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Abstract: Anthocyanins are a water-soluble flavonoids widely distributed in dark grains, berries and vegetables.
Anthocyanins have strong antioxidant and anti-inflammatory activities, and adequate intake of cereal-based anthocyanins
can reduce the risk of chronic diseases including diabetes, cardiovascular disease, age-related macular degeneration and so
on. This paper will review the health effects and mechanism of different cereal-based anthocyanins in chronic diseases,
focuses on clarifying the distribution and content of anthocyanins in different grains, the effects of cereal anthocyanins
regulating Nrf2, NF-«B, MAPK, and PI3K/AKT signaling pathways. The paper also points out the current utilization and
development trend of cereal anthocyanins. This paper provides scientific evidence for fundamental research and product

development of cereal-based anthocyanins in the fields of food and medicine.
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Py, AIBEAIK 8% =FEIFET- XU, A& P
Jot, A RARZ 0 nVE S PR AR S KRR [ Hh 3t
SR, EHPUAEALANPT R IETE, RS RS I TR S 1
FRIF U I AEB R RE S8 ™. T W AR
AT AR R, FEAAE T RO, .60, 205K
Y BRSERK SR, e a5 v A AT T M 19
KAEMERPY, OPEEREEERESFHIEAE)
Xof A 8 1 $8 A B 19 4 2 3 1L (specific proposed
levels, SPL) K 50 mg/d, RBP4 REEA R 50 mg FIFE
o A] = e oA B B A SRR R E D

BEiT 2 BUBHPRIS | (O IAE9500 . ARSI &
PRI AET S, FUAT ISR Th B RRIE PR iR
FEAVEFHPLEE , R AHSCTIRR & 5 %) T e M A
BEEE L EEERN—FRIREHIREEAR, 78
BS TR Z Y YRk A aTT
FIRITSY A e B ER el fl . WOl R . R T R AE
T 1, AR AT & R E FE i BAAR R L) 2 R
FHMANTEMW . A EELRRB Y SRIEA T 1 & &
FATAT « X1 BIos 1 T 877 1 P AL A2 o 2= 71 FH B0
R, A2 BB AR ATV E P A L S RIE AT s 3%
T B AL AT IEHer S PR AL o Ui .
1 #HEEEAYFHIHEEE

Y FEAFEREAS . D Bk MEE . FFE.
R HR. @R, METE a2 an)E2EE
53, Tz AT TR Eas Y, HAkAg51y . ZEr) b
PR 43 AT A0S B A [a] 2 S UM 4 01 60, 25 5 1) S I
o BITNRERAE T 25340 TRMR)ZE, WY & BURS
FRFRIPS G S AR B B AL AT 3%, /32 K
B @R IO AR ARRL, LT
(NS E g SRy L OB SN o STty L L 0D 17117 ) o= SN S SR eTiy L
PR R RIS 2 T 2 & A R e a7

T a2 RS2 2P E R 5, AFEEEE A
AR RIS AL T A . B BTRINAS Mo
o B A BT WA B | RO
FHEOTE S . WAH S R B LSS . AN RS YR IR
e B AR S UL 1, Hip Bk EORAE AT
T TACKRIE A & i, R4S R -3 A b
(cyanidin-3-glucoside, C3G) A K H i RZ AL,
T, 95 B P R S E N 88%. T KIEN
BRI BT 22 S RAR A ORI, vT T2 Rk
K . RIVE R AL B 2B 7 . SR/ NEFNREE
AT &S T HAA AR, C3G ZE K. /hNE
SROFY FEAOTZ — 3 NEARTRNE
B AR AT, ISR BT 3R AR T,
VE ATt AR Y M H TR k.

BRI, 28 AR P S REE
T, BSOS A3k 201.9 mg/100 g, H EZE
HaF S C3G, B4y H R G B AT SR 95%.
L E O SN 558~2477 mg/100 gl'%, 5
BRALIIAT R IR A 2R, Bl B S M A

HUTEL AR E, AR TR S AR S i
17 Dyickin, HAYAERIE R0 TSR A2H BB 57,
HYHe e BAARE 2 AR . R RSy
S N3 B b o B W L.
2 A EEINEEEMEMR

e EADUAELL. DU HEEIL R A i A
TR . G ITIE . = b . PR 2 R e e
Wtk PR YHE T SRR, TSP SCHE 25
SZARBIRESEERA RS SR, S b e TE e
BEAAfEER A A R R, EERRHEA
P IAR O A 38 L I LA S AR TR S 5 S, Tt
Bif o A PRI . AEJRE O MBS |« AR AH G TR
I JRERE AF 2SR (R 2), AHICHLH] =220 K
Nrf2, NF-x«B. MAPK . PI3K/AKT 2553 T-{ @i,
AT XA SCE B JEE R LR S g DA 1,
2.1 IRIE

