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Abstract: In this study, the cells-level antioxidant activities of two peptides, Val-Pro-Asp (VPD) and Lys-Gly-Pro (KGP), which were
extracted, isolated and identified from Jiupei of Baijiu, were studied. The antioxidative activities of two peptides were evaluated by measuring
their effects on intracellular reactive oxygen species (ROS) content, activity of antioxidant enzymes and other indexes in AAPH induced
oxidative-damaged human hepatoma cells (HepG2 cells) model. The result showed that VPD and KGP possessed intracellular antioxidant
activity. The mechanism of the action was that they can significantly decrease the content of ROS in cells, increase the activity of three enzymes
of catalase (CAT), glutathione peroxidase (GSH-Px), superoxide dismutase (SOD) and reduced the glutathione (GSH) content. At the same time,
they can also decrease the level of lipid peroxide in cells e.g. MDA content to protect cells from oxidative damage and capacity of two peptides
basically increased with the rise of concentration. This provides the possibility to improve the contents of functional peptides from Jiupei into
Baijiu by optimizing the distillation condition.
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HOSABIT FE T, A TP s rh 5 5t SR P A =ik
Val-Pro-Asp 1 Lys-Gly-Pro, FEil it 4k 2% S 36506 H A
Z KRN RE AT T . T ARIMGEE T
TR Z AR AR L] VR SRR
WA T 2. Rk, AWFA B 7ELL AAPH i
TR I AR (HepG2  cell) Jy R ALK
SE PR 2 IR 4B B R ). DA N 32220
Prafel: BEAYEALEE (Superoxide dismutase,
SOD). HAMWENE (Catalyse, CAT) PAEAMEH K
ANV (Glutathione Peroxidase, GSH-Px) HJif
JIFHERE R G T — 5 (Malonaldehyde, MDA). i&
JFE AL B H B (Glutathione, GSH) LA R AT 2 B H Rk
(Oxidized glutathione, GSSG)II & &AM I Fh
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L1 AR5 A

6-F25-2,5,7,8- VY F S A E-2-F2 1% (Trolox)+ TBS
ZZphE: (Tris-buffered Saline), Sigma-Aldrich (_Eif)
HIRAH]; RIPA 24/#7W, Solarbio Life Sciences (1L5)
AWRAA: ToKOEE, EZERMEEAR dbs) F
BRAF; 2,2-B% 5 THK R (AAPHD,
Acros IRAIAF]; PBS Zrhil, [EITHFRRHAIRA
50

7]; DMEM k5955, Mediatech ZEVIFARANT]; A
7% (Fatal Bovine Serun, FBS). /K. HE A,
Gibco /A7]; MDA. SOD. CAT. GSH-Px. &M
(Bicinchoninic Acid, BCA) MIERF &, PN
AW TR T ROS. GSH/GSSG MllE k7 &, L
HERREVHEARAARAF; CCK-8 & (Cell
Counting Kit), Dojindo AF].
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IR RAT; #RiEI VORTEX 2; fH[EH IKA AF;
CO, ¥57744, EEFEER K /KB A F]; Molecule M2
MEbrA, EEFAEARAR

1.3 40 oy 3% 5%

HepG2 20 B 1 [El Bm i Ot . HepG2 4
ML FRAE IS FRAE T, BEaRaktE N 37 CULK 5%
CO,. 553N DMEM 15775 LRI INAR 50N
10%F¢) FBS. S8 71 BT A HepG2 U A/EALEERT, mlé
FEIIAE) 80%

1.4 20 f0 77 78 5 ) €

HepG2 A7 iHid CCK-8 A& HEATIE -
[F) 22 3 AN )R 5 4 ik (KGP AT VPD) 5% 5 )5 1) HepG2
Y FTERE R AL NN CCK-8 7. R MisE 4,
FABEAROCI E 450 nm N AWROGAE . ARG IR 5 A
AAPH KbERZNAAE TR . ANM A7 LARE S 4
FRAETE ARG o5 HR A R AR A B A R R

1.5 ROS #yill =

¥ HepG2 4Hifii (1x10°/mL) REIFF4E 96 FLA .

