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Research Progress on Potential Anti—-Obesity Natural Products

LU Chunhua, ZHANG Xiaochun, ZANG Wanxia, SHEN Yuemao

(State Key Laboratory of Discovery and Utilization of Functional Components in Traditional Chinese Medicine,
Key Laboratory of Chemical Biology of Ministry of Education, School of Pharmaceutical Sciences,
Shandong University, Jinan 250012, China)

ABSTRACT: Obesity is one of the important causative factors leading to various metabolic diseases such as insulin
resistance, diabetes, cardiovascular disease, and fatty liver. The development of novel therapeutic targets, mechanisms and
safe, effective anti—obesity agents remains an urgent scientific challenge. In recent years, several promising strategies have
emerged, including suppression of chronic low—grade inflammation, modulation of appetite-regulating pathways, induction of
white adipose tissue browning and thermogenesis, inhibition of lipase activity and de novo lipogenesis, and regulation of gut
microbiota composition. Natural products, particularly bioactive compounds derived from dietary sources, have garnered
significant attention due to their multi—target pharmacological effects, favorable safety profiles, and potential for long—term
use. This comprehensive review summarizes over 80 natural small molecules reported in recent years, focusing on their role
in promoting adipose remodeling, enhancing lipids metabolism, attenuating metabolic inflammation, and restoring gut

microbial homeostasis. We aim to provide valuable insights for the development of next generation anti—obesity drugs and

functional food supplements.

KEY WORDS: obesity; chronic inflammation; white adipose tissue; gut microbiota; natural molecules
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BB AR TEDUIL R IR 7 Wyt 5 0t Ji

FP R R AL TE AN 5 o W 18400 4 5910 5 5 ke A s
Mt K S AN RSO PR B 5 254, AL
FE ML EIVE 1 DL https : //news.qq.com/rain/
a/20241020 A0552800 ) FLIEAT AR AL i 24 2
ZUICIL, TOIE IR R 5K o IR, SRR IR HE k22 4
A RCHHAE AR GBI AR 2582 F RS P B R
IR

NI TR F 24 3 Fh: FHEAEITZHZ (white
adipose tissue, WAT) . OB 42 (brown adipose
tissue, BAT) FIK (G )5 Il 2H 21 (beige adipose tissue,
BAT). WAT fEMAF AP A HUfRs, A B i
(mono-locular lipid droplets, MLD ) H. 2014/ 1) g i
AN LE N, 2340 T BT AN I, o BE TR IE e
JEAYED . BAT 4L 2 55 A8 (multi-locular lipid
droplets, MLD) , & & R, R0 P IEA ik (il Bk 2R
H 1(uncoupling protein 1,UCP1), ] LUK; B8 £ N
B BT T4 RES ATP 5 U 5 Ak~ REse 1L
GE SR FL S Y AR B S AL A 87 R TRy
PRI AARHTAIL I i B AR M, BAT 404 T AZE%E
JLJA IREFTE ], BEE AR B I BAT B4k, LAY
BAT 734 T2508 Bl bR AL S5 0P, 7Eve R
B EHREMIE S, WAT diffiisafl, &#ik UCPI
AN H B R 2, RIS BAT 40 ALY P
SMAARHE , (35 2 B IR T R MO R
B 2R uepl . cidea . 3358 AL YR 3 58 0 38006
Z & (peroxisome proliferators —activated receptors,
PPARs ), i S AW BRI FE ) 0T S2 A y FE0 X
F —la (peroxisome proliferator activated receptor vy
coactivator—la, PGC—1a) K PR #5443 55 1 16 (PR
domain—containing protein16,PRDM16). {H7E =41
AL B RS S BAT 4UHRIR, PR SR
PR A5 A0 1, oK i 7 A A 7 R R ) 527 T
WA R AT . SRR LM T (Rl
) AE TR T A0 A Ak, IETE RO TR R AU A
I BEJHEAE B AR M0

VD4R, 18 1 S AE Ay 3 TR AR R T e v 4 1
BB IR L2V — D N IR T BRI
4NN T AR | SR TL-6 A TNF-o 45 [F]
I i 7 B AT R A e S, B 0 A M Ak A B
2N L L ST A 0 PR T A B AT B A I R R

20 M AN B 14 I T 20E 58 A0 M PR i B G o, 2L
AP BB R BRI IR IR R L, S EUE R
SiE , T JAE AR AR S AL JHE A E RS o 2 WAT 1
I, i AR Sy — Rk R Z 53 W AR TR N 1L-6
FITNF—o 55, IR 17 2H 208 PR S RE 1) AR, [
I, i3 TR AR A A AR BE DR Y R Ak A5 R 0 Y
s, AR VA b S AL R U G, IRZ A
(lipopolysaccharide , LPS) J& 5| dg 4= B AIL B AR AE 1 &
BRI Z — o i B S R S B0 8 A MR
LPS M iz 7 ALY, DA T 02 1A 200 0 PR 5 ) 7 A e A
T RPEA NI K AAE

R E 2 AR A AL T5 i, W NS AEAT
FUR S LR . B TR AR B R A X AR A K
BH A ATy A AR . R, B G
PR R SR AZE R SRR B OC 2. I AEok,
fe it WAT 3 (AL A 2 N5 5 2H VR BE i) I A
AL AT 245 ) AR PR KRN I3 1 N B R B R 4
TE e R SRS 3SR P R S B PR I3 i 2
IRAR ML A AEUAL A/ T L E R B A9 7 AL
JHERTHR R o AR SCERAR T Ak B RSE 2
I BRI ZE4E 80 AR HA AL 1 1 KK =W 25
g, DA R e AT I a4 ot B 0 e AR A i AR HE R i BT
S MR i 3 TR AR A5 22 T T BIL ) A 4 A 8 4 28 3
e VAR HTAE B B AR B BIL i R0 25 4530 S 4 (4 AT
RS
1 £

AW R EEAAILE BB, W oir 2
25/ YA ROl ), BAT R AR i ngy
b e e A SR ZN A BELR VR L JRR P 0 JRR B
AW L B i R L AT B g DA, B
(R BRRER B SR AR o RS K B AE M B E BT IE
JHED5 TR A A T AR, HAR A 2R DLIAT 1.
1.1 #k#Z& (capsaicin, 1) L&Y 1 J&—Fhdil it
V18 7 BT PR S A B, A TE T AR AL v, TE AR
R E AR 0.2%~1.0% , BAT HUR HUEFIPT
PR AE 2 BTG, Baskaran S5 1 Y & BE 13 o 40 D
i 32 A4 F A7 BH 5l T WP 505 VLB 1 (transient re—
ceptor potential vanilloid 1,TRPV1 VI WAT 48 7% .
TR ET S IERE (diet—induced obesity, DIO ) /)N i i,
45245 32 JA AL 1 (R IEE :0.01% ) T Ji2 iy i £ Qi |
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E1 BEFREFENRAEDRE 1~9 MLELER

YD AR BTN B RRORE R AR o DA RARIL R
1385t 5 2 BEfEEE-1 (sirtuin—1,SIRT-1) R
TRPV1 i i4 , 755 PPARy il PRDM16 RU®§fR1L . Bl
J L BRI 414H PGCla A1l PRDMI6 (1 [ filh & T 48
R o RS, B TR O i D A A (Al L
UCP1 ik Ak 49 & A= (mitochondrial biogene—
sis, MB) | AE 5 JH AE AR FNH I A0G R 0 IR ARG A
DAL, 355 b e 3-BETR I AU 1 DL ROk AR A
A BAT 1 UCPT YZRIE™M. AR, 1R R AL /DN B
i 3 VR R 8 45 A TR R A W R 5 TR 0T TR (short
chain fatty acids,SCFAs )¢ & 3 13 1A W — 1y — i
AR B AR D R B BRI E )
ST AN R ECRE , NIRRT LPS (R, Ui
55 N EE R IMUAE A9 520 , RIS AIRE JAE 52, AT
RAR NGB 1 1

1.2 > 2% (berberine,2) fb&M 2 N4 WiEER,
J2 2 B TR 1Y 2R A S s R A B, 7 i R v
VE R IS 2RI 24, AR 24 B2 WIF T RS2 2 HAT e
B HTR IR R IR IR Bt iF s
RI 2 RE R A v e v R RS S T R AT
JaAE M, AR R SIRT & C WA & MR o [
MRS (autophagy related protein 5, AtgS )2 [k
b, AL 5 B B 1 AE K-, T ELARE 2E 1 6
ikttt , [RIEE = HAE I wep I \prdm16 FIRLH
i D = R 5t MLl 2 1% 2 1 2 (recombinant deiodinase,
iodothyronine , type 11, Dio2 ) 7K~ &A= g 1 . 3=
W 2 ] B A O R 2T 4E AR i AE K T 21 (fibrob-
last growth factor 21, FGF21) {53 [ A 38 i ig 15 21
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LU SEANHLIRBERE , AT I8 SR BT i g (R RCR 2,
2 ffi i 0 40 L UCPL 25 K7 B, Y iU £ g
wep ] &R 5703 3l X F i 5 s )i e 2 (nuclear
factor erythroid—derived 2,NFE2) 5 H % F1 77 B i 3%
58, NTDEHE uep 1 BEPI IR, ERKEISEPIFGE R
W1 2 5 uepl BEDJE sl R IR v BOE SRy G- ik
TRAHE AR, R HAG RS W] A2 uep 1 J5 3))
FIEME, EUR AR 3T3-L1 BE Wi A ML wep 1
IR I iR B S 75 5 E AR R A . 2 18
I R b 28 15 T TR YT 1 18 A R R % R Gk R
KE N IE R GRS BEAE ] o R AT LA 25 2
g AK /N B (high—fat diet, HFD ) ¥4 J5 38 i A i fig
K TE iR IR B A FLRRAT T A0 K, BRI
RAEH T IL-6 Hl TNF-o 7K,

1.3 KA (colchicine,3) LAY 3 Fewn Mk
IR (Colehicum LOAEY) hHE B R, HAT 5504
HHRIRG G LIRS E A RS s k7
A 2253 e I B M BE T, 2 A RUA T R X
PEICTT RN 25 o il K a SRR I, KA H]
3 AT ARAE | R R R BRI A S R A
KAL), Choi 512 2 3 3 BE A% il 3T3-
LIWAT #8572 . R, 73 AL A AR G Se g4 S 4k
35 y-FIL T B AZ{K (gamma aminobutyric
acid receptor type B, GABABR) {45 HLAE H FIXT B3
B R ZEZ KR (beta 3—adrenergic receptor, B3-AR)AY
Wl A BE 3T3-11 200 WAT BRIl T
PKA/p38 MAPK {551 % .

1.4 oo E (caffeine,4) LG 4 2 —Fh e /1
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BB TR DU KR 7 Wyt 5 0E Ji

Vs A& AFE T ME 2% TSRO 5 g b Bl
ZEM VER—Fh P AR 2 264 ), 4 REAS BT IR b B
MR IR 7, I DR b T30 7 i 48 508 55 R I
S5 o W GITE AR NS YR AL b R B 4 580 IE A
BEIMRE RV FEA G, I REAS A R 2 BB BRI 1 X
Ky, AR R A ARG UCPL M ARTE A, 4 2/NEUR
MR Z R AR ISR, 28 4(60 me/ke)IRYT AL
INEEIBA RIS RBTRRRE  RE R IHAER R,
Velickovic Z2WWF5E K W] :4(1 mM)HG N 1 1 21 Ml ok
JRRE 7 40 ML B UCPT 8 1 F S A L BT il U A
MR L) A s TEAR N 4 0 Tl b DX T
FHE, DU BAT (=2, Mk, 44
AR T AL PERIB YT

1.5 #& 22 (indirubin,5) L& 5 XSG A4
YImg, 40 uM ¥ JE T X C3H10T1/2 40 g 35 4 1A 2 1
BEPELTE S oM BT RERS 0 2 R C3H10T1/2 4l
T UCPT 335,10 M IR BE R HEIN 17 Horf S
(pgela, dio2, cidea, prdml6, fgf 21) FILRiIAA: )
KA S FE A% ] F E2nuclear factor—erythroid 2—
related factor—2, Nrf2) F1Z iR % 55 AT A (mito-
chondrial transcription factor A, TFAM) # mRNA 7K
o EERFE,5(3.5 my/kg, 1 /2 DFET 42 8
JA AEAFZ MR B 1 G0 T 4] HED 385 5 19 /) BUA
o 2 1 o o A e W A 2 RN g s A e
BAT 977 S8 AE IR AR W A 2, 2 BAT I
PE, IR/ BUR B BT E A5 105 262X (inguinal
subcutaneous white adipose tissue, iWAT) 45 2% |, 3@ 1
S PKA Fl p38MAPK {5538 #% 155 5 UCP1 7EFR 4
JO 77 240 L P ) s

1.6 47t #(nuciferine,6) L&) 6 J& T FIAMHEZSS
AR, S far P ) R IR TG PO . HFD IRFRER
e (W :0.1%) WF MR T HFD i T [ btk
CS7BL/6J /IN B AR 5t 5 FIR 5 At | e it s A it 3
S AE B TH A OGS TR RS 17 722 1 st/ 7 40 L ) R
AN, AR SERR T IR IS AL A S (adenosine 57—
monophosphate—activated protein kinase, AMPK ) fid
A A g D7 [ B S TR 4S5 2 1 1(SREBPL) I
iR 5 I -FAS AR W7 PR 15 1 PR i -ACC 2R B,
AR T =T 4 fige 1 O B il A B 3 1l —HSL A H b
= FERARWImE-ATGL 23, 140 oA B 52 11 € 8 1D 41

41 (epididymal white adipose tissue,eWAT) H g iy R
F FGF21 FIEE o2 B4R 1 -ZAG WA, HAEHLTE I
FUE A 1077 12 28 A R e WAT 72 RS LT AEL JRE 1l R
NHAREE T 27 . VRBOTSEEIRTSE R T 6 i E A
ANBRSE R AT 40 PR 5T 2R AR L AR P IR i s 4
SN AU @R 7 35 5, FRAIK DIO /)y B 5 18 A
[, . 285 AR/ B TR R v R BE TR 1) 5 UL AT )
8 FOARL, TR e B 1) A B, R e R A

1.7 &3 F (cordycepin,7) FLHEW T X4 3 -iA
JIRE , DA R B A B SRR P o e A 2 B UM AT
I I 1 1 AN 0212 = S N s Ra B R
PEo 2R R, T AR B B BUA BT & IR
FB A L H I = R AR B RR B KO,
5 R B A 98 40 B T IR T AZ /K ADORAT Y 3R
KA WAL R 0 3, A% TS5 AT e A0 A AT 1t A )
VEFI®, A, 7 BEHE N GE 5 M AE 400 44 5 5 48
O AR 98 2 W T B D 2D WATT Jo it MR
YRR /IN, IR IE R HFD MR /N R T S84 | 184
I WAT 1 3T3-L1 73 Ak Jig 5 200 i v 7= 4 I I )
ik, Ho AMPK G E ZAER, I, 7 7RG PR B
AL A shPyscs k], 7 BA RIFHT
iy i B+ s ANTCA R 4 . 16s rDNA. i f 0 15
ERRY] LT Be WP A R R AR, RRRE
BE AT I 20 T ) 500, B DL T 1D 40 T A R R AR
BB R 32, 08D AR D 1) 2R, NI 5% 1)) HFD
T R B TR R ER L