SR SN $b Mo Z2 A 6, b A% R F-«B (nuclear
factor-kappa B, NF-«B ) i -2 4 4iF S I 25 BiLiE
NF-xB & 1 p65 5 p50 Bk — 544k, I 5Hn#E
M IkB g5 5T = RIS Gmikh TREIRE . 4
2R i 27 BRI AT 25155 S AH A5 5 T Bl iR e SR 5%
B, MIMTHEOE T U RIER 545k, 2o sRb e
FALE AL A NF-«B {5 53l B AT REM . Bk
A AS T 18 S 1 NF-«B p65 #5458 K 4 hE BN+ 47
WA, G i R BRI s R IR 4 KN R Tl 9 e IR B 121
Hathaichanok 5% i} 5% 3¢ W] 48 K AL €4, 138 ok [
ik NF-xB {553 H IKK . IxBa. p65 BlR LK, ik
T4 0 391 BE 3 1k 2 K 72 ) (advanced glycation end
products, AGEs) 1753 AT HCE AU S S o

22 4 TS AL FE 9 4 (mitogen-activated protein
kinase, MAPK) Z% % 85 I ZE VAT SR 4E S v v 2285
Fe p38 22 B4 EAGER (LG . A0 AME S5 IR
( extracellular-signalregulated protein kinase, ERK)
I c-Jun EHA KM (c-Jun N-terminal kinase, JNK )
AR S, BERRTLY p38. INK FIl ERK 435134
ARG SRR T, 25 SORE IR0 . RIS 5E AR 745
RPN, MAPK 7] 5 NF-«B 22 MLk 4877 A= P [F) 4
AR 42 18Gnterleukin-14, IL-18) | IL-6., IL-8
SERLPRIFRIRPY, Zhang S50 pFSY LT FRAL AT
ALY kB Fl INK ISR L /K-, 1] NF-«B
1 MAPK {5 il i, Wb 28E R 777442, AT
JUi5 20 BRI L W 240 0 2 TR 55 43 WA B . Sk &
HF =M C3G FIAT 24 2 -3-%i %) B (peonidin-3-
glucoside, Pn3G), Tunchanok %557 i) FH$ K A6 A1
B TR RA UL FE TL-18 75 S i AN FE- 4R, 7] i
EI ) IxBo B, BRI p-p65 7K, I MAPK
(55 EEOE, M EAPIRBER . H—IAGE T
T, 457 e IH TG B i oRE 58 2 5 H 320 mg f6 12
T, 24 JAJ5, 3% C-I2 b & [ (C-reactive protein,
CRP) . Ifil.%& 40 Ak Bff 43 —F-1 (vascular cell adhesion
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Table 1 Distribution and content of anthocyanins from different cereals
eSS FEALETTIA I3 it (mg/100 g) W ik =S
REAGR -3 A EIRAT
AT 2R -3- AW 3.50~5101.00 HPLC [13-14]
REAGR-3-ZEFPT
PN PRERE SR k) A b2 68~1730 SR [15]
RIBGR -3 AT 9.35 HPLC-MC [16]
KA R 3-HEM iz 2.54~42.25 HPLC-Q-TOF-MS [17-18]
INFE TRME R R -3 A HWik 2 6.82~21.20 ST [19-20]
KM 3L U
TRMERE R -3 A ERE WK 12.85~19.80 Vi pitviii A [20-21]
RIA 3T
E®/S RIBG R -3-HIHRT TRz | Wk 2 0.25~143.86 UPLC-MS [22-23]
RGBT 65.2 UPLC-MS [24]
K MR 3R A LA i) 4.69~33.76 ST, HPLC [25-26]
KRR -3 A 0.81 ST [27]
g WEAEE R Bz 3.2~68.0 HPLC [28]
IR REBEHR-3-ZH/M Rz 505 HPLC/ESI-MS [29]
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/ ACNs —|l \ \
RAS L Tk v
P l l / 1« — ACNs l
- wBa P
Raf ; Keap-1  Nrf2
P v - pSO p65
MKK3 l MKKA4/7 l l
€— ACNs
P MEKI12 P ’
— l & l ps0 p6S Nif2
P o3 ERK T INK L ——ACNs €— ACNs
7 h RN
IL-6. IL-8. IL-],B\ f l '|u " ||| " ll Il”‘ ‘ll iill M J' '\m [ A NQOI . HO-1.
MCP-1, TNF-a, | % ~ | GSH. GCLC
COX2 -~ _ ¢ g
ACNs ———— o ———T ACNs

