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FEE: AHFRA Neutrase 0.8 L s BA& @ #ATKME, KiFSeiB&E (HC) 455 MR ERBIRREAER. L8R5 M 28R
WATRBAR . PrFFesih =4 (HCPHE. HCHIS #= HCPRO) #&sh4) DPPH- AR, # A ;AR AL B 45 HC 48
FUR KT 2 A48 % 30.51%. 45.83%47 42.81% (p<0.05). HUPVC 54545 =4 £ =7 F 24 h /& £ 300 umol/L H,0, Bt 5% 545
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10.52% (p<0.05), 5X 58 (TP) LHARMARER (p>0.05), FAEMNERBAZ. 5AMKBGER 481, HCPHE. HCHIS
F= HCPRO T 241 LDH % &, MDA £ &%, SOD % 7, MRS RIETFIRE HC 4, 53R AT T14 GSH-Rd, CAT #97%
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Abstract: Casein was hydrolyzed by neutrase (0.8 L), and then the hydrolyzed casein (HC) was modified with phenylalanine (PHE),
histidine (HIS), and proline (PRO) through plastein reaction. In vitro 2,2-diphenyl-1-picrylhydrazyl (DPPH-) radical-scavenging abilities,
hydroxyl radical-scavenging abilities, and reducing powers of the corresponding products (HCPHE, HCHIS, and HCPRO) were significantly
higher than those of HC by 42.81%, 45.83%, and 30.51%, respectively (p<0.05). The modified products (HCPHE, HCHIS, and HCPRO) were
incubated with human umbilical vein endothelial cells (HUVECs) for 24 h, and the protective effect of the modified products was evaluated after
the HUVECs were injured using 300 pmol/L H,O,. Cell viability was measured using the CCK-8 method. The results showed that the cell
viability of the groups treated with a high dose of HCPHE, HCHIS, or HCPRO was significantly higher than that of the group treated with HC
by 7.86%, 5.21%, or 10.52% (p<0.05), respectively, and there was no significant difference between the high dose group and the group treated
with tea polyphenols (TP) (p>0.05); furthermore, the relationship was dose-dependent. HCPHE, HCHIS, and HCPRO effectively decreased the
leakage of lactate dehydrogenase (LDH), malondialdehyde (MDA) content, and superoxide dismutase (SOD) activity, compared with the HC
group at the same concentration. Furthermore, HCPHE, HCHIS, and HCPRO significantly enhanced the activities of glutathione reductase
(GSH-Rd) and catalase (CAT), while the change in the content of glutathione (GSH) in the cells did not significantly change. The study showed
that HCPHE, HCHIS, and HCPRO had a good protective effect on H,O,-induced injury in HUVECs, with the protective effect being better than
that of HC.
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gk, Birdr TR A IR A s T2 ie e SRR E6,
BT TRFIR AR A A WA E, RETTRAEN
XA AT DPPH, Sigma A#]; 48 —%JE, K
BB AR AR PREACE, RE T bl L T
AWRAF. K2, B2 R YR A IRA A
JiG4- 1137 , HyClone 23] ; RPMI 1640 1577#3%, HyClone
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WS, F R EREY) TR SR CAT WA &, ®
AV TR MDA iR&, mptdmd
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1.12 FE2MNE
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FEEAE 6 h, BN 95 C/AKIAFKEE 15 min, AE
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1.2.2 HCPHE. HCHIS #= HCPRO #j4L84bL7%
M AT
1.22.1 DPPH H HFEMEME

BEAI N 20 pmol/L DPPH ZUEEVEW, 77T I Ak
F5H, B 1 mL DPPH ZEEATHS 2 mL [RRE AR AE
HIERETIRA, S FHAACE 30 min 5, W@t
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—X

DPPH - i [ 7% 14:(%) = 100

FH

1222 FHHFHRAE

2mL VAT 0.15 mol/L, pH 7.4 WlR L2
B%IE (075 mmol/L) 5 2 mL T 0.15 mol/L,
pH 7.4 B ER ) FeSO, (0.75 mmol/L) 75731k
A I T mL AR AT T mL 522 0N 0.01%0 H0,
IRAIE 37 CLRIR 60 min, 7E 536 nm FillE, A
Ual

