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[ Abstract |

develop slowly and are difficult to cure. Anthocyanins play a good role in health promotion by lowering blood sugar, lowering blood

Metabolic diseases are chronic diseases caused by multiple factors such as genetic and environmental factors, which

lipids , increasing insulin secretion, anti-cardiovascular disease, anti-cancer and other aspects, and are believed to promote the health of

patients with diabetes, obesity, cancer and other diseases. In this paper, the mechanisms of anthocyanins in metabolic diseases were

summarized in order to provide theoretical basis for the application of anthocyanins in metabolic diseases.
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Table 1 Overview of anthocyanins
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Figure 1 Basic structure of anthocyanins
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f46ki] ES €A R, R R R R
RIERE 3, 5-0-ZHARHT cyanidin 3,5-0-diglucoside O- T O-#%HH  oH  OH i
Rl 45%-3-0-(6'-C Br-F AT cyanidin 3-0-(6'-acetyl-galactoside) 0-(6"-BE-2LFLH) OH OH OH H
KA %-3-0-(6'-C B i) cyanidin 3-0-(6'-acetyl-glucoside ) 0-(6'-Z BE-FAHET) OH OH OH H
RELHF-3-0-(6'-MMMEBESE- A% cyanidin 3-0-(6"-caffeoyl-glucoside ) 0-(6'-MIHEBEEE- A1 1T ) OH OH OH H
W)
KIEFFE-3-0-(6-ZAMIL-H  cyanidin 3-0-(6"-dioxalyl-glucoside) 0-(6"- A3 -4 4 OH OH  OH H
) )
KEFHE3-0-(6'-FFHE-3 % cyanidin 3-0-(6'-malonyl-3' -glucosyl-  0-(6"-IN -3 H77H 0H OH OH H
R glucoside) )
KIEFHE-3-0-(6-IN -4 cyanidin 3-0-(6"-malonyl-glucoside) 0-(6'- N A A HE ) OH OH OH H
B
REHE3-0-(6' WHEFEHEH  cyanidin 3-0-(6'-p-coumaroyl-glucoside) 0-(6'-Xf 7 0 K 5544 OH OH OH H
) )
REAE-3-0-(6'- BEHIBEE-H4  cyanidin 3-0-(6'-succinyl-glucoside) 0-(6"-BEHIBL AL AT ) OH OH OH H
B
KB ZHR3-0- PR cyanidin 3-O-arabinoside O-F AT OH OH OH H
REHHE3-0-FF M cyanidin 3-0-galactoside O-FFUIY OH OH OH H
KB E 30T cyanidin 3-0-glucoside O- A H OH OH OH H
REHE 30T cyanidin 3-O-glucosyl-rutinoside O-H R 2581 OH OH H OH
RERE3-0-EFT cyanidin 3-O-rutinoside 0-=FKH OH OH OH H
KIAZ3-0- 1A 1F cyanidin 3-O-sambubioside -l R4 OH OH OH
REHE-3-0- I A 5-0-7 cyanidin 3-0-sambubioside 5-0-glucoside O- 1l R4 O-H i fy OH OH
i
KEHE3-0-W cyanidin 3-0-sophoroside O-FEHT OH OH OH H
RIAE3-0-RBHT eyanidin 3-O-xyloside O-AHE OH OH OH H
RIAE3-0- AL SE cyanidin 3-O-xylosyl-rutinoside O- AR OH OH H OH
KHERE -3, 5-0- R delphinidin 3,5-0-diglucoside ORI 0% o OH OH
HEEE-3-0-(6 - B BT delphinidin 3-0-(6'-acetyl-galactoside ) 0-(6"-C B 7LBEY) OH OH OH OH
R E-3-0-(6' - BRI HET) delphinidin 3-0-(6'-acetyl-glucoside) 0-(6'-C Bt HiiY) OH OH OH OH
Rl £ -3-0-(6- % 7 o B A delphinidin 3-0-(6'-p-coumaroyl-gluco- 0-(6"-3F 7 5B H 4 b OH OH OH OH
BT side) 1)
KR -3-0- P PR delphinidin 3-0-arabinoside O-FHfri OH OH OH OH
KRR 3-0- P BB AL AT delphinidin 3-O-feruloyl-glucoside O-P BRI A AT OH OH OH OH
RARIZ 3-0-L AL BT delphinidin 3-0-galactoside 027U OH OH OH OH
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KA E-3-0- B AT delphinidin 3-0-glucoside O OH OH OH  oOH
TR R 3-0- AT delphinidin 3-0-glucosyl-glucoside O- M-I OH OH OH OH
RHER3-0- 5/ delphinidin 3-0-rutinoside 0- =TT OH OH OH OH
KR R 3-O- 1A A delphinidin 3-0-sambubioside O-th A A OH OH OH OH
TR R -3-0- A delphinidin 3-O-xyloside O-AfEF OH OH OH OH
HEE3,5-0-ATARHT malvidin 3,5-0-diglucoside O- AT O-#i%HF oM OCH,  OCH,
HER3-0-(6"- LB FLBEHT) malvidin 3-0-(6'-acetyl-galactoside ) 0-(6'-Z BT OH OH  OCH, OCH,
HiYER-3-0-(6"- L BE-HA ) malvidin 3-0-(6'-acetyl-glucoside ) 0-(6'-C B AT ) OH OH  OCH; OCH,
FiZNG]

