAE & [F] U L~ULE T L7~ (Figure 11A, B), Z OSFE/EH 2 PPARy
DIEMALIZ L D DO EFRDT2DIZ, PPARYLY 7 =T —BLAR—F—T vt
A CTERBEMZ2HIE LT, Rosiglitazone TR EERATAIIZ PPARy & IEMEAL L7223,
panaxynol (213 PPARyIEMALEEDSFRE B 41727~ 7 (Figure 11C), L 7> L, panaxynol
IZ PPARy%Z mRNA L~ULTH X /X7 L)L CHE N & ¥ 72 (Figure 11D, E),
% ZC. panaxynol |25 5 PPARYDFEIEINI HMW 77 1 "R 7 F > OENNC
RBI5-3 20 Z a4 57202, PPARYDT X T=Z h TH5H GW662 % T
FBRA1T > 72, Rosiglitazone (2L > TN LT T 4 AR T F L O5UWE, ED
Z &Rt GW9662 (2 & Vg L7-, Panaxynol DZ&EKT T 4 AR 7 F o3 ik
FEMIL. GW9662 (2L 0 LMW & MMW (3555 L7 b DD, HMW 77 1 AR %
7 F KT BVERIE GW9662 (8B % 52 1) 72 h> - 7= (Figure 11F), _zmg@ﬁ*%‘%
I, panaxynol IX rosiglitazone & [3H:72 V) | PPARYFEAKAFHIIZ /L I F U PRIC
TR LIEHMW 77 4 KRR T F o OWESRET D2 L 2R LT 5,
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(A) Palmiticacid - - - + +++ + + + + +
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Figure 10. Ameliorative effect of panaxynol on palmitic-acid-induced impairment of high-molecular-weight
(HMW) adiponectin(APN) secretion. (A) Effects of panaxynol on multimeric adiponectin secretion from 3T3-L1
adipocytes treated with 300 uM palmitic acid were evaluated using western blot analysis. 3T3-L1 adipocytes were
treated with palmitic acid for 24 h, followed by 48 h incubation with panaxynol at the indicated concentrations. Control
was treated with solution vehicle instead of palmitic acid. Adiponectin levels in culture media were determined using
western blot analysis. (B) Secreted HMW adiponectin (APN) levels were quantified using ImagelJ analysis software. (C)
Adiponectin mRNA levels were measured using quantitative RT-PCR. Adiponectin mRNA levels were normalized
relative to -actin mRNA levels. Controls were not treated with palmitic acid, and were instead incubated with vehicle
solution. Data represent the means + S.D. of three independent experiments. *p<0.05, **p<0.01 by Bonferroni's #-test.
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Figure 11. PPARy-independent effect of panaxynol on palmitic-acid-imduced impairment of HMW adiponectin
secretion. (A) Effects of panaxynol and rosiglitazone on multimeric adiponectin secretion from 3T3-L1 adipocytes
treated with 300 uM palmitic acid were evaluated using western blot analysis. 3T3-L1 adipocytes were treated with
palmitic acid for 24 h, followed by 48 h incubation with 10 uM panaxynol (PL) or 5 puM rosiglitazone (RG).
Adiponectin levels in culture media were determined using western blot analysis. (B, D) Effects of panaxynol and
rosiglitazone on levels of adiponectin or PPARy mRNA were determined using quantitative RT-PCR. mRNA levels were
normalized relative to f-actin mRNA levels. Controls were not treated with palmitic acid, and were instead incubated
with vehicle solution. Data represent the means = S.D. of three independent experiments. *p<0.05, **p<0.01 by
Bonferroni's t-test. The experimental procedure was the same as described in (A). (C) PPARy agonist activity was
measured using a luciferase reporter assay. Data represent the means + SD of three independent experiments. (E) Effects
of panaxynol and rosiglitazone on PPARY protein levels were evaluated using western blot analysis. After treatment of
3T3-L1 adipocytes with panaxynol or rosiglitazone, as described in (A), PPARy protein levels were determined using
western blot analysis. (F) Effects of the PPARy antagonist I pM GW9662 on panaxynol-mediated amelioration of HMW
adiponectin secretion were determined using western blot analysis. 3T3-L1 adipocytes treated with 300 uM palmitic
acid for 24 h were incubated with or without 1 pM GW9662 (GW) 30 min before 48 h incubation with 10 uM
panaxynol or 5 uM rosiglitazone. Adiponectin levels in culture media were determined using western blot analysis.
Secreted HMW adiponectin (APN) levels were quantified using ImageJ analysis software. Data represent the means +
S.D. of three independent experiments. *p<0.05, **p<0.01 vs GW(-), #4p<0.01 vs Vehicle/GW(-) by Bonferroni's #test.
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1-2-5 Panaxynol ® HMW 7 7 « AR 7 F L Uk 0 E R —FoxOl 12
x4 M

Forkhead box O 1 (FoxO1)i% CCAAT-enhancer-binding protein o. (C/EBPar) & #5545
BERETGR L. TT 4 RX7 FUBAF OB 2 EHEEMISE2 2 LMo T
VWA[29], FoxOl & /3713 Vb a s % L IFEMR & 70 0 BAMIBAT S
%o FETo. FoxO1 Z /37 EIE, b A MLV A& 237U I F UERIZ o TR
DI D EDRHNBILTVNA[30], £ 2T, 2L F UL FoxOl # /37 'E
(G2 DB LT,

Figure 12A @ X 512, 73fb L7z 3T3-L1 JERMAEIZ IR EE DL 2 F R 2 BN
LC 24 BFIEERT D & 7OV FUMORERFRIC FoxOl Z > /37 H O
DMBEL S AVT2 53 FoxOl U U fg{k S 47z FoxO1 O &34k L 72 x> 7=, Z @ FoxOl
DY & FIERICHIRN DR T 7 4 R 7 F b Lz,

300 uM D7V X T U ER T 24 IFRJALER L 7274 12 panaxynol & rosiglitazone % %41
ZHISINT % & 8 L7z FoxOl ¥ 737 & % panaxynol & rosiglitazone O] J7
& b 23ElfE 7= (Figure 12B), % 2 C. Panaxynol (2K 25 HMW 77 4 R % 27 F
¥ DFWEFT FoxO1 & 237 EORIEREG-I 202 ald 57201, 24 K
[l D/ X F ERALERTZIZ FoxOl DOFLEARITH 5 AS1842856 THITALEEL |
panaxynol & rosiglitazone % ZALEINIRIM L CTHMW 77 1 IRAR 7 F 2 D53 ih % 8l
2372, Rosiglitazone (2 X2 HMW 77 o IR 7 F 2 73 hdGEIL AS1842856 12 &

BB R T I o T2, L L, panaxynol (2K 5 HMW 77 « IR 7 F 2 D55k
B IE AS1842856 DI EARAFHIIZNG] Z417- (Figure 12D), F7=. panaxynol &
rosiglitazone 1%, FoxOl &HRGHEGEREZEE T 5 C/EBPa® mRNA L~L%ZK) 2
5 1THE N & 72 (Figure 12C),

T T 4 R T UL, NEKIZE W T, Erol-La, endoplasmic reticulum protein 44
(ERp44) [31]. DsbA-L 2 ED L v ~2u U OIEMAIZE D, MMW & HMW A3 57
TONDZLEPHOENTND, LaL, KEBRRIZBWT, 7L I F UBRLHIC
LI NEDY v <D mRNA LK NI E LA VTEENTBIE ST £
panaxynol (Z & 2 528 ¢ 521 727> > 7= (data not shown),
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Figure 12. Involvement of FoxO1 and C/EBPa in the ameliorative effects of panaxynol on HMW adiponectin
secretion. (A) 3T3-L1 adipocytes were treated with increasing concentrations of palmitic acid for 24 h, followed by 48-h
incubation with vehicle. Cellular levels of FoxO1 and phosphorylated FoxO1, and adiponectin in culture media were
determined using western blot analysis. (B) 3T3-L1 adipocytes were treated as described in Fig. 2A. Cellular FoxO1
levels were determined using western blot analysis, followed by quantification using ImageJ analysis software. Data
represent the means = S.D. of three bands. *p<0.05, **p<0.01 vs Vehicle. (C) Effects of panaxynol (PL) on C/EBPa
mRNA levels were determined using quantitative RT-PCR. 3T3-L1 adipocytes were treated as described in Figure 10A.
C/EBPo. mRNA levels were normalized relative to B-actin mRNA levels. Controls were not treated with palmitic acid,
and were instead incubated with vehicle solution. Data represent the means + S.D. of three determinants of a
representative experiment from three independent experiments with a similar result. ¥p<0.05, **p<0.01 vs Vehicle. (D)
Effects of the FoxOl inhibitor AS1842856 on the ameliorative effects of panaxynol on palmitic-acid-induced
impairment of HMW adiponectin secretion were determined using western blot analysis. 3T3-L1 adipocytes treated with
300 uM palmitic acid for 24 h were treated with or without AS1842856 at the indicated concentrations for 30 min before
48 h incubation with 10 uM panaxynol or 5 uM rosiglitazone. Adiponectin levels in culture media were determined by
western blot analysis.
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1-2-6  Panaxynol ® ER A b L A LA kL AL RIEMET T 4 R B A L pEA~

D 2

PV FUPRIZER A MV AZFHEIH L, TT 4 W17 F L OFHZMGIT 5
TIND Y=L D EHRESNTND[32, 33], €2 T, ERAFLAD~Y—
J1—& U CHEN. S 41TV 5 C/EBP homologous protein (CHOP) mRNA FEEHL~D
panaxynol DVER & gt L7z, ARFEBRRICBWT, 2L FUERALEEIZ X W CHOP
mRNA [TH BN L, panaxynol & rosiglitazone (Z & ¥ control L~ULE THE
(28 L 7= (Figure 13A),

NERAL U 7 TR R B D8R 2 SRAEIR B I S T %, £ 2T &M
feEFE(ROS)E L ORIEMET T 4 AR A NZHE S E T, panaxynol DRI E % et
L7z 3T3-L1 fRIAAAEIZ 7 L F iRz IR % & FIZ NADPH A% v & —+¥
DIEMALZ T LT, RIES 7T IVETEMHIL L, 77 W7 F o OREA Z
5[34], AREBRTHUZ 300 uM 7L 2 F U ERALERIZ K W ROS (F 3 S B AME
M%7~ L. panaxynol Z¥s/I9 % & control L~LFE T/ T DAL Sz
(Figure 13B), % 7=, phorbol 12-myristate 13-acetate (PMA)IZ X ¥ {EMEAL S #17- protein
kinase C 41 L TIEMAL S 4172 NHDPH A % & % —E M AT 5 ROS (2435 %)
REMGI L7 & Z A, panaxynol & rosiglitazone 13452 ROS O FEAZ R/ &+
7z (Figure 13C),