BT R 06) = 2

HA A AR SR RAE; A HAR=RIE, FeSO,#= H,0,
BT R RIBAAL; Ay AAR= RIEA FeSO, 892 @ IR 69 B A
14,
1223 WHERES

HY 2 mL. 0.2 mol/L FIRRZE M (pH 6.6) 5
2 mL JFUESECN 1%SF AR S, A2 mL
FEARAERE 2R N 2 mg/mL, 50 “CE 30 min, %
HIFIA 2 mL. 10%H =5 4E8; 2 mL _E3s0m
A 2 mL ZE0KA 04 mL. 0.1%540Ek, 1REHS):
JZ R 10 min J57E 700 nm 52 e R,
123 HUPVC #3&4

NI K A 1 20 B AR e B R R A2 R AR T
FR kA N R ARk, ONKIBEA T R, AR5 T4
ALk PR 4R R #2 ZE TR TINS5 10 mL ig2F
M A0, 1000 t/min 250 5 min. 3 I,
TN 10%062E M5 1) RPMI 1640 K535, B
AT, (E4HMo#355), BB REFmHET 37 C
5% AR SRR R IR, . 4
A K2 80%~90% & FERT, IR IHIEFRI, A
3 mL PBS (pH 7.2~7.4) ¥ 3 IXJa"3 PBS, MK
BEHAL 4 min, IO IAZEIIE ) RPMI1640 £5377
ZALERERIER, REWITHN, 2 AIFEE LA %
AR, AT R R A 7o, BT
BRI KR G 2 80%IN, ERENH AL,
W, guTHEL, DALE BRI R L 0T 96 FLIK

(BEL 100 LD 1 6 LR (B3l 3 mL), 4HAuGEEf5

x100

AL,
124 H,0,#%% HUPVC 5 42R ¢4 3 5
RTEIMIE 1640 £5323H 4B 0. 100 200+ 300+
600+ 800 umol/L 6 NI&EZH, 4rHIINA 96 FLiR+,
£:4L 100 uL, 20 HIEM 124 24 48 h &, ¥ LiEFE
KA CCK-8 VA AT 4B A7 i AR I, LI 20
uL CCK-8 ¥, #Ek53% 2 h, R%IRE], 1 96 fLEG
A BRI & LG (OD) 18, Rl 450 nm.
e s SEERAL L VT,
AETE D) = S .. AL,
1.2.5 HC. HCPHE. HCHIS #= HCPRO xf
HUPVC ¢ 47% % 35h
HUPVC LA 1x10* 35T 96 LA 1, HC AT HCPHE
SRR P SIS RPMI 1640 159736070, K LA
Hilpk 0.5+ 1. 2 mg/mL =/MfllE, IEFEXRAIMATL
Mgk 7%, LA SART, TG, #%
CCK-8 J A 4H A7 % 2
1.2.6 HC.HCPHE.HCHIS #=» HCPRO *f H,O,
415 HUPVC #R3p 89 0t 2% £
TEHATHRZFN HaO, A AL 2H AR FL e i
JEREFE 3, HC. HCPHE. HCHIS H1 HCPRO & 75
(0.5, 1. 2mgmL) AT E 12 f124h 5, 7+
i, IO 300 pmol/L H,O, YERIJ&, 1% CCK-8 J7i%
FIANMLATIE S LURA 2 = FP2RER (1 IR N ABH = 4 fR
i SR 1) HUPVC S EEVE I AR FH R
1.2.7 HC. HCPHE. HCHIS # HCPRO *}i%
F i R L BeAR A% 6 PR AP AR
AR T 6 FLIR, SEEm 2N, IR HRA
(Control): #FLAT 2 mL LIMiEEEFEEL, HRIAH
(ModeD): FFLLA T IE 300 umol/L H,0,, /£ 24 h;
FHTEXTHE (Vo) 2H: 45 TZ9KFE 0.167 pg/mL Ve; 4%
ZMy (TP) #H: %5 T4IRFEN 25 pg/mL ¥ TP; HC.
HCPHE. HCHIS 1 HCPRO 45%44H: 45 F4WKRERN
0.5. 1.2 mg/mL 5 24 h J&, 25 TN 300 umol/L
] H,O, 2 mL.
SIS A ARG B O B3, TSR -2 4
M, &F4HI0 1 ML PBS, REUR SRR TTE, HEM
FmERE, EANEPITE, B0, WECETE, #HMTEA
SER (BCAED., Hillgni EiF g+ LDH & &,
YHffiH SOD. CAT A1 GSH-Rd 3% /1 5% GSH, MDA
e, BB S U BT E .
12.8 #IFELt
K Excel 2010 FAFHHAT SCB0H AR LB, LLF3Y
{HEbREZ IR ] SPSS 19.0 FAF#HT AN &R
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2.1 Plastein X5 % 4718 M0 7E M 8 %0