EEE-3-0-(6 MIHFBEAL HPRT) malvidin 3-0-(6'-caffeoyl-glucoside) 06" MR AT ) OH OH  OCH, OCH;
HEE3-0-(6/ - FTHAE- 4 malvidin 3-0-(6"-p-coumaroyl-glucoside) 0-(6'- X 7 T2 Hi A OH OH  OCH; OCH,
BT fF)

SR R-3-0- BT malvidin 3-O-arabinoside O-FiIprffy ¥ OH OH  OCH  OCH;
R 3.0 L 3L HY malvidin 3-O-galactoside O-FFLAHT OH OH  OCH, OCH,
HRER-3-0- BT malvidin 3-O-glucoside O- A OH OH  OCH  OCH;
RHHEE 3 5-0-— F i pelargonidin 3,5-0-diglucoside O-Hi BT O-HZ M OH H H
RKEFER3-0-(6'-N _BHEE-H%  pelargonidin 3-0-(6'-malonyl-glucoside) 0-(6'- N _BHE-F OH OH H H
BEH) 1f)

RKEFEFR3-0-(6/-BEHIBIE-TE  pelargonidin 3-0-(6"-succinyl-glucoside) 0-(6"-BEFABEIL AR ) OH OH H H
BETF)

FRHFEH3-0-FF R pelargonidin 3-O-arabinoside O-PrrfrpE OH OH H H
RKAEFER3-0-FF FHF pelargonidin 3-O-galactoside O-F3LET OH OH H H
KAEFER3-0- 5 T pelargonidin 3-0-glucoside O- T OH OH H H
FHHEE -0 B2 pelargonidin 3-O-glucosyl-rutinoside O-F - A OH OH H H
KR 30-EH pelargonidin 3-O-rutinoside 0-ZF 1 OH OH H H
T IE L 3-0- 1A LRk pelargonidin 3-0-sambubioside O-1L A FEIcH: OH OH H H
REHEFR3-0-REHT pelargonidin 3-O-sophoroside O-F BT OH OH H H
A% -3-0-(6'-LBE-EFUT) peonidin 3-0-(6'-acetyl-galactoside ) 0-(6"-ZBt-£-7LHHT) OH OH OCH, H
Rj#%-3-0-(6'- L BT ) peonidin 3-0-(6'-acetyl-glucoside) 0-(6"-Z Bt-H# BT ) OH OH OCH, H
A% -3-0-(6'- X & G EHE-8%  peonidin 3-0-(6'-p-coumaroyl-glucoside) ~ 0-(6'-% 7 T BEEL- A5 OH OH OCH, H
B #)