ML 72 ROSRPER A b L ZIXRIEVET 7 1 N1 A v DFEA %38 U CTHRAEE
R, VUL FUBBIRINC X W MCP-1 mRNA 834 EIZHEN L | panaxynol
& rosiglitazone 13 Z V& A B W72 (Figure 13E), £72. 2V F U
TNF-o. mRNA FEEL & #1 S H8M %7~ L, panaxynol |Z X VB S H 7D E
72721372 D> 7= (Figure 13F),
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Figure 13. Effect of panaxynol on ER stress and adipokine levels in 3T3-L1 adipocytes treated with palmitic acid.
(A) 3T3-L1 adipocytes were treated with 300 uM palmitic acid for 24 h, followed by 48 h incubation with 10 uM
panaxynol (PL) or 5 uM rosiglitazone (RG). Levels of CHOP mRNA were determined using quantitative RT-PCR.
CHOP mRNA levels were normalized relative to 3-actin mRNA levels. Control was not treated with palmitic acid, and
were instead incubated with vehicle solution. (B) ROS levels were measured using a nitroblue tetrazolium (NBT)
reduction assay in 3T3-L1 adipocytes treated with 300 pM palmitic acid in the presence or absence of 10 uM
panaxynol or 5 pM rosiglitazone for 24 h. Controls were not treated with palmitic acid and were instead incubated with
vehicle solution. (C) 3T3-L1 adipocytes were treated with 20 nM PMA in the presence or absence of 10 pM panaxynol
or 5 uM rosiglitazone for 2 h. ROS levels were measured using an NBT reduction assay. 3T3-L1 adipocytes were treated
with 300 pM palmitic acid for 24 h, followed by 48-h incubation with 10 uM panaxynol (PL) or 5 uM rosiglitazone
(RG). mRNA levels of (D) MCP-1 and (E) TNF-a were determined using quantitative RT-PCR. MCP-1 and TNFa
mRNA levels were normalized relative to B-actin mRNA levels. Controls were not treated with palmitic acid, and were
instead incubated with vehicle solution. Data represent the means + S.D. of three determinants of a representative
experiment from three independent experiments with a similar result. *p<0.05, **p<0.01 vs Vehicle by Bonferroni's
t-test.
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1-3 &%

HMW 77 4 IR 7 T2 OFEE & ud, IEE < 2 BObE R BE Tl LT
WD ZERHESNTWD, HMW 77 4 AR 7 F o O5WmdlE, 4 R~
BB, 2 BUBEDRS, O R e E O BRI B L 7= R ORIR & 72 D {AE %
H0[9, 10, EHIZ. TF 4 BR 7 F o OAWITNERAL L TEMER 22 RAEREEIC
& HRENHIA I 2 Z LMo T D, AIFRTIE, 7L F UL
L7z 3T3-L1 fGiMERe 2 in vitro DIEET A & L THW, 7OLIFUIZE - T
WD LI HMW 77 4 R 7 F v O EsET HiEEEFFo>bam e LT, B
J&\7> 5 panaxynol % [F7E L7z, Panaxynol Xt U BC T 2 R ORI - 8 L THF
ETHRITETFLALEMO 1 HDTHY, AR U R EOHRIZLEEN
T 5, Panaxynol 1T Z4VE TIZ, PLETEME. HLIIEIEM]35, 36,37]. HLU &M
[20, 38], e AERAEM[39])72 ENHE S TuW%, E 72, panaxynol & FEH (T
EEDOFHLLL TWB R Y 7' F L ALEW O falcarindiol 1%, PPARyD /37T 2=
A RTHDEWVIWME40]HH D, PPARYT T=RZ ME, 75 4 KX FLi&at
D7 7T — X —FHBIZAF/ET D PPARy-response element (PPRE)Z /L C7 7 « 7R
XTFUDOEFEEMSELZ LK, MHRDOT T 4 R 7 F 28I,
X512, ER ¥ X2 > ® Erol-La& DsbA-L DRBLAZEINETT T 4 K37 F
DEEMAL & W AEBIMSED[19, 20, ZNHDOHFEEND, 4¥) panaxynol D
HMW 77 4 "R 7 F 2 OhWE TiET 2/EMIX. PPARYDIEMHALIZ L D2 H DT
TRV EARGE LT, L L, RIFFEOFERD S panaxynol ® HMW 77 ¢ 7R 1
I F T HEMAIL PPARYy 7T X A=A M Lo CTHFHENT, F7=,
panaxynol (Z PPARy”T = =R MEMN AR >72, £D7%, panaxynol |
PPARYZHIIN &2 H DD, PPARYIZ L DHEIEME & 1IBIORRKE 2 2/ L, 8
D UIZHMW 77 4 RR 7 F 2 2B ST 5 & D3RR S 47z (Figure 14 D),

Panaxynol ® HMW 7 7 4 KRR T F U3 WESGEIEA D A 1 = X L &3 57
DI, T T 4 RR 7 TF o DELFIZ PPARYLSA DR+ & L TEH- L TV % FoxOl 12
EFHLUTHRG L, ZORER, 7OV F UBRITIREIRFRIIZ FoxO1 % > XV g
P 4, panaxynol 1X Z DIEM A tEd 5 2 & # A L7=, FoxOl |% C/EBPa.&
BARERR L., TTARRIFLorOTaET—2 =L, T AR T F
DERE 2N S 5[41], AFSEIZIBW T, panaxynol 1% C/EBPa® mRNA L~ /L
HEIN S 72 Z & 5| panaxynol 1 FoxO1 & C/EBPaD#R A ST & IEi L
T, WA LI HMW 77 AR 7 F U OREE « 3l a WRIICEGE S BT & B %
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5% (Figure 14 @),

NENGHI D ER 1377 4 AR 7 F o DL B & I BB R 240 - T
DT EDRMBILTVD, BR A MLRIZEY ER OENEESND L, 7T 4K
R F o DpEARE LRI S, RIEREHET 5[28], ~SV I F R
IZER A MLV AZEETLHZ ERMONTEY, TOREI b= NI T ORE
PEELEBMEA ML AZFHET S5, ER A h LA~ —%—CHOP ® mRNA [$/3L
SFURRIC X D EEIL, H#I0L 72 CHOP mRNA (% panaxynol (2 X WD Lz, =
DOFEFIX, panaxynol 233V I FUERIZ L D ER OB F2UGE L C, 77 4 R
27 F DL ERLERE LT rTREM: 2 "8 L TV 5 (Figure 14 ), L2>L. ER
A kL AFFEA|O tunicamycin (2 & 5 CHOP O % panaxynol (F#1fi] TE 72 »
72 Z & B (data not shown), 7V FUREIZ K D ER A MLV ATRECTH -T2 &35
z b,

% 72, panaxynol DYEH D 1 -2 & L T lipoxygenase DHEEMN#E SN TWD
[35], ElENI AT~ 7 A0 WAT Tl 12/15-lipoxygenase 255 E S v, ElEN&
DERGT T DV F V% 3T3-L1 fRIHIRICHINT % & 12/15-lipoxygenase
NFBEHINDLIZILERFREFEINTWDE, BT, ZOEEMTH D
12-hydroxyeicosatetranoic acid (12-HETE)% 3T3-L1 fgiifilaic @325 &, MCP-1
R NL-6 72 EORIEMET A DI A U BFFEHE S D[42], AFRBSRICEIT D RIEMET
T A WIA > OHIH(Figure 14 O)NZ, ZOEANEES LTS AMEEDLE X B
o

BUEE TIZ, $Rx BRI T T 4 R T F o OFEAZRET 5 Z L nHiES
TS, TENHLDOHRT, WAIFURICE S TR TT 57T 4 "R T F DR
A2 UeET DAL, crocetin DA T D, crocetin (X7 FF 9007 7 72 T
GENDHEAVER T, NADPH A F V¥ —E A [HET 2 Z £12 LV ROS &)
SELMBIbmE L L TIERT 5 & SN 5[43], HEHKD astragaloside 11,
isoastragaloside I &, 7RV A L 72 EIZE £ 5 resveratrol (£, HMW 77 4 ARAK 7
F U OGWMEINEED 2 ERME SN TND, IEMET /L~ T AD db/db ~ 7
A\ astragaloside 11, isoastragaloside | Z #2575 & HMW 77 4 KRR 7 F
YIS B0, F O 1302 TV [44], resveratrol IXARIEFRE L
TWRW3T3-LUENMIEIZ BN T, 77 RA 7 F O mRNA LV 228 24
DsbA-L OFEBLEZEL LT HMW 77 4 KRR 7 F o OpEAERET H[45], Fz,
resveratrol | TNF-oflLERIZ X - T L7277 4 AR K 7 F D mRNA FEBL & 534
ZiET 5H[46], KT H¥D genistein & daidzein & 3T3-L1 JEIfIEIZ BV T,
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TINF-olZ X > T L2774 R 7 F o s ET 5 EHmENH H[47],
genistein DYEH O —H L INK IEHALOBEETH Y | daidzein O 1EH O — 51X H0H]

STz FoxOl # U /X7 BDRETHH EEZ LN TWD, ZDOX I, TT 4K
R F U DREEERET 5 R OBREITNL O02H 503, HMW 77 4 K17

F o OIS ~D IR T 2 BEHIsa L2y, HMW 75 4 R % 7 F Mg
FARBRE D> B 536 S duz il as (2 /B L C AR B EE R O S 2@ < JSn D, Hlfie
SO oI % 5 L e AR RIX BN m N E B X B X D,

ARFEBRIT in vitro TIEH DA, JEGGHE T PR AHINT 5 FFA CTIRISMlao
MEEER 22 HE L, £ 72 TSI Sest » THEFER 22 FE L TV A R T,
D FEER & g U T OFERBICEIVEIL7ZR THhH EEX B XD, o, Mk
TETNERSEICEH S WO 7Ty R FrOEMz5E L, BRI S
B IC I SN BART T 4 RAR 7 F U &7l L T 5 AT AREBRII O
Fhk L RE<H D, 51T, panaxynol X HMW 77 o IRR 7 F L DPEA « 53k
RFRANCYGE L2720, WRICT T4 R F o OERZRIET 52 &3 T
XHLEEZBND, FiT, panaxynol |E in vitro THREIGREAZOMERL O JA % S
% &t ZiT-[48], REBROFER) G panaxynol I HMW 77 4 AR 7 F o D
PEAE WAL L, A— 27 U )T 7 U TR /ER L7 fE 58, BEELY
ABIMEtE L= EEZBND,

S BT, panaxynol % cannabinoid (CB) 1 A Z HE T 5 & O#E S & H[49],
CB1 SZARIIHERBAIIZ B L TRV | IEMHILT 2 &4 R Y ORRZ T
L. CBI ZBKDOT 2 T=A MIA A v ORREZSET H[50,51], Z DA
ZEET D L. panaxynol IFBEEBHEAD A R Y BRIV ERET S Z
CANZRY A A EZNEOHERF - AREET D ATRENVED B D

INHDZ &M D panaxynol L7V X F UBRIZ K o THE U7 BN #MED BB
M ZRET D LIk, £72FoxOl 7 FNREBUTCT T A KRR T F D
G AEdEd 52 LIck D, JE8 L= HMW 75 4 N3 7 F o O3 A EET 5
TN TEXAZLAERLTNAS,
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Figure 14. Ameliorative effect of panaxynol on the reduction in high-molecular-weight adiponectin secretion from
3T3-L1 adipocytes treated with palmitic acids. IKK; I-kappa B kinase, JNK; Jun-N-terminal kinase, MAPK;
mitogen-activated protein kinase, MEK; mitogen-activated protein kinase kinase, NF-«xB; nuclear factor-kappa B, PKC;
protein kinase C, RXR; retinoid X receptor

Adiponectin
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25 HBENENIEGIIY Toeige AENTHING) DL E A4 25 KA
Wy DYRFR & BT

