i SR e = T S
A

Journal of Chinese Institute of Food Science and Technology

Vol. 22 No. 6
Jun. 2 0 2 2

BE&AERE T IR T it R

=1

.
/\‘5@\

3

T
SEITTET ST

5 R
AIEFER

wf

JL® 100080)

HWE HREBEANLRZTHARBIIRBTARIE S AMRARMETL, M LICH BERRH ChERRBRFRBLER. O
HEF B (RSV) A —FF R KR8 K £ S B La-4, T Ll i3 8 B & R A BAL 5 B N5 W5 B F 89 5 il g s 40 4R 84 7= 20 B4 4k
K A A E AR &R, B AT, RSV AW RS R ARSI BT 2 B S XE PR R R, AR IEF &k RSV
i R R BE R, H RSV ARG £ 9k 9% 5 @ 89 R AF AR A H
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Bl 25 N AT AR 7 SRR B 2 B AR e, AR
AR ZEBE O B H 25 ™ 5 1 A 36 TR ]
T 5 T AR 2 0 8l 2R B, 2016 4F 4 BR AR A
NEREAMAEORE T 6.5 12, 5 HeR 13%, NEREA AR
RN IR T K WAt £, BE & iy 18 2 i IR T 5 B
B LR B B B AR B EREL , 51 ke R R
SiE O IS R S T 2 B AR B BB A, H AT
IGITIERER) 0 FBOA W T, AR S
B AR SR IX 2 T B B R RE A B s S R AR
FHR A, AR AT GE 2R I P12 2 B (RSV ) 5 K
SR E e BAT G5 D RE , BLRIE /N R4
ARIRIT FBL

RSV & T REM Zmik6 % ,1940 4F 5 K K
T H RS, SR A A NIRRT R AR BB
R, FLEDMH IR AE T AL B
WA R EEY R 7 FORSRE HETTE
PRAE S At S AU E Tz N, ARk, R
Y50 58 2 W1 RSV ] DL o 55 B8 A i A Ak o
fite Mg i DR 10 40 06T T A 0 7 A R A i) 9% i
BCENERE . T RSV A2 2 s 2 vk FLAE 1
B NE JREAE 52 S0 88l Ry A AR SC L RSV 85 g T
R A YIS, X RSV BPE B AR VB HPLEE 45
DT AT RNES B AE S RSV 78 2405 M0 Bk S50 1 2
PRI 7 I FH AR AR A R 2 %
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1 HEARE

RSV Wyfk2:40 3,47, 5-= 53 “ R IL L0,
E-MEEZMAGY, 57X CuHL0,, 7 F
Ji i Ry 228.25 g/mol , A5 U AL 1 o, H 4l
AR TG L4 0 s 256~258 °C, MEV T K,
Gy TR | L EESFA LA R, KR RSV A I
SO RS, L Ah RSV i AT 5 4 ) B 45 5
Az A s T, S 25 R A T e oGS
P AR e, HL A= 936 P i)

RSV JE A Y7 FUR R YL | 28402k B 5 A5 T
KT ENPURER 20 T AR AL R
BLAF Z R H ALY B RSV F WL 1,3
o, BEBATLE LGSR RSV SR,
K1 870 pg/g, HAET,IKEL RSV M FB E A MY
PEH, A B AR A R 3 R A A
A, A2 A B REFE = FLY5 Ye RS, A il o A
B R RSV AR5 A 1T 50y 77 w7

2 HEABENEHHKRBESSH

RSV (AEY G, ANl AE | o o M i A8 3
. BCERERE S, SR, ERAEWR RN R
1% , 75 LV (0 v BE ARG, AR A= 9 R BE ey
A W A 22 B AEAE B 87 ) . Boocock Z5UM4A {EE FiE
BEF XM 0.5-5g RSV, 7F 0.8~1.5h P i
oA Ko 25 Wk B, XN 0.3 ~2.4 pumol/L,
Kapetanovic %525 K FLESE 14 d #H 150 mg/kg/
d B RSV, Il 1 RSV 1Y Kk B8 2.2 wmol/L,
SR, ZEAR AN 0 40 i 52 55 vh RSV & 454 T A vk 2
JE AT LA I8 5~50 wmol/LUS4 Sy figg BEA A 4 A
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Fig.1 The chemicals tructure of trans-resveratrol(left)

and cis—resveratrol (right)
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Table 1 Resveratrol content in certain natural plants**'
AE Y FE K ko
Wk 0.125~1.626 pg/s
Btk 0.42~0.63 meg/s
o 0.16~3.54 pels
B ~0.87 mg/e
o R 0.09~1.67 pg/g
$AE 0.24~036 pglg
A% 3.70~3.82 pele