4% 1 fizx HCPHE. HCHIS 1 HCPRO [¥IH1%
WiE SRR DPPH H A 1E, B2 H A RREE
ANEJRRE )1 SARBUIRT HC KIAHRAR IR iR AT 70 7l
1 30.51%- 45.83%F142.81% (p<0.05). iiHH H&iE
A IS 2B R KW, BT ZEAR—
FEEH T IRER A, FPTRALRE ST R i 32 2 PR o
33 SR 1 B8 AT DU B 31 AR A S EE R A BLa
BRI, SEOLRARRIIFI LS, 4
WHIE 7, REMTSEELR 75 A G5 B LR I 5
RAEEFAS, AR SR, HINREH
S TE BT S A B MRS RR . X5 Yue!'!
RIBTFLEE AR50 Ve FEIRFERTFRIZ6 4 R ¥) DPPH 15 FR
TEPEANIE R RE /1737309 85.26£1.31 F1 59.21+2.29,
WAL P TS PP T B S PERT Ve
R BERKEY HCO) REXEBRMIZIHF4) (HCPHE,

HCHIS %1 HCPRO) AUIREILIEM
Table 1 Antioxidant activities of casein hydrolysates and casein
hydrolysates modified with phenylalanine, histidine, and

proline by plastein reaction

#d  DPPH-AMREM  HAGEASR TR
% B /%

HC 36.21+0.56" 0.48+0.01° 18.31+0.52°
HCPHE 47.2620.96° 0.63£0.02° 25.45+1.54°
HCHIS 39.36+1.21° 0.56:£0.06° 22.54+2.12°
HCPRO 46.22+0.89° 0.700.05° 26.15+1.26°

7E: DPPH- MR E M. # A B FREE . TR SN
HHROEARESERESAH 1 mg/ml. 9 mgmL F= 6
mg/mL, Fl—3 Ml EARAR FHK A one-way ANOVA 4547
EZAEE (p<0.05).

2.2 H0, %% HUPVC {7 4% 2 oy & ir

LR A Y TR 4IRS, BT HO,
UM E A, BT P R, B
L SEGIRIET.. TR RIE 1 FiR, s
M58 25 3R B HUPVC IIAETE 2B A HoO, 1R I (7]
FERTIREAG, 24 HaO, FI¥REE A 200 umol/L /EH 48 h
B FE N 300 umol/L /£ 24 h I}, HUPVC A7 %
HOTIAR] 50% /A7, TSR] TSI AR A AR A A
SR ARSEIE RN R F = H 1L, ma KRN 300
umol/L H,O, TEH 24 h A4S B B S T 1) 2%
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B 1 FEHRERY H.0, KB FHEIXT HUPVC BOARRaTE AR 72T
Fig.1 Effect of different concentrations and incubation times of

H,0, on the viability of HUVECs

23 HC. HCPHE. HCHIS #2 HCPRO xf

HUPVC 77 7 % % v
120 - OHC EHCPHE MBHCHIS BHCPRO
100

i

80

60

LA 2/ %

40

20

1 1
0 Ve (0.176 pg/mL) TP (25 pg/mL) 0.5 mg/mL 1 mg/mL 2 mg/mL

& 2 TEIREMEREAKEY (HO) REXEARMIEH=)
(HCPHE) ¥ HUPVC 775E 3RS
Fig.2 Effects of different concentrations of casein hydrolysates
and casein hydrolysates modified with phenylalanine, histidine,
and proline via plastein reaction on HUVEC viability
MRIE CCK-8 I HIAHNAAE RS RInE 2 2
N, IEHAMETERE 24 h FAAEHEN 100£5.21%,
HC(0.5+ 1. 2 mg/mL)Jii# & 24 h 4HHLIAFIE 277
N 97.2124.75%- 99.00+5.24%F1 95.27+4.14%, X5
Martha Phelan'®f{15& T8 (K A#PIGT N Jurkat T 4
HERIBT FE 45 R SR FHE M) HCPHE . HCHIS
A HCPRO FiliFHE 24 h ZHAEHHARSEIE 70504
98.52+5.21%- 97.92+3.43%411 95.69+4.25%, 45 ZjZHAN
IEH AR I Z AR (p>0.05) , BIHEAT PA
KA 81fi7=4) HCPHE. HCHIS Al HCPRO X} iE
# HUPVC TG o

