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Research progress on the mechanism of antioxidant peptides
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ABSTRACT: Oxidative stress caused by excess reactive oxygen species (ROS) has increasingly became an urgent
problem needs to be solved. However, due to the shortcomings of chemically synthesized antioxidants, people
gradually shift the focus to natural antioxidants. Antioxidant peptides have attracted much attention because of their
wide sources, high safety, and good absorption. This article reviewed the possible mechanism of antioxidant peptides,
including direct scavenging free radicals, chelating pro-oxidative metal ions, regulating ROS-producing oxidases,
enhancing antioxidant defense systems, protecting cells, and regulating intestinal flora, emphasized the role of
antioxidant peptides in regulating ROS-producing oxidases and cytoprotective effects, and pointed out the urgent
problems that should to be solved in the research process of antioxidant peptides, in order to provide certain
theoretical support for further research on antioxidant peptides.
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PRI . ShBKORFERELL . SOREFERAE S, KAk, ROS FIHERY
Ji J5 ok AR b2 £ i R Aot it I v i o e A 11 TR 2 I TR 2
—O0 Uk, FREFSMEMESEAAR H 3588 AT
Mo Bl #i bz A S RUER R, T
FEXT IR — W (tert-butyl hydroquinone, TBHQ), —. T JEFESLH
7K (butylated hydroxytoluene, BHT)., T J&¥% 3 7 it (butyl
hydroxyanisole, BHA) . % & Tl N (propyl gallate, PG)4s,
B T A A R TR B i M Aot AT M h 32 31— FR
H7Y, A8 A6 7 e B B TR A RAR PR
(| o (157 =R T N

BUE AR BRI HUAEARE P A s e, — el 2
F) 20 AN EIERRZH B BT A KT E B A R F B 41 s
WEE, FIE LR . AR s AR vk K SR R
BT, XA b BRI SRR E AT %% . e, sl
FPaN e b TESCEALBR IS EAE I 5 I, R 285
IR TP A B YRR BT, Wy, &EmRA . —%%
ik . A XL E A TE T S AR R, XA AR
IR AT E AL b . ARSCERAR T Hréa e ik &
FIPLAARVERBLEL, S Br FLESs T AR R A AE
Bk RS, DABIESE X B S AR IR AR ST, bt ek
(i — 25T R R RS2 1K A

1 BEEFREHRE

ROS J& M EMTA /N, A & (0,7).
FEHE(HO-) | KEAIE(ROY) | Fiid HIAL(ROO-: A ISk, FIHL
B0, WHERHOCH , E(05). HEMHEMH,0,).
AU ERER (ONOO )l A i E R

TR, BRI AT 38 2o it S sl o 1 B
TR ROS!, P AL R ) {1t Sk ki 11 F B e T L 0
R g% 5L . 5 7 I 64 S5 R 1 24 R (tyrosine, Tyr). 6 %1%
(tryptophane, Trp)FIZE A Z & (phenylalanine, Phe)n] LA fa] fik
M 3 AR A, I HoE o e R A IR R
P A AN (glutamine, Gln)FkEETR I BLERE 167 A= 194
A (glutamic acid, Glu)H 25 M%EE AT LI 4738 by 550 53k H
AT, B KO B R T R (glycine, Gly). H&AMR
(alanine, Ala). %% (leucine, Leu). Jii%(fik(proline, Pro)
— 5 T A R A iR R ROR P A
B8, — 7, FNg M PTG s b A AL IR TG Hh AV A
JE, MIMTRELEI AR A AR ), A e SRR SR SE B n] it i
FXATHEE, BNk ERR (cysteine, Cys)yRIERIFHFIERA
AHA i p B A e 7 Al R B SR A RE Y Tyr
BT & I PR AEAE, T ) 3 B ZR R i
FER [ B LM R LR TR SR A AR IK A ) P 3
HERAE A WE W, PUEALRRI TS . TR R
SERBSERR A OC Z 00 LT AT M A 5 it A AT 228

2 EAlREUERET

HO- R HIG PERBEIRE RS R, IRE S S5 EER
EAEA DNA AR . 85N Cu™fil Fe*
LRSI T, HyO, AT LU Fenton S W AR i TG HE A HO-,
S AR (1)~(2) BN ES T R4 25 T840 5 S AL AR I, 5|
& A RGeS, R I 3)~(6) ",

Fe*'+H,0,—Fe* +HO+HO- e))
Cu'+H,0,—Cu*+HO +HO- 2)
Fe’*+ROOH—ROO +H +Fe** 3)
Cu**+ROOH—ROO-+H +Cu" 4)
Fe’*+ROOH—RO-+OH +Fe*" (5)
Cu*+ROOH—RO-+OH +Cu** (6)

EEEA R R E T HIAES RIS AL &
B G B S PR B B R . AR IE A IS R T SR
ST U RS T4, SR RER T LUE e s Bk
JMEE bR HABIER, U0 Cys AYFIE ., ZH4M (histidine, His)
FIDKIRIE | Trp AYWSIIIEFNH 22 (threonine, Thr)AYFR3E, 15
M58 EE A1 IS4 B RSB RS R
A2E SN . TERANE S BR A Y . e A R4 E-

BB AH ELAE A BE L B 0T s L & Pt SR E A .