FHBE Al AR Wi v Z [ Y 2P i, BIF9E RSV A3
oA AR LB,

RSV TEA A 1 A5 45 T AR A Al 38 3R
R, B RSV #EAMRN A H Bk e, £
LA sh B Oy Ui b B ™, 75% RSV
BEA W bR ML AR PR 57— B T ) 4 W TS TR
% W (5 -diphospho—glucuronosyltransferases,
UGTs) Fl it 3L %% 7% iff (sulfotransferases, SULTs) f¥)
VERTT AR TDABARISE, % A oAy o 26 M T 1R AR
R RO, SR RSV KA Wy n it g b B 40 Jfa Tt
HE RIS B () e i 2 7, i L B9 1 25 25 1 (breast
cancer resistance protein, BCRP/ABG2) . % 24 1fif 24
MFHEH 2 (multidrug resistance—associated pro-
tein 2, MRP2/ABC2) S 2 2 25 1 G 1 3 (mul-
tidrug resistance —associated protein 3, MRP3/
ABC3) %, #EAMpEEET# KB AN M AE . X,
RSV S HACH 0 7E 10 23 R R 03 . — P85> 40
JEHEA KM Jo |, 24k 4 i T TR A A TR A 0g8
Yy R 7 BE E A AAEER 5 75— 70 BA L
SN R RN IR B DT /(1Yo - S LN AR A R NS
PR G 2 1) i ik e AT HE IS 2 5 T I 06 26,
M2k R B ANE 2, fem RSV AR @

b PRGOS AEHE AR AL, 29 5 8 75% 2,
RSV T7EAR A B AR5 9 53 R B A58 9 i 1
GRREACU Y . AL 32 A B P A 2 B
1% B2 11 (RSV —glucuronide , RSV -G ) Fil FH 22 /4 [ 7
72 £k (RSV—sulfate, RSV-S) ., H mi & 2] i) RSV-G
K RSV-S e 247 16 ™ 1 .RSV-3-0-fii ik £h
(RSV -3-0-sulfate, RSV -3-S) RSV -4’ -0 - i /i
h (RSV-4'0-sulfate ,RSV-4’-S) RSV-3-0-#j%j
W5 B R 17 (RSV =3 -0 —glucuronide , RSV -3-G) .
RSV -4 -0 - i %] # B iR ¥ (RSV -4’ -0 —glu-
curonide ,RSV-4"-G) RSV M HifREh (RSV-3,4’ -
O-disulfate, RSV-diS) K RSV fitf i 7 25 4 1 i 1
(RSV-sulfoglucuronide , RSV-S-G )&, B A1 E 245
ARTENFIE B IE B S i v X el I P e g
R RSV 7= 4 RSV -G K& RSV-S Ay fiff it 3 [
FEEE™, HIEREBY A A
g (dihydro-resveratrol DHR) 3,4’ - — ¥ 3%
K- R EL 20 2f: H Z2 W (lunularin. LUN ) 58181
5 RSV 25 ,DHR F1 LUN 3 A] L g A 35y #6 25
W T R HF RN R £6 40 . DHR - % 8 (DHR —sul-
fate, DHR -S) \DHR - 4 ¥% % 2 17 (DHR —glu-
curonide , DHR-G) . DHR— X 7 %4 B % 2 11 (DHR -
diglucuronide , DHR -diG ) . DHR — i J 5 25 B [ iR
1 (DHR -sulfoglucuronide , DHR-S-G ) . LUN - 2
1k (LUN=- sulfate, LUN=S) & LUN—%j %5 ¥ 5 /R 11
(LUN-glucuronide ,LUN-G) , DHR .LUN & H:%j%j
WS PR 1 B IR Fh AN AT FE 25 W , iR AE 1L L JE
T B AU g I 2 O AT S R
% T RSV K& RSV-S RSV-G®!, 7 3 v BUE +4F
KT RSV K HACE W AEAR N o3 A S & = AR
PERFSE (32 2)  BR T LA L RSV BRI o | Bt 25 46
D AR R 2D WE5E 35 T8 3h ) i S48 A R W b A
) B RSV AR, 2019 4F Wang 25297 /N i
FEOE A B 4-FR BRI IR 4- R LR 3-
FRIHORHR B 3-FR IR . 2020 4 Liu 5>7E
R ERPR Y B A v A I ) 4S5 SR H R . e 1
PR AR B 2 0 0 A 5 vt A D B R SR 2
MR FRHORN N IR S5 IR, 3 3 4F A BIF 9T 2R I i 2
My R 5 22 By 1 A D5 PR A OG22 A G RSV W R
FEAR I P 1) 25 1% 3h g 25 0 5 T B RSV 9 4R
Vst AR R E B HET, X O R R O Z
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Fig.2  Absorption and metabolism of resveratrol™
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2006 4F , Lagouge %511 b 5% 1 Ik % W] RSV
X RE AT AR T R AT, 6T RSV AR
2B T U AR R E R L 3 15 AR A DGR
PEWFSE AN 3 BTl (RSN FI A A RIS R B RSV
5 IS PR £ AL 3L 3 A B A 1 AR AR S g
J07 R RIS 5 A T 98 B R g 1 TR
4 DJTTH
3.1 iFTTEE R K A8 B BE F 53 i