24 HC. HCPHE. HCHIS #1 HCPRO xt H,0,
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%% M5 HUPVC (R 4719 Bk &

=R E B R BB R 5 ) Rk 2 2 OE R
HUPVC, Tl & i 5] ¥ e 2 A0 A KA A A 2L
Martha Phelan'®, T & 12 124 h J&, il 300 pmol/L
H,0, ], CCK-8 Rrill&s B ow, HIEEXHZHAALL,
BRIH ARG /) 024 BRI, SREBIAHAREE, Ve 4.
TP 4. HC #4. HCPHE #i. HCHIS 41 HCPRO #1
YHHENE 1 EE R, 1 H HC 1 HCPHE 41. HCHIS
ZHAT HCPRO AL & AHIFIN [AIFREE X T, HC
HIM LG 712 KT HCPHE 41. HCHIS 41Ai!
HCPRO 4 (p<0.05), {H#3%j HCPHE. HCHIS #!
HCPRO [ ZFAEE (p>0.05). W5+ kKM
HCPHE. HCHIS A1 HCPRO 5 L A Bz £ ffa f) fo4 4
5248, &HE Q2 mgmL) H5%ZH
EF 12 h HEZEFABA SR X (p>0.05), H
AR Ve AAFEREZER (p<0.05). LAY
H A kR -, #4245 HCPHE. HCHIS F1
HCPRO il & 24 h A4 A EHEE ST 12 h

(p<0.05), PRI AT CAE A B fE 585 B I 18] 24 he 1A
3 FR.

120 Di2h W 24h
100

80
60

HMHAFTER | %

E 3 FRIREMEREBKEY (HO) REXEARNIER
(HCPHE\ HCHIS. HCPRO) ¥ HUPVC SR 1RALZ R F SN
Fig.3 Effect of different concentrations of casein hydrolysates

(HC) and casein hydrolysates modified with phenylalanine,
histidine, and proline via plastein reaction (HCPHE) on the
viability of HUVECS injured using H,0,
E: AR FHMK A& one-way ANOVA S # £ F R %
(p<0.05 ).

2.5 HC. HCPHE. HCHIS ## HCPHE xt it 4

LB i 28 (LDH) By

it 323 HO, MEABIIEM, SEE
HRASEAEIERR, Rk, FURBERE (LDHD 2B
BREFRR, HB AT LAAIE S SRR R A R R o

24300 umol/L H,0, 5 HUPVC 1Ef 24 h )5, 4ifss
R LDH & fiA %] 565.24+£5.21 U/L, sk
BRI LDH U 125+15.26 U/L, B
HUPVC C&IAB|EA M. 7£ HC HiiiFE 24 h
Ja, SRAHMEANG LDH 3 & B 2E K
(p<0.05), TMi%5% HCPHE (2 mg/mL). HCHIS (2
mg/mL) Al HCPRO (2 mg/mL) A LAf# LDH 5 H
RO HIFARE 385.65+4.11 U/L. 376+12.11 U/L Al
370+13.09 U/L (p>0.05) -

700 - OHC EHCPHE MHCHIS BHCPRO
600 g g
~ 500
g coo
S 400} b bbb
= 300
a
2 200t
a a
100] I
0 \ 1 \ 1 - 1 0 1 \) V \)
§F ¥ & ¢ § & &
$ < 3 & &8
VAN v

& 4 FREIREMERERKEY (HO) REXEARNER~
(HCPHE . HCHIS HCPRO) X HUPVC S IRAEELA) LDH AYS4Na
Fig.4 Effect of different concentrations of casein hydrolysates

and casein hydrolysates modified with phenylalanine, histidine,

and proline via plastein reaction on the leakage of lactate
dehydrogenase (LDH) in the HUVEC:S injured using H,0,
E: AR FH MK & oneway ANOVA 547 £ 7 2 %
(p<0.05).

—~ 30r OHC EHCPHE MBHCHIS MEHCPRO
\j% 55| j i
R 2fg
) L £
E 20
s} L c
g 15 )
\\/ 10-a
E 0 1 1 1 _\ 1
N N . S
S & vy §&8
S K R
& N v

&5 FRIREMERERKEY (HO) REXEARNIEIR~
(HCPHE. HCHIS. HCPRO) Xt HUPVC SE{15515% AL A MDA SN
Fig.5 Effect of different concentrations of casein hydrolysates

and casein hydrolysates modified with phenylalanine, histidine,

and proline via plastein reaction on malondialdehyde (MDA) in

the HUVEC: injured using H,0,
E: AR FH MK & oneway ANOVA 547 £ 7 2 %
(p<0.05).
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2.6 HC. HCPHE. HCHIS %2 HCPRO x{ 2f it

t = (MDA) B

Nl (MDA) 2N AR S A I 2 R
N B & R S AR Y B TR S A AE R
GrF, T LA P 22 AR i A Y. R
HUPVC ] MDA & 8.47+2.3 nmol/mg £
. 24 HO0, B 24 h J&, BN MDA &k
25.22+3.21 nmol/mg HEHT (p<0.05). £ HC 53k
FUMNAS PP E R 24 h IFR] A 25 i oy 1)
MDA A i H A sl B4 HI7E 15.35+0.30 nmol/mL