MEGIAS ZE I & 25 (K e rhatifb i Cu™ B4k, &
PUHE AT ES His &AL H . ZHENG 2SR 3R 1k
RS 3 FPTAESRIK, JLd QFLLAGR FRILH KM
Fe* B A i 11(82.48%), 03T AR EAR A > F i, LA
Gln FHE R B2 (arginine, Arg)sRIEMIEE R FLHAETE ., TONG 21
W T BRA R & o TR AR f oK 2L gt
AP, & IIZE 4 fe N 07 F I FLIRGR TS G 2k s 1,
G S & A A S

3 A= ROS FLES

I Z A — S5 T AT 742 ROS, A4E
I R S 148 AL B /NADPH 484k i (reduced nicotinamide
adenine dinucleotide phosphate oxidase/NADPH oxidase,
NOX). &4 {LEfi(xanthine oxidases, XO). AR{HECP iz A
—%fb &5 M (endothelial nitric oxide synthase, eNOS) ., FLfi 48
AL i (monoamine oxidases, MAO) . M5 % & i (lipoxygenases,
LOX)Filgid 484k ¥ (myeloperoxidaae, MPO) 2%, 7 ROS
FALEE R ERALEI IR 1 PR, IEWAEUKER ROS
AWM SE R BRI T EEAAER, BN
ROS A AL 55 1S ROS 7K 20 1E # A= PR
B, 3221 ROS WXL B o Pi bl Ak ik 2258
it P AP K BEAL ™ ROS A AL AT, —J2& 1E S 3l 57
577 ROS &AL B AH B AEFH, 4000 Hs PRl & s e
YIS G, TR E AN RB KO, W
ROS % fk. T 1) 0 5 o
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F1 = ROS SHLEEHIIERNLE

Table 1 ROS-producing oxidases’ mechanisms

PR

Y FABL]

NOX[20-211

XO[ZZ]

eNOSZ2

NOX JEME——F%E [ TH T 774 ROS FYRF, 220 M P A4 R 15 ROS (1 F8A T34 .
NOX il 3 # 3 i IS — 4% H 2 (flavin adenine dinucleotide, FAD)¥4 Hi ¥~ )\ NADPH %328 8 4043 (H1 T 52 )£ i Oy 5%
H,0,.
NOX Az 1y ROS A] LU iAok 5™ A B 219 ROS. 141 NOX (¥ O, ] LA 5 504 42 Ak 18 )5 iff (xanthine
oxidoreductase, XOR), F&fi MU A PN (tetrahydrobiopterin, BH,), MM 5% eNOS ;=42 ROS,
XO &2—F{% FAD. FHI RN, fifb R S Ens A0y B gEng, BN S A0 R . B LA ] XO 23k /b IRIR 77 4=,
A5 Bl F 8 il ve PR R I 1) KA
AR AETER L, B R PR3 FAD IR, DL Mif)R 0, 4K H,0,, LU IEJE O,,
WA B O
— AL A A W (nitric oxide synthase, NOS) A5 i ZAKHHEE, 1L A L-Arg SO A2 B NO FURE R, H IR hEgA 3 Fhil
T ph o — % AL & A B (neuronal nitric oxide synthase, nNOS) ., %3 %l — % k. & & i (inucible nitric oxide synthase
iINOS)Fl eNOS.,
1€ L-Arg 5 BH, R BERIAIC, AR B S 45 F T, eNOS BB ATE, T AREEE R L-Arg P, WYL H]
Ao, S8 0, WIE AL, eNOS fil.
eNOS j74E 1y ROS 1l LA — 2L 44k BH,, WM& £ ROS 74
MAO Je: i f il 28328 7 55 L e 25 ) o S AR I 2 i BN f) 35 2 R I8 AL G, 403 MAO-A FI MAO-B PHRIETY . MAO-A

MAO™

0 550 BT T AR A AR I AR LR R RS, MAO-B 41 56 AT BE XS ] 7% 2 13 BK P (Alzheimer disease, AD)FIBA<E 2R0%

(Parkinson’s disease, PD)&E 1 ZiR 1 TPEH o
MAO HEFb I A S A S AR AL AR IR L 22 HL050
FPRN Y LOX F A ABIE A DR IR 55 2 AN ARNIIR, MR ICHN S O & A, ARk Nm LOX F
AN 5-LOX, 8-LOX, 12-LOX, 15-LOX.
LOX Fefi bt i i A B i 484k 1 Fh 35 AP )7 ) (LOO-) BB 2 4 P W i Ji Lt 8 Ak 5 (LOOH)
AALRIECRAE T, 12/15-LOX SR ZRL A B B 6 IF 77 A2 B 2 1) ROS.,
MPO J&: 78— RAE P Hh I A 0 S — B, J2 i 21 2 AL AR R — B3, B ZEE kLA L Az an
ML 2 A0 B Rk
MPO 4k H,O, Al i AL 425 it HOCL,
HOCI m N b, fEUE NOX 1) p67 Fil p47 By, F-A 5 4l 4A ks . ONOO =4,

LOX[24-25]

MPOR6-27]

31 5/~ ROS §iLEEES

PRI ST~ ROS AALEAILE A T BRI & H IR
BRAEI A AR, EAEEae ) . A, . s
UM/ FHAERY . ONG 26 )T KA 2 (K S v 43 s
alifb 458 29 L EMRAK, R BILHE 1440 Y
XO #3). Hidh NDGPSR 5 XO SR ZE S RERAR, %
I8, 0 FHE%R P NDGPSR 5 XO fEfb#E£E(Glu802
Il Arg880). JEMIZEA #%F(Phe914, Phel009 £ Thr1010)
DA e 55 308 ) A5 3 A o % e 7 791 0 T A SR AR FEAE TE B /K
MHEAEH: S522% 0/ (serine, Ser) 876, Thr1010, 5% /&
(valine, Val) 1011 JE &5, 5 His875. Glul261 JE ik,
I 46 XO Ak, BEERIAIEEA, T X0 ik
1 ROS WA R AN, HLE LIk Trp %R XO Mg
PRI, 5P EE(XO MDA, Trp 5 XO %
SHERILLL R AHIENS MOS3004 AHEAEH, MM XO itk
B0, GAO S5V K RRAF 2 1 /K A4 55 7 (A P R SRR,
YGRDEISV., LDLVKPQ ¥A[[HW; MPO JEPHEREIA L, M
i &AL