2-1 F¢

a3 KL OMEEIEIIa O F A7 ERICMN A T, EFEOMIICE Y . ZHEME
ORMFE., W b= KU T E&HE., UCPL, cell death-inducting
DNA -fragmentation-factor-45-like effector A (CIDEA), PRD1-BF1-RIZ1 homologous
domain containing 16 (PRDM16), PPAR gamma coactivator 1o (PGCla) DEEL 72 & D
B AR ORHEZ R, beige MENAINE & FEIZAL 2 MlEOER 23 [ E 40TV
%[52], Beige HENARMACIZ, JEBEN[S3]. ZEMBERFE[S4]. B3-AR 72 =R hEB L UYh
DOFEFLFAVREL[55]12 & > T WAT TaFE s, faeafsliia X v Rwv L~ r Tl
&5 UCPL # %8I L, WAL E Rk =RV X —HE 21T 2 &
NTE D, BITOMFIETIE, A D BAT § (T beige fRIMIE TR ST 5
T EDIRESIUTUVNND[56, 57],  Beige TERGAIEIX, IEECHE O OFEIZ UCPI
DEE TRV F—ZEE L THRT 5 Z & T X —HE AR L, IERAE
RRHIREBDO T RSO EBZEZ DN TWD, THIVETOWRET, IHEELE
BAT 7350 g fFET D721 T, B ORI/ —IHEREIL 20%HE NI 5 & HEE S
LT 5 [58]23 BAT D &l B & -OBE RN B E TIIAD 72 < 72 > TV 5[59, 601,
#iE> T, WAT O beige {tds LT BAT OiEMEAb 2 g2 Z &g, M8 & N2 2B
T A REMREBEOEIE I IXREO T OF T 7 a—FTh5[61],

L2, #Bfads LN beige TRMGHIED 7 LFHE £ 7= 130G LIC B E 2B 4
T ERNmbEnTnLF Xy ool Ta—L7 0%, BWERNS L. B
TRIRICE T 2 ITHIBR TV 5[62, 631, fE-> T, HAIOBIFIZIX, WAT £7=
1% BAT [ZRFERACIER L T, thOlggs OBEEIC B A B/ MNRICT 570 &, 24k
(R L THEERS BT 2 BENH 5,

Z 2T, MG FS K OB (2 B 2 AT MR AR A VB E T2 I E T 5 72 O O
UL BhEIRIEHRT 7 a—F 2R T 572012, £72. X0 ZeMoEnHEAl%
BAFE T 27201, BRI B I TV D AEFEZ VY beige REHERE~
Dot G 2 RIRD DIRBE AT - 72,
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2-2  FEEuRE S
22-1 A7 —= F RO

AR ORTBEAAE > & 53k L7- beige MRIAMIRIX, HAIRIIHIIRIC 1358 &%
BTN FR RAICH LT 5 CIDEA, UCP1 ERRBLTLH 24, &6
12, beige JENGHIN-CHE AN ~D 2 A » F > 71545 PRDMI16, HfA
NI &892 PGClalm BT 5 2 ENHMOEN TV S[64], 7R TH
UCP1 ZEGIEAIIICITIZ E A EFEE T, BUEALZ L T L X —Dit %
9 RIKTH 5 72D ARHFZE T beige AL ~D /3 KAEEIEH 2 UCP1 mRNA
OFBLE TS 22 & & Lz,

FTHIDOIZ, beige NENHIAD /3 LFH SN % Ohno H[641257R L7 /rbakiEse
AT, S HITA A Y VPR 10 ng/mL, dexamethazone J2E 1 uM (2 T D28
HZ2Mx THET LTz, CSTBL/6) ~ U A A NENIHEAE (WAT)2~ 543 L 7= [HE
MAE M5 (SVF) % S LiFEA] 10~100%JRE(F/E F TR L, mbiFE 6 HHIC
UCP1 mRNA EHEZRET L7z, TORME. 40%IEE TiL, Kok, BEAEN
HIfE & RBLEOZEIT R SN/ o 7208, 60% NS UCP1 OFHENE L < 4
ML, F7- PRDMI16 OFEHLEH AR L 72 (Figure 15), & Z T, 60%i/E %
beige NGNS A 75845 suboptimal Z2RAE L L. beige NENFMI D 43k i5E
ARET DRI DOA 7 )V —= T LT, 72, BEAIENMRIZIZ N &3
B3, beige NENHING L 4B AARIGAIC R I L CEGEA A 5 UCP1 @ mRNA
EBIE% | beige RN ~D/MEOFEIE L LTz,

A
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Figure 15. Differentiation medium dependent mRNA expression. The concentration of beige adipocyte
differentiation medium (beige dif. medium) necessary for differentiation was assessed. SVF from C57BL/6J were
cultured with indicated concentration of beige dif. medium or white adipocyte differentiation medium (white dif.
medium) for 6 days. (A) UCPI and (B) PRDM16 mRNA levels were determined using quantitative RT-PCR. UCP1 and
PRDM16 mRNA levels were normalized relative to 3-actin mRNA levels. SVF was not treated with any differentiation
medium, and white dif. medium was cultures with differentiation medium for white adipocytes. Data represent the
means * S.D. of three determinants of a representative experiment from three independent experiments with a similar
result. **p<0.01 vs Vehicle by Bonferroni's #-test.
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222 ARV —= THER

60% Beige IEIGHIIE ML AEEAN KA 3E MeOH = X% 100 ug/mL & 725
EOoWML. .6 HHEIZHIF 5D UCPI mRNA #8i&% Y 7 /L% A . PCR CTHIE L7,
Beige IEAflA DR )~ — 71— TdH 5 UCP1 @ mRNA L)L & HEIN S B 15
IZDOWT, T8 FF DA MeOH i =X A A X7 U —=2 7 LT,

Figure 16 |27 9 & 912, &, HiBg, B, A0 7, HImOF=F 213, 100%
IRIE D beige MENMIRASLFEEA & FENENL EOTEER R 6T, £ T,
wE, M, B, AN7, YR S EEOAIET X X2 ENEH 50 pg/mL & 72
HEOBWIML, MO ZIT o7, TORER., BT X 22U L T2 D A
UCP1 mRNA REEUIAEIZHIN L 7= (Figure 17A), BREZ = A FRMEEOM O beige
RENIMIE D~ — 71— 8151 mRNA FEBLE ST L2 E, beige M~ D 5y
fbAA »F & I H PRDMI6, fEMGTH ORlG & EEICEI 59 % CIDEA, NENFEmE
L DBEE 72 carnitine palmitoyltransferase 1 (CPT1)73, 60% beige & bbik L CHE
(20 L 7= (Figure 17B),



60%Beige
100%Beige

T T 1

0.0 1.0 2.0 3.0 4.0 5.0
UCP1 mRNA level (fold over 60% beige)
Figure 16. Screening of crude drug extracts that enhance UCP1 mRNA expression. Eighty crude drugs, which are
mainly prescribed in Kampo medicines, were selected for screening. SVF cells from C57BL/6J iWAT were
differentiated in 60% differentiation medium supplemented with 100 pg/mL crude drug extracts for 6 days. UCPI
mRNA levels were analyzed by RT-PCR, and normalized relative to 3-actin mRNA levels. Data represent the means +
S.D. of three determinants of a representative experiment from three independent experiments with a similar result.
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Figure 17. mRNA expressions on day6. (A) UCP1 mRNA expressions. According to the results of the screening, we
selected 5 crude drug extracts and SVF cells prepared from C57BL/6J were differentiated in 60% Beige dif. medium
supplemented with 50 pg/mL extracts for 6 days. (B) Beige adipocytes markers were highly expressed in the presence of
Citrus Unshiu Peel (/2 =2 X). mRNA levels were analyzed by RT-PCR, and normalized relative to B-actin mRNA
levels. Data represent the means + S.D. of three determinants of a representative experiment from three independent
experiments with a similar result. *p<0.05, **p<0.01 vs 60% beige dif. medium by Bonferroni's #test.
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2-2-3  {EMER S OIRIE

Bz MeOH fhiHH — % 2 2 U beige AENHINE~D /3 LFHEEENEH &2 A 7 HiEME
oy & FIET DT, FERSTD D BLHEEFET I D p-synephrine, 7 7R/ A
RBCHEAD hesperidin, 7 2 U =2 > naringenin % V> C UCP1 mRNA ZBELIZ 5 2
% B e it L 72 & 5. p-synephrine 78 UCP1 mRNA Z #5842 Z L 2 RH L7z,
p-Synephrine X, 60% beige NENTHIRL X LFHEET HLO/FAE FC 3.12 uM 226 &
{KAFAIIZ UCP1 mRNA % B4/ &8 7= (Figure 18),

F 7o, FEFER TS AR ~DO 3 LiEEAI TR L=, BB
[FAE23fA L CHEMEORE ZRIEHZ T L TW D DIZk L, 100% beige A5
AR LB ERE TR R L7258 1E, /NSRBI 20 272, 51T, beige
HEWGARAR LB SRS HIZ p-synephrine 2 SN L TR L7580, S HIZ/h&72
RERR B STz, £72. 2MEFFEH| 72 LT p-synephrine DA Z NN L THi#&
L CHETOHFHE B S 7= (Figure 18C),

60% beige HEAGHIIE L5 E A p-synephrine Z I35 &, 60% beige AR
N5y AL aA B A Bl 12 B~ C UCP1 & CIDEA @ mRNA JEHLA3 K& < BAN L7223,
PRDM16, PPARy, PGClald k& < B4 % Z &1%720 - 7= (Figure 19A),

ARG I3 te L E 72T beige DMK Z D S 25 2 & B3 STV A[59]6
% ZC. db/db BT~ 7 A (16 ) A5 SVF % 431 L, p-synephrine O beige A&
DI RIE T 58 % T ~~7=, p-Synephrine IZ. db/db BT~ v AH KD SVF
2B\ T 1 beige fRHEAE~D /3L 212 L, UCP1 & CIDEA @ mRNA [3H EIZ
HEAN L 7= (Figure 19B), L2>L. UCPl1 mRNA (25 2 21EM %, [E% C57BL/6) ~
7 AD SVF (2t~ % & 557> 7= (Figure 19C),
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Figure 18. Induction of beige adipocytes in SVF cells by p-synephrine. (A) Chemical structure of p-synephrine. (B)
The dose-dependent effects of p-synephrine on UCP1 mRNA induction were assessed using RT-PCR. UCP1 mRNA
levels were normalized relative to B-actin mRNA levels and then represented as a fold change from the group in 60%
beige adipocyte differentiation medium (60% beige dif. medium) without p-synephrine. Data represent the means + S.D.
of three determinants of a representative experiment from three independent experiments with a similar result. *p<0.05;
**p<0.01 by Bonferroni's #test. (C) Representative micrographs of SVF cells treated with 12.5 uM p-synephrine.
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Figure 19. Effects of p-synephrine on mRNA levels of browning-related genes in SVF cells. (A) The mRNA levels
of browning-related genes in SVF cells cultured in beige adipocyte or white adipocyte differentiation medium (white dif.
medium) were assessed using RT-PCR. (B) The mRNA levels of UCP1 and CIDEA in SVF prepared from db/db mice
were assessed using RT-PCR. mRNA levels were normalized relative to 3-actin mRNA levels and then represented as a
fold change from the group cultured in 60% beige dif. medium. Data represent the means + S.D. of three determinants of
a representative experiment from three independent experiments with a similar result. *p<0.05; **p<0.01 vs. the group
cultured in 60% beige dif. medium by Bonferroni's #test.(C) The effects of p-synephrine in 60% beige dif. medium were
partly affected by strains of SVF. UCP1 and CIDEA mRNA expression of 12.5 uM p-synephrine in 60% beige dif.
medium. The data from (A) and (B). **p<0.01 by Student’s #-test.
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2-2-4 p-Synephrine ® UCP1 mRNA ZEELZ XIEF1EH

p-Synephrine H{£7% UCP1 mRNA Z#5E T 50~ 2572012, s bikiahl 4
& F 72\ Dulbecco’s Modified Eagle’s medium (DMEM) / Ham's F12 &% Hi1(Z
p-synephrine Z 1 L T SVF % 6 H 353 L7z, © O . p-Synephrine [ HAM T,
UCP1, CIDEA, PGCla® mRNA L~ Z B RFRICHEMSE5 Z L2 R L
7z (Figure 20),