1.8 Z%ZgiE s (harmine,8) (LAY 8 JE—Fh EA M
NG R AR Y, 2 R S AL B (monoamine
oxidase , MAO I . WF5EFAH, 8 it a7 PPAR-
y BIZRIK A 2 BOBE R /N B (db/db /N O Y
i 55 28 52 AR UK, Nie 2505 & B, 8(50 mg/kg)
Rl 25 8 JE B/ HED 513 A9 AR e AR 35 0L
ol 115 e B MR U IR S P A I =R O A R
F AU, Re AR S O, THFE I A i 4 n 5
B T eWAT 1 [y PRDM16 4b ,UCP1.PGCI —a #l
CIDEA HZIATE WAT HiAg b, RW] 8 % T WAT
(#3745 ; RACI-MEK-ERK 3424 4828 A e fEVEH
1.9 #5477 (bouchardatine,9) fb&54 9 &2=
BHE Y (Bouchardatia neurococca ) Wt 3= 25 A= 1 ik i,
gy BIHHBFE R, 9 JE i BOE AMPK SRR & s 17
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5 48 %

U LR 9 v] LIAE P I Bk VA E e 25 ™, IR
A W58 22 81,9 0 68 2 98 /0> SIRT1 #4063 1Y)
3T3-L1 AW Zmi b g Rg B & o W R IE I 451 9 (50
mg/kg) 475 HFD W F% 0 bEVE C57BL/6) /N B, RE
il A BT e 380 - o R A W RN A T 2R L, FR AR,
9 153 BAT JiE 4L WAT #57% , UCP1 ik i, F{E
PELRIARAE W) % A SIRT1-JT 40 B1(LKB1-AMPK )
B A2 T K BRI P S R B
2 HEE

w25 k& Y (flavonoids ) /& H A Ce—C3—Cq 4
MER 200 F, BT EEEA R PA
B WL 5 IUR SRR SR IR L . LAY
SR ZRE AL FE B (B ), AR () 5B
P | S S BT RN A R4S AR g SR MUK R R
IR A YUR SRR U PR T BB O
I BIR S ZRE R AR TGP AR 2L B Y
() UL 28 A T 1 A2 B AR 2 BF 2 RN )2 G, Ul

P
21 FE(EALFEE I AW
I 2,

2.1.1  # & % (quercetin, 10) F2 f ® H 4 % & (pen—
AW 10 ] ZAFAE T i |
KR B 2y RARA BT AL, BA Z R A1)
TP H 3 A 11 4 3T3-1L1 g i 4m i o1k

tamethylquercetin, 11)

LT B B0 A A OB 00 T FE L o A0 A il = R
(triglyceride, TG ) B AR 2R , I35 T A5 €0 I 117 200 JHd A S
PEIE uepl MK 11 T HFEAL HED /N B RE R |
LEE $8%0  WAT = & H1 R 17 40 ML /N, IR 1
BAT H it , 55 WAT iR EY & A4, TiH uCP-1
FAEM, 10 (W FE :0.19% ) A2 /N BB B 2, AER 9
JEEFEAL T HFD /NERUMSE TG /K. 10 I8 W8>
38 i 10 T (R WS, R R DR 2820 2 11 B—Apob 3
IRFR R A, S 2 14 0 T [PH I 2 R 9 4 BORN wep 1
il elovi3 GEACHENR TR E A 3 KL )mRNA 14
KW R 10 SR TC MR AT BE = A T
BN WAT B9 78, BIEXF TG 7 £k (1R 7 B2 1) $5%
B, AER SR R E I 0.05% 1) 10, JERER 1 /AUFT
DATT A Lb ) BG5S e A OC 1 BELAT 147
(Bacteroides ) FNB] vi & 18] J& (A kkermansia ) 1) 3= & i
HHE

2.1.2 b & B (kaempferol, 12)  fLA5 4 12 FEORYE
FZZBHE Y 1L 25 (Kaempferol galanga L.)WIARZE )™
AT & FOKR MBS, A B P Pk .
Ul PO AT RS 2 R A BT E . 12 /R RN
255 A6 B R ) S Bh ), AE NS R g AR B 1 D0 T 1
I 3T3-L1 4 X A A8 PRI, TR Ry — 4R e
5 ZEIROR 2T FT R W, 12 a4 AR B A AL L2
HERE R 2 SRl B 3 9 E RN 9 i 1 RS, e

B2 RBEEMERAET(E)RLED 10~19 HULZLER
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BB AR TEDUIL KR 7 Wyt 5 0E Ji

JIELJHE A S B T e i 7D o 40 9% Ak, 2 2 ER e /) R
PR RS, 12 FUAL RS 3 PKA 3848 A1 MAPK/
ERK 3R FEM0 1 B %% 3% 1 RN R B 32 422 28 11 ) Rk
RETC , 30 o A AT St DR A RN i T A R % i 1 e P At
BRI —EWUEEEHY,

2.1.3 % % (apigenin, 13) 1LEW 13 WEE T H
UL 1 R AR B W 2 143, 13(0.04% , W/W ) 1l il 5% HFD
P 0/ INEUR B e 38 o A A B T 52 AN R R I R G
Pi, SEGE R IR 0, (AR RE R A TG . 13 fiE
BTG N i o e, R AL B EE T 22 Ui B IR D TR
UEAR 13 IR FRAIE T NG I 2R 2 I (NF-«B,
MAPK )5,

2.1.4 # % % (baicalein, 14) L&Y 14 ZBIEF}
FE ) 5 (Scutellaria baicalens ) EE AL 22 4y, B
A A i LA A e L A e R I Al R A 1 A
o BEEELECURIE T 14 7JABGE CSTBL/6 /MR
19 5 ZEHEHT TR I S RRAIR TC RMIR S B IR A
AH [# B (low—density lipoprotein cholesterol, LDL—-C ),
XoF v I 5 LR 1) JHE IR B 75 1 A S 2 R P P o 3 ok O
PEELA LIH UCPL {EPER KRR F= W, KPR 14 nTRE
fI& ATP AY7=4= , [R] B8 0 BAT o wep 1 3 R 3R 42 gt
R, RSN G- E B EAEHIE R T
14 F1 UCP1 454, ZWF9EH0E T 14 7E3657 AT
JHEAH D Hh A/ 2

2.1.5 @ # % (chrysin,15) tb&W 15 TEAELET
VYT . M RIS, SR — BB AE RIR YT P BB
o SRBECIFGT 2 IH 15 1T NLRP3 2t/ MACRT
Caspase—1 %5 [, il NLRP3 48Pk /MATE M, B iG 2
PR A SCTT 980 IROMIFSE 2R BH 15 HAT HUig i A 1k
TP Pai FFPUHSY T HBUIEREE M, R0 15 Wi T
N R ) B A HBOR MR D 4 . K i & \BMILLAC/TC
Fb BB Jre i H5ORD FA 5 A [R) s S 3 3 i o SR A
4 AL B2 /K S 5 55 HFD 410 L, B B 40 B A AR AR i 2
BN, Oriquat™ 251 15 3477 AE 35 2038 AE bk K
S LH AR AR, S22 FLR) S AR b AR AR T M R
B P A o A L o IO AR S R AR, BOE T
AMPK #4234 7 mTOR FIS &A%, 3T LAF AR
PR 7 A Tl I 2 2 GO AR ) T A R DG R TR Y
Feik . HEASEEPIH] 15 (50 pM) B 5 25 S H e
KEGMANAE 3T3-L1, g 2D-SDS-PAGE FlJii i 4

B i L 2 I 2 11 A2 (ANXA2) AR o i
M 60 (Hsp60), H L J& 8 if ANXA2/MAPK }
Hsp60/myd88 114/~ 4 A {5 51 I R FEHT AL AR
2.1.6 F#H % (morin,16) L&Y 16 RIFET iz, B
A RAFPUALL PO BUR FIRE MR S1E S, 447
HFD TR &S W8 B 55 A P R T e AT ) R
L 16( 43514 50 F1 100 mg-kg'-d") 3 J&, HoiA i &
FIELS 4L LW/BW HUAE Y 25 AR, 38 o s
PPARy 25 S R AHT™, 78 HFD 53 AU IE AR
R, 252 8 JEIPPAl 45 SR W] 16 1E MY ppar—a L)
FeJEEE 2 (adiponectin ) i mRNA 263K,

2.1.7 ¥ % F(icariin, 17) EFFHEREPEZH
25, AR 238 A W W I R R AR A A G i A
R E AR, 17 R IR, vT LA D i 15 20
LR SR AR A B LA, 17 AP, 5256/ B
Frfe . KN WAT BURFR BEAIALTE TC ¥ W A,
PGC-1a, & 11 #£F 3% 52K 15 (fibronectin type I
domain containing protein 5,FNDC5) 1 ucpl B9
mRNA FIE KPR RN . 5 fade5 HEH R BR
PRSI HE, SRR R R 4L 28 17 TR S R TR AR
Jo AL, W 17 F 2T PGC-1a/FNDCS/
UCP1 5538 B A2 2 (1 608 105 B ok, AT & 440k 0
ok A

2.1.8 721 E # (isoorientin, 18) fb&5H 18 & 12
FAAET 200 ROk K BRNGE 2R E Y i Rk
B AT 2 A, B 2R AR S M@, Mazibuko-
Mbeje S5 O95E o R iR £ 5% 8 5 5 10 i SR AT ANk
TRIIREREAT 1Y 3T3-L1 A5 7 4N AR A | LA 25 1 45 B
MZRARE Y RSB Bk i, &I 18 JE i ol
R 55 R L BELDBIT i I 5 VR 1 b R P i o i ok
WK SR T, R T AMPK 3 A S AR AR
W, A RO 5 AR A OCEE A AN pparyla T uep 1
223k

219 AT (rutin,19) 78 HFD MRFEM/NEP, 19
TRYT AN TR R0, S T SRR A A A
FRAE B T eWAT AWAT FIHFIE A & & IFERRAC T
NERF AN A RN, 19 SR T WAT A BAT H UCP1
AP RGRGEYI IS . 78 3T3-L1 400, 19 A &
DR TR G, B0 AR IC ) 1 3k | AR TR
FEIAYERIA, IEAk, 19 W3 B iH AMPK 38 #%'©, 5l
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5 48 %

2% AR E , 525 X E L 19 (50 pmol/L) i {2
it 3T3-L1 48l = 1 (UCPL.PRDM16 il PGC—
Lo FYZEIR, 80 Nef1/2 A1 TFAM Ay 263k, 404l
NI A o 3B AL 25T HEFD ME3R 16 JEIEE ST /N FUAE AR
AL, VEE 19 WG AT LA AR B, I 4 TLR/

HO o

20

g
0 OCHs

NF-«B i B LR P2 R E , H 19 AbBA AT
FF = B RN TR A5 4 55 0a B /s BB AR R o X e 5 3R B
19 38 58 VA1 R B AR AR ) 2 A X PR 3 T A —
SE AR N,

22 FEREE ZKIMLEWIEHIILE 3,

oH ) ()
l O OH 1 O H I O
O O
21 22
OH

B3 EEEERAFER(F)20~25 HUFEEN

221 Kk T # 70 (daidzein,20) 1 3' -3 # % % (3'-
hydroxydaidzein,21) fL&%) 20 2ILEY) 21 A
R =), AR R BER Sl i in 3 . BE9E
FHTE 60%HFD 75 F 19 AL B/ BUBE AL, 20(50 mg/
kg) 45245 14 d, /0 TR i, 5 DR R BT = 80 R
JE s B Rl , S e 7 S DR RIS B T AR ) 2 S R O
FETEAE IR WA G A LB AIEE 1 (stearoyl-CoA desat—
urase 1),3801 UCP1 7 BAT Fr 15181 5 HFD 24
FHEE, 21 CHR £ 0.1% ) FE AN BCAS /N R 0 3 A IR 1Y
TEOLT B PR T AR5 A iWAT, 20 F1 21 3l iR
RIE TG FH [ B A 22 i S I ILAE ,  [RIIi-
WAT 20 AT B /N T HFD 4. 5 HFD 44AH 1,20
A 21 21/ BLiWAT 20 21 PRDM16.C/EBPB .p -
P38 .SIRT1.PGCla FAIUCP1 £ [ Z A3 e,

2.2.2  F| A 4L & (formononetin, 22) 12585 &
(R AR =1 22 3 3 B 45 PPARy fid tFfi U 40 it
FERT 22 i PEEF A R BAT 40 = I pge—Ta,
Dio2 .ppary Fl ucpl WIZRIK , MRELEHE uep I WiBRAR A
Jg W A B UCPT B3 7 AN pge—Ta Dio2 W4
K uep I BRI 22 75 T A5 €5 117 200 i 00 1) 4R
o PUL 22 A REE AR IE UCPT 2R B0 b (i
JUi7 £ B P 7 A B SRR Y

223 %k K # B (genistein,23) 5 HFD ZiAH 1L,
TFE 8 F G, A& 23(250 mg/kg )G I7 41/ BUAR 5

60

T AWAT S5 A%, LDL FIE 25 08 B R 7K S %A%,
WAT "1 UCP1 Fil Cidea ¥ 28 b5 250 T i, AR o 711 e
B R BUSMENGE . B 025 R0 il Rk B
uen3 depp stel 5 WAT #5728 br ki ¥y S 5 22 sk
AR OC PR AR T P ISR R 2 2 23 e
Wi WAT 4 78 (REFENLE ™ 48285 1AL e 3R
Bl = R0 2 RO PR A28 A AR B SRR R A
A Ko Shen S 5T R W] 23 AT LI/ HEVE Wistar K
SUOPEUIBR IS 5 | A A B 3 I AL I | ek e 5 R
U | RN IS WAT Fhid R 5 155 p-IRS1
H p—AKT, W/ IR iy 41 AE R RN 4 41 i A7 MCP-
1. TNF-o Fll IL-6 =4 38 39 iWAT o UCPL .
PRDM16.PGC—1a 1 CIDEA % 4 Fl Pgelaucpl Fil
Tbx—1 mRNA %% 557KF- 4| NF-kB 38 #% 03005 , 7
EE R R AEHE WAT #7823 1697 AEMSFRAR 1L
S0 TR R DL [ A ] Esf A0 o) P e i B A A=
A 1 (p—ACC .SREBP-1.FAS fll CD36)f{)$ik ., 23
KIAST IS T MERCR = SR AT  WAT RAE
FIUIE R D7 26 1, DT AR #E T WAT #5725

TENEJE /N B b, 23 el 5% 1 HFD IR ) i %6 A
RS AT 5 ), 2R B0 o1 B e %) i 25 M T i, O 3
JNT UCPL F1 PGC—1a 7K, HLIXEEAR{L AN 23 5]
H 8 W B Blautia \Ruminiclostridium_5 M Ru—
miniclostridium_9 W & 82 5 IEAH M,
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BB AR TEDUIL R IR 7 Wyt 5 0t Ji

224 FHRE(puerarin,24) LG 24 B2y
T LA AR FE ) S BT AT 2 0, B R A
W o I PR 70 B A5 I B 22 P Gl
PEBRAIRYT™, ik BRI R 24 T 90 ERE
Ik DOT AEAER BT & . AEREFE 5L e WAT F1fg 7 41
JRIIR /I, 0 H B S P i TS A i 3 g A Rt fr) 4
Wang S50F 5% 2 B, 24 A8 T R 38 TR F 2H A, i) 2
BT AKK BERERE, Jf @l hn i o s S 4 1
H 1 Z0-1 Fl Occludin AYFRIE , 15 T8 Muc2 Fil
Reg3g MFRIKACE  IFP T 7B R DI hE . X 2640
PR 24 X AKK B0 & £EH 20852 e+
AR S A 0 RS E B2 ik &AM AR R
LA H B B A0 42 3577 A TT 2 3 e 1A I I 4
F TNF—o Bl 2 NE 5 1S 1 S E FLINLAG S 3 7[RI,
24 5 3EUUE HFD 5 5 00 BB L B AH 7Y, I i 25 448
T AKK B E B b B AR S 7E HED 75 AR