R A EALK 5" ROS EALEEIG b 045 A,

N T4 It 19 =Ry e A A o Rk Bk ey,
Tt ) 55 R R 7 A AR A 790 5 A 285 45 58 4 EL AR
5, BEARHERWRMEE, (A =5 AR AR A 54,
b0/ LB 11K = WS |0 £ 1 M O s e < | B | 5 e
() A I F DRI P AEHE BRI 7 ROS
SRR =, da R 2B TE SR . WRBE A
R AR 1 WK A 06, LOX M 7 =Xk 5 S M [ 2
H e B (half inhabitory concentration, 1Cs0)=11.73 pg/uL],
H LOX il s Pk 2 = T 040k 0.05%0) BHA Fil
0.05%o17 BHT (P<0.05) **1, YING 25B* A k& 2B K iy vh
A3 B MAO Sk kH, YSPYPQ ELA B3 i) MAO-A i)
5 PE [1C50=(0.663+0.091) mmol/L], PLYSN H.75 % (1)
MAO-B i [1C56=(0.204+0.042) mmol/L], 43T X #53
HEA1S MAO M54 T RESBIARIEYE A MPO 5 PEN
So TSI JRRORT 8 11 5T /K i 4 A ek 7% 5 8 K 1 (calmodulin,
CaM) 0 FN = G &My, DT 3 VA R4 skl A R AIC T
PL CaM A FEE 189 eNOS g PP

3.2 F&{E/= ROS & LEEKT
YrE LR ™ ROS FALBEAIMER, Bl 5 HAHEAE
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., THILE R FIEGEEE, TR ROS ALK
F, Wi ROS (774, BPAERRF B /KT BEAIR XO-1 &
EIZKF, 1870 ROS (87728 SRAM G sk oA e 4 el 1t 48
8K 2 1 (angiotensin 11, Ang IDZESHYEASGCY, | PYY
1 DW RTS8 A 2R KR YIRSR /N, D-EFLbE
(D-galactose, D-gal) V5 5 19 A I Lb 22 AR S o 1k 49 BT
(thiobarbituric acid reactive substances, TBARS)HI eNOS AJ/KF-
¥ & AR . WANG % PSR GE N 3 IR 2E A AR IR
ADWGGPLPH i 4 15 2 I CO IR R AL £ 1 s
/NADPH “E AL 4 (protein kinase C{/AMP-activated protein
kinase/NADPH oxidase 4, PKCCAMPK/NOXA)i& 431 NOX4
AR, B 1k 1 A LAV SMCs) HR RS A R AR R

4 EERMEUHERS

BUIAR B S8 AL B 480 2R 52 0 W AR Bl BT A AL &R 58 A BT
ARG AL R EIEAPT AL, 3 bR 4
AR E. fiAER € #ER MEcRS, MhitatRS
f 35 B A L Y AL i (superoxide dismutase, SOD). 1441k
S i (catalase, CAT). 4 bt H Ak 1T 42 1L ) i (glutathione
peroxidase, GPx). 4+t H Kik 5 (glutathione reductase,
GR)ZP,

PMURTE AR B 77 A il i ROS 23 THAERGEL
LR, TP AR S MR BT AL 7 AT HRTH AL
{4 PN VR P BT AECAR R RO T FE . CHEN 25 1OV 2% B M fa 3
(zhanjiangensis)/K P H 46 L Ik NDAEYGICGF it T
W - = kS B2 i (gamma-glutamyltransferase, GGT)E H
1 23R AP & 55 19 986 240 B (Hep G 2) 4 A 46016 i
BRI PR ILE A . GOT BB L. 24k, gl
S AN RO S BV A R R AR S BT RR, A
TEOR T 3 0 35 1) AE W0 BR 5 4 . NDAEYGICGF 5
GGT AYXHERRIERW], ZAK Al GEl L i S GGT kL
RAHEAEN, 2.

Wik 3 [H F-(NF-E2-related factor 2, Nrf2) 2845 bR
MM EEEFE T, EFEEON, MRS Nrf2 @i
Kelch ¥ ECH BX& 5 1 (Kelch like ECH associated protein 1,
Keap1)j cullin-RING E3 77 %% #0& 41& (cullin-RING E3
ligases 3, Cul3)Z54 etk TEAALNIRZRIE T, Nef2 JA
Nrf2-Keapl-Cul3 & &4 b ki AN A%, 5 DURERE
214 A 98 2 1 (V-Maf musculoaponeurotic fibrosarcoma, Maf)
G54 L RS R BIIF 45 6 P S8R UV T (antioxidant
reaction element, ARE), 25 T LR A0HE sAIZRIL, N
L AHAREERG . BUESLIE R ia A, Dha E g e fbid IR 2k
#, FrALIKENE Nrf2-ARE {5 SHBB AR IIE 1 pr
No FEEEEACE F, HUEALIKATHS N Nrf2 #H%] T Keapl 19
Tk, HifSA B2 N2 #EAYIMAZYS ARE 454,
Ja ShBT ARG 5, AR AR I JIANG 4

TP T A 5 AR = K VNP A 2,2-f8 % (2-H1 3k
P RE K ) — & B2 £ (2,2°-azobis-2-methyl-propanimidamide,
AAPH) I T 1R BUE AL N BT b, R A S i 4 4 Ak
eI, AAPH il Nrf2 FE 335, #0 Keapl FEHEIL,
RIME. . EFIE VNP BERE T N2 kRS
(20.01%~146.86%) Fl 4t Jifl 1% 3% 35 (183.44%~283.24%), T
P T Keapl BYE MK (9.96%~43.24%) A 4H il Ji 25 3k
(31.62%~56.90%) TE& TR L, $UE b Ik o) 56 4
P24 Keapl B Kelch Z5F48, 91| Keapl 5 Nrf2 )%
VR, T30 N2 (R, #4075 Nrf2-Keapl-ARE {55
O S A Nrf2 i ETGE P81 A BEE: 5 Keapl H Kelch
SERIRAE A I SEAEIE Y, JET ETGE ¥ 5110 22 ikl LAFE
b Keap1-Nrf2 HI 5 A A 2l 7).