WAZHFEIRFA 72 mRNA R BUZ LIFETER 281429 % & | p-synephrine Bl T UCP1
mRNA FEHLAZ —@EICFHE L, 6 FFZICRRE D | TO®RIT 12 K E TR T L
7oo XTHRAYIZ, 100% beige 73 LFHEETHIDOFAE T ClX, p-synephrine Z #1425
& UCP1 mRNA FEELIHM LT, MEFFREEHO B OEE X D VL1 T6
HEIZZZ b—IZ#EL, ZOHEINE 20 H B £ THH L 7= (Figure 21),

p-synephrine 7% beige AEITHEI~D53{L721F T/ < | beige REMARLOTEMEALIZ
LWL 5.2 200572012, CSTBL/6] ~ 7 A D SVF % 100%beige 7>
{EFBEEEHIC 8 H 528 L T beige AENMIARIZ 701k 721, p-synephrine % IS/
L. 6 RH#IC31T 25 mRNA FBI~DOEEA T, ZORER, sk LB
FaIiZF T p-synephrine % UCP1 mRNA FE8 2 B & 1 beige AR MIIE"1E (4
NEWAFAE D T 5 4 IR B A > Td D FGF21 D mRNA FHL & BN & 7= (Figure 22A,
B), & 5 HEEL Y A& FH 9 GLUT4 mRNA J& 81 & B 6 % 7~k L 7= (Figure 22C),
F 7=, 25 OYEAIE phosphatidylinositol 3-kinase (PI3K)BHEFI D LY294002(Wako)
(2 & 0 BHE S 7 (Figure 22), 2405 OfERD 6 | p-synephrine 1% PI3K (Z X% Akt
DV LA ST LT beige BRI A TEMEAL T2 Z & B3RIB STz,

300 ~

250 - 00 uM
£12.5uM
200 @25 pM

B 50 uM

Relative mRNA expression
@
S

UCP1 | CIDEA | PRDM16 | PGCla

Figure 20. Dose-dependent effects of p-synephrine alone on various mRNA expressions in DMEM/Ham’s F12
medium. The mRNA levels of browning-related genes were assessed in SVF cells from C57BL/6J cultured with
indicated concentration of p-synephrine using RT-PCR. mRNA levels were normalized relative to -actin mRNA levels
and then represented as a fold change from the group cultured without p-synephrine. Data represent the means + S.D. of
three determinants of a representative experiment from three independent experiments with a similar result. ¥¥p<0.01 vs.
the group cultured without p-synephrine by Bonferroni's #-test.
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Figure 21. Time-dependent effects of p-synephrine on UCP1 mRNA expression in SVF cells. SVF cells from
C57BL/6J were treated with DMEM/Ham’s F12 medium, 100% beige dif. medium, or 100% white dif. medium in the
presence or absence of p-synephrine (12.5 uM). UCP1 mRNA levels following the p-synephrine treatment were
indicated until 12 h (A) and 20 days (B). O: 100% beige dif. medium, @: 100% beige dif. medium / 12.5 uM
p-synephrine, l: 12.5 uM p-synephrine, /\: white dif. medium. mRNA levels were normalized relative to B-actin
mRNA levels and then represented as a fold change from the group at time 0. Data represent the means = S.D. of three
determinants of a representative experiment from two independent experiments with a similar result.

(A) ' (B) . (©) i
UCP1 M Vehicle FGF21 B Vehicle GLUT4 W Vehicle
B LY294002 B 1Y294002
257 - BLY204002 20 -
6.0 q
0.06 *k
5207 5.0 5 —
7] 7] % 1.5 1
173 [ [%]
9 o ©
o o . o
3 15 E 4.0 X
<
% % 3.0 % 10
g 1.07 o v
5 K 2.0+ 5 -
Q [0} o 0.0 1
Fos “ 101 «
0 e 0.0 A
Control p-Synephrine Control p-Synephrine Control p-Synephrine

Figure 22. p-Synephrine activates beige adipocytes function. SVF cells from C57BL/6]J were cultured in 100% beige
dif. medium. On day 8, 12.5 uM p-synephrine was added with or without PI3K antagonist LY294002 (10 uM) for 6 h.
(A) UCP1, (B) FGF21 and (C) GLUT4 mRNA levels were normalized relative to B-actin mRNA levels and then
represented as a fold change from the group of Control/Vehicle. Data represent the means + S.D. of four determinants of
a representative experiment from two independent experiments with a similar result. **p<0.01 by Bonferroni's #test.
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2-2-5 p-Synephrine B3 7 KLU U BKT T =2 MEMH

p-Synephrine (4-[1-hydroxy-2-(methylamino) ethyl]phenol)id, ##i& 75 adrenaline
(4-[(1R)-1-hydroxy-2-(methylamino)ethyl|benzene-1,2-diol) 0 noradrenaline
(4-[(1R)-2-amino-1-hydroxyethylJbenzene-1,2-diol) & 8Ll L T\ %728, B3-AR DT
T=A N ThDHAREMEDRIE SN TVWD, LA, p-synephrine 73B3-AR D7 ==
A NTHDZEERTIHON2AHLLIZRN65, 66], & Z T, P3-AR 7 X T =R
;@ SR58894 /% p-synephrine @ beige JEIMI 3 LEHEMEEE I RITT 2%
fREt L7z, Figure 23 12”9 K 912, FEERTHZ SVF TiX, Bl1-B L UB2-AR &
D HB3-AR D mRNA FELAIEF T\ & 2300 o 7o (Figure 23A), £ L T,
p-synephrine |, B-AR 7 = =A K ® isoprenaline & [FlikIZ UCP1 mRNA &84 2
JERFINCRE <BINSHE, 2o OfERIE SR58894 1T & V) fHH = 417z (Figure
23B), Control & 0.01 uM Isoprenaline FE(ZFSU T, SR58894 ZifNINd % & UCP1
mRNA FEHAHE ML 7ZD1X, SR58894 DB3-AR #8457 T =A MEA D= TH D
EEZ b,
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Figure 23. Involvement of B3-adrenoceptors in p-synephrine actions. (A) The mRNA levels of f-adrenoceptor
subtypes in SVF cells prepared from C57BL/6J were assessed using RT-PCR. mRNA levels were normalized relative to
B-actin mRNA levels. Data represent the means + S.D. of three determinants of a representative experiment from two
independent experiments with a similar result. **p<0.01 by Bonferroni's #test. (B) SVF cells from C57BL/6J were
treated with p-synephrine or isoprenaline at the indicated concentrations in the presence or absence of the
B3-adrenoceptor antagonist SR58894 for 6 days. UCP1 mRNA levels were assessed using RT-PCR. mRNA levels were
normalized relative to B-actin mRNA levels. Data represent the means + S.D. of three determinants of a representative
experiment from two independent experiments with a similar result. ¥p<0.05; **p<0.01 vs.Control/vehicle, #p<0.05;
##p<0.01 vs. Vehicle by Bonferroni's #-test.
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2-2-6 p-Synephrine D1 > A U R1EH

p-Synephrine @ beige TENHINL S LFHEEMIEIBI-AR /T L TWDH Z &35
INZ72 o Te Dy, ZDOMOEFOREEZHF LT, £Z2 T, Ml EHEEZ 6N
L LSRR T % 1 DT OR LI ARERR M biFERE i A VT, p-synephrine
? beige fENTMIE LA EIEMN 27z, (> AV | IBMX. DEX & %W\
rosiglitazone % & £ 72 W VRFERL /M EFHEETHLTIL, UCP1 mRNA FEELAE L <K
T U705, SE87 o ek s i ClX UCPT mRNA RBUIAEIZEM L, 100 nM
isoprenaline MOZhF(%. 12.5 uM p-synephrine DR LV LA EIZE D> 7-(Figure
24A), HBBRZEWT LI, p-synephrine 1E, A VAU U EE ERWRERLCH
HIEEHCHE#E L7 SVF € UCP1 mRNA J8L2 3% L < 1 & ¥ 7= (Figure 24B), %
DOYEMIZ isoprenaline ([ZHLA_NFEIZRE No7c, T —HIIR L TRV,
p-synephrine % isoprenaline $ UCP1 mRNA DZEMEIZHE L7~ T-, £ Z T
2 A AN UV T ARERB IR D p-synephrine DIEHZFA~TZ, 1 A
VDA A U BIRIZER T % & PIBK. 3-phosphoinositide-dependent protein
kinase (PDK)DIEMALIZ LV Akt 23V U ER L &5 TR LT 5, 2z kv,
glycogen A i, mammalian target of rapamycin complex 1 (mTORC)% I L7z 4 737
BAH,. GLUT4 OFEBER DA v 2 v OBRBERERN R 5, #Z T, 1~
AV U RROIEMALZITIE Z 5 Akt O U VB bE T = A X 7 vy METHAN
T7e A AV XU p-synephrine ¥SiN 1 BEf#E Tld, 4 AV 2k v U iRk
Akt EDMENN L7273, p-synephrine TIXHIN L 727> 7= (Figure 24C), L 7> L. Figure
22 IZR 9 & 91T, p-synephrine #IN 6 IREf]#% D UCP1 & FGF21 mRNA FEHiiX, Akt
O LS D PIBK ORRERITH 5 LY294002 2 WINT 5 Z LT LD ARSI L
7co & BT, p-synephrine WWAMZ KV H#AMEM A2 7~ L7z GLUT4 mRNA FEL$ |
LY294002 |2 & 0 A EIZHHI L 7= (Figure 22C), ZH 5 D#E R X 1 | p-synephrine 11,
A VAN UZREETNT Akt LV BIROA R Y v 7T AR RS A B
fELZ20As, MHEERYZ2AEM T Akt K0 IR ORRER 2 1EMAL T 5 FTREME DS R S 41
7
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Figure 24. Insulin-like effects of p-synephrine in SVF cells. (A, B) SVF cells from C57BL/6J were cultured in 100%
beige dif. medium in the presence or absence of insulin for 6 days with p-synephrine (12.5 uM) or isoprenaline (100 nM).
UCP1 mRNA levels were assessed using RT-PCR. mRNA levels were normalized relative to 3-actin mRNA levels. Data
represent the means + S.D. of three determinants of a representative experiment from two independent experiments with
a similar result. *p<0.05; **p<0.01 by Bonferroni's #-test. (B) Figure 24B is a magnified figure of None and insulin (-)
beige dif. medium in Figure 24A. (C) Effects of p-synephrine on Akt and phosphorylated Akt in SVF cells. SVF cells
were incubated with insulin (50 ng/ml), p-synephrine (12.5 uM), or isoprenaline (100 nM) for 1 h and the amounts of
Akt and phosphorylated Akt were then assessed by Western blotting. **p<0.01 vs. the vehicle group by Bonferroni's
t-test.
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2-3 EE