2

FCIEZEEL A LRI B SR 153 T4
2.2.5 #EHE® #E B (corylin,25)  #MEHE N B RME
Wb RE (Psoralea corylifolia L.) W) TR R SL, 32
BRI T RN BN PG . LG 25 J&
AN IR B B PE S, ST SR 25 BRI 9 AE /D
& NLRP3 NLRC4 ,ATM2 A4 3 76 Bz HoA 5 10 B 8 %6
i S0 25 3 3o HE i 3T3-L1 Jg 5 40 Mo 4 S AR
HMH cited] \hoxc9 pge—1a Prdm16 Fl ucp I FIFEEK
Fif SRk, B T HED A DIO /N U4 5
SR D HERR, T 3G hn 1 e 5 BB R R A )
KA B4k, 25 15T B ER (B AL TGS IR AV H AT 3
SIRTI 5] (EX527 ) Al B3-AR #5475 (1.-748337)
P o PRI, 25 G 32 i 15 A A €0 Ak A i fie 2 22
i SIRT1 Al B3-AR M 134 A5 SEBLAY ),

23 FHEMA_AFWE  LIAEULA YL L
K4,

4
(0] OH O OH O
HO H3;CO OH HO OCH;, H,CO OCH;,
6 27 28 OH

OH OH
OH O HO o ©/
- HO O
/‘)J\/\‘:OH - OH
OhAe o
HO OH H H
29 30 31

4 BEFEBERREENEERM _SEMELEY 26~31 &N

2.3.1 HHEEHE A(licochalcone A,26) G RHEY)
HE( Glycyrrhiza uralensis ) A 3 AL A H A
R A(26) S5 H = o AH B oA A& 3T3-
L1 &5 40H UCP1 7KF-. HFD MESE 6 A/ S
2525 26 %22 19 d, WEFEIR HFD 75 509/ BUA BT i
R IWAT &, AR 08 D bR & 4 UCPl .
PRDM16 Fll PGC-1 o WFRIEFFR RN B, ol
HED 51 AT ZE AL, 5% MU o v75 46 4 4 AR DL [ st 7K
S I BELIBTR & B HRPT . RIIE, 26 AT LA #0838
175 5 B T A0 B AL R AR AR S,

232 H %W (cardamonin,27) F1# K L # M % B
(flavokawain B,28) {b&¥) 27 &—Fh KK F-HR,
TAE T 2B Y ¥ 5 5% (Alpinia katsumadai Hayata )
i = 5 28 J& DA BSURHAE ) 5 FC B BEURR B2 L) vh 43
B R A H R AN T SN SR ARG 27

1 28 P REME 1 BOE ERK 8 H 10 A8 5 40 0 i
A, VS RGN 15 AT L v g 7 R 1) - iiets - 27 Kb 3
AR 2 . BEAKAR DT 8 1 C/EBPa Fil FABP4 LU
KR NEE 1 SREBP1 Fll FAS 2510363k, i S48 725 b5
#EH PRDM16 .PGC—la F1 UCPI My 1L, #inT
B-4AAMLIEIH cptl Fl ppara () mRNA A& 7K. 1
Ah, HEINT PKA Bk LT Ui BE A ATGL A
EHUZNE 7 1 (hormone—sensitive triglyceride lipase,
HSL)HY mRNA FIHE B R35 i 9E 45 RAE ] 27 H)
VG 7 A AR AR A g 17 A= AR 2 A 7 ik F)
VERT, HAA VE A BUIE 254 i v 113

233 %ME (butein,29) L&Y 29 FEZFIEY
HAETE , FLA P A AL T A A 5 G R e 0T A S 1k
PG IEPE™, Song SIS 5Y B 29 7F C3H10T1/2
i 107 400 M H TS wep 1 B G SEOKOE o B B TE ST 29
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5 48 %

(15 mg-kg'-d™), 4L 2 J&, ] JFEF 4 £198 FL BAT
FPERITE S WAT #8748 . M6 s e i 2k 8 R i &b
HFD MEFE/IN R A ST, 205 B et 1 FE R 5 4K
U, IFHHIE T 29 ik PRDM4 #MiE42I40% T BAT
FTWAT %) UCPL, 350 1 B8 A A ™ $AE F
2.3.4 i % (naringenin,30) 1L&% 30 ZHHE R
S B E RS, SN E B R (isopre—
naline, ISO)HI#LAY 3T3-11 JIg 5 40 i v, vl 42 ok g A
YHMIHEAS 7= IS AR AR 7 AR . T p38MAPK
(TG AN B R L , JF 3G T PPARy. LAk, 30 @ i
BN B BAT g (s 10 4 22 38 R #A 42 it A 6 g
7 TR BT, 300 W] AR I i T - 1 o e /5 2R UK
PRSI, BRI F SFPIFSE R B 30 7F 25,50 Al 75 pg/mL
Wk BE R I RE A5 AR E 3T3-L1 B2 il h AMPK Al
CPT-1 mRNA fyIA, il ACC.FAS SREBP-1C F
HMGCR mRNA BRIk, 7rF X445 1 %0 ,30 5
AMPK 5 H AT ARES A, RIERERR WU/

235 ZZE##%E (dihydromyricetin,31) fL&Y
3N T2t TE#EZ (Ampelopsis
grossedentata) F1 % ik 30% , A PUEA Bl
P BUPE BRI IR A5 24 B 0, 50 BRALAH L
HFD 20 /)N UK S5 o 0 38 T e AR B 6 BB MU 400 e L
2 Lee’s $5BOCRLINME i 238 m , HL g 197 48 2 UCP1 1Y

Feik Tt o Al FHARGR) &R R i 31 A0 B HEFD /)R
G, RS AEAR BE W, UCP1 MR B TR oA R
L HAE R /N EIRFEARTC 5 0 . 31 4 HFD
55 19/ BRUIE JBE AT RE 5 2 2 WAT £ o 4 A7 560,
It ] B8 530G AMPK/PGC —1a/Sirt] {5 5 38 B A 3
HFD 75 3 AL N BUS I T 6 7 4121 (interscapular
brown adipose tissue , iBAT )Rz (AL AH CE2
KL Wa At
T Z R R B, LR R R AT A, 2 5
e B O DI RE R NS o BR TSR A R ek
HRAE - A EER, REEFILERKE FIRN
(epigallocatechin gallate, EGCG) /25 S /= #ny 3
By . EGCG AR B/ I T UCPL, SRR
UCP2 BY3RIK , BRI R S A AH GRS I 1 %4 25% , LDL
FIE TG KRR . HLFEIBESER Y], AMPK B2/ &
T EGCG 5 R A,
3 WEE

T S IR DA S 0 0 B I e DA 4 R T i %
Ty 2GRS T — RER RS . HastgZeRl %
(=S bR U W E A T A o e S
SR HIRA T AAAE T A R R
B LRGP E b, R A T A B M A Al i
o3 o BA AU VR T Bl AL S PR 4 H WL 5

2.4 % % 8 (green tea polyphenols)

R0

36 R = COCH, A oR
37 C1=C2, R=COCH, e
38R=H 39 ppairEr

R1-RINAFIREERA

35

\\\\\\\\\
44

\OH
\\\\\\\\\
45
Moo
\\\\\\\\/

B 5 EBFREFEREZE 32~46 L ELEH
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3.1 & ZA® (thymol,32) fb&Y 32 N ik 2%
Wy, RN E B (Thymus mongolicus ) H 73 B 15
BUTIAS 44 o F FHAE A7) 0T 70 £ 5 i g 770 A
kG5 . Choi S5 2 W] 32(20 wM )AL 3T3-L1
JE W AR, AT AR HE LR AR A ) e A A € R 7
SHEARICE O FE RIS L JFEN T PPAR . PGC-1
I UCP1 Z () EH K-, HFD JERE/NRZ 32 £543A
Jr 28 d, BN T/NEUAT R . BYEA R JFIEE
It YRR D A A KO JERRAR T N R
BRI R A AR A S o i A 2 B BRI 2R OR
I8 K- 80 T B RE A R s W AESUIE
JHEAE L,

3.2 L-## 8 (L-menthol,33) {b&Y 33 XHA
S B W, Ry AR far RS e A 3 B
HFD MEFE 8 J& J i /N B 1% ff B R IT I, WAT
(A AR A AR 1S Bk, 2 FIEMZH 2 (sub-
cutaneous adipose tissue,SAT) FlPYEAS I L4 (vis—
ceral adipose tissue, VAT)H1 1 UCP1 ik [, K
TRE VRN 33 055 TRPMS 1 TRPA1 MK#i () WAT
TE N, T BAT BEIGME, ZE = bl T EEH
I T A L P R A7 A 1) 4 B A BT,
3.3 #evb#&(1,8-cineole,34) fb&W) 34 IR ZH
YIRS BBy, EE i IR 4% NF-kB Fil Nrf2
W RIS R P EASETEE, HTIRIT IR RS
FLC ML R, =ik K AL A ) F HFD SR 16 J&]
FEENEHER 2 8 s & 34 iR R IRE T,
KBS AR 0 A | ol T N ERE B 4 B AR
i e SR R I 2 9 R DA O U R ) 5
F R RE

3.4 vt %8 (phytol,35) LA W 35 & 4 5K
TR A SR G AR TR S ST IR
#hFE 35 AR IR R BT O AT 5B, 35 AbHRE A I 2%
AN R IR A IWAT AHOCHRE, M/ iWAT
PRt Ak, 5 BAT 4 bRk 5L (uep 1 .prdm16 .pge-
Ta.pdh Fl cytoC)I IR . TE/MEIY 3T3-L1 4,
35 AN T SRR A R RE R, R TR AR
JI I 440 AR 7 () mRNA FNER (1338, Rl 3005 T
AMPK 15738 10,

3.5 # ¥ % B.E #= I (cucurbitacins B.E = 1,36~38)
FH P ER R T AR SEAT ) b 43 B A B 0 DO BR = 2R

B, AW PO T R A 2 B R0,
36~38 ULk i 4R g 1 75 X 8S in UCPL . PGC -1a FHI
PRDM16 ) mRNA FIZE R IAKF-, B A8 17
IR LR TR R, 36~38 S WAT [ K (5 15
05 40 L AR B RE BE AR YR Ry 37>36>38 11l A1 i 4 g
BH (phospholipase D2, PLD2) A4 UCP1 . PGC—
Lo Fl PRDM16 (13K 7K -1, I Ah , i WAT
PLD2 3061 AR B A o T SRR A= 5 . 36~38
B VAT IR, PLD2. 100 5] 00 i 59 X6 A1 0 11 €0 0 M 400 i
MRS O FH SR B 1458 . 37 SAIAE 7 A Mk & R, B2 71
T A R ER (K, 3 T JE N, A R
MR IBURI AT 1 e 5 2 AT, Jf ik JAK-STAT 3
R AR,
3.6 A% 2 %FF1.F2.Rbl .Rb2.Rgl.Rg3.Rk3.Rd
Fo= Rg5 (ginsenosides F1.F2 . Rbl . Rb2.Rgl .Rg3.
Rk3.Rd #= Rg5,39 AAL LF L MEX, L+ R
Ry Ry 2 AR AR A BEERK) ASRBRITREAS
W EZIEMER Y, B ZFaTEH . CiEAS R
¥ F1.F2.Rbl .Rb2 Rgl Rg2 .Rg3 .Rk3.Rd Al RgS
F£ 3T3-L1 A1 C3H10T1/2 A 55 20 i 53 Ak FAE JBE /) B
PRI, A NS B 0 v] R 410 1 B 7 40
i A A= 2Tr TE S 2  = I & 7B 0
TE LA R 5 S SRR AR R AR DA 12, NS g
1 Rg2(80 wM) b 3 FEAIK T BUAR % 5% Al (PPARYy
C/EBPa #l SREBP1-c ) H) &1k /K-, (R P 41 i 25 f iff
AMPK, JE T 835 ace F fas 2580 L A, DT 900 1 RS
Ui A BN, SR Ag i AR e, NS R 2
AR T Ppary M Perilipin W3R 2235 KF, fiil
3T3-L1 4t A g s A6 s/ JE SR, R, N2 R
LA ¥ A 5 o R T 855 A JRE 75 7
3.7 Bk (withaferin A,40) L& H) 40 & —Fh I\
AR o B B 0 FS AR IR, RRAZ I 1 i N R R
AT 2 WA K e R A DR, I8 T 43 40,
CSTBLI6J /)N BV Jo £ 145 &R AV i i 21 29 7 i 4% (8 5
T XA, (HEEE S To B ARk, iWAT 2 3 g7
M ARRRAE , 48 A8 AH DG Ik PR 387K OF i 3 4 55, UCPL
I PGC-1a FRIKBI I, 7R 40 o] fEiE 152/
Bl WAT 4825 HED 75 5 (1 IR,
3.8 H KA EHF F (madecassoside,41) L&Y 41
SRR AR ) RS AT R, 41 AT L
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5 48 %

FE A PR KK—Ay/TaJel /1N BUAY 1A 58 1, He S 8
3 3t 5% Wi 17 41 21 rh SIRT1/AMPK 1555 5 5 v B
SEARWTRR AL, X WAT HY-5 B 5 . 74k,
W EIR T BAT Flls 5 BRENR T 2H 23 7 $ARH 5G]
F(UCP1 .Cidea .COX8b Fl COX7a) iy Fi5!I,

3.9 FAGELE (celastrol ,42) LM 42 T
X BHE Y E N BE (Tripterygium wilfordi ) H 43 85 H 7Y
HIR =M G . 42 ABAEENER L L DR
P B o VRT3 A IR T AN BRI BT
KT 45%, X Tk 2 98 58 8l RS2 AR /N L
ARER, WA RFRY] 42 42 1/ BURHE 3 A0 BURK
PRI AL, 42 A FRER T 1 TR R I 22 R AN
FFR T 1ERERE T LA, R E W TR 429h
SPNEIE e R 45 T AR S, Al R
Mk — 0k B 42 455 IR TR ML A OC A A 1
(recombinant adenyl cyclase associated protein 1,
CAPL), JFU/ THEGLR A CAPL Z [ (4 AR HAE A
PAE L, RPN B A 32 v IR T B 175 AR I 258
G HERY 0,

3.10  F8UEA (oleanolic acid,43) fb&54y 43 &
Z o3 A TAEY b B O =i 28 o), AT B 4R
LN PR AR BE AR i R T4 R . FH]
Or TR 78 I 2 AU R I AR AR PPAR {7
I B EIE RS PPAR {5 S B B SR RPN R
HLS AR AT 43 P R e AR,
— R HED 5 5 AR S R RE S 1 43 2%
TR R PPAR 15538 B A HEHUIE FEAE FH02Y,

3.11  £#F | % (carotenoids) I M EJE—2K&
HEPRIROR ) IZAAE TE R KR (AR S
PRI &R R D AR DR EH 8 N FIK
T ERITT RAHIEIE MU 40 BRI T 2R SR
REy, M aY . HAA A ST Bt
TEFNGE G L F INRL, RN SR 3R A B EORIE .
3.11.1 B-## b % (B-carotene,44) 1E 3T3-L1 fig