1
Fig.1

molecule-1,VCAM-1)HIIL-18 K539 T 20%. 13%
T 4%58, NF-xB 1 MAPK Ji 480 S0 1) 3 230 46,
FHHAE AT 380 A T A S R BRI S PR TRk, 2%
FEAIEIE S
22 MEM

AL T R TE E4 (reactive oxygen
species, ROS) Mifis W HERT A A B, 14800
W H T R AR AU A AR B IR R G Al R
SEA R Y SRR, A R I e 4 e R R 3R 3k,
2B R RIREINN, 51 R RN IERIE %
K E2 AHKEF 2(nuclear factor erythroid 2-related
factor 2, Nrf2) 55 Kelch FEFR S AN HEAH I E H 1
(Kelch-like ECH-associated protein 1, Keapl) 7E4H
B EE G L BRI, R A AR AT 2 iaE TR TEDT
AL B Keapl/Nrf2, Nrf2 55 Keapl BT &A=
AL, BT AL I 1 JT ) Cantioxidant response
element, ARE)YURIFF45 &, I8 SR SLRFE 5%, Bk
21 2R A A Hf-1 (heme oxygenase-1, HO-1) | B &AL
JEiff (NAD(P)H quinone oxidoreductase 1, NQO1)
EPUAEAGER, I A AR, W AR iR
ZEHH BECKRAE A5 AH L T BRAG A6 (A B TR A P 4
e, 2 RAFIISRPUAEAR] . S EE I E TR
Yyl A 5L BAK CoCl, 75 559 PCI12 4iiid ROS 7K,
F-HE = AL & W (catalase, CAT) il A AL 1k
fiff (superoxide dismutase, SOD) 7K, Fiil Bij 42 A6 W 5%
BRI ME I TP, Phatchawan 4512 fF 5% & Bl 2=
FE| SRR AL T S U (225 C3G il Pn3G) T
KB $1455 K BN % (malondialdehyde, MDA ) & &,
HE7 SOD 4Bt H Kk (glutathione, GSH) 2541 58 1k
B 7K, BT VEBR ROS. il Nrf2 #2241k

BT Nef2, NF-xB, MAPK | PI3K/AKT {5553 % ) I 45
Regulation of cereal anthocyanins on Nrf2, NF-«B, MAPK and PI3K/AKT signaling pathways

MR
2.3 MERIPIER

AR T 2 A e AN AIRIDIR . =0
MR EREE D, DGR o R BRI AR DS B B AR PR
(age-related macular degeneration, AMD) Z5 HR J55 (1
KA e XA R AR AL PP M 2 Fhig AR,
ALFEIN ] N-P AW 3 -N -0 25 3 - 2, A% (N -retinyli-
dene-N-retinyl-ethanolamine, A2E) ¢ & 1k Fl1 24 i |
38 4-32 3L T4 MR (4-hydroxynonenal, 4-HNE ) ZE /18
o1 3k A T A AT . D% PN T I TR . TR N2/
HO-1. NF-xB. MAPK %55 538 i1, C3G nl LATH
B A0 A S (2, 28 I B7 (retinal pigment epithelial, RPE)
LN ROS . FEAIRSAE B F IR TR I EREA, R
JCEARR A2E MYTB AN, Wang S5 FL TR
Itk A kW) 4-HNE 755 19 RPE 4 i85, %
B C3G ATl A N 241 A F(vascular endothelial
growth factor, VEGF) &L ¢35 | BEAR S 4E B F /K- .
SR AN 3%, P RPE 4U/eis %, Fe TR B
PSS A AR AR, PEOKAE Ao 7T AT RS AR P
ZH 4 INK -c-Jun/%% £ [l -F (activator protein-1, AP-1)
F Caspase-1 FRILM, SEKAE A H A IE R K BUBOG
4iifg ROS, Ml 4y T=0%, — I XUE 22 55 %) iR
FINFERE X TE R IR, 54 BFIAELE, BR 50 mg 16
T2 AUER A 1] A A B S N L SR SRR
KRR R IIIE AT T A AR T 7, AERF R E
HIIRE. (B KL T PR IASKRIEA AT, BSY
VER FEEMIREELTHE 2, BRI RIS MW v T o
2.4 XHBERFRYZERHER