JiE A 32 AL AR R AR A A
Kt N5 8 1 A A 2, RSV ad i fie 0k I
12 B AR AL, 1 A 105 R K i s 5 R, e 2 A N
NG5SR 4R, B HE Rk AR Sh S5 Huang 251 31
RSV 3 3o #07 3 4 1k W i A 18 A ) 0 2 A
(peroxisome proliferator—activated receptor, PPAR«
K PPARy) , il B W 240 B g 7 2 B 12 B 11 1 (fatty
acid transport protein 1,FATP1) 193K Kk | it
T/ B HRE TR P A B H il =R SR AR . IR 5
B, Wang SFRE5E R BN £ RSV 6] 1 AL JE /N

S PRS2 DT ob i 5 ORH OGN R WTTR & AT
(fatty acid synthase,FAS) . ffi JgmE4inG A J24f0Fn
fifi 1(Stearoyl-CoA desaturase 1,SCD1) 1) 3& [A &
ik A HE TR 7 A AR DG, 0+ DY R TR AR R T
WS 1A (carnitine palmitoyl transferase 1A,
CPTIA) Kb £ WAl g A JBi = A (mediumchain
Acyl-CoA dehydrogenase, MCAD) [#3E KKk, 3
SR TR s AR T g D5 S R, 2T R /D RS
JHE o RV i RIS 45 SR B RSV RE s M IR 1,
40, Timmers SFHO3E L 11 44 JIE Ji 78 2% 3417 Bl L
WHEIE, F52230d 4 T W44 7T 150 mg/d
RSV, 45 2R o8 RSV #iE ALA ' AMPK/SIRT1/
PGC—Tlo J %, W03 T LN ORI LUIR 105 R S IS
Wy WP AE T, B T Il I =R e S E R
K- Jorge %y 13 24 LB ESE 3 A A Ab
78 250 mg/d (19 RSV, I 4l Bl i 24 00 6 o, 45 2R 3R
W] RSV £/ 1 i v i 0 [ e v %85 B i 2 11 IR
A P A0 AR 2 32 i 2 DL T K PR R %
KT RSV S NRACHHLE A BT 5T b, H AL
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g A A T B s R R O Ak A 1 (AMP
activated protein kinase, AMPK)/lii 2 B 4k 7§ 1
(sirtuin—1,SIRT1 ) g% Ran W% B 7E3E S
fa RSV il i AMPK/SIRT1/PPARy i #% i 5 g
AR, 2 10 A T i 978 A L T A 3 =R
IR B LIS A T TR A WF AT
K miRNAPS m6A IR AL 7 25 H AL A% I 7
E2 #HCIHF 2 (nuclearfactor erythroid 2 related-
factor 2, Nrf2) 35 519 2 Wit 5 1 Mt 2 15 T i
PR IR LE, SRR BOR A . e AL B9 HepG2
40 J P RSV BEAIR T miR-107 il miR-10b % ik,
BT PPARy K CPT-1a JER 33k, 4 5 A 0
I 235 g 07 A8 P W S5 i 5¢ 2 B RSV [
I8 T RE Bl /N BRURE JIE e m6A H ALK S, 1
PPARo ZE T g dde 3 R AU 2L, Rl 2
Y Bh 3D Bmald W90 S SORLAR = 198 IR 1 i
K H H 3(ATPase family AAA domain—contain-
ing protein, ATA3)™! 1257 RSV #3515,
TN 95 R 175 3 19 B i A8 M HepG2 41 i v, RSV il
A HEI Bmal 1 3 R 3235 P AR FAS B[] B 8 fige Jit
{45 A # FH -1C (sterol regulatory element binding
protein-1C,SREBP-1C) i) 3R ik , I & T g i
Lo