OH O OH OH O OH

55,

48

[0 240 L S B v, 44 B2 RS T AR IR R S AR
% H (UCP1 .,PRDM16 1 PGC—1a) FIK 0 i 1 45
PEREN (¢d137 cidea cited] F thxl ) HFE kK F- . [A]
I, $&m 7 WAT g 105 A i s K7 C/EBPa I
PPARy W3 iA , FEARAR i A= ibniC 85 1 ACC AT FAS
2k, 44 Wi FIH ATGL . p—HSL . ACOX FICPT1
AT R i o3 e AR W Ak, T AR S R AR B B T i
2,
3.11.2 FE k% % (zeaxanthin,45) L&Y 45 &—
PO RIS PR FEARAT Z0MTE
KGR EG SRR T A KRR AR R
i . 45 @it i UCP1 I e Az g i 40 i ic
VIR RS AR Al BSRARIAR DNA & it flZoki
TR W 2 A A S RE D B9 mRNA K, U2 I8 1 40
JE it AT L Y b A SR AL 0 0 , 0 38 e 2ok A
FEE R AT, 375 I 240 PR 9% P AR R b (4 A0y , 3 ik
AMPKoc 1 il i J53 AR 52 R 2F 5% €2 K €20 175 200
HEWIAR AR R0, Zhao ZE04FBIFSE I 2 45 3
o B SRR iC 9 (CD137 . TBX1 SIRT1 .CIDEA |
UCP1 . TMEM26 Al CITED1 ) i35 K Hl3# 3T3-L1 g
V5 4t B 4 A2, I 38 2 3% i PRDM16 . UCP1 .NRF2,
PGC-1a Fl SIRT1 [ ZRIRNFAEHELARARA W) KA
3.113 ### % (fucoxanthin,46) 1LEY) 46 FiF7E
My rp EEL AR MR, AP BT
R PUICRKE L Kb A 2R A T AN BAT /R 2% 16 BRAE
AR ZEARIBRITY 5 T, 46 BESEUERR T 4 AR
M4 fk, LR WAT hZpifk UCPL 3Rk, HAA b 3
PIBTAEREDIAY (A AR E DL T 22— 2D oR .
4 ERZE

B A A PR — 2 B B X250 i A 1 53
FELAy N ORI 2R | ERR A B 4 25, Hop PR
Bp R B ROR ) Z5R R BOER A AR B A U
O H kil S AR FR P HAT O T M RS A
it LK 6,

B o6 EBEHFEMEEEMBRZE 47-50 BLFLEH
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4.1 K#F#&(emodin,47) LAY 47 2K (Rheum
palmatum L.) " RIREIRIE LS. DH5E K HFD
MR CSTBL/6) /INBL, #2245 T 47 (40 FI80 mg/
kg) 6 J, FEART RERAA TR A SR . SeE it
i FEARIAR 52 KB T E a1 42 (seWAT)
RO, BRI 2%, 47 WS AMPK R TY
B 52 WAT s 2 R T FIRE (AR JBT1227, 7E HFD
BRI RS2 R T, 47 BEIEUE scWAT 1875, i
TG BAT TEPE, 0 47 XF scWAT A1 BAT Hy# i A
N T EL e P A,

42  KF®k (rheic acid,48) L&) 48 M EI K
# (Rheum palmatum L.) 7> B8 B RIR =Y .
HFD WS C57BL/6) /N A IRIZAGE Y 4 )7, X
ZAK (Liver X receptor, LXR) #8JL [H 78 3T3-L1 Al
HepG2 4l () 3B 7K R il . 76 WAT LR FTH
JIEH 48 F AR T 55 M8 M A iR IR [ AR 3 A G
LXR UFEA A FR5L, JFd 580 LXR 8757 BAT
UCP1 23520 7 7 A FRR DG AR a5 3 AL,

4.3 PB-4 a8 (B-lapachone,49) fLEH) 49 E—
Pt AR ZRT , HA AURR (R 25 48, 2 R AL A g 1
(quinone oxidoreductase 1,NQO1) [ ZIEY , GE
1E NQO1 [hfiEfk 42 gk NAD(P)H 1 0, & 4 A Akik
JERLR o 49 RbFRRE TN T LR R0 I ks T/ B
JEPHEDO, RABFSE R I, 49 R WAT (4742 , 34 m
BAT F5 PR uep 1 WFRIR DGR BT HEHG I ok
HFD TR /NS 280 50T IR AR [, 49 4bFEfY
/NERARIL B B A RE R T RE . ZEAR AR SEG L 49
HEINT A T AR W A0 b BAT 55 LR

Fik, il miR-382 (RiL, FEOLEHER Dio2
9 o miR-382 1L 8 S 2 A T R I A A ) oK 2
05 2 R F 43 Ak, T 49 38 ] miR-382 YR IAMR AR
TR AL 534k, JFRIN T Dio2 Al uep KR
K, DN B AR 175 AR AL JREL 1,
4.4 A8 1A (tanshinone 11A,50) {L&% 50 &
FESAR T R BRI 2 — ) I N 0 i A
P I 2 R e o A BT R RO BRI /DN BB AL v
50 FIEE AR M A S SRR B A G R T R (B
R . 0t I B Z AU R AR AR S . 50 (2 i
WAT [ Kt 5 [ 22U AL, FH80E BAT. 7 uepl @
BN BRASEARY ey | U5 3 L6 A o TR T o 1) 52
Wi, FEHX BE2 02 UCP1 KA . 50 il it AMPK-
PGC—1ou {5530 B3 NG 7 A A wep 1 55 7= 3L R (1
Fik,
5 ZTHEHEE

T ERA YR AR A R — R
KIRF=H) , Hood 1 PRI D5 BRaa s A [R]85 H AR I sk
HEAE Y B, S5 R RIS M 24 . B I
ZIAULA Y Z5A WLIEL 7
5.1  #= B A& (honokiol ,51) fLA% 51 —Fp K
SRIIUANE 2, A 22 BHE Y AN (Magnolia offici-
nalis )53 B E] HA UM BUAAL BT LR
P2 AP 25 W TG MU 51 Zb B 3T3-11 Jiig 1 40 o 12
# T BAT RSP HESEN AN cidea . cox8 fgf21 pge—Ta Fil
ucpl WFRIKKF-, BFEHE = ACOX1 . CPT1 ., p—HSL #l
p—PLIN (8 1335, FEARIE P4 ROS JKF-. 511%F
() B 10 o e Ak 38 o 0 ERK A0, [RIE 51 9875

OH
OH OH 56

7 BEAEREENNZFELULEY 51-60 HULFLEH

58 R, = H, R, = CH,
59 R, = CHs, R, =H 60
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Jin 3 13 A= W A ORI SCFA AOAR IS K, & hn T
AKK B, HEFRAK Oscillospira (32 FEI, /N2 %
B, 5 HFD A L, W& 51 A9/ RUZE eWAT H1 G 1A
JI FE ARG, B M 2 L AR A/ o ol 2 1 B 2 2 43
51 LiE/NEL eWAT 1 30 Fft 8 (4 JF R 18 98 2 1
BT, Horb 2R [ B O- Mt 344 2 Bl 1 (sterol O-acyltrans—
ferase 1,SOAT1) R G 1B 51 B T SOATL il
C/EBP () mRNA FIZE (1%, #nT HFD /ML
UCP1 (23R,

52 KAk =® (cannabidiol,52) fbL&H 52 & KK
h E R IR R E U B R PR TR AR A
BEITPROR 7RSI LEE U R 24 o A 7R B0 K
Jok A A T % K BR AR TR ARAOR W 3 R At i
(P TR Y o 7E 3T3-L1 JE 40 b, 52 #9517
€ g 05 R 5 1 bR g 55 B (uep 1 cited I .tmem26 .
prdml16 cidea thxl fgf21 Fl pge —la) Fl FE [ &
(UCP1.PRDM16 fl PGC-1a)f) 361k, AT REM i I TG
PPAR~y il PI3K fl£3F 3T3-L1 NS 40 M At vE 2% . 52 14
JnT CPT1.ACSL.SIRT1 1 PLIN % 1 & 5K F,
[ T JNK2 . SREBP1 il LM, fff 57 45 5 & 1
52 R EALRB B, R B2 i T R AR, Rt
52 AR BT TEIRTT 259

53 @#EF B (resveratrol,53) Fo% 48 K (pterostil-
bene,54) fLEY 53 IR OmI LY, BA
i S AR 52, A SR S b B DL R AL . DEA
LW 53 BAYURE BRI PO BRI E
HAFZ PSR MR R EE Y Y, 53
(4 FH AR AT A= 1 54 2 DA RS AR SR T 75 31 1 BE
AL B, B BURE PR AR A5 2 Fh s, 53
A 54 G SEIMAORLA R JC 1 5 IR 5 TR AU A A 4
BEF PG iBAT 17 #4ABE /1,53 7] BEIT PPAR it
PERGAEIST A N AT ST F I 53 38 ik 5 IR S i
e s N 7 € R N 2 7125 R IR B 77BN R A
A5 T R AR TN, A5 B A TH 358 i
PPARy #I il EL W 4 LAR T R 45 5 85 11 1 (fatty acid
binding protein 1, FABP1) 5L FRik /b T IR R
TN, B TP S i) 8 R IR L B AT Joit I 8 A
F BAT P K55 WAT kAL i HLI T i , WIS
2 & AMPK/SIRT1/PGC—1a 8 14, fEHTR 7

66

If , 54 F&A% 7 HE R WAT o NF-«B AIBERR 1L K,
) S84 H 1 TNF-o IL—6 I IL-1B FUZRIA, 5 T
Jig 35 R DAY ST P I 95121 54 B ) fi L R
LK, I8 T i R R (] A A R

54 %% % (curcumin,55) fb&Y 55 & NEHE
TR 25 73 B ok Y 2t — 07 B BRE 28 AR ™)
HAPUAR MG A A AE M), Lone S54f3H T 55
(20 wWM)BECE AMPK #5216, 1 5% PRDM16 1 PGC-
lo 7€ SD KU iWAT (35 EAh, 55(20 wM )1
5 T HSL P kMR B iWAT 43 it R il i i A=
A, ETR 55 (50 B 100 mg-kg™'-d™) AT LA
SR, B mtDNA $5 DUECRR /N BB FE R,
RIS U 5Y R W 55 BE NS U /N g D7 40 A AR iR R
JIN, B TIN5 A LA R AR o AR = 55 AT 2ok
K ROS 722 R F 4N ATP & . 55 ik lg
J bR s M R (B3-AR \pge—1oe Al uep1)(¥) mRNA 3
KK BHIT B3-AR W REAN ] 55 fiEF WAT f7tafk
(IVEH o Zhao 25U 55 F|EARIIETE S S 01k
AN P AR 7R R . ek, 55 (10 wM) & 25 3 5
A E 7 240 L 2 A A DT 2 T RE AR ) R 3 o O T
PPARry JIl R S0 R FE Ak 0P 10 ATP £ B3R fife 4 BK g
1o 55 b BEWLSS HED 755 49 AL JHE /N BRUIE 7 4L 4L HY
JEASAS AL, TER N FT 3T3-L1 Ji 28 105 40 i vh (5 355
P T 4K UCP1 .PPARY .PGC—1a I PRDM16 25
ik S Sv

5.5 A48 (myricanol,56) LAY 56 S S [k
IR A, o T B A A D R IR Y
Lo RS . EZ A TR i ati)E
AR B . 56 i FIE AMPK 34 in gk A %L
S AITIRE , T80 IR J5T AR 22 048 50 ik 52 2% A ) A
HPHARI, HIBIVE SRR AR, BRI
3T3-L1 R 4n i b AR 5T &% i o 75 HFD MEFRIY/NR
H1,56 JA YT G RE R s E B UL A AR BRI AN S R R
FRAE L T IWAT 728 R 2 il T JHE R 5 R B,
PR T UBR & 3 BURE 2R T IR B R AP
JHET TR L 5

5.6 LFEE C(malabaricone C,57) L&) 57 )&
A G SR A T B 2 O R T b A A R
d BUEALFIPL B L L Othman Z50SUF5E 26 W] H # #b
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7t 57 (VR FE :0.01% )t F i DIO /N BLUAY 4 o 12 18
AR A A BRI A7 G LS TG AT FFA A97KSF, A
s NG o Ak, 57 B AREEE KR BB NE A %
iti (sphingomyelin synthase , SMS )%, g 5 43 Br
W] 57 VAR N SR B 5Bt SMS ARG, 2
BT PR ET 0T
5.7 % %iT A(panduratin A,58)F2 %% % 7T A(isop-
anduratin A,59) L&Y 58 F1 59 & M 18 3 (Boe—
senbergia rotunda) 4B A% N HLA BUIE BEVE 11
e &%, TENLANIE T 58 #% T LKB1-AMPK-PPA-
Rou/d 5 538 [ , 35 T kiR S A0RE ) o MR 5250 3%
B 58 (50 mg/kg)¥i4% T DIO /NEL WAT ik, i/ Mg
JUT AR , [R) S A3 T I R S AT i o rg R AR, 59 )
S Z W R AL AR IS G LA XA A
TR T RBIFSE Ay M1 e 22 MR A Ay 4 il 4% Jo 2 A
B AR (8 D RE PR £ S AL T AR
5.8 Cajanolactone A(60) L&) 60 2535 4 U}
¥ K G (Cajanus cajan(L.) Millsp.) i) — 28 215 AT
A, B R U AR TSP . 60 (40 mg-kg'+d) A
Bii C57BL/6 /)N BRI P SEUI IR [ A IR | iR S8
NG AS AT D) REREAT , X 446 28 F5 A Bk L R i i 1)
TR FNG T A B i s,
6 ZEPE

HA DI G A2 A S P 4548 DLIE 8.

(0]

o}
HO
H OH
O
HO O
0

63
B8 EAREEENSHELEY 61~63 ML

6.1 ¥t (ellagic acid,61)#= jk % % (urolithin A,
62) ALEY) 61 &) IZAFE T RE Bk KR B AR
T Z2 B ARy AR AR YR ARG, AR B R s i
61 TENH L) 8 i R B R AR 2
(8 e AR R T BE A TG VR PR R 2R A G e G B [
B IR RS AR AR K R R A L i e R
PERBMEN . BRI, b5 61 AT K DIO K
BRI I IR R KO« s I U B A 5 A R o A bR
B, BB R T WAT nf S SE R ARk . 61 841

BTk A ERIC Y CD137 Fil TMEM26 DL K iWAT
TFAM % mRNA F£ik7KF-, 61 #iffiE#F 3T3-L1/SVF
AR UCPT B A% €5 FIOK €0 Ji8 17 48 it LA B2 2k
TR ah F1 2 AR SE T 638, 75 S 1 IR 7 40 B 1 K £
I F5 4 L £y - e

b4 Y 62 3 i 1 38 BAT (1 7= #4E F Aifs &
WAT 78 K IG M BE S AE . 62 I I H 2
AT BAT FIiWAT ¢ o = FFOIR R IR R (3,5, 3 -
triiodothyronine , T3 ) K-t i 5 | 2 1Y , T3 410 1 1) 7 5k
FHREE  (propylthiouracil, PTU) W] BT T3 /K¢ T+
o AR, AP DO AR iR 5 2R (tetraiodothyro—
nine,T4) 1 LI PTU kb B (/N K 2 62 % S 1Y
BAT & FI A G RR I H7E , 4875 T 62 il ik HUR AR I
FH A AR D TR,
6.2 ¥ 8 (usnic acid,63) (L&Y 63 HA MK
TORJTURIR E ARk B T IRARAA S, WoR ki P
THR A DRGSR FITERARBUA R & 63 11
fR R A SR TR . R A SRR
TRl 75 b 78 700 5 SO A 5 B 4 A 25 52 31 T
B2 S S sl
7 BEREERERE

fA] BN R IHR I AREAZ L HA Co-C3 HoThy
FARFT WAL A P WA DT 8 D B 2R TN R TN T
& HOm A R A5, BTG RR B i BER T B
WAL TE MR IZ B S Y Sk DL 9.