1E 37 ‘CLL K 5% CO, %64 T 4557 24 he Bl HIA 100
uL A FEIFRZE (KGP 8¢ VPD) SRk & (2000 mg/L+
1000 mg/L 500 mg/L) [ iKF1 100 uL 10 pmol/L [
DCFH-DA ff] DMEM L&} 773E, 37 CYUpRssz
FNIFE 90 min. FFZI5FRIE G FHTC MG E IR IS e
YA 3 YKo I 100 uL AAPH (200 uM), SRJGHAN
REFRFE R AR 04 25, 50 90, 180 min Ji, HUH
HAEBFROCTIE, WO 488 nm, KATEKH
525 nm. AMACER MBI AT IRZL, (N AAPH 4b
FRAAEIC N AAPH 4H, 25t Trolox 1 AAPH Ab#
HIZH I ic N Trolox #H.

1.6 4 kot 2afE iy CAT. SOD. GSH-Px 7 #
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¥ HepG2 4H(1x10°/mL)IFFRTE 24 FLAR . 7E
37 ‘CLLK 5% CO, 26 T 45557 24 h J5, R aass 770k
W, NS — 2 E 2000, 1000, 500 mg/L)%
k(VPD B KGP)EX Trolox (500 mg/L)f¥] DMEM 135
ERATIFE . WE 2 h )5, BRLEEFRERER, A
7 AAPH (200 mM)ff] DMEM B5953E7E 37 C ALK
5% CO, 26 N 35T 2 he REIFE WA AAPH ALFE(T)
YHHAE TR, Rt AAPH AbEE 40 M ic N
AAPH 4, 23 Trolox (500 mg/L)F1 AAPH AbEE 1140
M A Trolox #H. BEfEH#IRAGHEFREER, M PBS
TEUEFLAR 3 2, LI EER (IR RIPA 2RV,
2805 (5000 t/min, 10 min, 4 C), W FiEH,
P BRI & R ER I E 4 T-SOD. CAT.
GSH-Px IiEME. 45K A 50 IR LURUS AT
fH.

1.7 48 ik xt 20 s )9 MDA GSH.GSSG #r BCA

EENT W

FH8 1.6 TPAHFDS B A AEAT AL B, IR
FE AR S BRI E MDA . GSH. GSSG #1 BCA
1.8 #HAEoH7

Bl e sSEse) AR 2 /b =1k, SLIGas RO
EEAREZE (SD) 7 . Zdfiidid IBM SPSS Statistics
19.0 (SPSSInc., Chicago IL, USA) AT HLK & )%
I3#t, FFLA Duncans % 5 FLBGEHET BB MEZE T
Mty AR EFRIR TAFREGN 2 AR E 2R
(p <0.05).

2 #ER57e
2.1 FENREAE KR HepG2 40k 77 £ 10 %

e

AT 30 S 56 AN T S b S e R =R
Val-Pro-Asp (VPD)# Lys-Gly-Pro (KGP), &5y
1 7R e A5G R CCK-8 230 5 ANRIVR B i
Z T HBAETE R MR . SR R L T AN ERFER)
Z K (10000 mg/L, 5000 mg/L, 2000 mg/L, 1000 mg/L,
500 mg/L, 250 mg/L, 100 mg/L, 50 mg/L) 7E 37 C,
5% COL IREEAAF T E 24 h, X+ HepG2 4177

R IR 2 B

o OH
0o Y 0
N OH OH
H [
N 0
N. NH
HN H H
) NH,

Val-Pro-Asp (VPD) Lys-Gly-Pro (KGP)

[&] 1 Val-Pro—Asp FA Lys—Gly-Pro £5#3J[&]

Fig.1 Structures of Val-Pro-Asp and Lys-Gly-Pro
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Fig.2 Influence of KGP and VPD on HepG2 cells viability

E: AR FHEATARMANZ N AEDFSEEF
(p<0.05), TFFl.

HE 2 7TULE H, HepG2 M A 1715 2 BE % A0 K
WREER) LT 20T FERESs . UM R IR R A
5000 mg/L i, HepG2 AMHE AR 55 AL R
HHHER &S (p<0.05), BRI AE RN
69.58%F11 70.96%. ik, KT AT HgikE5 2 IA & )
SR BRI B E BT, 7R SRt i ik
HLT 2000 mg/L 1000 mg/L 500 mg/L =Rl B 4T
S