Keapl
Nrf2 ) Clu3 [ oD
v LR L o
| we S
P . @ T e e

K1 HiRALBKITE Nrf2-ARE {5538 5 =X
Fig.1 Mode of activation of Nrf2-ARE signal pathway by
antioxidant peptides

5 fRpRIFAER

YRR AN, i ROS 51 E L
N AT, YERAAE . IR . ISR .. LA
AT EEAFER ROS; il 2GR A 4 e 8+ A%
7= ROS AL ACSE TP ROS 774z, M aem P |
VAT AR T RS AN B RN TR N O, AT AR A
MARIP Ve, DRI E LA E 8 AR KT
51 1 &

AL N ORI R AR VDA G, AN BT SR SRR, T
HE NN A, TEBUBTEIE IR, X AR AR A
FEE U EA A B A AR T Rt R
RAEEVE . PENG 2510 P55 8 1 Jo /K A 00 Hh 345 3% T ik
OPs, PPA% X F1 4188 S (ultraviolet radiation b, UVB)IE
SRR RO G A E R . BFR A0 R L OPs Al
SR BB AAALBE(SOD Fl GPx)iEE, [5)FRRAR B2 bk A i 1N
[ (malondialdehyde, MDA)/KF; 822 24 3% £k 25 1
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/4% [ F-xB (mitogen-activated protein kinase/nuclear
factor kappa-B, MAPK/NF-xB){5 il fif, F&AILAZ0MIN %
-18 (interleukin-18, IL-18). F 404K -6 (interleukin-6,
IL-6). M PRFEH F-a (tumour necrosis factor-a, TNF-o))%5
RAEHF IS &, FFEME kb INOS . FR A AL i -2
(cyclooxygenase-2, COX-2)f3Rik, MIMBHIE UVB 521
Rz oAb o P NTAECOHRGE, oK e LA U v 40 5 HE Y
A WS PE LA BCs AT /0 AR /N Y ML BN ST 240 A
Hahn M2 BN ST AR, AT DA A A 1 A 2 R
52 FETHMAT

=K ROS AU 2R HERR T . 2 1 BT DNA 194
b, W SWEIRLRL R B B, SRR T B TR R,
{RHERARARIE RN F AT T (B 2) —EHT ALK
[F) 240 0 2 P E R R SRR M T LR e g
i, Hriafbiik SS-31 W R NOX1, NOX4 &KL
K, Phygi /b gkl ROS W74, T RERT-EA
Bel-2 #5& X 5 F(Bcl-2 associated X protein, Bax), [ i##T
o B4 M B/ M -2 BB cell
lymphoma/lewkmia 2 protein, Bcl-2)7j(qz, PINTIE I iE=Y a7
SR B0 LA L (HOC2) A T, &R (8, B i (odorrana
margaretae) ) JZ [k Hh 45 72 Y BB B BT A AL IR OM-GL15
(GLLSGHYGRASPVAC)H] FJAMESLRE P53, KA HMRFr
SePE 2 B E R 25 /K AR B 3/9 Al Bax 335, L1 Bel-2
HIFeik, fiH DNA 545, M F#ARAR BT 4 fLFil MDA 7K
S, fEFUNRER A2 UVB B -, itk
Ab, S BT TS E S, R T S
AR AN T HERE . 1 DENG 2815 % B UL ik
CWHTH R4 A IEH A E(LO2) %52 Hy0, FIX £ ko ik
I} (paracetamol, APAP)IF5 T [ 5 Ab 55 B A MR T~ S5 i N ok
AR 3 4w/ 7 2R 2K 1 S48 (phosphatidylinositol 3-kinase/
serine-threonine kinase, PI3K/AKT)il HHIE A1 c-Jun 22 3&
R %t % B /c-Jun %% 5% Al F (c-Jun N-terminal kinase/c-Jun
transcription factor, INK/c-Jun)if 141l 45 5%

HrEACIRR T AR A T A A R . FEIE R A
Marh, P bR R A0 T, AR AR D, Bra b ikE
I P ) A B R e A R T R, LR
KA 3T S—, BT PG F A 2k
ANAE A BEIE H AR =) ROS K, St ALK Tl %5
Framdi bt 200 ROS il an g sE. 55—, brafbik
AT EL i 200 L R A AL ST, DT R G5 . B RR SR AT A
AKX, YQEPVLGPVRGPFPPIV #1 SLPQNIPPLTQTPVVVPPF
LA NG e A L (HT-29) FA AR 72 G2/M 391, AT il
HagE Y SIMONE 25U T M FL 375 BB b A 45
%9 4 L (Caco-2)RELI7E G1/S $1, - 05k i o s 4t
KT A T AT g B P AT R A SR ) i A S i A i | 3R
TR R BT R 2SR AR KA R 2 A ) 4 AE A LA

8=, PUAAR R AT A TR M SR i, 15 S A M
T2 MNER T AR [ B AR 1 KA 4 40 L B B A AR R
PSP3c (ASPGLWS)F] _F & A\ FE 4t (HepG2)H caspase-3
MRk, WM, ZHAN PG BOFRAE T —Fur
TR AR Ik KRSH. KRSH H 4 MEILRRY1R: i
TR (lysine, Lys)Fl Arg &7 7 IF ML fof U S, AT 35 BY
KRSH ¥R bk, 1M Tyr Al Cys 15 ¥ A7 b 4n
JfL b = KP4 ROS o 45 2R3 W] KRSH 401 2ok i iy 4%
AAKEFHBEH CytC 15 caspases, 7 A\ E 205 241 i
(HeLa) M A FLIRSE AL (MCF-7) 1=,