(Y Yy
HO
66 CH; 67

H9 EERIEEENEEETERLEY 64~67 ML L
7.1  # %8 (raspberry ketone,64) L&Y 64 HiFR
N RIRNEWI AL 7, 4388 AR SE . A
251 074 £ bR R IR 64(200 mg) , iESE 6 JH, 45
RN 64 A2 {1 K T i 17 R PN JUE R s s 0 50R B
F 5 B bR B 0 T B AR NHETT AR IR 2 B R T, 64 A
B B IR, 28 e b R 5 RS 04 o 1L B S50 . o

67



2025 4F

=R P EA R R

5 48 %

TR R BN, X B AR L, = I & 64 (i
FH UGG HFD B2 K R 2 IEREFR b, A48 A BT i
Lee’s T80 MUBH 915 25K 7 | A% =100 | ifn 7% 8 %
KO B R URFE B HDL-C /K- R0 2 IR 1
Ko BFFEAE TR, 64 38 AT TR 2R AL Lk
2 19 5 AU R HCHU L5 G R FEUIEAE o
Tsai 251 W58 th % W] 64 nf 3% 1 2 41k B
3T3-L1 fI§ 5 40 i vf FNDC5 & (K, 528 m
PGC-la Fik/KF, Hi5R BAT #5ic ) (PRDMI16 .,
CD137 #1 UCP1) FIIMLZE A G -1 (heme oxyge-
nase—1,HO-1) 7K.

7.2 W8 (cinnamaldehyde,65) L&Y 65 TR 1E
R RV Bz T A5 T b, LA I B P R AR
HR AR EA YR Do G 4> it VE R . 65 T-HiA]
8 2B 1k HED W57/ B 5 0 1 1l B 7K P 09
B 1M 2 I s e 398 o X s 7 240 A Fr) 28 K AT
HFD /)N BB iR 5 227K, ot /N BRI o 46 % T
TERIEE 5 AR, (TR 65 5 UCPI 7F WAT Hh
ik, JEBGSE T WAT fil BAT *f PPARy.PRDM16 il
PGC—la BRI,

7.3 PA#R (trans—cinnamic acid,66)  fE 3T3-L1
JEWA0HE L 66 175 S35 N T 3T3-L1 £ 0 fig Wi 4 51
FRic4 (UCP1 . PRDM16 il PGC—1a ) (I EE 11 & AR

(0]

68

R W R S 3L N (Cdi137 . Cidea Cited] Thx1 il
Tmen26) WIZRIKKF, DL RAR 08 B 5 5 1 2k
(Lhx8 .Ppargcl Prdm16 Ucpl Fl Zicl) 35K,
66 7 -1 (2 I s 41 it Hh AR AR s A i s TRl C/EBPa
%ﬂ PPARy 3515, Wi7E BAT U4 E T 1 £

, I EVE T B B AR, aE S B3-AR A
AMPK {5538 #1755 17 6085 5 20 it g Aol
7.4 3T B (sinapic acid,67) L& 67 TEAEY) 5t
Iz A AR R KR S A REME Y
HAYUAL SR AP IESE 2R A Y)E T . 67 35
T PGC-1a Al UCP1 AYFRIA , 38 2 77 12 A M b - 341
FE AN ok S AL BRI AL 525 1 0 AR M I B A7 1
Pk ORAE IR A K A AL, P38 MAPK 41l
FIF CREB 150 B AL BRREAG 1 7= 30 Zobidk A= 9 &
Az RV A R TR DG IR £ R kel
8 SEMmMMEAR

GAIETR AT LI A G B o i RV GE . AR TE BT PR AR
W TH BRI I R ARROR L B R sOIE R .
HHTIFFE R B, BRI 005 2 AL IR b I W A (0 2 R 1Y

i, AT B, (R IR R K B L = ] AR 1k
ASHEE/N B 2 A PR (H— LB 00T 2 R TR

RO 300t v AR 21 s A8 A9 VE FH o ELA AR TS M iz 2s
BAL AW S5k UL 10,

o NH, H
M N o N__NH, JL
HO™ ™ N Tg)\/v \g/ HoN OH Ho
. H
69

E 10 EFHEEERSERMESE 68~71 HLFLEH

8.1 L-% &8 (L-theanine,68) ZM A i e
SR L5 R (68) 2 AT v Az e Fit i 35 2 Al
5o Kalezic 5% BUE 1 5T 68 (100 mg-kg™'+d™)
A5 /N B P AR RS IWAT 848 I8 LA
CRERRE 328 prdm16 Fl ucp 1 PP HIER )3k, [A]
I, 68 455 T RE W40 AMPKo BERR AL, 3400 T o
i 1%, — 1% (alpha—ketoglutaric acid,a—KG)KF-, 1t
AbIREGE T HFD NG IR | s 1 W 2 R 1)
TR IFRRAR T IS I R I R
NEWGHR 197K F- . 68 (30 mg-kg™'-d™ )AbFE HFD MEFE/)N
BT, BB S R RE TR ) S AU RR 1) LU A, 35 T

68

R SCFA Y&, B2, 68 TEXHT/N UK
VB RUNE Ty T HA AEVER], X FTREYS ) 68 15
(14 W AT 46375 1 g 3 BT R 19 AR

8.2 JNABE (L-citrulline,69) fb&% 69 J& k& rh
o IR E R TR A T FIE R, 69
AEAZ I IR AR /N (2~4 H I )WAT SMEZ441 B

b AHRSE I AR /NRL(25 I )WAT SMJEZH 4 IE]
B, AR /NEURT HED MESE (9 7 4R /N B UCPL (1
mRNA FIEE R KK BT 4R I . 69 A3
FAE/NRGE B EIE T UCP1 . PPARY .PGC—1a Al
TFAM (35, T ppary2 FER ) F 3k, 5| GE
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T T FE AR 2 R AR,

8.3 L-#% 48 (L-arginine,70) MEFRILEY 70 )5,
/NEIEI4HZH UCP1 I NO A BEE /K . P23
KNG W EERE N (cidea cd 137 1 tmem?26) (2 ki
R AEFR S (PCC-1a LKLR DNA 45 DU%) NRF1
PPAR SO BT AEEE) L] e e WAT AR taflles,
8.4 L-RF#4(L-rhamnose,71) fL&Y) 7181 4R
15 3T3-L1 JIg 105 4 M b oK 5 S AR e B I (ed 137

cited] .thx1 prdmlI6 tmem26 Fl ucpl) HFeikK V15
SRR [FIBF, 71 S8R TR T A0 A b R G R
H A RIAZKF L 1 48 % T pHSL . p-AMPK . ACOX
F CPT1 K-, JFREK T ACC.FAS .C/EBPa Fl
PPARg 7K F-, 71 ifiid B3-AR.SIRT1 .PKA F1 P38
() Z2 Pl 5 30 B DM R S 3T3-11 R 7 40 A 2507,

9 HEXAWLEY

BRRL S PR AER WA 11,

O OH

B11 EAREFEEHETCRBELEY 7283 HLFEN

9.1 et (ecliptal,72)  ZFHEYIEE W (Eclipta
prostrata(L.) L.) BAT AN | L2518 14 3 il ik i
FIR B 72 SR8 b HAT = BREEM Z5 A Y 1k
B, AR 0 i PR MR TR I A 2550, — i
4 0.228~0.334 mg/g'"™, T3-L1EC 4] 72 4bFH , 42
BT REECR . HIR T PGC—1a A1 UCPL, JFHGHE T4k
KRG A=) K A= AR o TR, 72 IS REIR LPS i 5
(18 S FHA T 22175 3 1 PAYJBiE PO I o i ok g A1 3R/
REKZR (BRI 0 R 2 22 U,
9.2  #HF B (lipoic acid,73) L&Y 73 TEHLAN
VER TGS 5 W B BRI | BLIRvA M 5K
VPR R | 220 E WU 320, AT LA B SA AT fn]
A A BT AGAE T R 2 PR I 8 A R
L FRE R AVRIT IR, 4TS T3 BIAIRG (LA-
CD)/INEU A I T 6 B . KM, 73 A B OR 5 -

FRIRG )R S—oc (B 7 B2 FIIRG ) B0 t 25 A8 g i
TH#E. LA-CD 27% 1 g fith e & AT A O 2R 1 o 110 i
KRk, LA-CD MRFRZ/INRAY BAT Hoi s CHE 4%
[HF sirtuin 3 Al PPAR PGC—Ta DL K F AR AR AH 56 i
TR R S AR L L . AE LA-CD b7/ R
) BAT ., FU#E [ UCPL F1 UCP3 ) mRNA
G A SE SIS U=

9.3  Z kB (sesamol,74) (LAY 74 JE 2 RN 2
SRSy, AR PUAALRE TT . 74 FEAR HFD 5 &
(R RE /I BT & 6, SRR o &5 AR, B35 A R s
ML UCPL B0 iU 3T3-1L1 iR 4
MRS S RET . IEAh, 74 SR SESRIR 1 R KA 4
5 B3-AR .PKA-C I p—PKA JEEYI AT 1 , 42 & HFD
PERACHE/N B UCP-1 BYRIBIKF-, 175 S RE R THAEAN
WAT #7811, 7£ PPAR F¢ 0 HHIER T 74 45
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AIAFIE FGF21 F3AFMI%, SEM BR4 FGF21 X} i i 4
U R A2 1) A ] S8 2 A ) e, ) o e R A R e B
74 T i 2 R0 A AN B PRSI FLER P
{18 = R P 3 AR W B M TR 1 2 i, I
T SUIRAE N S MR R LPS KU, 2,74 g
R R A BT BT A TR e i T TR R S
Z AL R AT RO e A AR DA 5w VR o
9.4 %8 (6-gingerol,75) ALGY 75 NHATFIREE
e, AR PUEFEZ RS L, ARk, %
M T TR A B BV ) A2 60k, E 2
TEAE L6 A0 R 05 434k | 38 iR 24 b Ak Ty R A 45 P 1
PRESE JLAN ™, 75 A2 20 AR I 40 A A8 A (o oK
Ol Wik S FE N (pge—la . cidea . prdml6 citedl |
sirt] \tmem26 Ml uepl) F1# 1 it (UCP1.C/EBPB.
PGC—1a F1 PRDM16) A 7K V-3 . Fad 1 i
— S LORAR A R AE ARG Y (TFAM (Nrfl (SIRT1
p—AMPK/AMPK ) 133k 7K -3 fin 3T3-L1 40 g h
T I 0 1) AR RE S0, S T R AR P I R 7
R, w5 R, 75 @it 1 iH TGFR/SMAD3 155
i AT U8 PPARy 4 i 7 40 M 1 A0 L 75
TR RSN BEAAMRZENE 12 h e 24 h 5, ek
S 1 T TR A ) P 1) 2 A TR SUBE A AR S O 1 56 11
A R i L PP AR B S E

9.5 vt&% (phyllodulcin,76) L&) 76 ETES 3k
AR (Hydrangea macrophylla var. Thunbergia ) &
LA —Fh SRR, B8 RCEE3 I 5 B, T AR
(R SR AR | DT B35 BT 7R 24 16 BRAE Bl RS RUATLAA v Z2
KA, 7K PRI 4trh  #h T35 T Ik 76
A SRR AICAR A A OGP ) mRNA Rk, 48
c/ebpappary Fl serbp—1c , ' ZZ 38 i g i 48 228 AH OC 5L
K235, 45 prdml6 ucpl pge—Ila Fl bdnf—irkb
PLK V8 bdnf-irkb 5515,

9.6 ¥ F#HF (glucoraphanin,77) L&Y 77 FE
FAET TR g e h , A S PUE AR i 1
PEo 7E HFD MR AGEF AR RN 4078 77 Rl gz 14
Jo e B U I A U P | o T R 5 2R
B o (HAE HFD BEFEY Nef2 SR/ R A 1% 8
%o 77 KPR HED /N2 LPS ZKF-REAR , Al
FEREIN,iWAT Fl eWAT 1 UCP1 25 (123559 i, vk 55

70

T HFIERR D5 Az BRI e ik N A U1k | 28 B0 1Y
M1 L 5 230 AR 3R SR {5538 s

9.7 ¥ ##% (sulforaphane,78) L&) 78 RSk
TR B PUE TG MR SR I T, F AR TS YT
PR AR b o 78 SE A G N LKA R I B il
IEPER S 3T3-L1 BRI A, HAHLHIPE & NFR2/
Sirtuin1/PGC-1a {5 53l #§ Al UCP1 Fikiy [iH . 78
IRHEBR T 3T3-L1 i /s 240 0 1% 75 2 W5 SN 4 AL A
FH BB i 53 fi RN 105 TR S A

9.8 et 4 2% (hyperforin,79) L&Y 79 J& M
B3 (Hypericum perforatum L.)"h43 55 %58 1 1%
YERLSY , HET 12 T2 b BE R ARAE i — Db
FRI 79 i HAHUR B FIs LB . Chen 55
R AE 5T 2R B 79 il i R AMPK #il PGC-1a KA &
UCPT AR 1) 3 A2 A 80 7= 44, A A B K el
Tk A E N AR BE M S - & BB RS I (dihy-
drolipoamide S—acetyltransferase, DLAT) -} 79 ) B 4%
I3 FHEAR, I ELA 7R OO I 17 40 B 7 FAF A 25008 B -
WA 2 G AR e,

9.9 HHE¥ 3 (oleuropein,80) LA 80 4355 [
MR (Olea europaea L)WM, J& T 2R PRI ks 124
A, HATHUAN A B 5 0 S A R i s AT 45
THPED, KBS HAIE S 80 K Ayt i 151k BAT =
PHOIE I HAF TR BRUR Z Kk TRPV1 B9, it
JIE PREAICRL 5 R A 250,

9.10 % vt ¥ 3 (asperuloside,81) 1L4&% 81 )8 T
IR 2 5 . DRI, 81 AT LAREA HFD /)R
{1 R S5 S 184 o A B T A2 R S BT, B
%5 1 18 B 4N A kkermansia .Roseburia Anaerostipes Fl
Parabacteroides W7KF-, JE3G Iz B AR ™9 SCFA
i, S T B REARES , T a0 B B AR T
NE AN 2 FUBE RIS

9.11 #HE % (equisetin,82) L&) 82 JE IRk
VR L BR 7= A ) LA R B A SR 6 P 1 2 s 2 P,
A 3 g B U 4H 4 11B—HSD1 A 3% PR 47 s, il
113-HSD1 &M, T W ARG 05 3 fh 5L D RIR ot 5 i ik
R IR , I iR AR A = B 5 437, B 441
il i 10 4L 2 i R HE BRI S BURR I 2H SL A e R RE 1, 3
FUPUAL B R0,
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9.12 2 A A KBS % (diphyllin, 83) 4 ffi/KF 4k
) 83 FEHENR 7 Ak (b A= 4, S BRI
RGN, WK I 83 (100 me/kg) k3% T HFD M
i /IN BRI I A A T JRe 5 2 OB | AR i o
FURRNG & 5 b, YRR 7= 8 2, I R A T
BT LE 3T
9.13 % R iafelg A (polyunsaturated fatty acids,
PUFA)  PUFA [R] W 330 -1 g B AUZ o UCP1 A1l
UCP2, Z ARG 17 R L A6 R AR 17 98 9 06 Be ) BT
SR, RGBT w-3 PUFAs BERS S BRAR A5, AL T
e ad 1 Sirtl {20F PPAR~y A G 3% i) 5 K 2
ik HEMAR BE Uepl SFAR (AL FE IR 3R 3A (2 F WAT 45
AL, PUFA MR AEHIAAEM (80 mg/ H ) kb )
ANBR, A K A 1) o T8 R, BN B R R
BRI 5, BRAC A BE 0 325 1 0 2R s vy 1o,
10 BE5RE