AJEHE-3-0-BT R P B peonidin 3-0-arabinoside O-Fa A R OH OH OCH, OH
Rj % -3-0-L 3T peonidin 3-0-galactoside 0-FFLEET OH OH OCH, H
EF SR peonidin 3-O-glucoside O- & H it OH OH OCH, H
NHE3-0-EF peonidin 3-O-rutinoside 0-7 1 OH OH  OCH;
BERWES3,5-0- " HERHT peonidin 3,5-0-diglucoside O pT O-#%WH  OH  OCH, OH
BEHEE3-0-(6"- LU peonidin 3-0-(6'-acetyl-galactoside) 0-(6'-Z BE-~F- 7L TT) OH OH OH  OCH,
BHEE-3-0-(6"- - R peonidin 3-0-(6'-acetyl-glucoside) 0-(6"-Bt- AT ) OH OH OCH; OH
BRI E3-0-(6' M HFEEEH  peonidin 3-0-(6"-p-coumaroyl-glucoside) 0-(6-Xf 7 0 544 OH OH OH  OCH,
) )

B R 3-0- PR peonidin 3-O-arabinoside O-Parfrff OH OH OCH, OH
B R30I peonidin 3-0-galactoside O-F A B OH OH OCH, OH
B R 3-0-HHHY peonidin 3-O-glucoside O T OH OH OCH, OH
B R-3-0-FARHT peonidin 3-O-rhamnoside O-fl 2 H OH OCH:  OH
B R3-0-5FF peonidin 3-O-rutinoside 0-5714 OH OH OH H
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BRI AN 5 2 ﬂﬁ%ﬁﬁﬂﬁﬁﬁ%ﬁ%ﬁ%
E@*ﬁa‘éﬁ Iz 34y WA ARE A N RE 2 RO PR 1) XL
% . (hazard ratio, HR) 4 0.74(95%CI : 0.66~0.83 ) , #ij
ZFIEA T4 0.88(95%C1:0.83~0.93), H1E)"AHY
— IR BEAILOT RESUH 150 v, AT 58 451] 2 UM PR
AR AR R IR 2 YR 160 mg A6 (0 5l IR FH 228
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R A58 24 i o P BELR 115 R o ok 8 50 AT 22 5%
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(low-density lipoprotein cholesterol , LDL-C ) 1 fiL 7% H
=g (triglyceride,, TG) A I 3 R B A S RIS T
7.9%%123.0% , %k i5 £ 1 (apolipoprotein , apo ) B-48 F1
apoC- MK FE S BIRFAR T 16.5%111.0% , I B A G5
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FFAR1 : IS IR TR 524K 1 (free fatty acid receptor 1) s INSRa: JJ 5 & 2 R o (insulin receptor o) GLUTs: Bz B iz M (glucose transport-
ers) ; GK : B2 B (glucokinase ) ; GSK-3B W A1 3B (glycogen synthase kinase-3B) ; PFK-1 : B R FL L 1 (phosphofructokinase-1) ; PK: A
AR 4 (pyruvate kinase ) s AMPK : I R 76 Ak 25 1 3085 (AMP-activated protein kinase) ; FOXO1: X SKHEZE 1 01 (forkhead box protein O1) ; PGC-
Lo 1 AL BRI 5 3805 A2 ARy 305 R F-- 1o (peroxisome proliferator-activated receptor gamma coactivator-1a) s PEPCK : B 4 B P B iz
F2 40 (phosphoenolpyruvate carboxykinase ) ; G6Pase : #ii 2 #li-6- B ( glucose 6-phosphatase ) .
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Figure 2 Mechanism of anthocyanins in inhibiting diabetes

1.1 B EFHhhk 5 & 0B Fo 4 ik K

AFF 9 3R W1 A €0 F AT R o 3 0 B ) 3R ) Uk
PERN 3 W 7KV B8 A WA . 7E Esposito 55
E’Jﬁﬁ?ﬁ R IR DT AR B /N B AR R IR AR

e R TR D FE BRI G 1/ BRTE TR 5 1 3R 30,60,

120 min Ji7 , BT 1B 5 2R BURR M A T I3, A g
sk /b 6 AR AC A B M . Luna- Vital 557 &
PR, 5 K A A €5 1 VO i 2 IR U R 32 A4 1 (free
fatty acid receptor 1, FFAR1) 4K i 2K 1 11 18] 25 B %
Tit, 4TI TR B A L 14 JE 5 2R 0, 5 A A
WU 2
12 eFHhH HBHERGHEE