ROS
Bcl-2 Hl
Bax
LRI
HLARRAR N
/ l AIF
Smac ~ CytC .
procaspase-9 l Apaf-1 A caspase kit
PSRRI T
CytC
procaspase-9 Apaf-1
A
1APs i F&f7DNA
\/ caspase-9
\ |
caspase-3
g2 087

7 Smac: ZRRIANEJH T-FE [ (second mitochondria-derived
activator of caspases); IAPs: & T-#llifi| 2 [ (inhibitors of apoptosis
proteins); procaspase-9: Bt & R E (K i i, AIF: TS
[X ¥ (apoptosis inducing factor); CytC: #ififi 5% C (cytochrome C);
Apaf-1: JT-HHZIE AT (apoptotic protease activating factor-1);
caspase-3/9: A FRHE FH K AERE 3/9,
K2 kAR A ROS B il g4 T-HL
Fig.2 Mechanism of ROS-induced apoptosis mediated by
mitochondrial pathway

5.3 HUERHRE B

WG — D T AN R R R, AR A oy
AR e I R FH AR A A B AT 5, A5 R A7, i
PEANMAETEG o T S A i 2 LR A B LA ROS
g 7= A BRI A % ¥R R 4 (mammalian target of
rapamycin, mTOR) A5 A7) PI3K/AKT/mTOR il & H
WGk 10 G701 L, E AR ATE R . R . AEH L A
A EREATE R . BASE AW R R P B Ok
A Z A3 F Ik TWLPLPR, YVLLPSPK il KVPPLLY i
P AKT/mTOR {5 514 5, 40 V1178 3 48 A 56 26 1
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(microtubule-associated protein 1 light chain 3 I/II, LC3-I/I#
e, WIBREAEE Bel-2 454 % M (coiled-coil myosin
like Bcl-2 interacting protein, Beclin1)ZF A bR &9 1) 7K AL
P E VIR R, Ak, XSERRIE AR A OCE R 1/2
(lysosomal associated membrane protein 1/2, LAMP1/2)#14H
ZUEE M D (cathepsin D, CTSD)AI/K:, FHALRE H WA 5%
PP () 5 T2 B E VS TAAS, 0 T R BV 1 R o g 4 4
JERIANL(PC12)H ROS My 2B, CAT AL B T 4 2R
W H O S i AET 885 5 A SR IR K (CSSP) W] 47 SR i o
% Hy0,. HEANFISEIMERGT G R A, TE IR
PSR, 6 mg/mL Y CSSP 3 F 4 mTOR {55,
VA A W A0 5< 3L (K1 -1/8a/8b (autophagy related gene-1/8a/8b,
A1g1/8a/8b)¥] mRNA KKKV IFHEE AW, MR F A,
L AR F IR T | R AR (HE, P
AR PI3K/AKT/mTOR S@ ¥ #4 J5 I ATEAE, il
Frre A P13K 5 mTOR W& #1755 A W R AT, A7 3
ZIRAMT
5.4 EENEIM

ROS FlEMAMBHGRBRELN FEEE, HRE
TICRER O/F AL S FOXO [A4) (forkhead box
class O/homolog of the FOXO in C. elegans, FOXO/DAF-16)
PR FEN PR EF, S5PAEAEEK
Jifi%, LN W5 [ (ceruloplasmin, CP). 4 & Ak 4 Lk (b il
(Mn superoxide dismutase, Mn SOD) . £ %814 5 [ (thioredoxin,
Trx). {57 4A%E [ (sterol carrier protein, SCP), CAT. GPx
& FEAFELMT, FOXO/DAF-16 S B iaeh, g shs
SERLAED Y F3R101, PR L R i FOXO/DAF16 (1%
Gofir, YRR PUAAAL IR 05 5%, DT SEATLIALE 45 D RS oy
R BT IIA IR [ SO Y 3 Rl BB A ALK
MmP4 (LSDRLEETGGASS) . MmP11 (KEGCREPETEKGHR)
F1 MmP19 (IVINWDDMEK)E [ B A 755 75 1 [ T4k fUAR
A7 RS TR rh SR IR 2 R DR AP VE T . I S iR e L
FOXO/DAF16 $65 T M%7, FFA R RE R in i 4k
iR 48 AL W 5 AL i 3 ] (extracellular superoxide dismutase,
sod-3) . NRGE %2 & FIAE 8 1 3L [ (choline transporter like
protein 1/2, ctl-1/2)R3%IK, G50 T5 N B AT 2k st S8 A i )
LS, MR H A,

6 WHHERE

o TE A W T R S NS RRE B VAR G o SRR (2K
1ol A A AR T T S5 RS A i TR S R T RE R B ROS
(A A R B el s, AT S B I SR8 M S, 4
THLA R RE . PRAG | O LA P 1 JRURG L3041 Ak
JKRT ] B 1B TR AR5 A, SRR PER I 2R R Y e L b
EHEP A, PTEILEILRR Trp. Pro. Cys. His A B TIE
SRR (4 SE AR 25 48, DT 25 325 40 1 19 41 LB 5 55 . DNA

gh4y, TIA FER AR HAN ZE0058 T H4
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MR, MR R KT TNF-a. IL-6 HIKE, Mk
FEHURARAERT; RIS, LCGEC AbBR -t 5 198 W BRIA AR
DA R, DT 388 0 i 38 oA A 7 1 3- 15| W T R
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AT E AR R AT VR RETR, A AR SCFAs B 5 b 1Y Qs
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W, A nT LA Ao I8 T T R R .
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SIS R eI . fs, B RS THU ALk
VORISR OC R BTTE, RACER XS BR A R A e
X FHUAR AR AR AR TR A 75X, il ROS 4 1L,
VAR, X T BEH ARG A LR DS
—AJi . MEREE SR | T HEY . AR
Wi AEWIE B A R DR A R, X R A ——
Selli, HUEAALIRBIBIESE 5 T AR K 1 BT S B

EEPES

[1] BHATTACHARYA S. Free radicals in human health and disease [M]. New
Delhi: Springer India, 2015.