FaE A E IR SO/ NN 2 S e
Rk, ATEE /N BRAAR N S B VIR ST . A AN IORE DY
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FifgE e, b 2 SR S BRUAR E A% 1 v P S IR 2 . v
HEEANUEE AR W IR K FPY . Song S50 fF 5T & BUE
BEANFEEKRAE AT AT KA S P i AR 4 B8 400 1 A
Z 1K y(peroxisome proliferator activated receptor v,
Ppary) . JHT-AHFE AT (recombinant factor related apo-
ptosis, Fas) FIEASTEHES A A 1 (stearoyl-CoA
desaturase 1, Scdl) FEE Fik/K -, #2715 Ppara. Bt
5T A 24k 1 (acyl-coenzyme A oxidase 1, Acox1)
FIHB BX 2% 32 /& 2(adiponectin receptor 2, AdipoR2)
FERIFRIX, B VET Ppary 1558 B A Ig i AR sl I
e NE iR S Ak, V5 B ia A Y RE AN oA G, A
T 00877 AT P AE DG A o= Mg IALRE « TR 5 2SR R i 2R
#LPL. Wang Al Liu 5273 fF 5% R B EEKAE 7 HL
A VR IR [ s QR R iz 18 R R AR DAL, BRAIR L
SRR B U o HbAh, 82 FoRTE A $EE)
i LA NF-«B. AMPK {5 530 BEFEAIR IL-12 A%
0 it #4145l F-1 (monocyte chemoattractant protein-
1, MCP-1) %8R 4iE PRl FFeak Fnjie 8 HHPT, FILSEIIE
WETE S/ NBARD A IR UEGE R THAEDY . LU b
LR IR R A YA O T A R, T
ST W AH SR LR T B el B AE a0 5 i i A 094
AR, e B o GEE g RS AT R A AL
il AR —2 bR .

25 SHBRAHTIHER

W IR IV S — PP P P 43 6 ZR BRI, oS SiE BV
I v IOHH L B i 2R AT, BT rT @ L AR
TR 5 22 SIS bl PRI AR . Diego 450 ik
TS FRHOR, WFFEEE TR B AL (T HR U Xk
R 12 22 43P AT T2 Y e 28 A R AL B D ()52 i,
ZE IR IR 58 FORAE A v] LA 5 JB IR 4h it 15 2 3R 45
WAEE T, ST ES IR FRSZ A% 1 (free fatty acid rece-
ptor 1, FFAR 1) FI5 2 ¥ (glucokinase, GK) ¥
T, BEAI% HepG2 41 A AR 1 2 18400 85 1 I8l (AMIP-
activated protein kinase, AMPK ) i Fi& 1 & 1k 192 )45 I
NI i i 32 34 % ( phosphoenolpyruvate carboxykinase,
PEPCK) ik,

14 1% 192 WL -3-4 Ii ( phosphatidylinositol 3 ki-
nase, PBK) 54K HF2ZMA &5, 1l B E A
fif¥ B(protein kinase B, Akt) FHfFH & A Bl 1L, #]
TUREANTRT AESCEE B IR B AN fifeRE -2 S IAE DG
Jri 87 (Bcl-xL/Bcl-2asociated death promoter, Bad) .
2 b &0 1% 2B 1 B -9 (cysteinyl aspartate specific pro-
teinase, caspase-9) Vi, PWATHHMLAYIGTE . k. A
oL R ERE o eah, Akt 85 R AL R AR & 30 IKK
B, \NITZ 51 NF-«B {55385, Huang 4508
T3 B O IR A ] 2R S P T A
Bel-2. Bel-xL 7K, WU RS RZAEAERKE 7455
I (insulin-like growth factor binding protein, IGFIR )/
PI3K/Akt 1553 4%, J0l4%E R4 B 2 (streptozotocin,
STZ) 500 1 BOPHIRIG R B AR H T Zheng

SEDN JEIA K H C3G AT LUE s BT EA LN 3 . DTISRE
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