fatads JL U8 beige MENMINEIZ, UCPL RAFAYBAPE AL IC I W CEHE 2 5H 4 Rz
T ENHLNTEY  UCPL (3485 K% O beige ARfla D~ — D — & X7 G L
L CARLBHEINTWD, ABFFETiX. UCP1 mRNA #H %2~ —5—& LT beige
NEWGHIIA D A Z T 2 RIRW % A 7 V) —=> 7 L. p-synephrine 7% SVF 75
beige IEIHIlA~D b &R T 5 = & % R L7z, p-Synephrine % s/l L 7= SVF
TIXZEMEO/NS RGNS BIEE S 4L beige IENMROEREFIIFEZA L. H
R DO HEMEOREAE LV /S ho Tz, & BIZ, beige ARG Ry B 1
72 UCP1 ¥ L UV CIDEA @ mRNA FELIE, p-synephrine iSIIIZ K 0 K& < EEL 7=,
p-Synephrine ODEAITIER ~ 7 A 7217 T/ < db/db~ 7 AN G L7z SVF 12
BWTHBIE I NN, db/db ~ 7 A TiX UCP1 mRNA FEBLZxH 2 2R 13/ S
3o oo R SOHE PRI B CIETEME(L L7z BAT O &I3FEF I D Ll sh
TUWD[59], Lo L7ahs &  ARMFFED#E SR, p-synephrine 725 JE# ORI T T beige
NENGHRE 2 o asiE - IEMAE T 5 2 L 2RE L TV 5,
p-Synephrine (%, U > 2 ¥ I 1 2 (Citrus reticulata Blanco)D FZ 7215 T7p At
DOHFHORZIZHFENTE Y | bka RBRP WA STV D, p-synephrine
IZ L6 A= Z 33\ T AMP-activated protein kinase (AMPK) % &4/t L C GLUT4 {&
D 7V 2 — 2B IAB Z R L[67]. F 2 ZHFORB=EEZ @ DD [68].
EENRF O AR FEIE(LIHE 2 N S 5[69)72 EORENRDH Y, 7 = A L 7RED
oy ERAG DR T Y A R ELTHEHAINS Z E03% VN, p-Synephrine 13,
adrenaline X noradrenaline 72 & DNRPEMRMREZEDE L (LFHENFEIL TV D
7o, ML ER DA O, PR MAE RO ARSI TS, L
L. U DWFZE[70]12 35 T p-synephrine @ AR 7 I =& MEENHR SN TE
. t FalA-AR [Zxf LT, m-synephrine (phenylephrine)i£7 = =2 FToh 525,
p-synephrine |L575 7 T =2 N ThH V., L1HEDIEMIX 100 uM T phenylephrine
D E KRG D 55%FEE T - 7=, F7-. phenylephrine DIt EH-VER2Y adrenaline
D 55D 1 T D END . p-synephrine DILE EFAERITIEFITENEE L BN T
WA[70], B Fa2A-AR & a2C-AR (2K L Cid, BUWEAIXTH 007 T =R K
EMET N2 ERNERE STV AD[70], £7-. BI-AR & B2-AR x4 BHIEHIXLL
AN HZ RSN TEY ., BI-AR OIEM(LEEIX phenylephrine > octopamine >
p-synephrine DIRT, =DOVEMH O X1 noradrenaline & it L CTEILZHUE 100
73D 1,#76000 73 D 1,#740000 73 D 1 T 5H[71], B2-AR OiE AV EEIL phenylephrine,
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octopamine, p-synephrine & % (Z noradrenaline ®#) 1000 73 1 LA R T, 100 uM T
LIEMZBIZTE2\[71], & HIT, p-synephrine (% ephedrine & ¥ & A F /LN
DIRNTZD . TIRAEAT L7 EHEII STV D [64], E 72, M OB-AR (FE)HE
iﬁﬁk%ﬁﬂﬁﬁ' 19 2P EE & LG EISHEH 40T, p-synephrine (£~ 7 AT
BEERE OG5 D WIEEENE G L CO B EICEE %2 5 2 720 - 72 (data not
shown), 7> T, p-synephrine |ZHFKIZIIMEH LW &ZEX b, 2D X I,
T EDATFNIEE R B EOKBEORE, MESHRICE ST, 2R
K& DREEFMER L OB PR RE ST 5, RFEIZENT,
p-synephrine 1% in vitro T beige lEMHIRAO b ZRE L, EDIERIEB3-AR 7
A A=A MIE > TIHESNTZZ &IZ XY  p-synephrine [XB3-AR DIEMHALZ ST L
T beige fENAHlE D Vlﬁf}’?@%ﬁ@ﬁ"é & &S T L= (Figure 25 D), BifE
F T, B3 - AR T I=R NI, BHRHETITHRN/EHTH LD, B N TOIEH
ITEIW EmE SN TWE[72], LAl mIEDOWHFFE T, B3-AR 7 =R D
CL316243 & mirbegron |3, ~ 7 A[RICE b T BAT OEGEAE % HI T 5 FIHE
RS Y AEHEREDIRIROTO DAL/ TH LD Z EAVRENT[T3], L
/L. CL316243 (303D Nz & 02 < ORIVE O 728 (ZERIARTAER T O
D3GR E AT, mirabegron (TIEVEENEREOTREI L L TARINTWBH[74], =
B LTIV ERRTER T, p-synephrine OFERUL, I [EF 72O EiTrn &
HOWVERLSFEERRNZ LRI TNWD[T5], £, —RITIRFTE SN TND
p-synephrine % 7213 p-synephrine %% A9 % bitter orange ([ZEH#E L7=H 7Y A b
DHEFGLIZHOWT, FHK iﬁ?&p-synephrine IZIRET 5 H DO TIE72v & FDA 1T
fEmm o 72[76), LAED X 91z, KFEFRE ZivE TOHIRLN G| p-synephrine (£ &
@ﬁi#oﬂ%mﬁmAR73ﬁX%T%57 EMEDN R ST,
IACFHERIFETFAE T C p-synephrine DN F: % i~ 7= & Z A p-synephrine Hjli C,
beige RENIMINEAS £ 720 AEFHE S TOZRWEREWKENZ , —i@ME Tl d 5 03 6 IRifH]
212 UCP1 mRNA 32 RE < FEL7Z, ZDHE, UCP1 mRNA FEI IR % (2K
T L7ens, B3 6 H HIZEBUW T p-synephrine THLEE L TUM2U Y SVF K 0 & &0
LAY TCHERF S U7z, RTIRAYIZ, 100% 53 LEHEETHIZ U 5 & | p-synephrine
(3 3 K225 UCP1 mRNA Z K& < FHE L, 20 HfAH £ THEV UCP1 mRNA %
WaMR L=, D ORERIZ, p-synephrine Z 4L HK23B3-AR {EMALE /L T
UCP1 mRNA A FHES 573, SVF 225 beige IR~ 2TFHET 51
RHnTHDHZ a2 L TWD, §E- T, p-synephrine . beige Haﬂﬁﬁﬂiﬁ@ﬁj\ﬂ:
(B2 D EFE SR F- OB X A M L T D AREMEA B . b D,
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S BT, p-synephrine 23, A ' A Y U &G EIRWATERR M EHEEHIT S beige
FERAIIR b E B ECE D2 AL, A VAV BT a—AT I
&, ARENCEE L BN M Tl B RO o Bl 2 -1, L, EbB g
NENAEIR O beige b AR D72 OIZMETH Y | B3-AR 7 F =R h D CL316243
X, cAMP JEE T L AV MEAR X /78 (CREB)DIEME(L & 17 L CHR A
DGt E 7213 beige HEMTHIRIEMEAL Z RIS 2 2 & D BTN AD[77], ZAUTM
Z C BT OHFFE T, isoprenaline & CL316243 |2 L - T B3-AR @ FiftiZ & % protein
kinase A (PKA)DIEMAL N FHE S, mTORC1 DiEM:Ak% 41 L T 70-kDa ribosomal
protein S6 kinase (S6K1) 2MEMAL S, A R Y 2 T IAREREE OIETED Y
BRI ALD Z &M SNTZ[78], T h . p-synephrine (£ 245 & [RIEROHEF A
ALTB3-AR 7TA=ZA & LTHEH LGS &3 2 biu/-(Figure 25 @), L L,
isoprenaline X1 > AV & & ERWATERLRMMEFHEERE LT p-synephrine & [FIER
DIEVEZE TR Z 72 o722 & )6 p-synephrine [XB3-AR 7 Z=A k & L THRET 5
7T TR, AV RY T T FIMEEREO FIO L IERFED A T = XL %EA
L CTYER 9 % ATREME A RIZ & A7z (Figure 25 @), & 512, CS7BL/6] HI3KD SVF
% beige fENHRAIEIZ 01k S 7242 1Z p-synephrine Z SN2 & 1 BRI CTid Akt
DU CEBITBIE SR Do 7o D, 6 WFf]# Tl p-synephrine (2 X VL 72
UCP1, FGF21, GLUT4 mRNA 38723, Akt ® _EFEIZ®H 2% PI3K OBRLEANC I 0 6k
L2 EMD,. Akt O EROA A v TV B REERICIENAL T 5 AT Ee
tRIE S 7= (Figure 25 @), #a3s X O beige TEGHIIAITA o R U 2% 4 2 &
SHRE LS, A AV VRE LTI IAZDY 5 (520 EEINS 579, 80], Beige
HENGHERR D Z OREMEE Z B3 5 L& | p-synephrine 1%, GLUT4 mRNA FEHL 0N & |
ARV VT T IREREEZRHET D Z LI L0 A R 2 HR L,
beige RENMIRR DAL Tl <TEMEAL BIRET D L& 2 bl

LN LR 5, ABFZE T, B E721% beige GV MLO~—I—Th 5
PRDM16, PPARyF LT PGClalZ, p-synephrine (2 X ¥ 100% 453 LB D L~
NERESHMZTHEIND Z Lid/en > 7=, PRDM16 I, PPARyE L O PGCla
& HTHRGHE AR Z TR L, beige AEMAIIE~D 3k, 1BEREIHINL S 5N T E#
T~ L OHE 2 FHE D %E &2 7= LT\ 5 [81], AHFIETIiX. PRDMIG,
PPARy, BLTUPGCla® mRNA LU, M biEER O CHi# L7 SVF ©
® mRNA LV X0 & & L7 o 72 M3, p-synephrine 73 beige ARG D 431b
AFHET DDA 5O mRNA BHL L~V I+ Th Y | 2Ll LOFFEIT
WEIRI2 N DG LIV, 5%, T DB FDF /37 E L~ L DIEHL
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ERROVLERD D EEZD,

BT, luteolin[82]. artepillin C[83]. albiflorin[84]. rutin [85]1%. & ARIHIIED
TEMEAL, 7213 beige IEHIE 275595 Z L 3ss &4 TV 5, luteolin (3, AMPK
/PGClodE AL A 41 L T beige {bds L OEIEA A 3553 %, artepillin C {X, PPARy
TEMEA LR L OYPRDMI6 D22 E L& I L T beige RTINS E 2 K49~ 5., albiflorin
I¥. AMPK 3 X O'PIBK / AKT i&tE(bZ I L CTHEGAEI IO 2 LA Rl 5,
Rutin |3 SIRT1 O E(LIZ LV beige fENiflaZ#FE L, PGCla /X b RU 7T
LG A OIEMALZE L, BLEOMAIZ, 26 ORI H IR OIREIZI 0
TEIE R ATREME 2 AT H Z L A2 RB LTV D, LinL, Z2HhEDORARYOIER
B, B-AR FEENED o 7 stk & I3 HERAfR T&H Y | p-synephrine DAEH
RS L 1R D,

AWFZEIL, p-synephrine 73 beige NENTHEIA~D 3L 2R L, B3-AR DG LI
EOA R U T MREREORE 2N L CEDONRAERFETHZ L &R L,
p-synephrine {3 K ONIETH BIHE B D TR K ONER D72 D X 0 2473 JEHA)
D720 952 L BRI,
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@ p-Synephrine @ Indirect effect
.
B3-AR /