H A, 28 H & 5 A2y P8 BR (food and drug ad-
ministration, FDA) #tyER JLZEFH F 1 IR I 45 28
(W25 R w) i R R SR bk ) EAS IR
A ALK B2 B IR A — 2 ORIt
258 —#F, HS AR 45 Fh IR 2 15 A1
5%, HZA BRI ZLI A 1A Lo B8 kA I, TR 2
H R e A S A ARy 32 , (R MR BG4 2 KAk
2R o TRk A IR R B | 338 £ 2 S 35 PP 5 TR
P I L PR 25 BA B RSk E. GLP-1 #43h
7 (glucagon-like peptide—1 receptor agonist, GLP—
1RAs) 238 5 AR S 5L 19 7 47 L8 i g 7 K e
GLP-1 FFATE5 B 15 B A 5 F 28, AN UAE K
TAE R TR i BE ZE R AK-1 324K (glucagon-like
peptide—1 receptor, GLP—1R )t Aisf 1] , 3 i< 410 1 £ K
Wk W S HE D E A, 38 TT LA s AR 0 WAT 344k
BAT. By ok & HEW L TR, Ak, 81
GLP—1 R/ MU 25 324 (GegR ) /8 25 WEARCHS 14 i i
5 R LZIKZIR(GIP-R) BRIEHE £ K (islet amyloid
polypeptide, IAPP) | £ 7 {4 fiff A8 X 551 114 245 ) 4% =2 ¢
TEo WHRC R KA 20, B L AR s 4 i as
LR A BUBEAR . I IR D A
B, VA B PR AR AR SR AL R RNy 7 (A A
ATH A Ak 1 PR AT SR PR i 36, 24 £ )R SR

INGYTFAES T WAT £ (AL S 177 8 DL B 42
RS AT K4 T IC S R LRy AL, T
TR ARG T AT

ARSCHHL T 80 AR AT SR A (1 IR =) K
HHUIE RO FERE I , HAGRCFTAC AL ) B 50K A4
REHEHT 73S PR B B Ao S B 22 5 M4l i
Pe 3 AHZ TN RIR W) B BUAL A R T X0 W 147 3
Yo BB ST, 2 T W S sh My AN B 22 S 4, AL
A R AEAT B = A T RIUESE . FEARARRBTFE T, &
TR RSN G TEAE TR A FIALE IR K
- il i 2 4w T BURIFIRABESE, Rl , 75 2T i
LGP A PEVAN o I RS AR IR T A 25 SR
RATT 25 A RPN, Rl 5 HURE &  Blor
BBl BN _E TR 25 5 Bl 38 BIUIE AR
S A AR BT

S Hk -

[1] WANG Y,ZHAO L,GAO L,et al. Health policy and pub-
lic health implications of obesity in China[J]. Lancet Dia—
betes Endocrinol ,2021,9(7) :446-461

[2] MULLER T D,BLUHER M,TSCHOP M H,et al. Anti-
obesity drug discovery: advances and challenges[J]. Nat
Rev Drug Discov,2022,21(3):201-223.

[3] ZHU L,ZHAO H,LIU J,et al. Dynamic folding modula—
tion generates FGF21 variant against diabetes[J]. EMBO
Rep,2021,22(1):e51352

[4] CARPENTIER A C, BLONDIN D P, HAMAN F, et al.
Brown adipose tissue: a translational perspectivel]]. En—
docr Rev,2023,44(2):143-192.

[S] BOHEHE A ILRE. = NG D XA B R T IS BE]. B
B2 (2R, 2017 ,44(6) : 757764,

[6] LAZAR M A. Maturing of the nuclear receptor family[J]. J
Clin Invest,2017,127(4):1123-1125.

[7] IKEDA K, MARETICH P, KAJIMURA S. The common
and distinct features of brown and beige adipocytes [J].
Trends Endocrinol Metab,2018,29(3):191-200.

[8] HARMS M,SEALE P. Brown and beige fat: development,
function and therapeutic potential[J]. Nat Med, 2013, 19
(10):1252-1263.

[9] KAISANLAHTI A, GLUMOFF T. Browning of white fat:

agents and implications for beige adipose tissue to type 2

71



2025 4F

=R P EA R R

5 48 %

diabetes[J]. J Physiol Biochem,2019,75(1):1-10.

[I0]JOKLA M,KIM J,KOEHLER K,et al. Dietary factors pro—
moting brown and beige fat development and thermogen—
esis[J]. Adv Nutr,2017,8(3):473-483.

[11] BALISTRERI C R,CARUSO C,CANDORE G. The role
of adipose tissue and adipokines in obesity -related in—
flammatory diseases|J]. Mediators Inflamm, 2010, 2010:
802078.

[12] UNAMUNO X,GOMEZ-AMBROSI J,RODRIGUEZ A, et
al. Adipokine dysregulation and adipose tissue inflamma—
tion in human obesity[J]. Eur J Clin Invest,2018,48(9):
e12997.

[13] MAURY E,BRICHARD S M. Adipokine dysregulation,
adipose tissue inflammation and metabolic syndrome|]].
Mol Cell Endocrinol ,2010,314(1):1-16.

[14] LIU J,WANG Y,LIN L. Small molecules for fat combus—
tion: targeting obesity[J]. Acta Pharm Sin B,2019,9(2):
220-236.

[15] MA P,HE P,XU C Y,et al. Recent developments in
natural products for white adipose tissue browning[J].
Chin J Nat Med,2020,18(11):803-817.

[16] MONTANARI T,POSCICN, COLITTI M. Factors involved
in white —to ~brown adipose tissue conversion and in
thermogenesis:a review[J]. Obes Rev,2017,18(5):495-
513.

[17] SETCEF , RAEF-, sk DA, 45 SRR 1Y) 25 BRLAE T 5 3k
JE[]]. 2G5 R , 2009,25(4 ) ; 84-89.

[18] BABOOTA R K,MURTAZA N,JAGTAP S,et al. Cap-
saicin —induced transcriptional changes in hypothalamus
and alterations in gut microbial count in high fat diet fed
mice[]J]. J Nutr Biochem,2014,25(9):893-902.

[19] TAKEDA Y,DAI P. Capsaicin directly promotes adipo—
cyte browning in the chemical compound—induced brown
adipocytes converted from human dermal fibroblasts[J].
Sci Rep,2022,12(1):6612.

[20] Tl SR XL/ BRUD 38 A B4 2 M) B R R AL
HIBFSED]. K 74 R K%, 2020.

[21] SUN Y,XIA M,YAN H,et al. Berberine attenuates hep—
atic steatosis and enhances energy expenditure in mice
by inducing autophagy and fibroblast growth factor 21[J].
Br J Pharmacol,2018,175(2):374-387.

[22] LU X,YUAN Z,JIANG J,et al. Berberine enhances Ucpl
expression via modulating the NFE2 response element in

cold environments:new perspectives on the thermogene—

72

sis in brown adipose tissue[J]. J Chin Pharm Sci,2017,
26(4):237-254.

[23] FRKE R AR, TEE S5, BEGIA T UCPT JEH Rk
o B B A 3 1 AL F (0], 22 2k, 2021, 56
(21):1712-1721.

[24] SR, WAL PRINIAR . 2034 2R X0 AL JHE /I Bl o 2 T 1) 532 i
Lo LA ()], HE N4 2 45 00 ) A2 9 2, 2019,38(2)
810-814.

[25] DEMIDOWICH A P, DAVIS A I, DEDHIA N, et al.
Colchicine to decrease NLRP3 —activated inflammation
and improve obesity —related metabolic dysregulation|[]].
Med Hypotheses,2016,92:67-73.

[26] CHOI M,MUKHERJEE S,YUN ]J W. Colchicine stimu-—
lates browning via antagonism of GABA receptor B and
agonism of beta3 —adrenergic receptor in 3T3-L1 white
adipocytes|J]. Mol Cell Endocrinol,2022,552:111677.

[27] KOGURE A,SAKANE N,TAKAKURA Y,et al. Effects
of caffeine on the uncoupling protein family in obese
yellow KK mice[J]. Clin Exp Pharmacol Physiol,2002,29
(5/6):391-394.

[28] WU L, MENG J, SHEN Q, et al. Caffeine inhibits hy-
pothalamic A1R to excite oxytocin neuron and ameliorate
dietary obesity in mice[J]. Nat Commun,2017,8:15904.

[29] VELICKOVIC K, WAYNE D, LEIJA H A L, et al. Caf-
feine exposure induces browning features in adipose tis—
sue in vitro and in vivo[J]. Sci Rep,2019,9(1):9104.

[30] WEI G,SUN H,LIU J L,et al. Indirubin,a small molec—
ular deriving from connectivity map (CMAP )screening,
ameliorates obesity —induced metabolic dysfunction by
enhancing brown adipose thermogenesis and white adi—
pose browning[J]. Nutr Metab(Lond),2020,17:21.

[31] XU H, LYU X, GUO X, et al. Distinct AMPK-mediated
FAS/HSL pathway is implicated in the alleviating effect
of nuciferine on obesity and hepatic steatosis in HFD -
fed mice[J]. Nutrients,2022,14(9):1898.

[32] VFEITT. A - BCLE T2 B AL JHE AR A v £ 4 R CHEAIL ) B
WFFE[D). ALt SRt IR~ B , 2022.

[33] 23, FREL A, 2Pk, 45, e 32 U7 A e Ko 5 ADO—
RAT /5 GH3 2 b L3R Jr WAL ], o 7 i
[%,2018,45(5):1382-1388.

[34] QI G H,ZHOU Y,ZHANG X, et al. Cordycepin promotes
browning of white adipose tissue through an AMP-acti—
vated protein kinase(AMPK )-dependent pathway[J]. Ac—
ta Pharm Sin B,2019,9(1):135-143.



LERE]

BB AR TEDUIL KR 7 Wyt 5 0E Ji

[35] ZFaHe. R RE ST B) AR KA T A R BRUIE JRE S ML i F
FED]. KA ARRE,2018.

[36] WAKI H, PARK K W, MITRO N, et al. The small
molecule harmine is an antidiabetic cell —type —specific
regulator of PPARgamma expression[]J]. Cell Metab,2007,
5(5):357-370.

[37] NIE T,HUI X,MAO L,et al. Harmine induces adipocyte
thermogenesis through RAC1-MEK-ERK-CHD4 axis[J].
Sci Rep,2016,6:36382.

[38] RAO Y,LIU H,GAO L,et al. Discovery of natural alka—
loid bouchardatine as a novel inhibitor of adipogenesis/
lipogenesis in 3T3-L1 adipocytes[J]. Bioorg Med Chem,
2015,23(15):4719-4727.

[39] RAO Y,YU H,GAO L,et al. Natural alkaloid bouchar—
datine ameliorates metabolic disorders in high—fat diet—
fed mice by stimulating the sirtuin 1/liver kinase B-1/
AMPK axis[J]. Br J Pharmacol,2017,174 (15):2457-
2470.

[40] LESJAK M,BEARA I,SIMIN N,et al. Antioxidant and
anti —inflammatory activities of quercetin and its deriva—
tives[J]. J Funct Foods,2018,40:68-75.

[41] HAN Y,WU J Z,SHEN ] Z,et al. Pentamethylquercetin
induces adipose browning and exerts beneficial effects in
3T3-L1 adipocytes and high —fat diet—fed mice[J]. Sci
Rep,2017,7(1):1123.

[42] KUIPERS E N,DAM A D V,HELD N M, et al. Quercetin
lowers plasma triglycerides accompanied by white adi-
pose tissue browning in diet—induced obese mice[]]. Int J
Mol Sci,2018,19(6):1786.

[43] TAN Y,TAM C C,ROLSTON M, et al. Quercetin amelio—
rates insulin resistance and restores gut microbiome in
mice on high—fat diets[J]. Antioxidants(Basel),2021,10
(8):1251.

[44] TORRES-VILLARREAL D,CAMACHO A,CASTRO H,
et al. Anti—obesity effects of kaempferol by inhibiting
adipogenesis and increasing lipolysis in 3T3-L1 cells[J].
J Physiol Biochem,2019,75(1):83-88.

[45] BIAN Y,LEI J,ZHONG J,et al. Kaempferol reduces
obesity, prevents intestinal inflammation,and modulates
gut microbiota in high—fat diet mice[J]. ] Nutr Biochem,
2022,99:108840.

[46] ROMERO-JUAREZ P A,VISCO D B,MANHAES-DE-
CASTRO R,et al. Dietary flavonoid kaempferol reduces

obesity—associated hypothalamic microglia activation and

promotes body weight loss in mice with obesity[J]. Nutr
Neurosci,2023,26(1):25-39.

[47] NEJABATI H R,NIKZAD S,ROSHANGAR L. Kaempfer—
ol: a dietary flavonol in alleviating obesity[J]. Curr Pharm
Des,2023,29(20): 1547-1556.

[48] WANG T,WU Q,ZHAO T. Preventive effects of kaemp—
ferol on high—fat diet—induced obesity complications in
C57BL/6 mice[]]. Biomed Res Int,2020,2020:4532482.

[49] FIEZA. 112 B X 38 40 25 8 30 70 1 4 e 8 1 5 A
B35 B A FH S HILRI[D]. JE%5 : YR K2, 2020.

[50] SUN Y S,QU W. Dietary apigenin promotes lipid catabo—
lism, thermogenesis,and browning in adipose tissues of
HFD-Fed mice[J]. Food Chem Toxicol,2019,133:110780.

[51] BREE  BRITIR , SRELIE. B0 HE /N U Rk &
FIRPUROIE AT I VU R R 25410, 2019,42(6) :
527-532.

[52] REYAD-UL-FERDOUS M,SONG Y. Baicalein modu-
lates mitochondrial function by upregulating mitochon—
drial uncoupling protein—1 (UCP1) expression in brown
adipocytes, cytotoxicity,and computational studies[J]. Int
J Biol Macromol,2022,222:1963-1973.

[53] s, TREET, BRI SE, 55, R R0/ RS PR AU 6
TR NLRP3 S VEAR VR LIRS )], #iiCim R B
2020,22(1):14-16.

[54] PATI S A, MARTIS E A, MUNSHI R P, et al. Chrysin
mitigated obesity by regulating energy intake and expen—
diture in rats[J]. J Tradit Complement Med,2019,10(6):
577-585.

[55] ORIQUAT G, MASOUD I M, KAMEL M A, et al. The
anti—obesity and anti-steatotic effects of chrysin in a rat
model of obesity mediated through modulating the hep—
atic AMPK/mTOR/lipogenesis pathways [J]. Molecules,
2023,28(4):1734.

[56] HEAS. FI4 B GTHE R B0 1 FH AL A7 i S S E (D], )M
JTHIP R 2SR, 2018,

[57] kEAE, Rifg e, ki, 5. R RANITEIERE()]. I
R, 2016(2):99-101.

[58] MADKHALI H A. Morin attenuates high —fat diet in-
duced —obesity related vascular endothelial dysfunction
in Wistar albino rats[J]. Saudi Pharm J, 2020, 28(3):
300-307.

[59] REN X,GUO Q,JIANG H,et al. Combinational applica—
tion of the natural products 1-deoxynojirimycin and morin

ameliorates insulin resistance and lipid accumulation in

73



2025 4F

=R P EA R R

5 48 %

prediabetic mice[J]. Phytomedicine,2023,121:155106.

[60] LOPEZ -TENORIO 11,DOMINGUEZ -LOPEZ A ,MIL-
TAR-GARCIA A, et al. Modulation of the mRNA of the
Nlrp3 inflammasome by Morin and PUFAs in an obesity
model induced by a high—fat diet[J]. Food Res Int,
2020,137:109706.

[61] LI H,YUAN Y,ZHANG Y,et al. Icariin inhibits AMPK-
dependent autophagy and adipogenesis in adipocytes and
in a model of graves® orbitopathy[J]. Front Physiol 2017,
8:45.