2.2 KGP 2 VPD xt £ ft. 4517 t HepG2 28 i, 4

ROS #y 7% & 1E Al
I S RGN ROS 1755 Mtk Nat e

2 Jikons ROS A4 — 5 FI T, 45 5R a0 3.
NN 2 IR A 0 B AL PR S, AH N
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ROS & EMNT AAPH 4K EH & TR
i, YA B2 (2500 mg/L). H1(1000 mg/L).
fIK(500 mg/L)iREEPFIZ IKAbERfS, 4HMLM 1Y) ROS
AL T HHEZHAE 0~60 min 45 FFE T KGP:
9.81%~27.44% « 1.48%~9.39% . 4.73%~11.79% ;
VPD : 11.87%~17.83% « 7.77%~12.84% . 18.94%~
23.24%. PRIETT LA P A 22 JO A B 44 0 T 440
AAPH Pl R EAR A —E asIfER, H
VPD [P E TSR, Hifh4EMp ROS (& 2k
ZIRIREE A 230 NS . N R pygs Ry AR
BT SR MBS AFKRE R KGP 1 VPD 435
XTEH AAPH 51 &A% 1) HepG2 4HMLEAT IR &
RS, 4HMIPIT ROS & AAPH ZH L 23
SRR (p<0.05) , HIX A ke S ik e
5B ARG — e A . R A S 4 A At
W ROS & iR H 2T X R A N 1Y) ROS
TR, XASUHNRZ KRR BEEER AAPH
Y1 A ) ROS [IRE ST .
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Fig.3 Effect of KGP and VVPD on the clearance of ROS in

oxidative-damaged HepG2 cells
vE:a: BF 0min AT 282 A ROS #4851 K-F; b: 1% F 30 min
B4 A ROS 485 7K-F; ¢ MF 60 min B £8P ROS A%t
K d: S F 120 min B 40K ROS A8 7K-F; e: 1% F 180 min
Bt 4m A ROS AA%FKP-.

23 skt E it HepG2 48 A B FL Atk

g v 7 o (% 2 1F

23.1 43Rk RIS HepG2 4l CAT #9
Ve 547
CAT fFETUIfRFIZHLF, EEIETH HO,
N HO AT O, ITEHT, Mtk Py A Bt
ARSI, T PARELIREE SO A ) CAT S 1
s, 453K 4a fis. AAPH ZHZHMIPI ) CAT
TSRS, 5 HRAAH RIS 1 54.79%, XK 200
uM ] AAPH HACERANAE 3 h fE A py =2 T
HIEMSUT, CAT BERTEME TR (p<0.05). 1M
R AR R AR S AR HE 3 h 5, CAT RS TE
FHXT AAPH 4R/ B (p<0.05) [T+, KGP 7E
500~2000 mg/L K EEJEHE N, CAT BiEPESRA T
(100.77%~186.04%), VPD 7£ 500~2000 mg/L ¥ E7E
I, CAT MTEPERRTH T (139.91%~297.09%). ik
&5 T AR % U0 I X 1 o R T B S 5 4534 44 P P
CAT FgfiETE, FHEHOK RS BN IRA . b, dd
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XTI =R FIR EERIPI AN 2 Ik CAT B RE 1
AILMSH, i A R FE AT AL B At
VPD ZH 1) CAT B &1 = T KGP 20, @it Ee g
TR B4R AT LAHED HY Val 75 2 K N 3 F0 Asp 7%
JKIET C Bt BT 30 R R 4H P . CAT 3% /)58 T
Lys 7E2 K N 3l Pro 7E2 K1 C uiy, X 5AHICHE
FLHR R 2 K7 I P AR K PE R SRR 40 Leus Pros
Phe DA Val 55Xt 2 IRIHT AT TR B 200 EHEL )
PRI —3,
232 $2Mat A a5 HepG2 @/l GSH-Px
a9VE R AT

GSH-Px S22 AA(E ) —Fh B I A )
fitf, ‘B AeMEAL GSH #1004 GSSG, KA SR Eik)
W FRNTEER IR AW, RS 40 45 A2 F0
IhRE S 32T B TR, A sizig h 8¢
S KRE LR M Y GSH-Px BERE R348 S an &l
4b Fli7n. AAPH HAHMI N 1Y) GSH-Px B P AH bLT-40
HRAH EILEH . (p<0.05) 1) FFR#a%s, BRIK T 35.28%.
X AAPH XHEHMIE R 1 BN ™ B A T, 40
L IR TS PR IR . SR AR FE R
P AR HEA T B AL H Y J , GSH-Px BEHE PEMIXT AAPH
HET MR, Kk KGP A5 T 22.08%~
29.49%, #ilk VPD ZH#Ef 1 21.48%~30.88%. Fiff
Z KM AAPH 4078 GSH-Px i 1) B39 — 427+,
PR T AR . PRI [ EAR R FE N P
L 3 S GSH-Px V& JJ B RE J1FF0A k2=
5o
233 4EkA A bdRifn HepG2 el SOD &
VR 547