[2] OSTERGAARD JA, COOPER ME, JANDELEIT-DAHM KAM, et al.
Targeting oxidative stress and anti-oxidant defence in diabetic kidney
disease [J]. J Nephrol, 2020, 33(5): 917-929.

[3] HAN KH, HASHIMOTO N, FUKUSHIMA M. Relationships among
alcoholic liver disease, antioxidants, and antioxidant enzymes [J]. World J
Gastroentero, 2016, 22(1): 37-49.

[4] MIRZAEI M, MIRDAMADI S, EHSANI MR, et al. Production of
antioxidant and ACE-inhibitory peptides from kluyveromyces marxianus

protein hydrolysates: Purification and molecular docking [J]. J Food Drug



5512 4]

SRELE, 25 BUAAALIRAE AL O 7ot

3987

[3]

[6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

Anal, 2018, 26(2): 696-705.

LIGUORI I, RUSSO G, CURCIO F, et al. Oxidative stress, aging, and
diseases [J]. Clin Interv Ag, 2018, 13: 757-772.

PARADISO VM, FLAMMINII F, PITTIA P, et al. Radical scavenging
activity of olive oil phenolic antioxidants in oil or water phase during the
oxidation of O/W emulsions: An oxidomics approach [J]. Antioxidants,
2020. DOI: 10.3390/antiox9100996

DE-DOMENICO S, DE RINALDIS G, PAULMERY M, et al. Barrel
jellyfish (Rhizostoma pulmo) as source of antioxidant peptides [J]. Mar
Drug, 2019. DOI: 10.3390/md17020134

KARAMI Z, AKBARI-ADERGANI B. Bioactive food derived peptides:
A review on correlation between structure of bioactive peptides and their
functional properties [J]. J Food Sci Technol, 2019, 56(2): 535-547.
AHDEO P, GUPTA SC, TYAGI AK. Reactive oxygen species (ROS) and
cancer: Role of antioxidative nutraceuticals [J]. Cancer Lett, 2016, 387(1):
95-105.

XU, AL R EUKRE A P B AR BT R (0], b PR R
2021, 46(1): 191-195.

LIU H, TONG X. Research progress of antioxidant peptides in hydrolyzed
soybeam protein [J]. China Cond, 2021, 46(1): 191-195.

BAMDAD F, AHMED S, CHEN LY. Specifically designed peptide
structures effectively suppressed oxidative reactions in chemical and
cellular systems [J]. J Functl Foods, 2015, 18: 35-46.

DING YL, KO SK, MOON SH, et al. Protective effects of novel
antioxidant peptide purified from alcalase hydrolysate of velvet antler
against oxidative stress in chang liver cells in vifro and in a zebrafish
model in vivo [J]. Int J Mol Sci, 2019. DOI: 10.3390/ijms20205187

S, SRR, AIRE, AF. BUERRIE AR ALV FIPLHI DR
[9]. AR, 2021, 46(12): 50-55.

JIE Y, ZHANG BL, SHI TY, et al. Progress on action mechanism of
antioxidant peptides delaying lipid oxidation [J]. China Oils Fats, 2021,
46(12): 50-55.

HUO JY, LUO XL, HUANG MQ, et al. Identification and antioxidant

activity of a novel peptide from Baijiu [J]. Int J Pept Res Ther, 2020, 26(3):

1199-1210.

REPRTTO MG, FERRAROTTI NF, BOVERIS A. The involvement of
transition metal ions on iron-dependent lipid peroxidation [J]. Arch
Toxicol, 2009, 84(4): 255-262.

DIAZM, DUNN CM, MCCLEMENTS DJ, et al Use of
caseinophosphopeptides as natural antioxidants in oil-in-water emulsions
[J]. J Agric Food Chem, 2003, 51(8): 2365-2370.

MEGIAS C, PEDROCHE J, YUST MM, et al. Affinity purification of
copper-chelating peptides from sunflower protein hydrolysates [J]. J Agric
Food Chem, 2007, 55(16): 6509-6514.

ZHENG Y, WANG X, ZHUANG Y, et al. Isolation of novel ACE-inhibitory
and antioxidant peptides from quinoa bran albumin assisted with an in silico
approach: Characterization, in vivo antihypertension, and molecular docking
[J]. Molecules, 2019, 24(24): 4562.

TONG LM, SASAKI S, MCCLEMENTS DI, et al. Mechanisms of the
antioxidant activity of a high molecular weight fraction of whey [J]. J
Agric Food Chem, 2000, 48(5): 1473-1478.

ROSSELLA D, ROSSELLA S, ANNA L, et al. The role of oxidative
stress in cardiac disease: From physiological response to injury factor [J].
Oxid Med Cell Longev, 2020, 2020(1): 1-29.

AVIELLO G, KANAUS U. NADPH oxidases and ROS signaling in the
gastrointestinal tract [J]. Mucosal Immunol, 2018, 11(4): 1011-1023.
LETOURNEAU M, WANG K, MAILLOUX RJ. Protein S-glutathionylation

decreases superoxide/hydrogen peroxide production xanthine oxidoreductase

(23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

(31]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[J]. Free Radical Bio Med, 2021, 175: 184-192.

HONG A, TU LC, YANG 1, et al. Marine natural products with
monoamine oxidase (MAO) inhibitory activity [J]. Pharm Biol, 2020,
58(1): 716-720.

FARIA A, PERSUAD SJ. Cardiac oxidative stress
Mechanisms and therapeutic potential [J]. Pharmacol Therapeut, 2017,
172: 50-62.