[62] VR, 5 20, B E, 55, M PGC1-a/FNDC5/UCP1
{5 5 PR R 2L AT X FNDCS JE 8 Bl bk /N SRS 1 it
M2 ). B2 B 1 24,2022, 33(4) : 850-853.

[63] ZIQUBU K, DLUDLA P V, JOUBERT E, et al. Isoori—
entin:a dietary flavone with the potential to ameliorate
diverse metabolic complications[J]. Pharmacol Res,2020,
158:104867.

[64] MAZIBUKO-MBEJE S E, ZIQUBU K, DLUDLA P V,
et al. Isoorientin ameliorates lipid accumulation by
regulating fat browning in palmitate —exposed 3T3 -L1
adipocytes[J]. Metabol Open,2020,6:100037.

[65] MA B, HAO J, XU H, et al. Rutin promotes white adi—
pose tissue “browning” and brown adipose tissue activa—
tion partially through the calmodulin-dependent protein
kinase kinase beta/AMP —activated protein kinase path—
way[J]. Endocr J,2022,69(4):385-397.

[66] Eifll 22 Bk, Ad, 5. T2k 3T3-L1 i Jig i 40 e
A S CHAILRI[T]. 52 )y 4 2435, 2023,29(5)
137-143.

[67] k. T 38 2k 84 fi S v B e A e g L i B 92 (D).
PR AR, 2022.

[68] CRESPILLO A,ALONSO M,VIDA M, et al. Reduction of
body weight, liver steatosis and expression of stearoyl —
CoA desaturase 1 by the isoflavone daidzein in diet—in—
duced obesity[J]. Br J Pharmacol,2011,164 (7):1899-
1915.

[69] TUNG Y C,CHOU R F,NAGABHUSHANAM K,et al. 3’
—Hydroxydaidzein improves obesity through the induced
browning of beige adipose and modulation of gut micro—
biota in mice with obesity induced by a high—fat diet[]].
J Agric Food Chem,2020,68(49):14513-14522.

[70] NIE T,ZHAO S,MAO L,et al. The natural compound,
formononetin, extracted from increases adipocyte thermo—

genesis by modulating PPARYy activity[J]. Br ] Pharma—

74

col,2018,175(9):1439-1450.

[71] P, P94, B SCHE . SR AL 32 08 i e A A IR 2R 1 1
(UCP1) 235 A0t (i U 200 M 7™ B (D). i 540 1%
BE2E 2R ,2020,36(3) :242-247.

[72] ZHOU L,XIAO X,ZHANG Q,et al. A possible mecha—
nism: genistein improves metabolism and induces white
fat browning through modulating hypothalamic expression
of Uen3, Depp, and Stcl[J]. Front Endocrinol (Lau-
sanne),2019,10:478.

[73] SHEN H H, HUANG S Y, KUNG C W, et al. Genistein
ameliorated obesity accompanied with adipose tissue
browning and attenuation of hepatic lipogenesis in ovarie—
ctomized rats with high —fat diet[J]. J Nutr Biochem,
2019,67:111-122.

[74] LI S, ZHOU L, ZHANG Q, et al. Genistein improves
glucose metabolism and promotes adipose tissue brown-—
ing through modulating gut microbiota in mice[J]. Food
Funct,2022,13(22):11715-11732.

[75]1 ZHOU Y X, ZHANG H, PENG C. Puerarin:a review of
pharmacological effects[J]. Phytother Res,2014,28(7):
961-975.

[76] 5K ER, ZHOF, AT SC, 45 BAR R X IR PN R L
4 Ik NV B LA [0, o 252 2% 55,2008 (2): 110
114.

[77] WANG L, WU Y, ZHUANG L, et al. Puerarin prevents
high—fat diet—induced obesity by enriching Akkermansia
muciniphila in the gut microbiota of mice[J]. PLoS One,
2019,14(6):e0218490.

[78] NOH ] W,YANG H K,JUN M S, et al. Puerarin attenu—
ates obesity —induced inflammation and dyslipidemia by
regulating macrophages and TNF-alpha in obese mice[J].
Biomedicines,2022,10(1):175.

[79] FERAE. il (0 205 i Mg TR B 75 10/ RUIE THE B2 i
By BB FHBESE(D]. B At B HUR:, 2019,

[80] ZE A, 4 )™, UL, A5 . b g S B8 I X S8 AE /N K ) 38
PR B IR T]. o 25 B2l 412, 2019,35(3)
364-370.

[81] LEE H E,YANG G,HAN S H,et al. Anti—obesity poten—
tial of Glycyrrhiza uralensis and licochalcone A through
induction of adipocyte browning[J]. Biochem Biophys Res
Commun,2018,503(3):2117-2123.

[82] ZHANG T, YAMAMOTO N, YAMASHITA Y, et al. The
chalcones cardamonin and flavokawain B inhibit the dif-

ferentiation of preadipocytes to adipocytes by activating



LERE]

BB AR TEDUIL KR 7 Wyt 5 0E Ji

ERK[J]. Arch Biochem Biophys,2014,554:44-54,

[83] SEO Y J, JIN H, LEE K, et al. Cardamonin suppresses
lipogenesis by activating protein kinase A-mediated
browning of 3T3-L1 cells[J]. Phytomedicine, 2019, 65:
153064.

[84] LEE E H,SONG D G,LEE J Y, et al. Inhibitory effect of
the compounds isolated from Rhus verniciflua on aldose
reductase and advanced glycation endproducts [J]. Biol
Pharm Bull,2008,31(8):1626-1630.

[85] SONG N J,CHOI S,RAJBHANDARI P, et al. Prdm4 in-
duction by the small molecule butein promotes white adi—
pose tissue browning[J]. Nat Chem Biol, 2016, 12(7):
479-481.

[86] SONG N J,CHANG S H,KIM S, et al. PI3Ka—Aktl-me—
diated Prdm4 induction in adipose tissue increases ener—
gy expenditure, inhibits weight gain, and improves in-
sulin resistance in diet-induced obese mice[J]. Cell Death
Dis,2018,9(9):876.

[87] BAE J,YANG Y,XU X,et al. Naringenin,a citrus fla—
vanone, enhances browning and brown adipogenesis: role
of peroxisome proliferator—activated receptor gammalJ].
Front Nutr,2022,9:1036655.

[88] BURKE A C, TELFORD D E, EDWARDS J Y, et al
Naringenin supplementation to a chow diet enhances en—
ergy expenditure and fatty acid oxidation, and reduces
adiposity in lean, pair—fed Ldlr(=/=)mice[J]. Mol Nutr
Food Res,2019,63(6):¢1800833.

[89] #EIe . Al iz 4T 3T3-L.1 40 A o1k B g Wi A8 i 7
WFFE[D]. K KRR, 2022,

[90] {/NJe , - 3CHs i PR, 4. Al b it 25 24 3R A oY
BERR[)). P EE25,2015,46(4) :603-609.

[91] & &5 fhill, B =G, 45 — SR REIEIKEiAS
PR/ BUIE TR 140 5 i B AL [0, v 7 P A B2 2
2020,36(1):6-11.

[92] B & GE, W& (i, 5. S il 48 AMPK-
PGCla-Sirt] {55 B4R k& BRIk 75 5 1 LN BRUA
R BRI LR E AR, T 2 ARz, 2019,35(12):
1687-1692.

[93] VARELA C E,RODRIGUEZ A,ROMERO-VALDOVI-
NOS M, et al. Browning effects of (—)-epicatechin on
adipocytes and white adipose tissue[J]. Eur J Pharmacol,
2017,811:48-59.

[94] CHOI J H,KIM S W,YU R, et al. Monoterpene phenolic

compound thymol promotes browning of 3T3-L1 adipo-

cytes[J]. Eur J Nutr,2017,56(7):2329-2341.

[95] HAQUE M R,ANSARI H S. Anti-obesity effect of arq
zeera and its main components thymol and cuminalde—
hyde in high fat diet induced obese rats[J]. Drug Res
(Stuttg),2018,68(11):637-647.

[96] JIANG C,ZHAI M,YAN D.et al. Dietary menthol —in-
duced TRPMS activation enhances WAT “browning” and
ameliorates diet—induced obesity[J]. Oncotarget,2017,8
(43):75114-75126.

[97] SAKELLARIOU P,VALENTE A,CARRILLO A E,et al.
Chronic 1 -menthol —induced browning of white adipose
tissue hypothesis:a putative therapeutic regime for com—
bating obesity and improving metabolic health[J]. Med
Hypotheses,2016,93:21-26.

[98] CAT Z M, PENG J Q, CHEN Y, et al. 1,8-Cineole: a
review of source,biological activities,and application[]].
J Asian Nat Prod Res,2021,23(10):938-954.

[99] BHASWANT M, POUDYAL H, MATHAI M L, et al.
Green and black cardamom in a diet—induced rat model
of metabolic syndrome[J]. Nutrients,2015,7(9):7691 -
7707.

[100] MILLIGAN S,MARTIN G G,LANDROCK D,et al. Im-
pact of dietary phytol on lipid metabolism in SCP2/
SCPX/L-FABP null mice[J]. Biochim Biophys Acta Mol
Cell Biol Lipids,2017,1862(3):291-304.

[101] ZHANG F, Al W, HU X, et al. Phytol stimulates the
browning of white adipocytes through the activation of
AMP -activated protein kinase (AMPK) « in mice fed
high—fat diet[J]. Food Funct,2018,9(4):2043-2050.

[102] LIANG J,CHEN D. Advances in research on the anti-
cancer mechanism of the natural compound cucurbitacin
from Cucurbitaceae plants: a review|J]. Tradit Med Res,
2019,4(2):68-81.

[103] SEO C R,YANG D K,SONG N J,et al. Cucurbitacin B
and cucurbitacin | suppress adipocyte differentiation
through inhibition of STAT3 signaling[J]. Food Chem
Toxicol,2014,64:217-224.

[104] MURTAZA M,KHAN G,AFTAB M F,et al. Cucur—
bitacin E reduces obesity and related metabolic dys—
function in mice by targeting JAK -STATS signaling
pathway[J]. PLoS One,2017,12(6):e0178910.

[105] GU W,KIM K A,KIM D H. Ginsenoside Rh1 amelio—
rates high fat diet—induced obesity in mice by inhibit—

ing adipocyte differentiation[J]. Biol Pharm Bull,2013,

75



2025 4F

=R P EA R R

5 48 %

36(1):102-107.

[106] HONG Y,LIN Y,SI Q,et al. Ginsenoside Rb2 allevi-
ates obesity by activation of brown fat and induction of
browning of white fat[J]. Front Endocrinol (Lausanne),
2019,10:153.

[107] LIU H, LIU M, JIN Z, et al. Ginsenoside Rg2 inhibits
adipogenesis in 3T3-L1 preadipocytes and suppresses
obesity in high —fat —diet —induced obese mice through
the AMPK pathway[J]. Food Funct,2019,10(6):3603-
3614.

[108] CHEN H, YANG H, DENG J, et al. Ginsenoside Rk3
ameliorates obesity—induced colitis by regulating of in—
testinal flora and the TLR4/NF-kB signaling pathway
in C57BL/6 mice[]J]. J Agric Food Chem,2021,69(10):
3082-3093.

[109] DING H, DONG J, WANG Y, et al. Ginsenoside Rb1
interfered with macrophage activation by activating
PPARY to inhibit insulin resistance in obesity[J]. Mole—
cules,2023,28(7):3083.

[110] LIU Y, JIN Z Y, WANG ] X, et al. Ginsenoside Rgl
activates brown adipose tissue to counteract obesity in
high—fat diet—fed mice by regulating gut microbes and
bile acid composition[J]. Food Funct, 2023, 14(10):
4696-4705.

[111] SIRAJ F M,SATHISHKUMAR N,KIM Y J,et al. Gin—
senoside 2 possesses anti—obesity activity via binding
with PPARgamma and inhibiting adipocyte differentia—
tion in the 3T3-L1 cell line[]]. J Enzyme Inhib Med
Chem,2015,30(1):9-14.

[112] ZHOU J, ZHANG J, LI J, et al. Ginsenoside F2 sup-
presses adipogenesis in 3T3 -L1 cells and obesity in
mice via the AMPK pathway[J]. J Agric Food Chem,
2021,69(32):9299-9312.

[113] SWARUP V,PHANEUF D,DUPRE N, et al. Deregula—
tion of TDP-43 in amyotrophic lateral sclerosis triggers
nuclear factor kB-mediated pathogenic pathways[J]. J
Exp Med,2011,208(12):2429-2447.

[114] FROKIK, THNET, 7005, 55, MO R A g S m 6

7 2L R AR AR 25 IR AR 5 S L D). A8 700 2402
2020,51(4):570-575.

[115] SUN B,HAYASHI M,KUDO M,et al. Madecassoside
inhibits body weight gain modulating SIRT1 -AMPK
signaling pathway and activating genes related to ther—

mogenesis [J]. Front Endocrinol (Lausanne),2021,12:

76

627950.

[116] GREENHILL C. Celastrol identified as a leptin sensi—
tizer and potential novel treatment for obesity[J]. Nat
Rev Endocrinol,2015,11(8):444.

[117] LIU J, LEE J, SALAZAR HERNANDEZ M A, et al.
Treatment of obesity with celastrol[J]. Cell,2015,161
(5):999-1011.

[118] FANG P, HE B, YU M, et al. Treatment with celastrol
protects against obesity through suppression of galanin—
induced fat intake and activation of PGC -1a/GLUT4
axis—mediated glucose consumption[]]. Biochim Biophys
Acta Mol Basis Dis,2019,1865(6):1341-1350.

[119] HU W,WANG L,DU G,et al. Effects of microbiota on
the rreatment of obesity with the natural product celas—
trol in rats[J]. Diabetes Metab J,2020,44(5):747-763.

[120] ZHU Y,WAN N,SHAN X, et al. Celastrol targets adeny—
lyl cyclase-associated protein 1 to reduce macrophages—
mediated inflammation and ameliorates high fat diet—
induced metabolic syndrome in mice[J]. Acta Pharm Sin
B,2021,11(5):1200-1212.

[121] LIU T, WANG J, TONG Y, et al. Integrating network
pharmacology and animal experimental validation to in—
vestigate the action mechanism of oleanolic acid in
obesity[J]. J Transl Med,2024,22(1):86.

[122] MUKHERJEE S, YUN J W. B -Carotene stimulates
browning of 3T3 -L1 white adipocytes by enhancing
thermogenesis via the B3—AR/p38 MAPK/SIRT signal-
ing pathway[J]. Phytomedicine,2022,96:153857.

[123] LIU M, ZHENG M, CAI D, et al. Zeaxanthin promotes
mitochondrial biogenesis and adipocyte browning via
AMPKal activation[J]. Food Funct,2019,10(4):2221-
2233.

[124] ZHAO B, LIU M, LIU H, et al. Zeaxanthin promotes
browning by enhancing mitochondrial biogenesis through
the PKA pathway in 3T3-L1 adipocytes|J]. Food Funct,
2021,12(14):6283-6293.

[125] W ARk, 255 0, A OF 55 5 B e R MR IR 1 S LA
P T JRE (D). | PRk, 2021,28(6) : 588-598.

[126] TZENG T F,LU H J,LIOU S S, et al. Emodin protects
against high—fat diet—induced obesity via regulation of
AMP —activated protein kinase pathways in white adi—
pose tissue[J]. Planta Med,2012,78(10):943-950.

[127] SONG P, KIM J H, GHIM J, et al. Emodin regulates

glucose utilization by activating AMP-activated protein



LERE]

BB AR TEDUIL KR 7 Wyt 5 0E Ji

kinase[J]. J Biol Chem,2013,288(8):5732-5742.