A6 8 1F ] DL L R ) B 5 52 8 E (glucose
transporters , GLUTSs ) i 235 S {i& i7F 25 F 241 ff 25 A v
AR MR . Sasaki 25 i FH 0.29% K 44 K -3-H
% BEAF (cyanidin 3-glucoside, C3G ) X B R i A 751 /)N
BUETR SRR /N BRUE i D 4141 GLUT4 Rk
HA 8, 8T B 45 4 7R 1 4 (retinol binding pro-

tein 4, RBP4) 235 T, JF A B @RI 2H 2 4
P 75 240 1 DR 5 (A% 20 e A 2 -1 g 2K
A F-o0) 23K T I, R WAL @ 1T LU P8 85 B gk /)
B RBP4 119 2 15 FIAH 5C 4 AE I 17 240 i [N 7o il 2%
g LB AR 5 SRR . BR T GLUT4, GLUT2
S — M B 2R U A s s AR IR
AR I 2 R IO AR . Jiang 55
Xof W PRI /I B3 ) 2 T i S Y B A A A R R
BHAEE TS WAL, K BN BUIIE4H A
GLUT2 . ] % B B4 B ( glucokinase , GK ) Fllfi 5 & 32
& o« (insulin receptor o, INSRa ) i 25 F1 e ik K F -
Tt o [6] B, # iR SR B Y il ( phosphofructokinase ,
PFK ) F1 P i iR it ( pyruvate kinase , PK) 7E 9~ 4k
baiikA SISl o
1.3 FL &4 dlpEt A&

FERE S A L FE D, 0 2 B -6- B TR I (glucose 6-
phosphatase , G6Pase ) Fl i 115 4 i =X A il PR R ik ity
(phosphoenolpyruvate carboxykinase , PEPCK) & P i
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o PR AU, £ A0 e R R S AR D
If) %6 %5 W% Ak, 41 ] G6Pase AT PEPCK ) 34 1] 45
RO U ) T o A NECE I A6 TR A
22 W3 1] R 108 S 410 ) T 200 1% ] 2 W A SR T
AR o Yan S5 SEEEAE A SO A0 B
HepG2 4l , " 1814 480 T ot A< 434 5 0 D800G 2 ARy
L% - 1a (peroxisome proliferator-activated re-
ceptor gamma coactivator 1-alpha, PGC-1a) FI S Sk AHE
5 1 01 (forkhead box protein O1, FOXO1) , M 1 fif
PEPCK 1 G6Pase HYBEE PEREAK . 1M H., REALEH
RN T AKT FIAE A 3B (glycogen synthase
kinase, GSK-3B) MBS R L , T BOWE I A il 2 19 ik
HKF LT et TR R, A T A A

T3 50 VF 22 B 9T AR W TR AR €5 20 B DR 1Y)
BLH o P8 B 1 R 15 16 2 11 U8 (AMP-activated
protein kinase, AMPK) {5538 /% . AMPK i %1 #%
AR S BRI VR S 1) 22 WA i, B —
ol 4 i P4 B o A% SR L 2 5 A AR i 4R 4, O
T B kg AT LA ] T o 8% S5 A2 AE T o Belwal
SR B, 4 RSN T AMPK [ BER
&, BEAR T T PEPCK  G6Pase 1933k, T8 Lt
i A R AL (acetyl-CoA carboxylase, ACC) Fl1E5 IH

D

D,

@

#% 22 15 (mechanistic target of rapamycin, mTOR) ,
SEIE B L GLUTA Y235, R I 19 B 5 AL
R IRIA o