PALLAST S, ARAI K, WANG XY, et al. 12/15-Lipoxygenase targets
neuronal mitochondria under oxidative stress [J]. J Neurochem, 2009,
111(3): 882-889.

CHEN S, CHEN HS, DU QH, et al. Targeting myeloperoxidase (MPO)

mediated oxidative stress and inflammation for reducing brain ischemia

in diabetes:

injury: Potential application of natural compounds [J]. Front Physiol, 2020.
DOI: 10.3389/fphys.2020.00433

ZHAO XL, LIN S, LI HY, et al. Myeloperoxidase controls bone turnover
by suppressing osteoclast differentiation through modulating reactive
oxygen species level [J]. J Bone Miner Res, 2020, 36(3): 591-603.
ZHANG Y, HE SD, BONNEIL E, er al. Generation of antioxidative
peptides from Atlantic sea cucumber using alcalase versus trypsin: /n vitro
activity, de novo sequencing, and in silico docking for in vivo function
prediction [J]. Food Chem, 2020. DOI: 10.1016/j.foodchem.2019.125581
ONG JH, KOH JA, CAO H, et al. Purification, identification and
characterization of antioxidant peptides from corn silk tryptic hydrolysate:
An integrated in vitro-in silico approach [J]. Antioxidants, 2021. DOI:
10.3390/antiox10111822

LI QY, SHI CC, WANG M, et al. Tryptophan residue enhances in vitro
walnut protein-derived peptides exerting xanthine oxidase inhibition and
antioxidant activities [J]. J Funct Foods, 2019, 53: 276-285.

GAO JX, LI TG, CHEN DD, et al. Identification and molecular docking of
antioxidant peptides from hemp seed protein hydrolysates [J]. LWT-Food
Sci Technol, 2021. DOIL: 10.1016/j.1wt.2021.111453

MA FF, WANG H, WEI CK, et al. Three novel ACE inhibitory peptides
isolated from ginkgo biloba seeds: Purification, inhibitory kinetic and
mechanism [J]. Front Pharmacol, 2019. DOI: 10.3389/fphar.2018.01579
VIITPUNYARUK T, THEERAKULKAIT C. Preparation of alcalase
hydrolysed rice bran protein concentrate and its inhibitory effect on
soybean lipoxygenase activity [J]. Int J Food Sci Technol, 2013, 49(2):
501-507.

YING F, LIN SQ, LI JY, et al. Identification of monoamine oxidases
inhibitory peptides from soybean protein hydrolysate through
ultrafiltration purification and in silico studies [J]. Food Biosci, 2021. DOI:
10.1016/j.bi0.2021.101355.

OMONI AO, ALUKO REF. Effect of cationic flaxseed protein hydrolysate
fractions on the in vitro structure and activity of calmodulin-dependent
endothelial nitric oxide synthase [J]. Mol Nutr Food Res, 2006, 50(10):
958-966.

LIU CL, REN DY, LI JJ, et al. Cytoprotective effect and purification of
novel antioxidant peptides from hazelnut (C. heterophylla fisch) protein
hydrolysates [J]. J Funct Foods, 2018, 42: 203-215.

CHAI HJ, WU CJ, YANG SH, et al. Peptides from hydrolysate of lantern
fish (Benthosema pterotum) proved neuroprotective in vitro and in vivo [J].
J Funct Foods, 2016, 24: 438-449.

WANG F, WEN ZB, LYU Y, et al. Wheat germ-derived peptide
ADWGGPLPH abolishes high glucose-induced oxidative stress via
modulation of the PKC{/AMPK/NOX4 pathway [J]. Food Funct, 2020,
11(8): 6843-6854.

QI JH, DONG FX. The relevant targets of anti-oxidative stress: A review
[J]. J Drug Target, 2021, 29(7): 677-685.



3988 B 4 A R AG I 2 4 3%
[40] CHEN MF, ZHANG YY, DI HM, et al. Antioxidant peptide purified from cheese whey [J]. J Pept Sci, 2009, 15(3): 251-258.

[41]

[42]

[43]

[44]

[46]

[47]

(48]

[49]

[50]

[51]

[52]

[55]

enzymatic hydrolysates of isochrysis zhanjiangensis and its protective
effect against ethanol induced oxidative stress of HepG2 cells [J].
Biotechnol Bioproc E, 2019, 24(2): 308-317.
PUCHALSKA P, MARINA ML, GARCIA MC.
identification of antioxidant peptides from commercial soybean-based
infant formulas [J]. Food Chem, 2013, 148: 147-154.

MATA A, CADENAS S. The antioxidant transcription factor Nrf2 in
cardiac ischemia-reperfusion injury [J]. Int J Mol Sci, 2021. DOI:
10.3390/ijms222111939

KUMAR N, DEVI S, MADA AB, et al. Anti-apoptotic effect of buffalo
milk casein derived bioactive peptide by directing Nrf2 regulation in
starving fibroblasts [J]. Food Biosci, 2020. DOI: 10.1016/j.fbio.2020.
100566

WEN CT, ZHANG JX, ZHANG HH, et al. Study on the structure-activity
relationship of watermelon seed antioxidant peptides by using molecular
simulations [J]. Food Chem, 2021. DOI: 10.1016/j.foodchem.2021.130432
JIANG YS, YIN ZT, ZHAO JW, et al. Antioxidant mechanism exploration

Isolation and

of the tripeptide Val-Asn-Pro generated from Jiuzao and its potential
application in baijiu [J]. Food Chem Toxicol, 2021. DOI: 10.1016/j.fct.
2021.112402

TONOLO F, MORETTO L, GRINZATO A, et al. Fermented soy-derived
bioactive peptides selected by a molecular docking approach show
antioxidant properties involving the Keap1/Nrf2 pathway [J]. Antioxidants,
2020. DOTI: 10.3390/antiox9121306

KARTTUNEN M, CHOY WY, CINO EA. Prediction of binding energy of
Keapl interaction motifs in the Nrf2 antioxidant pathway and design of
potential high-affinity peptides [J]. J Phys Chem B, 2018, 122(22):
5851-5859.