- Insuin-R GLUT4
Adénylate
cyclase Gs s ve
PIP2
PIP3
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5473 T308 "0
PP e ~
- GI:UT4"
"’gﬁm J \ ;‘veSiC|e
GbL. Ek* RAPTOR 2 .
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T TRE ERREG TCERE L ThARETCRE

Figure 25. Inducing effect of p-synephrine on UCP1 mRNA expression. ATF; activating transcription factor, CRE;
cAMP response element, DIO; iodothyronine deiodinase, ERRa; estrogen-related receptor alpha, ERRE;
estrogen-related receptor responsive element, FA; fatty acid, Insulin-R; insulin receptor, IRS; insulin receptor substrate,
PIP2; phosphatidylinositol 4,5-bisphosphate, PIP3; phosphatidylinositol 3,4,5-trisphosphate, T3; 3,3’,5-triiodo-thyronine,
T4; thyroxin, TR; thyroid hormone receptor, TRE; thyroid hormone responsive element
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YN\
TNEN

013 FOMEHT L D & BEHEIFHRAOD3I 5D 1064501 %2 5D 5([1],
ARG L0 NIBRENI SRR T2 &0 BEIIIIE T 7 4 AR A v Dorin B e % 5] &
Rl 2L, i, R R EE, @I SR EEE D L7REETH D MS L7220 |
Jibd .45 9% R D A R B D SRR & 72 D BIREE (LD U A 7 28 BAT 5, MS ITHIR
TAHEBIE., BARANDKEERDOKI 3 5D 1 DD EFbN TS, EBAICD
WTH MS & OBHEDMER S, BT ORFZE T, AESC 2 BRI 03 2% A O FSIE
VA7 %#5|& BEFHZ Ebrolz, 4X U RITEIT DKM T, 12 FEAD D
DT —B TN 5 & 2012 FEATTIE LTS A D 6%, £ 80 JT A3 HE FRIE<01H
IRE, B & BE N H D & HEH STV 5 [86],

ZOX O, IS ORBESI SR ITIRK E /Do), L TR
SOOI 2> TN D, B2 WET D701, = (X —ERE D SE 7
D, TFAX—HBEENSEZV T2 EB/VETHD, Lo LB, AR
OFUEMER A L L7z 2 LI X DEBEOK F THE =R L —E00 . ®El
IREFEOMNE » TERTE R —ENE 2 AHEEICH 0 . AN Lod 0
BRIEICH D, MS OIRFIL, EHICRAEIEZ GO & T 2 EIEEBOWEN T & 72
S>TW5, BIfE, MS ORAR & 7 2 JE 2 f#E 3 5 3EHITFE £ 7o,

HEWGMIRIX, 77 4 AR A > % UTHRIRRTZ T T S ER O # 288 E 1T
TEM Z KIE3 720, Bl ORe 2 REi4 5 2 L ITBIHR7Z T T2 <, fEx
7ranE OBSREA AT T2 Z &2 0 | B & AR B E R R OTERIZ D7D D,

Z ZTAMIZE T, 1 EIZRBWT, BeEMIROT 7 R A o THLHLT
TARRXTFAZEB L, B X DEVEETIR T L HMW 77 R 7 F
Y DFEAGWESGET DR E LT, AFOPE) S panaxynol % [FE L7,
Panaxynol (%, (B BHEZEE & OBLEMEN RS EV HMW 77 ( IRAR 7 F 2 Dk
W E RS E L, 7T 4 A3 7 F > mRNA BH G [A1E 872, 2 OER
D—FIT, RIEWET T 4 RAA L OFBL, LA P L AZWHEHSIELZ LT
FoxOl % > /37 O %[0 S8, FoxOl IKIFHIR T T 4 N3 7 F 2 OERG %42
HIH-Z Ik EELLNT, DF Y, panaxynol I, 7T 4 RFx 7 F BB
FTOWEZRET D T, BT T AR T U X R EORB NS E-
&z b5, £72. panaxynol |Z ER A b L A~ —%— CHOP %#J#/b SH7-,
> T, ER A F L ADBIRHIZ L D ER OREREUGEN, TT A RR 7 F L 2Ry
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BOLEMBAEREL, HMW 77 4 RR 7 F 2 OEAZWOUEIZ DTN -7
EEZBND, LML, 72UV T UM, panaxynol & HIZZEMRILIZE G35 ER
X\ D ERp44, Erol-Lo, DsbA-L OFBUITHEL 5 2 0o 72729
panaxynol |Z & % Z B UIEEDFEM 7SI I T o T2,

F 72, invivo T panaxynol DN RAZIRFIT DITITR SR 72h3 5%, db/db
~ U AREE AN~ U AR EOEET LY E AW T, in vivo TD
panaxynol DZIRZMRGFTTH Z EIZL D HMW 77 4 IR R T T 2 DO UL D
W, g, &, ~7a 77— 05 2 2/ERZ8HE L. AENHERE o 64 23 AL i
BRI L CaEFICEEL RIT TN ERGTTH2 2R TEHEEZE 20D,

52 BHIZERW T, beige BN ZF5E - {EM LT Z &Ik, =RLF—IH
B e R S TR & EHERH T 2 R ORR 2l T, BEICEASND
p-synephrine 1%, beige JEIHHINE D T 7L ¥ —{l# 240 5 UCP1 DI HL & HIN S+,
beige NI D /b E A (EtE3 5 Z & % R L7z, p-Synephrine |ZB3-AR %%
PEfL LT UCPL BBLZHINSE 57213 T< . Akt K0 & FItEim T AU &~
VU FNVEGRESTHZ LIC kY UCP1 FBLAZ BN S & 5 AReMEAVRIE S 7,
B3-AR 7 A=A M invivo AT 256, £ OBIMERLEMEE REELAT
%o SEATWIGE/ G| p-synephrine 1ZB3 LISNDT R LT U U FIE~DIEERED D

MITEHALEEIMENZ E RS TnW5d, F72, b F Exfgrl L% < OFRKE
Eﬁ@ﬁ%ﬂ%\ 7 R U U RRIHER LTe A IS S 5 m D a 4L
DOEENN 72 EHRXS LML AE R~ D EIER 2358 E 788 %ﬂiﬁb VI &5, p-synephrine

ITRZEEOENKRIR TH D EEZ BN, &I, B3-AR 7 I =& NI LD A v
AN v T F VO EEENE D3RS S 4, p-synephrine (2K B A A Y T F LD
HEERO—H 20 TE b0 EE X L, LA L, isoprenaline & DYEFH D
)| p-synephrine |31 > A Y > 7 VO REIEDEHZIZHIER LT\ 5]
REMRH Y | ZOFFMIIE M TE TR, ARV U T FAO Rl H
% mTORCI1 %, p70S6K %74 L T UCPl mRNA FEAZMEET 57205 TR,
eukaryotic translation initiation factor 4E-binding protein (4E-BP)Z /LT b2 K
V7 2R BORBELEMEE, I Far N TR 5 ATP O/EPEREL 1
REEDZLEEZWONTRS>TND[8T], Ak, A AV 7 F /LD mTORCI
DBAEAITH 5 rapamycin & A2 . mTORC1 @ FifilZ47-= 5 p70S6K <> 4E-BP
DY AL ZRE LTS b 5T Ot 2 D 720,

BRIC. AFIEOFER L 0 | panaxynol XA ARG OMERE 2 S8 L CE
DFLZEET T 4 R 7 F o OFEANGIZEET 2 2 & L0, £72. p-synephrine
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XA RTEEAIE D beige NEIAMIIE~D 3 biFE A RE ST 5 2 & Tl =%
X —OEBETER LT 22 & L0 OS] & B B O BB~ DS D
FFEid,

Floilt, U ADOEGHTIIZ X DT A& D beige {RITIX, 77 «
R FUNLETHV([88], & TR~ HMW 77 « Rx 7 T2 O
DA T D Z &P ZH72[89], 7t T, panaxynol (% p-synephrine DZNH%
WIS E D AREMEN B 2 AL WA OFFHIZE D X0 mWERMEDN IR S D,

45



1. BhE X Y HEfE L 72 panaxynol I%, 7V FUERIC L VKT L7 AEAENMIED
BT SEERT T A RA T F U OREL - WESET DL EE R L,

2. Panaxynol |%, 7V FUENERT D ROS FEA L RIEMT T 1 R A L PE
AZHIT 5 2 LI LY FoxOl # VR0 BORBAZBIESE, 75 4R
T DERG A TEMHAT D T & DR S LT,

3. BB DOTRSYD 1> TdH 5 p-synephrine 1E. beige TEIGHINELD 23 bk 2 (g
THIEERMLE,

4. p-Synephrine (EB3-AR (Z/EH L T UCP1 mRNA HH A2 HECT 721 Tl A~
AN v T T IARERIE O RIS B /EM LT UCP1 mRNA F3 4 BN =
5 AMREMED R S Tz,

46



EBRITIE

[E%]
Actinomycin D (Wako Pure Chemical Industries)
AS1842856 (FoxOl inhibitor) (Merck, Darmstadt, Germany)
BCA protein assay (Thermo Fisher Scientific, Waltham, MA, USA)
Bovine serum albumin (Sigma-Aldrich)
3-Isobutyl-1-methylxanthine (IBMX) (Sigma-Aldrich, St. Louis, MO, USA)
Insulin (Sigma-Aldrich)
Dexamethasone (DEX) (Wako Pure Chemical Industries, Osaka, Japan)
3,3’,5-Triiodo-thyronine (T3) (Sigma-Aldrich)
Non-essential amino acids (Wako Pure Chemical Industries)
Palmitic acid (Wako Pure Chemical Industries)
Dispase II (Sigma-Aldrich)
Indomethacin (Wako Pure Chemical Industries)
Collagenase-L (Nitta Gelatin, Osaka, Japan)
Dulbecco's modified Eagle's medium (DMEM) (Sigma-Aldrich)
DMEM/Ham’s F12 (Wako Pure Chemical Industries Ltd.)
Penicillin and streptomycin (Sigma-Aldrich)
Fetal bovine serum (FBS) (Nichirei Biosciences, Tokyo, Japan)
Calf serum (CS) (SAFC Bioscience, Lenexa, KS, USA )
Trypsin inhibitor (Sigma-Aldrich)
Rosiglitazone (PPARYy agonist) (Alexia Biochemicals, San Diego, CA, USA)
GW9662 (PPARYy antagonist) (Sigma-Aldrich )
p-Synephrine (Tokyo Chemical Industry, Tokyo, Japan)
Hesperidin (Wako Pure Chemical Industries)
Naringenin (Wako Pure Chemical Industries)
Isoprenaline (-adrenoceptor agonist) (Sigma-Aldrich)
SR58894 (B3-adrenoceptor antagonist) (Sigma-Aldrich)
EzRIPA Lysis kit (ATTO, Tokyo, Japan)
Dimethyl sulfoxide (DMSO) (Nacalai Tesque, Kyoto, Japan)
A% LIV 7 (Megmilk Snow Brand, Sapporo, Japan)
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RNA isoplus (Takara Bio, Kusatsu, Japan)

Dithiothreitol (Wako Pure Chemical Industries)

Nitroblue tetrazolium (NBT) (Tokyo Chemical Industry)

Phorbol 12-myristate 13-acetate (PMA) (Wako Pure Chemical Industries)