2 BER¥

Bertoia 25 AR T 133 468 44 55 [ 5 4 Fn 2o
Bl 17 3K 24 4 19 3 A~ KR FG M A B0 5T, S0 BT
124 086 4% VLRI MEAE 4 4R N YRR A8 4L, 15 1 &
A AL = R K SRR TR 280 SR A 14 i
5 4R R EA DU, B H IS IRA LRI,
IR F /D 503 g(95%Cl: 354~657 g) ; 5 H G i A
1y 4B, AR 870 621 ¢(95%C1:213~1 030 g) »
s ] 1) — I 51 6] RAE S v, 4 8 S I PR 1 63 44
Z 535 WA, 53 5 IR E & AL AT R R G
Je SR R R 2.5 g/d, FeE 8 A . LRkl 4y
BrAS R, S50 2 1A IR 7 £ 1% 722 4k 5 08 O D R S R
Py A 1 AR Ak 22 B A AE AR 5 1 A G (R°=0.18,,
P=0.016) , I WL EL EIE ERAR W7 8 /L, S [E BE (total
cholesterol, TC) F [ 21.5% (P < 0.001) , TG F [%
28.4%(P=0.012) ,LDL-C F [#19.6% (P < 0.001) , Ifij
RV BAT AL 6T 305 AC A9 VR FH AL
il 3 iR

JIR A I

AN
BRI S AL AR OCHE K] ¢
BERTHABAHCHE A ¢
SREBP-1c: {$§ i 5 JTF4E & 2 1e(sterol regulatory element-binding transcription factor 1c) ; ACC : Z A A FRALHE (acetyl-CoA carbox-
ylase) ; FAS: IR 5 1B (fatty acid synthase ) ; UCP-1: B 11 1 (uncoupling protein 1),
3 EBEIERAERE

Figure 3 Mechanism of anthocyanins in inhibiting obesity

2.1 AL G M R, A g R4 R A W (fatty acid synthase, FAS) 25 A0 58 H £ 15 2k

Lim 8 PRI, 5 5 R G R -3-0- ) 4 bl
A AR A T LR AR5 Bl TR £ Y CSTBLY6 /I LAY
1L 3% TG TC . LDL-C., [ (i 7 21 21 3 2 A0 320K
Fo BT LLREAR PGC- 1o S BEE 15 TLIF45 5 2 1
1c(sterol regulatory element-binding transcription factor

lc,SREBP-1¢) . ACC1  ATP-F715: 1 S i it F11 5 7 12

T e 1 A=

WA, A6t AT LLE I 30E AMPK SR i fg ot
A3t TG RO JRE o i B A 7 B 0 1 4 P B I R
B B TR S AL RN I R 7 i 22 (B - . 541G
BEAKEAH LY, 5 i Tk S 20U B i D R sk /L, i A
IR AT B TR SR R AR 1)
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WeBE U E R T TR R AL A
TS TR MR e o RAE AL (LT R 2 PR AR
A ol AP 55 24 () IR I, 3% BH I SRk v
i, FBUER Rk
22 REFFHFRALAREN

W L S0 A R I 4L 2345 R 1 € i 1D 2 2 (white
adipose tissue, WAT) FlIF: 65 11 21 21 (brown adipose
tissue, BAT) , WAT & A B 55 1) . K B Jg i A A iy
LRI, T BAT & A 2 i IRTH , REE4biik, JF#
TR 38 3 AV T A R R 7 A T A IR R T
(uncoupling protein 1, UCP-1), C3G /55 3T3-L1 5
JE75 40 L 1 A € i 7 00 B 2, B4 22 5 M T RN B ks
RS i 38N 3T3-L1 A5 115 4 M SRR BE K] (TFAM
SOD2 . UCP-1,UCP-2) \UCP-1 & (4 ki (IR 5 40 it
FRaEY (CITEDT  TBX 1) (323K, W E 15 T kiR
BORFESE =™ C3G IR T AT LA LR/ RS i e 4R
T AH i B, A 4% PGC1 -  PGC1-B. CPTla,
MCAD F1 PPAR, AT DA L1 BAT H = A RE 1 T AR
AHIEFEL A, W UCPL , Cidea f1 PRDM 16, £12Z2, C3G
HEM T db/db /N BUAY BAT 35 M, 18 1< 386 0 e 2 7 6
b U [ul S