SITI HN, KAMISAH Y, KAMSIAH J. The role of oxidative stress,
antioxidants and vascular inflammation in cardiovascular disease (a
review) [J]. Vasc Pharmacol, 2015, 71: 40-56.

PENG ZL, CHEN B, ZHENG QS, et al. Ameliorative effects of peptides
from the oyster (Crassostrea hongkongensis) protein hydrolysates against
UVB-induced skin photodamage in mice [J]. Mar Drugs, 2020. DOI:
10.3390/md 18060288

NI L, ZHUGE F, YANG S, et al. Hydrolyzed chicken meat extract
attenuates neuroinflammation and cognitive impairment in middle-aged
mouse by regulating M1/M2 microglial polarization [J]. J Agric Food
Chem, 2021, 69(34): 9800-9812.

A, BRI, AR, HUAULIK SS-3 1 Ml M S (. O AR B 0 1
[7]. HEIAAAEAE Y274, 2020, 42(4): 629-635.

LI Y, CHEN ZH, TANG LJ. Antioxidant peptide SS-31 inhibits high
glucose induced cardiomyocyte apoptosis [J]. Chin J Cell Biol, 2020,
42(4): 629-635.

ZHANG XP, FENG CG, WANG SY, et al. A novel amphibian-derived
peptide alleviated ultraviolet B-induced photodamage in mice [J]. Biomed
Pharmacother, 2021. DOI: 10.1016/j.biopha.2021.111258

DENG X, MAI RY, ZHANG CY, et al. Synthesis and pharmacological
evaluation of a novel synthetic peptidle CWHTH based on the styela
clava-derived natural peptide LWHTH with improved antioxidant,
hepatoprotective and angiotensin converting enzyme inhibitory activities
[J]. Int J Pharmaceut, 2021. DOI: 10.1016/j.ijpharm.2021.120852

SAH BNP, VASILJEVIC T, MCKECHNIE 8, ef al. Antioxidant peptides
isolated from synbiotic yoghurt exhibit antiproliferative activities against
HT-29 colon cancer cells [J]. Int Dairy J, 2016, 63: 99-106.

SIMONE CD, PICARIELLO G, MAMONE G, et al. Characterisation and

cytomodulatory properties of peptides from mozzarella di bufala campana

[56]

[57]

[58]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

PR, IO Bl e AU R TE MDY (D). R shbkss,
2019.

HE DL. Study on purification and anti-cancer effects of peptides derived
from perilla frutescens [D]. Taiyuan: North University of China, 2019.
ZHAN W, LIAO X, LI LH, et al. In vitro mitochondrial-targeted
antioxidant peptide induces apoptosis in cancer cells [J]. Oncotargets Ther,
2019, 12: 7297-7306.

GU LL, YU QQ, LI Q, et al. Andrographolide protects PC12 cells against
p-amyloid-induced autophagy-associated cell death through activation of
the Nrf2-mediated p62 signaling pathway [J]. Int J Mol Sci, 2018. DOI:
10.3390/ijms 19092844

ZHAO FR, WANG J, LU HY, et al. Neuroprotection by walnut-derived
peptides through autophagy promotion via AKT/mTOR signaling pathway
against oxidative stress in PC12 cells [J]. J Agric Food Chem, 2020,
68(11): 3638-3648.

CAI XX, CHEN SY, LIANG JP, et al. Protective effects of crimson
snapper scales peptides against oxidative stress on drosophila
melanogaster and the action mechanism [J]. Food Chem Toxicol, 2021.
DOI: 10.1016/j.ct.2020.111965

NIKLAS K, LARS-OLIVER K. FOXO transcription factors in antioxidant
defense [J]. [IUBMB Life, 2022, 74(1): 53—61.

JIA WZ, PENG Q, SU LN, et al. Novel bioactive peptides from meretrix
meretrix protect caenorhabditis elegans against free radical-induced
oxidative stress through the stress response factor DAF-16/FOXO [J]. Mar
Drug, 2018. DOI: 10.3390/md16110444

GE YT, LIN SM, LI BW, et al. Oxidized pork induces oxidative stress and
inflammation by altering gut microbiota in mice [J]. Mol Nutr Food Res,
2019. DOI: 10.1002/mnfr.201901012

VASQUEZ EC, PEREIRA TMC, CAMPOS-TOIMIL M, et al. Gut
microbiota, diet, and chronic diseases: The role played by oxidative stress
[J]. Oxid Med Cell Longev, 2019, 2019: 1-3.

SEVIER K, BASSAN J, PEIXOTO G, et al. Gut microbiota and
antimicrobial peptides [J]. Curr Opin Food Sci, 2017, 13: 56-62.

HAN JJ, HUANG ZB, TANG SS, et al. The novel peptides ICRD and
LCGEC screened from tuna roe show antioxidative activity via Keapl/
Nrf2-ARE pathway regulation and gut microbiota modulation [J]. Food
Chem, 2020. DOI: 10.1016/j.foodchem.2020.127094

LIU H, MA J, YIN Z, et al. Characteristic analysis of peptide fraction
extracted from dendrobium aphyllum after in vitro gastrointestinal
digestion and fermentation by human fecal microbiota [J]. Int J Pept Res

Ther, 2019, 25(2): 573-582.
(TE%4E: SR THY)

(=M

KOE, MEMRE, TEMKAHE
REPEREEFIA.
E-mail: 2127143225@qq.com

Ty, B, B, TEMRRFEA
EYIhEER IR S FI A

E-mail: hzli@nuc.edu.cn