JIE 7 5 02 M D5 203 W ey — S o, LA
F Ar W sl 55 40 W i 7 A R FRe it AR S .
IR A R R R HRPUR LT 4E AN i
£ K K ¥ =21 (fibroblast growth factor 21,FGF21)
Mol #EE AW A& HEE S (fibronectin domain
contains protein 5,FNDC5)%55, RSV & MERE S
JE Wi A7 5, —J7 T, RSV BE e A JhE 5 | ke 7y 98
FACHU; S — i RSV i B i FGF21 A
FNDC5 #5298 15 Jig AL, 0l Byl i 7= 4, 2k i
GE L R ARPUR AR TENC RS | ik b
RN, 2 AR HURE T R, JOTE R R B AR
LR e H I AR AR P, BIFFE R W] RSV AN
o BB R A A T A% 1 K S0 T 3 (phos-
phorylated
transcription—3,p—STAT3) 7 & M35 T Fr & &K ik
PO 30 G A 3G S VAL A e 8 R 2 AR R
i, REARRR 7 25 2 PN J5T D00 Iz 3800 il ) R 20 4 Y
R, Li G RE/N AN 78 RSV S B0 I

signal transducer and activator of

i SIRT1 # ik, i FGF21 & &, ik 1ii 14 0 i
Jii R SR AL FE TR 3238 I A2 R EE . Andrade 251U Aff
¢ 2% W] RSV i i BT I B N B R iR i
SIRT1, fi& it FNDCS & S 38, b 3 Jlig 17 7 £ 22 DA
Fak  EIEHUA = TATF e A
3.2 RIMME=R

W FL 30 ) W kR g 5 4120 (brown adipose
tissue, BAT) & A K 2 b iR & i & H 1
(un—coupling protein 1,UCP1)®! BEIHFEL A HY
o, WA E, AEAIEHA2] (white adipose
tissue, WAT) 4 R ik & 240/, 24 WAT 41 i &
B 22 AR R ik UCPL B, = g 3 1%
HFEFRY WAT £ AL, R TR iz 3 55 50 5T
RSN RSV 45 2 1 2 1) B o BE R BAT 77 i %
75 WAT A7 AL Wang 25108 81 7E 1R 215 1 15
F €01 107 40 1 ROIE /s B BAT R RSV fiE F 9
PR 45 #J 3 16 (PR domain containing 16,
PRDM16) \UCPI , i % fb W) il A 154 5 400 33 16 =2 1K
v Hi ¥ - 1a(peroxisome proliferator—activated
receptor—r—coactivator la,PGCla) 4545 4 g Wi br
EYRET WAT frufl, B WAT i, 22 HE
JHE o Serrano ST BIFFE B, 720 7L 25 /N BUAR FE
RSV, JAFJ5 H WAT g (AL R N Sle27al K
Prdml6 3K T XA, HAT, KT RSV K
BAT " #A K 5 5 WAT £ (AL B HLBE T T, F 5 4
Z (/2 AMPK/SIRT1/PGClo 38 %2 B¢ # 1%
K A5 Je RNA T35 AMPK Al SIRTI
TEIZE PE P AR ] . Li SR A5 R BT RSV il
HE /N BlAR AL BRI 2235 5 Sirt] A7 56, 4R FH IR
i 7 27K F 35 shRNA T Bl Sirtl & (13K 35
&, BEEERRIT iR AL PRDM16 Kb ik ik
TMEM26 Rl CIDEA W335 EIRTE A . TR I
A sh ¥ B A E & H (mammalian target of ra-
pamycin,mTOR)7 & 47 1211 5 RSV Hl 3 AL 44
PR O MRS R W] RSV 3@ 1 0% mTOR 75
S 3T3L1 G s A g b oAk, A€ db/db /N R
RSV &b BB T 1 S e rp A7 JHAR 5 &, A 1H
MRS 2K G HANHIT IRIBERZ A 5 (Takeda G
oI TR
UCP1 2 1R IA MG BAT Jf42iE WAT ek, #
e /N BRUF) A 2 BE RS S, 1A, Serrano SE7R

protein —coupled receptor 5,TGRS),
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Bl RSV A3 WAT ki AL 50504 ¢, 75E At
WI#bFE RSV BE G Jm g 4F b LAY WAT £ €4k, 1M
Xof e RIS ROR
3.3 mAIEAR