3 BEEME

XT 1265 %4 19~74 % (A AR 22 LA AR T
1 —JR T RE VAT IE b, A YRR ) B PPl A8 £
e N BB R BB i, TP 0k 1422 me/d, 28
B F5 A T e e I 2 5 9 R A i I 1 XU [
1i% 36% (OR=0.64, 95%C1: 0.48~0.99) ™', LA, 7
— TG X} 20~60 27 55 JIg 1A £ 114 Bl ATLBUE X BRI
PRI, (o 2 A6 Gt 1) 1R SR S I
S22, SHLHME, TC TG A LDL-C 3 A% T
27.6% .19.2%H126.3% ,HDL-C $2 % T 37.5%, 31 H.
ARG AN RN o 13X 15 B A B SR s it 478
WIATT 240, 1 H AT DL e B IUAE A8 2 B4 i
BEARTL

A6 B LA HL 0 = 0 UAE : DR
M AE o  fes 79 i 58 S AR (8 1 S U T A A RGN
LAY TC TG F1 LDL-C 7K, 9 /b 2y Jok i SEHk 7 FH
Vol T O 19 i 2 ek A [ B 3 T AR AL 1 20
a2 (interleukin, IL)-10 . TL-6 1B 40 i #a fb 25
F1-1(monocyte chemotactic protein-1, MCP-1)%§ 58 %iE
MR T 2635, #2750 PPARa Y 235, T4 3
ik ks A S 1) 22 R R v i I 75 S 1 2 2 B
AP SR A G RTIE A = A I E KRR

FFWE N LXRo AT CYP7al mRNA 26 3k 3 1 75 15 IS 1fiL
iE A BRI 7K, T B s kohsE A i & A @ik
HEEEIREARE., B S50 B AR
U R DA o i IURE /) BRUA 1 %% B s 2 L DB
RERATR IR ] A R TR 2 i e 0 Tl 1 25 M U, PN AR 3
FPKTC SR,

4 JEEEMERERIATE (nonalcoholic fatty liver disease,
NAFLD)

FEH N — TR ETRE R ST o BESE A
Y 0] 5 A BT 2 694 4% BUAE A6 €515 455
A, [ A 7 SR 75 KA LAPEAR NAFLD (47 7E
FIRRRE . 25T i FE R /IR e Hp 2 4R
B A6 E I B A 555 5 NAFLD %
A B XU AP AH DG, ARG XU 247 0.74(95%C1: 0.57~
0.96)",

A6 AT 2 B3 3 LT AL 40 ] R RS 4 0
B O /D RE B A= h . A6 @ H AL FE Caco-2 40 I ) ,
A3 o 4 v IR B R 1 A2 AT A, B IR
G B FH A 8 BB, - ) 35 L T s 5 A f v 2 g o AR
2, M U A B B 05 AR 1 DL B NAFLD fy % A=
QEENINARIIIR A . AL EFH TG S5 PPARA.
PPARS UCP-2,UCP-3 FIZ b R %L S 1 A 254 56
PR B S B Inghr iR g iR B- A k™. e
T HE IH T B A 5 i /0 BRI 775 P s S T L R
HDL-C ¥, F+ 25 PPAR/K -, M T2 i H 400 i 4
ABIKSFE, T BEE R B AR, e AR B iA S
N BRAR T RS MR 05 I 032 . D4k 4 Ze ki ik
Ao AL AT LU i B8 B e A TR 2 R i 4k
PRI T IR AR PR3 I 4 M e 527 = S S i S Ak i 40
I3 1ok B 1k e i 7 5 ) SR A e AR A ok 1 Bl
LRI

5 BHBKREEREL D I E RS

25 [ i — 300 1 84 158 44 2 15 3 4 i BA 3 T
g 7R 4.9 R BE DT, 12 W 602 0 LA
FiA, 275 1 Cox LM RS A L 43 B 45 Hh AL € 1T 1Y
P F 500 LA R0 R 2 A DG, B R
10 mg FE AT (195 5 5 T A0 AR 1 XU 2
0.98(95%CI:0.96~0.99, P=0.03) , I H % A fL (1 FF
NS AR = B 2 5 A L, kA
O LA R A AU BE 2 0.66 (0.52~0.83, P <
0.001) , JRUKS: FURRAE T 349%™, v [ K e — T4 %o
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Figure 4 Mechanism of anthocyanins in inhibiting metabolism-related cancers
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