[HiA]
Anti-adiponectin antibody (Thermo Scientific, Waltham, MA, USA)
Anti-PPARY antibody (Santa Cruz Biotechnology, Dallas, Texas, USA)
Anti-B-actin antibody (BIO Vision, San Francisco, CA, USA)
Anti-FoxO1 antibody (Cell Signaling Technology, Danvers, MA, USA)
Anti-phospho-FoxO1 (Cell Signaling Technology)
Anti-UCP1 (Cell Signaling Technology)
Anti-Akt (Cell Signaling Technology)
Anti-phospho-Akt (Cell Signaling Technology)
Alkaline phosphatase-conjugated anti-rabbit IgG (Cell Signaling Technology)
Anti-rabbit IgG, horseradish peroxidase-linked Antibody (Cell Signaling Technology)

(A s 25 ]
Mg DR, BRI IR L,
E:#&1337°C. 5% CO2in air T1T - 72,
TFARIIE(CS)FS K OFIR M (FBS) 156 C T304 FIMER L CIEM@h L L 7= #4125
M L7,
3T3-L1 (Mouse embryo fibroblasts cell line) (RIKEN BRC, Tsukuba, Japan)
Culture medium
Dulbecco’s Modified Eagle’s medium / high glucose (DMEM)
(Wako Pure Chemical Industries)
with 10% CS, 100 U/ml penicillin, and 100 pg/ml streptomycin
Method for Passege
0.25% trypsin and 0.02% EDTA-2Na

HEK293 (Human Embryonic Kidney 293 cells) (RIKEN BRC, Tsukuba, Japan)

Culture medium

Eagle’s minimal essential medium (MEM) (Wako Pure Chemical
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Industries)

with 10% FBS, 100 U/ml penicillin, 100 pg/ml streptomycin and

non-essential amino acids solution (Wako Pure Chemical Industries)
Method for Passege

0.25% trypsin and 0.02% EDTA-2Na

SVF cells (Stromal vascular fraction cells from mouse iWAT)
Culture medium
DMEM / Ham’s F12 (Wako Pure Chemical Industries)
with 10% CS, 100 U/ml penicillin, and 100 pg/ml streptomycin

[3T3-L1053b#5E]
3T3-LIATSRARIAAIAI L, = 7 v B2 BRI bakisss o 2 2 531k

FHELAT o7z, 2ARICHERIET HLZ v 2 2R B ST A ZZHA L T HIT4 HEEEE
L7z, Mbi#EE6H HIZ, 0.1% bovine serum albumin (BSA)WZ & L 7=/ 3L X F
Fie 2 IR FEA3300 uMIUZ 72 % K 9 2. C1HES% L, wash outf% 2, DMSOIZIARR L
7zpanaxynol ¥ 72 T AE HMeOH = & A (#43=£100 pg/mL) Z A L C2 HEGE L7,
Heag RIEZE L, QWSNIT TARR I F a2 AL TRy T 47T
R L7,

[ LB 1 ]

DMEM with 10% FBS, 100 U/ml penicillin, 100 pg/ml streptomycin,

50 ng/ml insulin, 1 uM DEX, and 0.5 mM IBMX

[R5 Hi]

DMEM with 10% FBS, 100 U/ml penicillin, 100 pg/ml streptomycin

and 50 ng/ml insulin

[~ T 206 DSVFD EiE]

6-8I R D HEMECSTBL/6] ~ 7 A(SLC, Hamamatsu, Japan) & 72 13 1638 #in O 1M
db/db ~ 7 A(WEIESIHER D db/m~ 7 A% SLCLAEA L, ZHL L TH72)DIWAT
Z£HL L, Hank’s balanced salt solution (HBSS)H T A L, =277 F—EHKICTA
Fu, 37°C T30k & 5 L7z, 100 meshdF A 17 ¢ L& —CiEfk L & L7en
STk AE B BRrE, 700X g TS ME L Lz, 551 7-SVFDO~XL v ~ ZHBSS
TYEE4 . CellBind® surface plates (Corning, Corning, NY, USA)Z ' L—T 27 7 L,
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a7 NETESE L,

[HBSS] (277 —EK]

NaCl 80¢g collagenase-L.  (2mg/ml) 20 mg
KClI 04¢g trypsin inhibitor (0.52 mg/mL)5.2 mg
KH>PO4 0.06 g dispase II (2.7 mg/mL) 27 mg
Na,HPOg4 - 12H,0 0.121 g CaCl, (1.47 mg/mL) 14.7 mg
NaHCO3 035¢g HBSS total 10 mL
Glucose 10g FHE%0.45 um 7 4 L F — Tl L7z,
HEPES 2.383 g (10 mM)

ddH20 total 1 L (pH7.4)

FREESL0.2 um 7 LA — TR L7,

[SVFD53{Li%EE]

SVF® A fgliffia~n43{kix., DMEM/Ham’s F12 medium % f#i i L C. 3T3-L1
& [FER DI EFHEA 2 W T T2 72,

SVFDbeigeflgMifla~Ds3{bi%. beigeaMiHIa 2L EEE #1(100% beige dif.
medium) C2 H 555814, beigelENIMNUAERF RS - HA X T4 H AIREEE L7z, Beigellf
FAFMAHERF RS HZ2 B IS 1 R AR X 72,

BeigelE il ~D b ZRET 2 AEHKD A 7V —=> 721, beigeENHEIE
LS DR VE U HH A TR TO0%ITIRFEIC L 72/ Laf 55 #(60% beige dif.
medium)Z VY, AZHMeOHT % Z (#4#£ 100 ug/mL). p-synephrine, isoprenaline
M EDWI AN SIMA Tz, Fiz, MERHEHT O R LVE S T T60%IC L7z,

[Beigefli NIl 3L 5 1) [beigell Nl aERr Rz 1)

0.5 mM IBMX 10 ng/mL insulin

125 nM indomethacin 1 nM T3

1 uM Dexamathasone 1 uM rosiglitazone

10 ng/mL insulin DMEM / Ham’s F12 with 10% CS,
I nM T3 100 U/ml penicillin,

1 uM rosiglitazone and 100 pg/ml streptomycin

DMEM / Ham’s F12 with 10% CS,
100 U/ml penicillin, and 100 pg/ml streptomycin
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[43EMeOHH H — & 2 DFFE]
BT\ S5 AEBRO0FEIA(Y A T ) EE 10 g% 100 mL MeOH T

MR L, 2 A3 IR LT itk 2 A L, JlE T Cosit 4 2558
SEHLE L, 53572 % X 2 DMSOIZIRME L 7=,
[ 1 A —
A (S A Lot. No. A LW T T 4 Lot. No.
)| B Clematidis Radix 21020771 | 46|~ = v~ Cimicifugae Rhizoma 21017241
2|11~ F > a v |Artemisiae Capillaris Flos 22036091 | 47|~ > A Magnoliae Flos 23012431
VA F¥ay Foeniculi Fructus 21023321 | 48|z F a2 ¥ Cnidii Rhizoma 23001371
4T Corydalis Tuber 22042871 | 49| = Nupharis Rhizoma 20009891
5|4 7 % Astragali Radix 22043331 | 50| Y v ¥ Atractylodis Lanceae Rhizoma 23001771
[§ A Scutellariae Radix 22037381 | S51|&# A A Rhei Rhizoma 22041591
NA 87 Phellodendri Cortex 22038081 | 52| % A V7 Zizyphi Fructus 22047121
S AV Coptidis Rhizoma 22048301 | 53| % 7 v+ Alismatis Rhizoma 22043631
S A Polygalae Radix 22000701 | 54|F 7 ¥ = Bambusae Caulis 22036071
|74y Artemisiae Folium 22031681 | 55| F 7 & = ¥ |Panacis Japonici Rhizoma 21018391
Hrhvav Polygoni Multiflori Radix 22039451 | 56| & Anemarrhenae Rhizoma 23005341
2|y Puerariae Radix 22040931 | 57|Fa v ¥ Caryophylli Flos 22000321
1B a= Trichosanthis Radix 22029491 | S§|Fa v hyay Uncariae Uncis cum Ramulus 22045681
4| he= Trichosanthis Semen 22037861 | 59|F = L A Polyporus 22045121
15\ X% avy Zingiberis Processum Rhizoma 23002281 | 60| F & Aurantii Nobilis Pericarpium 23002241
| A Glycyrrhizae Radix 22053201 | 61| 7~ F v ay Arisaematis Rhizom 22038971
17[F¥*a v Platycodi Radix 22040381 | 62| 7 < Gastrodiae Tuber 23011631
B B Chrysanthemi Flos 22008841 | 63| 7 v E K ¥ Asparagi Radix 23011471
9|F > Aurantii Fructus Immaturus 22043361 | 64 N U W >~ Benincasae Semen 21057771
20[F% =2 v A Notopterygii Rhizoma 22041601 | 65| F 7 % Angelicae Acutilobae Radix 22049651
20Fa v = Armeniacae Semen 22009451 | 66) b 7 = Persicae Semen 22052901
by VA Sophorae Radix 22011021 | 67) K7 71> Araliae Cordatae Rhizoma 22006261
x| Schizonepetae Spica 22042881 | 68| = Ginseng Radix 23018601
24|74 & Cinnamomi Cortex 22044881 | 69|=> K7 Lonicerae Folium cum Caulis 22040701
25|22 A Carthami Flos 22040711 | 70137 £~ K ¥ Ophiopogonis Radix 23003151
26|27 Cyperi Rhizoma 22005381 | 71j/~> H Menthae Herba 22044091
2|2 R Magnoliae Cortex 22028611 | 2| ~\~AHR Y 7> Glehniae Radix Cum Rhizoma 22047301
28| [Achyranthis Radix 22026591 | 73|~ 4 Pinelliae Tuber 22042141
29|23 2 FEuodiae Fructus 22038071 | 74| v 7 I Lilii Bulbus 22029511
TR Arctii Fructus 21054451 | 75|l v 7 ¥ 2 Atractylodis Rhizoma 23018581
3|43~ Schisandrae Fructus 22026581 | 76| U 3 7 Eriobotryae Folium 23010081
32 A = Bupleuri Radix 22025091 | 77|77V a Poria Sclerotium 23007381
B A Asiasari Radix 22020521 | 78|R U A Sinomeni Caulis et Rhizoma 23008241
k| A Gardeniae Fructus 22031161 | YA Y 7 7 Saposhnikoviae Radix 24027411
35| 2 Corni Fructus 22038491 | 80K~ v~ Quercus Cortex 23001531
6| av Zanthoxyli Piperiti Pericarpium 22004261 | 8IfAR ¥ & Moutan Cortex 23005351
3N YV U = |Zizyphi Semen 23006931 | 82|~ A Ephedrae Herba 22050411
kL A e Batatatis Rhizoma 23000221 | 83|E 27 Y U Akebiae Caulis 23006161
39| A4 Rehmanniae Radix 22029541 | 84| v =27 Saussureae Radix 23004371
402 2w v Lycii Cortex 23000421 | 85|33 7 A4 = Coicis Semen 23018091
41>V > Tribuli Fructus 22028771 | 86|V = v H =7 Longan Arillus 22036971
DN 7 YU Paeoniae Radix 22011231 | 8|V = 7 % Gentianae Scabrae Radix 22009991
k] P4 Plantaginis Semen 22049181 | 88|V a U X a ¥ Alpiniae Officinari Rhizoma 22049031
M =7 x Amomi Semen 22042491 | 89| > ¥ a ¥ Forsythiae Fructus 23012601
45\ a U X = U |Zingiberis Rhizoma 22046221 | 90| > =7 Nelumbis Semen 23006011
[ Western bloti%]