SOD fE NS AT R T B B AR A,
AJ DU E R A B RS 1 B SRR R N Y
NP . ARSI o PR ST AE R Y ) SOD
BERE PR AR, 45 BN 4c . K 4c ATLAR H,
ML 200 uM 1) AAPH AbFR S, HAHP SOD
FTEPE R BAR T X IR 2 (62.60%), XTiHH AAPH X
I AR T E AR . PR AEIETE 2000 mg/L-
1000 mg/L. 500 mg/L #KFEMAHLL T AAPH ZHAEMS Y
i (p<0.05) #&F+ SOD 13 1 (KGP: 47.80%~52.60%;
VPD: 49.20%~62.60%), MUL EZERTTLIEH, KGP
A VPD X P FhE KSR B HH] AAPH BT 5| & B4
WSR3 T S 2 SOD B IBRIRIIVER . fEm
WRIEAFHREE (2000 mg/L F1 1000 mg/L) 51+,
PRI T ANFIIBE 7T, VPD 7R A5 H
$215 SOD M 711 RE I =i T KGP 4.

a 40 C—Control ez AAPH+KGP
U s AAPH AAPH+VPD
3.5 ==AAPH+Trolox (mg/L) S
+ L d
=1 3.0
E sl
=
2 20+
% 15+
g 1of
0.5+
0.0
o
&
FEPKIRBE / (mg/L)
EAAPH+Trolox (mg/L) T Control ZZ2AAPH+KGP
Lol a c = AAPH AAPH+VPD
0.8+
-,D‘?
2 06f
&
& 04t
Z
5 02t
0.0—
«
¢
SRR / (mg/L)
c —1Control AAPH+KGP

mm AAPH SSAAPH+VPD
= AAPH+Troéox (mg/L)
) S

SOD A X

SRR / (mg/L)
E 4 ZRHAERMEHEERSERER
Fig.4 Effect of peptides on the antioxidant enzyme system in
HepG2 cells
J£: a: CAT; b: SOD; c: GSH-Px.
RUIRFIHTAALRE /8 SRR HEFIIR
P TR RS 9. Wl I 52505 5 5
M R IL T HUEMZ AR Ala-Lys-Arg-Ala (AKRA)
F Arg-Asn-His (RNH), P93 [FFE RS2 = 41 H N
CAT. SOD H! GSH-Px “FHi LR A R ORI 40
T B, W R R, LRI AR RN
(1000 mg/L A1 2000 mg/L) VPD F1 KGP X} CAT.
GSH-Px Bl /I HEE/E 28T RNH, IS iG] AKRA,
X DR AR 7T EAHZE AR, BRI A]
AeAE Lys A1 Val 7E N %Al Pro A1 Asp 7E C ¥ iR I H
(115 CAT 1 GSH-Px & 7116 JI58 T Arg A1 His
I3 AIFE N 3l C Sy I e /T, (H55T Aspo LA
ERFFERR AN E 2 o A R BES RHRTHA E
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REMIZES, X RREAR T2 IR 1 R S Rl
TUAfLlESs S RETIM 27 B

24 ERRTE ARGt HepG2 40 i JE B i

AR G 1

24.1 43pkatBAIRM 4 HepG2 mftF GSH
Fo GSSG 2 E 49 %M

GSH Je4ifio s Z (AR A iz —, B
A YEFE I T RGUMPTENIIREMIEH . Fitk,
GSH FIHAAMAS GSSG 7K A S A o ) 3= 22
55207, @it GSH W& 4 GSH & &3k
TR, S5 RanE Sa fion. 45k AAPH 405 40
MI GSH (A& BRSO A2 1
38.80%, iXFKH] T AAPH X424 T — @ FE L
A, AT S P A ERE BT A
Fil'FF%: 15 AAPH HAHMRA R A2, FEmA AN
(1) GSH & &E— e fEE AT, JEERE
3 23 EF R H, APRR R EE Y 2000
mg/L I, GSH &&EifFfm, SXHRZ TG EIX 5]