[128] CHENG L, ZHANG S, SHANG F, et al. Emodin im—
proves glucose and lipid metabolism disorders in obese
mice via activating brown adipose tissue and inducing
browning of white adipose tissue[J]. Front Endocrinol
(Lausanne ) ,2021,12:618037.

[129] SHENG X,ZHU X,ZHANG Y, et al. Rhein protects a—
gainst obesity and related metabolic disorders through
liver X receptor-mediated uncoupling protein 1 upregu—
lation in brown adipose tissue[J]. Int J Biol Sci,2012,8
(10):1375-1384.

[130] HWANG J H,KIM D W,JO E J,et al. Pharmacological
stimulation of NADH oxidation ameliorates obesity and
related phenotypes in mice[J]. Diabetes,2009,58(4):
965-974.

[131] CHOI W H, AHN J, JUNG C H, et al. B-Lapachone
prevents diet—induced obesity by increasing energy ex—
penditure and stimulating the browning of white adi-
pose tissue via downregulation of miR-382 expression
[J]. Diabetes,2016,65(9):2490-2501.

[132] MA L., ZHAO Z, GUO X, et al. Tanshinone IIA and its
derivative activate thermogenesis in adipocytes and in—
duce "beiging" of white adipose tissue[J]. Mol Cell En-
docrinol,2022,544.111557.

[133] RAUF A,OLATUNDE A,IMRAN M,et al. Honokiol: a
review of its pharmacological potential and therapeutic
insights[J]. Phytomedicine,2021,90:153647.

[134] LONE J, YUN J W. Honokiol exerts dual effects on
browning and apoptosis of adipocytes|[J]. Pharmacol
Rep,2017,69(6):1357-1365.

[135] DING Y, ZHANG L, YAO X, et al. Honokiol alleviates
high—fat diet induced obesity of mice by inhibiting adi—
pogenesis and promoting white adipose tissue browning
[J]. Animals(Basel),2021,11(6):1493.

[136] PARRAY H A,YUN J W. Cannabidiol promotes brown—
ing in 3T3-L1 adipocytes[J]. Mol Cell Biochem,2016,
416(1/2):131-139.

[137] BERMAN A Y,MOTECHIN R A,WIESENFELD M Y,
et al. The therapeutic potential of resveratrol: a review
of clinical trials[J]. NPJ Precis Oncol,2017,1:35.

[138] ACHARYA J D,GHASKADBI S S. Protective effect of
pterostilbene against free radical mediated oxidative
damage[J]. BMC Complement Altern Med,2013,13:238.

[139] MILTON-LASKIBAR 1,GOMEZ-ZORITA S,ARIAS N,

et al. Effects of resveratrol and its derivative pterostil—
bene on brown adipose tissue thermogenic activation
and on white adipose tissue browning process[J]. J
Physiol Biochem,2020,76(2):269-278.

[140] S5, AR, FA M BRI BT S BE R[],
el £ 2412, 2022, 22(6) : 390-402.

[141] ANDRADE J M O,BARCALA-JORGE A S,BATISTA-
JORGE G C,et al. Effect of resveratrol on expression of
genes involved thermogenesis in mice and humans|[]J].
Biomed Pharmacother,2019,112:108634.

[142] DING S,JIANG J,WANG Z,et al. Resveratrol reduces
the inflammatory response in adipose tissue and im-—
proves adipose insulin signaling in high —fat diet —fed
mice[]J]. Peer],2018,6:e5173.

[143] JIMENEZ-GOMEZ Y, ,MATTISON J A,PEARSON K J,
et al. Resveratrol improves adipose insulin signaling
and reduces the inflammatory response in adipose tis—
sue of rhesus monkeys on high—fat, high—sugar diet[J]].
Cell Metah,2013,18(4):533-545.

[144] JUNG C M,HEINZE T M,SCHNACKENBERG L K, et
al. Interaction of dietary resveratrol with animal -asso—
ciated bacteria[J]. FEMS Microbiol Lett,2009,297(2):
266-273.

[145] WANG T Y,CHEN J X. Effects of curcumin on vessel
formation insight into the pro-and antiangiogenesis of
curcumin [J]. Evid Based Complement Alternat Med,
2019,2019:1390795.

[146] KIM S W,CHOI J] H,MUKHERJEE R,et al. Proteomic
identification of fat—browning markers in cultured white
adipocytes treated with curcumin[J]. Mol Cell Biochem,
2016,415(1/2):51-66.

[147] WANG S,WANG X,YE Z,et al. Curcumin promotes
browning of white adipose tissue in a norepinephrine—
dependent way[J]. Biochem Biophys Res Commun, 2015,
466(2):247-253.

[148] ARBEHT , ALIRTR, W3R, 5. LW ERIF /B T TR
ek AR BV B BLRID]. R st R R 224l (A
SRBFENR ), 2020,40(6) : 796-802.

[149] ZHAO D, PAN Y, YU N, et al. Curcumin improves
adipocytes browning and mitochondrial function in
3T3-L1 cells and obese rodent model[J]. R Soc Open
Sci,2021,8(3):200974.

[150] SHEN S, LIAO Q, ZHANG T, et al. Myricanol modu—

lates skeletal muscle—adipose tissue crosstalk to allevi—

77



2025 4F

=R P EA R R

5 48 %

ate high—fat diet—induced obesity and insulin resistance
[J]. Br J Pharmacol, 2019, 176(20):3983-4001.

[151] OTHMAN M A, YUYAMA K, MURAI' Y, et al. Mal-
abaricone C as natural sphingomyelin synthase inhibitor
against diet-induced obesity and its lipid metabolism
in mice[J]. ACS Med Chem Lett,2019,10 (8):1154-
1158.

[152] KIM D,LEE M S,JO K,et al. Therapeutic potential of
panduratin A, LKB1-dependent AMP-activated protein
kinase stimulator,with activation of PPARwa/d for the
treatment of obesity[J]. Diabetes Obes Metah,2011,13
(7):584-593.

[153] RUNGSA P,SAN H T,SRITULARAK B, et al. Inhibito-
ry effect of isopanduratin A on adipogenesis: a study of
possible mechanisms[J]. Foods,2023,12(5):1014.

[154] LUO Z H,LIU Z W,MAO Y,et al. Cajanolactone A,a
stilbenoid from Cajanus cajan,prevents ovariectomy —
induced obesity and liver steatosis in mice fed a regu—
lar diet[J]. Phytomedicine,2020,78:153290.

[155] WANG L,WEI Y,NING C,et al. Ellagic acid promotes
browning of white adipose tissues in high—fat diet—
induced obesity in rats through suppressing white
adipocyte maintaining genes[J]. Endocr J,2019,66(10):
923-936.

[156] PARK W Y,PARK J,AHN K S,et al. Ellagic acid in—
duces beige remodeling of white adipose tissue by
controlling mitochondrial dynamics and SIRT3|J]. FASEB
J,2021,35(6):e21548.

[157] XIA B, SHI X C, XIE B C, et al. Urolithin A exerts
antiobesity effects through enhancing adipose tissue
thermogenesis in mice[J]. PLoS Biol, 2020, 18(3):
€3000688.

[158] YOKOUCHI Y,IMAOKA M,NIINO N,et al. (+)-Usnic
acid —induced myocardial toxicity in rats[J]. Toxicol
Pathol ,2015,43(3):424-434.

[159] AF7R ¥ WAALTY , Ehily, &5, WA SRS PR AL L2 )
PR FIREBLL)]. ) PR, 2019,39(1) 1 136-142.

[160] NATIONAL TOXICOLOGY PROGRAM. Toxicity stud-
ies of Usnea lichens containing (+/-)-usnic acid ad—
ministered in feed to F344/N Nctr rats and B6C3F1/
Netr mice [J]. Toxic Rep Ser,2022 (105):NTP-TOX -
105.

[161] w JE4%, JHa , X127, S5 R AGER Xe B A JICS Jh A B ) ik
HEAE F 9IS AITTE )], i Toll, 2008(1) ¢ 1-3.

78

[162] TSAL Y C,CHEN J H,LEE Y M,et al. Raspberry ke—
tone promotes FNDCS5 protein expression via HO-1 up—
regulation in 3T3 -L1 adipocytes[J]. Chin J Physiol,
2022,65(2):80-86.

[163] £35 , BR5E0, BWIZR, 45, Mz mexd ey IR IR/ U
PR Y SE BRI T[] BUARA: P B 2 0k i, 2015, 15
(35):6822-6825.

[164] ZUO J,ZHAO D,YU N,et al. Cinnamaldehyde amelio—
rates diet—induced obesity in mice by inducing brown—
ing of white adipose tissue[J]. Cell Physiol Biochem,
2017,42(4):1514-1525.

[165] KANG N H,MUKHERJEE S,YUN J W. Trans—cinnam-
ic acid stimulates white fat browning and activates
brown adipocytes[J]. Nutrients,2019,11(3):577.

[166] BAE 1 S,KIM S H. Sinapic acid promotes browning of
3T3-L1 adipocytes via p38 MAPK/CREB pathway[J].
Biomed Res Int,2020,2020:5753623.

[167] YAP Y W,RUSU P M,CHAN A Y, et al. Restriction of
essential amino acids dictates the systemic metabolic
response to dietary protein dilution[J]. Nat Commun,
2020,11(1):2894.

[168] KALEZIC A,KORAC A,KORAC B,et al. 1-Arginine
induces white adipose tissue browning-a new pharma—
ceutical alternative to cold[J]. Pharmaceutics,2022,14
(7):1368.

[169] faf 57, L-Z BN i g & 5 S HE /N BUSE A G4k
HIRE B Mg 18w RS AL B U I D). & PR AL
Ke,2021.

[170] JOFFIN N,JAUBERT A M,BAMBA J,et al. Acute in-
duction of uncoupling protein 1 by citrulline in cul-
tured explants of white adipose tissue from lean and
high—fat—diet—fed rats[J]. Adipocyte,2015,4(2):129~
134.

[171] CHOI M,MUKHERJEE S,KANG N H,et al. L-rham-
nose induces browning in 3T3-L1 white adipocytes and
activates HIB1B brown adipocytes|J]. IUBMB Life,2018,
70(6):563-573.

[172] JRLLREE, mbeRs X i, 2. AR o S8R (35 75 1
5 A5 A P R B TE (D). (33, 2007(5) : 740-742.

[173] GUPTA A, KUMAR A, KUMAR D, et al. Ecliptal,a
promising natural lead isolated from Eclipta alba mod-
ulates adipocyte function and ameliorates metabolic
syndrome[J]. Toxicol Appl Pharmacol,2018,338:134 -
147.



LERE]

BB AR TEDUIL KR 7 Wyt 5 0E Ji

[174] NIKOLAI S, HUEBBE P, METGES C C, et al. R-«a
lipoic acid vy —cyclodextrin complex increases energy
expenditure:a 4-month feeding study in mice[J]. Nutri—
tion,2014,30(2):228-233.

[175] LIN C,CHEN J,HU M, et al. Sesamol promotes brown—
ing of white adipocytes to ameliorate obesity by induc—
ing mitochondrial biogenesis and inhibition mitophagy
via B3-AR/PKA signaling pathway[J]. Food Nutr Res,
2021,65:7577.

[176] CHENG M H, ZHENG W Y, ZHANG Q Q, et al.
Sesamol promotes browning of white adipocytes through
liver—adipose crosstalk signal of hepatic fibroblast growth
factor 21[J]. J Nutr Biochem,2023,115:109278.

[177] 5L H. 22 RR T ) 38 2 S ph 23R AT PEAR SN RIICAZ T g
WA B4 B VR T B2 20 DL 58D, JBFH = PH AL AR AR
FHER2,2019.

[178] ZEME 56 , N0 T}, vk, 2. 22 WAL R BIL i F 5 ik
JEJ]. iR, 2022,43(5):356-362.

[179] WANG J,ZHANG L,DONG L,et al. 6 —Gingerol,a
functional polyphenol of ginger,promotes browning
through an AMPK-dependent pathway in 3T3-L1 adi-
pocytes[J]. J Agric Food Chem,2019,67 (51):14056-
14065.

[180] JliH. 622 My 4i bl A Iy 200 AL AES DR 2 3 o AT i 1)
BLAIBTFE[D]. B ARk RS, 2022.

[181] WANG J,CHEN Y,HU X, et al. Assessing the effects
of ginger extract on polyphenol profiles and the subse—
quent impact on the fecal microbiota by simulating di—
gestion and fermentation in vitro[J]. Nutrients,2020,12
(10):3194.

[182] CHO E,JEON S J,JEON J,et al. Phyllodulcin improves
hippocampal long—term potentiation in SXFAD micel]].
Biomed Pharmacother,2023,161:114511.

[183] KIM E,LIM S M,KIM M S,et al. Phyllodulcin,a natu—
ral sweetener, regulates obesity —related metabolic
changes and fat browning -related genes of subcuta—
neous white adipose tissue in high —fat diet —induced
obese mice[J]. Nutrients,2017,9(10):1049.

[184] NAGATA N, XU L, KOHNO S, et al. Glucoraphanin
ameliorates obesity and insulin resistance through adi-
pose tissue browning and reduction of metabolic endo—
toxemia in mice[]J]. Diabetes,2017,66(5):1222-1236.

[185] ZHANG H Q,CHEN S Y,WANG A S,et al. Sulfora—

phane induces adipocyte browning and promotes glu—
cose and lipid utilization[J]. Mol Nutr Food Res,2016,
60(10):2185-2197.

[186] CHEN S,LIU X,PENG C,et al. The phytochemical hy—
perforin triggers thermogenesis in adipose tissue via a
Dlat —AMPK signaling axis to curb obesity[J]. Cell
Metah,2021,33(3):565-580.

[187] STEFANON B, COLITTI M. Original research: hydrox—
ytyrosol, an ingredient of olive oil, reduces triglyceride
accumulation and promotes lipolysis in human primary
visceral adipocytes during differentiation[J]. Exp Biol
Med(Maywood ),2016,241(16):1796-1802.

[188] OI-KANO Y,KAWADA T,WATANABE T,et al. Oleu-
ropein,a phenolic compound in extra virgin olive oil,
increases uncoupling protein 1 content in brown adi-
pose tissue and enhances noradrenaline and adrenaline
secretions in rats[J]. J Nutr Sci Vitaminol (Tokyo),
2008,54(5):363-370.

[189] NAKAMURA A, YOKOYAMA Y, TANAKA K, et al.
Asperuloside improves obesity and type 2 diabetes
through modulation of gut microbiota and metabolic sig—
naling[J]. iScience,2020,23(9):101522.

[190] XU Z,LIU D,LIU D,et al. Equisetin is an anti—obesity
candidate through targeting 113-HSD1[J]. Acta Pharm
Sin B,2022,12(5):2358-2373.

[191] DUAN Y N,GE X,JIANG H W,et al. Diphyllin im-
proves high—fat diet—induced obesity in mice through
brown and beige adipocytes[J]. Front Endocrinol ( Lau—
sanne ),2020,11:592818.

[192] BECK V, JABUREK M, DEMINA T, et al. Polyunsat—
urated fatty acids activate human uncoupling proteins 1
and 2 in planar lipid bilayers[J]. FASEB J, 2007, 21
(4):1137-1144.

(193] ARl , REF , #4845, ST A ORIitE AL n-3
2 AN IR 17 R 0 AL ST 0. AW AE R,
2021,28(6):574-578.

[194] FRHAFE. Omega—3 Z2 AN G 5 R % /)N Bl 30 71 0 A
R AR B2 I [D]. K « K% R, 2021,

[195] KHERA R,MURAD M H,CHANDAR A K,et al. Asso-
ciation of pharmacological treatments for obesity with
weight loss and adverse events: a systematic review and
meta—analysis[J]. JAMA,2016,315(22):2424-2434.

(Wi H 197:2025-02-21)

79