NWMENTZBEIRT T 4 R 7 F o ORIEICIE, 3T3-L10OEFHE FiEE A,
—E RO LG 2 IENEGRE L CEKIKE 21T o 7o, BRIKENIIE2-15%7 7
T NOT 7 VAT I REVEER L, EER20 mA/Z VOS5 TUKE LTz,
KN, "7 A4 X7 vy MEEATTO)Z W TS /L HPVDEE (Merck) % /3
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7 '8 & HRE L7z, Blotting buffer A (300 mM Tris-5%MeOH), Blotting buffer B (25 mM
Tris-5%MeOH), PVDFJ&, /471, Blotting buffer C (25 mM Tris-40 mM
6-amino-n-capronic acid-5%MeOH)DJE Tt >~ k L, 2mA/cm? (126 mA), 4053 D
FECiTo 72,

5 57 % Tris-buffered saline (TBS, pH 7.5) T4 L. blocking IS (5% A ¥
LI V7 TBSHIC 1 FERLL EIR L7=, 1 UK (anti-adiponectin antibody, 77 HR
1:1000, HURFIRIL ; 1% AF L3027 & 0.05%Tween-20 % & ¢r TBS)% 4°C T 12
IEECL_E RO S 872, & Pl (0.05% Tween-20 in TBS) TH&E L. kB
(Alkaline phosphatase-conjugated anti-rabbit IgG antibody) % £ T 1 BFE G S ¥ 72,
Vet ik & substrate dilution buffer T¥Ey¥ L. CDP-Star™ (Applied Biosystems,
Bedford, MA, USA) # % Jt & & L T LAS-4000 mini (GE Halthcare,
Buckinghamshire, England, UK)% H\VNC & 7 /L Of Y & BGAEHT 217 > 7=,

AR & o 73 7 B IXEZRIPA Lysis kit CHifitti L. BCA protein assay T# > /37 &
ZERMK, ¥ LR BE—EIC L Cdithiothreitol & ZA Tt L, ¥kEh L 72,
anti-phospho-FoxO1 Z T A BRI AF A I L7 OOV IZBSAZMEH L7,

A A T FIVOIERTIREIL, 100% beige dif. medium T4k & 86 F M52 L
72SVFIZ, 50 ng/mL insulin, 12.5 uM p-synephrine, 100 nM isoprenaline % & 12 F LI
INU C1EFIEs 2% . EzRIPA Lysis kit C# /37 B &4 L7=, SDS-PAGET#
XY E &% PVDFIRIZ Z /87 28R E L, % 1% BSA/ TBS Tl 7 1
v %7 L. anti-Akt antibody, anti-p-Akt antibody (78R 1:1000, HUAFIRIE 1%
BSA and 0.05% Tween-20 in TBS) %4 °C CI12BFH DL G SH7=, 4 Yedik <ok
L. KPR (Anti-rabbit IgG, horseradish peroxidase-linked Antibody) % =E{f T1Ikf
MG ST, Ve Teid L, ImmunoStar® Zeta (Wako Pure Chemical Industries)
ZHEIEEE & L TLAS-4000 mini & VT 7 v Ok & BB AET 217 - 72,

[10 X TBS] [Vk@fbuffer]
Tris 2323 g Tris 1.5¢g
NaCl 87.66 ¢ Glycine 72 ¢g
ddH>O total 1 L (pH 7.5) SDS 05¢g
ddH>O total 500 mL
[ Total RNAfIHI#:]

AIAEIZRNA isoplusZ 1 2 CHEMR 2 A% L 72, RNA isoplus®0.2f% 8D 7 v 17k
NAEMZTELSBE L, 12,000Xg, 157, 4CTmOoBEL7z, 8ok
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IR U EEDA Y 7 T L a— L&Az TR L 205 B S=IE ChtE L.
12,000 X g, 1553, 4CTiELoBE L7z, FEEAMEE L%, 75% % /) —/L T
Yelfr Uiz, 130 U C RIE 2 HEEE L7214, TLBk L 7-total RNA %3043 HIZE IR CTHLE L.
DEPC/KIZ A L CRNAJEE 2 H)E LT,

[DEPC/K]
ddH,0 1L
DEPC 1 mL

F R L%, 2RI BB TIHGE L. £ D% A — b7 L= 2T T,

[cDNA synthesis, and quantitative real-time PCR]
250 ng?RNA % RivaTra Ace (TOYOBO)% H W Tz G L, cDNAIRIKR =147,
Quantitative real-time PCR (RT-PCR){ZThunderbird SYBR qPCR MiX (TOYOBO) % {#
M L. TP800 Thermal cycler Dice® Real-time System (TOYOBO) T, 95C X30# X 1
B A 7 b, (95C X 5F+60°C X 308) X 504 A 7 L DSAHTPCRE1T-> 7=, AACt
1L CHEEYEY E I ZB-actinZ i L CHIIE L, fEXTAYR B - RBIELZ A L,
L7277 A ~—I(XTable 212~ L 7=,

Table 2 List of primers

Gene Forward primer Reverse primer

P-actin CATCCGTAAAGACCTCTATGCCAAC | ATGGAGCCACCGATCCACA
Adiponectin ACAAGGCCGTTCTCTTCACC CCAGATGGAGGAGCACAGAG
PPARy GATGGAAGACCACTCGCAT AACCATTGGGTCAGCTCTT
MCP-1 TGGATCGGAACCAAATGAGA AGTGCTTGAGGTGGTTGTGG
TNFo. CCAGACCCTCACACTCAGATC CACTTGGTGGTTTGCTACGAC
CHOP ACTACTCTTGACCCTGCGT CTCTGACTGGAATCTGGAG
C/EBPo. AGCAACGAGTACCGGGTACG TGTTTGG CTTTATCTCGGCTC
Pl-adrenoceptor | GTCATGGGATTGCTGGTGGT GCAAACTCTGGTAGCGAAAGG
P2-adrenoceptor | TTGCTAGAGTAGCCGTTCCCAT CAGGATTGCCTTTCAAGAGCTT
P3-adrenoceptor | GACTACAGACCATAACCAACGTG CCTGGTGGCATTACGAGGA
Cidea CTCGGCTGTCTCAATGTCAA GGAACTGTCCCGTCATCTGT
Pgc-la CGCACAACTCAGCAAGTCCTC CTTGCTGGCCTCCAAAGTCTC
Prdml16 CACCCTCAACACCTCCACTT TGAGGCCAGTTCTGAGAGGT
Ucpl TCAGGGCTGAGTCCTTTTGT CTGAAACTCCGGCTGAGAAG
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Ve T 25 —BLR—F—T vA]
HEK293#lifif1 224 well 7" L — M |Z1.5 x10° cells/well S L—F ¢ 7 LTz,
7T A RIRATRIZI well4 720 LR O X512 b Lo LI, 2hEnhn 77
A X RIFHEFEH[90], HEHONER LS OEMEH L,

pCMX-mPPARY expression vector
pPPREXx3-tk-Luc reporter plasmid
pCMX-B-gal expression vector
pUCI8

total

LUFOARR LB ZFHE LT=,
[AWK]
77 A FiRAHK (600nm) 6 uL
2.5M CaCl, 1.5 uL
ddH,0 7.5 ul
total 15 uL/well

100 ng
300 ng
10 ng

190 ng

600 ng
[Bit]
2 XBBS 15 pL/well
[2 XBBS]
BES 2,132 ¢
NaCl 3272 ¢g
Na,HPO4 0.107 g
ddH>O  total 100 mL (pH 6.95)

BIKIZAEZD LM FLT AT U 72470 R L. 30 min=iE CFrE L
oo 7L— FOKwellZ HEM{EOMEMEFHICE X i 2 . 305 FfE L 72 (A+B)iR &
30 LT OWML TR T AT =7 v a v afTo T2, SRR ITHT LW EE - T ot
LT, 10%FBSDO A5 7=% > 7 /LAY ODMEMEGHIIC B X i % . & 5 IC48HEE 4%

L7,

[B-galactosidase assay]

96 well platelZlysate 10 uLA 7371 L, LU N OEEEIKI0 nL2 iz, WO A 1

E LT,
100 X Mg solusion 1 uL
1 XONPG 22 uL
Y “F£Na buffer 67 uL
total 90 uL
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[100 X Mg solusion]

1 M MgCl» 20 uL
2- mercaptoethanol 65 ulL
ddH>O 117 pL



[1 X ONPG]

4 ng/mL o-nitrophenyl-B-D-galactopyranoide & 72 5 & 9 U  [£Na buffer| Z A,
[V > fi£Na buffer]

0.2 M Na;HPOs: 0.2 M NaH2PO4 =41 mL : 9 mL

[Luciferasel& 4 DI E]

96 well DHRYU A K7L — hillysate20 uL% 37 L7z, HIERTIC luciferase & E 7
WK A50 uLT oW L, EHITHITEZRIE LT,

B, TA=A MEEE, LT THE L,

TEMEAE =luciferasel&":(As70-As20) / B-galactosidaseid P4 (Aaos)

[luciferase J&'& K]
20 mM Tricine 126.16 mg
1.07 mM (MgCO3)sMg(OH), « SH.O 18.29 mg
2.67 mM MgSO4 11.31 mg
0.10mM EDTA 1.31 mg
0.53 mM ATP 10.28 mg
33.3 mM dithiothreitol 180.81 mg
0.27 mM coenzyme A 7.29 mg
0.47 mM luciferin 5.00 mg
ddH>O total 35.20 mL
[FEHRRREORE]

ROS D FEA: [ Znitroblue tetrazolium (NBT) assay CHIE L7z, 77{b L7=3T3-L1JEHS
HHAE A 10 pM panaxynol & 72135 uM rosiglitazone D{77E F/FEGFAE T T300 uM
palmitic acidZ ¥sIN L T 24KFHjE538 L. £ D7£0.2% NBT % 7 £pPBS T047 [l 2%

L7, F72. b L723T3-LIAEN#IAE A 10 uM panaxynol & 72 1%5 uM rosiglitazone

DAFAE FIFEAFAE F T, 0.2% NBT & 20 nM PMA % & #pPBS C2§H 5548 L 7=, NBT
IZROSIZ L Y formazan-NBT & 72 V) | Z D formazan% 50% acetic acidiZ ¥ ## L T560

nm DY 2 1IE LTz,

[HeatauE]
EITEMEESD TR L, AEZDKIEITIStudent’s t-test, F721%

Bonferroni-type multiple t-test= 1T -7z, plEAN0.05K &2 HE & LT,
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e

AWPIRICER L. OS2 542, #u TRER TS, JHifEZBY £ LK
FRFGEFHIER AR T BaRICRERDHEZRLET,

AR L ZAERR T DICHT2 Y . AR THEROCTEEZE Y £ LIRS RFBRE
AR LM I Bow, W ORI EdR, AR BT RIS EH N L E
‘a—\O

K LR T DI2HT-0 . AR THELOTKEZ B £ LR R RS
FARSEEE ONRE ER BdR, By R BdR, PR E 7 BdRIC

KPREATH 100, BEOTHE, THEAHY E Ui AR bk
BRI BERE AT, SR MG T, AYOORBIESRIER A EE DI
B O LE T

ABIREATS B0 | B DTBE, SMEREB Y F LB
VIR R WEBE, PE E SRERICTE AN LE T

AWFIERATHICHT-V . AR TS, THHETAEX F LA R ER s s
FHRBEEERF0ERE, E A ERERIREER O ERE, B K3 K g
TR F R RE DRI TR < W T2 LR

RIS, ABIEZATOICHIZY | I TBER g, TRz £ LI2EH
FRERFRAGEEOIER bl BaRICER R B LR L ET,
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