(p<0.05), IXFRBHPIFR 2 B T3 g i P P e ik
RE ST E BN,

HE 5b ATLLEH, AAPH 0 GSSG & EE
S T A2 ), 1X R T AAPH XT4Hf ™4 T B
IV E AU R o 1T FH TP AS [ P PR JOR 40
AT B Z J5, UM GSSG HEfA T Wi

(p<0.05) I FF%, Hr KGP 45k 4 GSSG

GErERAR, HEWE (p<0.05) KT Trolox 4. 7
VPD 41, FIREAF) GSSG & B/, [FIFEIHE

(p<0.05) i T Trolox #H. BAKE, SHTHRAIALL,
PR IR AL ELSS 4R GSSG E EERAHEL T
AAPH HA TR FIFFIL (p<0.05), SXiRZ
GSSG HI&mHALIHE (p<0.05) HIZEH, KILFF
S RO T 4H ML Y GSSG 1A B % B 2 1A

N TSR ER LR KGP A1 VPD e kot
AAPH 5| R EMA AR+ GSH #1 GSSG K1)
s, X GSH 5 GSSG Z A1 AL LE R AT 11PN
45BN 5¢ s, £ AAPH 47, GSH 1k 5 GSSG
(IR N AR o TR I NAS [RIAR P
L2k, EEERRIRE A+, GSH #1L A GSSG
It 5 AAPH HAHLLA EHE (p<0.05) H3EF.
YT KGP K, 4R EE AR 2000 mg/L B, #4kE
RIEF i 2.06, B2 05 & T Trolox 4. X+
VPD K35, 4HE N 1000 mg/L I, Ak bRk 3
{1600 TR EHBNE TR EHS, "Rk
54

H1F24 VPD [ EE A 1000 mg/L 72 A7 I Ak 3] 1 i
e B EZERATT AR, BRI T AAPH 5
REVEMSUT HepG2 4HfHv] LA 28 L% GSH & &
[FIBEARFN GSSG &= mifER, DL Bhan 752
AN AR o
242 MR EABHE HepG2 mfie = A ¢4
A (MDA) #47#4E A

MDA & HEER D RIE IR LT, Ea5
AR AT RERRRS, HFEIET . (EN—FSIHUAS
BMERIEIERIM T, AR & AT DU
PR R T S A I RR AT BB (12 s LA A 1
SEACIRGRE RS, B MDA RIS E T iR %
JHCAE S 4T B P MDA 25 B RS2, 25 SR 1 5d TR
5 FiRSRIGAHE, AAPH A40H0=2E /) MDA /K T/E
B 2 A A b 2 s 1, SRR LA B s
REMEZES (p<0.05). JRT SA R PR 2 iom
ANEIM G, ZdmE b, 4N ) MDA 7KT-AH
LT AAPH 4145 T B HIREAIK, BRI AREE 2 Ik
WEERFEEERE e 0 THRIREE (500 mg/L) HIBFH
FEMRALEE, [FIRE AT DAFE— e F2 1 ERRRANHE ) MDA
AR . R (2000 mg/L) (RS F e Ik AL FRA &
Ji» B FET AAPH K75 R 40 = A AR B R SR A
WO, A ) MDA & sAH B0 R ZH I e i i
DX 5, 30K 2 BT B R 1A JOR I 5 T DA 1) 24
P MDA (14 il KA Rt Gt - AAPH FITati K
AR, X 5 SRk 2r PO Bl s A\ T aT
FH—E

Wang 245 ) K2R (R b 4% AR Gly-Leu-
Leu-Leu-Pro-His (GLLLPH)J{ H.7E 40 P [FIRER A
T MPTEARE S, BB His BRI 2 IR H GENS
BEAR AL P AR R S8 AN GSH (& &), SR
A% E H £ Ik KGP M1 VPD MtL, =FhZfk
H#EA Pro B, BRI EA Gly 7RHE, FHASM
Pro F1 Gly £ 22 Bk Al Py S 0sS [F) B RS B AR 40 i
PRI R B S AR 7y GSH & i

a C—1Control AAPH+KGP

e mmm AAPH SSYAAPH+VPD
: E= AAPH+Trolox (mg/L)

_10p 2 d

g

41 0.8+

o

= 0.6F

=

% 0.4+
0.2}
0.0

SRR / (mg/L)
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b 35 —Control AAPH+KGP
10 mmm AAPH SSSAAPH+VPD
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