HE e Y A AR 2 B R BE A KT AR R
SET, AE RS T W e B D REAZ 461, 4 22 IR B PR
7 A 14 i 20 W 3 2o B A R B i AR AR BE T
WO g R BRI 7, SRR 12
PERRET, VP 258 R W] RSV HA Br 2 AE ™, 1E
PR AN 35 3% 00 B 07 248 B vh RSV 10 58 6E B 11 4
% 6(interleukin-6,1L-6) . 141 & 8(interleukin-8,
IL-8) M FAZ 4 i i#a 1L & FH 1 (monocyte chemoat-
tractant protein—1,MCP-1) 1 33K 1E ) B Y
A Jimenez 250 B RSV BRAE T 1H ] 46 (1 (4 )15 Bl
A%+ kB (nuclear factor kappa—B,NF-
kB) BIBER ALK, HETT ] 1 5 50E A 5 B g SR 4E
A F a(tumor necrosis factor—a, TNF-a) IL-6, H
4 & 1B (interleukin-18,1L-18) K g % &= ) £ ik
H Hr A BF 5 R B RSV Bt 2 i AL IR 3 254 2038 1
i B PN I3 P 98 ., — 7 TET , RSV B A 1 1 3K T
S A R H (Oceludin) | # 5 2 H (Claudin)
A EEN 1 (zonula occludens—1,Z0-1)™
0 18 /bW b B e 20 IR 45 G BT R (mucin,
MUC). B =W A F 3 (intestinal trefoil factor,
TFF3 )Py 35 | 2036 i 18 W) 35 B A AL 27 ot B 5¢
HPE R AL Y PN R LI B2 SAE SN, B/
Rl 174 [ &5 2R HR BT SR AR 2R [F] IR RSV 2k

((wmmes ]-—[ | LeATGRS/UCPT f—

[ | PRDM16,CIDEA,, TMEM26 ]-—[ | sirt1 ]<7

[I 41K 2 §C,PDH }4——[ | AMPKa ]<—

[ [ PPARY,PGC-1¢,UCP1 }—[ mTOR ],,7

Ex i

M it B e BV 5 R KRR R R 48 A ¢, Chen
SEBUE B 5T 2R W 25 I8 B R BUAR 32 RSV BEIK T
P RRRR ZAE 1 mRNA ZKF, BETTHE N T 1
TR R R Rk B T ARTRE 1
i BT o BeAh RSV il 410 il Fig i 2 24 SIRT 1 &
CC #fbH 721k 2 (CC chemokine receptor type
2,CCR2)™IZ 15 Z2 fifk 1A Jow o0 1y 3 M B W 4 S 320
IR RAE o Ding %% B RSV 25 FEAK 17 E kN
BN BEBE W i CCR2 B R AE I F- MCP—1  TNF-a
FTL-6 Ay HE PR 3K sl /b . W5 4 Jf =2 10 R 498 0 2
IO, B 2% kAR S I
3.4 BETLPHEE

o 1 TR AR A S AR R UL 88 B, A LS AE R
BRI L0 I A5 958 9 25 22 b AR S ARG, T HL
SEIRYT X OB Y HE AR ™, RSV AR b s AR e,
55 B R EAE R SGE RS — 5 i
REREARIST RSV, XM, AJRAIEH Slackiae-
quolifaciens , Adlercreutziaequolifaciens " & 5fj ¥ Y
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Research Progress in Resveratrol in Regulating Lipid Metabolism
Guo Jingling, Ma Chen”
(College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100080)
Abstract The imbalance between energy intake and energy consumption leads to the increase of adipose tissue and the

disorder of lipid metabolism, which leads to obesity, diabetes, cardiovascular disease and other metabolic diseases.

Resveratrol

(RSV) is a natural astragalus polyphenols compound, which can effectively improve obesity and other

metabolic diseases by regulating lipid synthesis and oxidative decomposition, adipokine secretion, adipose tissue heat pro-

duction and inhibiting inflammation. At present, the regulation of lipid metabolism by RSV has attracted extensive atten-

tion and made great progress. Therefore, this paper reviews the recent studies on the regulation of lipid metabolism by

RSV, in order to provide more theoretical basis for the application of RSV in improving metabolic diseases.
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