F1 24.52+0.49 nmol/mL Z [H], TM{EZA%) HC 5K &EH
B PIAE RS LN, HCPHE. HCHIS A
HCPRO XfJfi 4 MDA & i ity 301 /8 I & T HC

(p<0.05), Wil 5 Frzx, IGH HCPRO %y MDA
A RARIVE 9 T HCPHE 5 HCHIS W4, (H5
HCPHE 4 k4tit# %R (p>0.05).

2.7 HC. HCPHE. HCHIS #z= HCPRO xt
HUPVC 4g iy GSH. SOD. GSH-Rd #u CAT

H % v

%2 TRIKEMERERKRY (HC) REXEARMIEIHH (HOPHE, HCHIS F1 HCPRO) Xt HUPVC SILIRMAIRALLAREPIAY GSH, SOD.
GSH-Rd 7 CAT KIS

Table 2 Effect of different concentrations of casein hydrolysates and casein hydrolysates modified with phenylalanine, histidine, and

proline via plastein reaction on intracellular glutathione (GSH) content, and activities of superoxide dismutase (SOD), glutathione

reductase (GSH-Rd), and catalase (CAT) in the HUVEC: injured using H,O,

a0 GSH &= SOD 7%/ GSH-Rd 7% /1 CAT &)
1
U/(min'mg &€ /7 ) U/mg U/(min'mg & /) U/(min'mg & € /)

Control 110.51+11.26° 18.26+0.29% 11.25+1.81™ 50.21£1.27¢
Model 57.22+14.52° 9.98+0.39® 8.20+123° 22.12+0.88"
Ve (0.125 pg/mL) 75.26+20.12° 18.20+0.15% 18.21+1.52° 49.56+1.32¢
TP (25 pg/mL) 72.64+18.38" 17.99+0.42¢ 16.21+1.22° 43.25+0.98"
HC (0.5 mg/mL) 59.76+12.19* 10.35+0.21° 11.83£0.89 26.81+1.21°
HC (1 mg/mL) 57.38+10.22° 12.41+0.32¢ 12.98+0.39° 32.51£1.51°
HC (2 mg/mL) 63.51+13.82° 14.56+0.11" 13.26:£0.58>% 35.26+0.87
HCPHE (0.5 mg/mL) 59.87+19.29° 10.52+0.51° 11.91+1.35% 27.32+0.52°
HCPHE (1 mg/mL) 61.84+16.25° 14.33+0.23 14.1142.11°% 34.560.67
HCPHE (2 mg/mL) 69.21+15.46" 16.24+0.49" 15.411.09% 40.12+1.30°
HCHIS (0.5 mg/mL) 60.23+15.21° 9.51+0.53" 10.5142.01® 26.28+0.91
HCHIS (1 mg/mL) 68.92+22.26" 11.2140.49° 13.56+1.96% 33.67+1.24%
HCHIS (2 mg/mL) 69.23+17.21° 15.29+0.612 14.98+2.35% 38.5120.66°
HCPRO (0.5 mg/mL) 58.29+19.14% 10.62+0.35" 11.26+0.98" 27.23+1.22°
HCPRO (1 mg/mL) 59.21+20.00° 13.2140.25° 14.01+1.64°% 35.11+0.56°
HCPRO (2 mg/mL) 65.21+15.62° 17.05+0.41 16.0122.08¢ 42.23+0.64

JE: REFEAE one-way ANOVA 547 £ 722 (p<0.05).

BMEHTK (GSHD &2 P A1 2 A

7, AU B AR, GSH (18 &2 Ml K.
1% 2 /£ HUPVC 4ifi52 %] H,0, EH 24 h J5, GSH
M) & B8 E NBEE 572241452 nmol/mg & A i
(p<0.05). YHMI7EL25 HCPHE. HCHIS B HCPRO
T E 24 h, ZJ55 H00 fFE X HAMSUA TSI T,
A LAR B HCPHE. HCHIS 8¢ HCPRO 7EA R N
5 HUPVC 1EH 24 h i), ZEAN K GSH FHai A2
(p>0.05), &t A4 J 1 i R AT BE A2 R N R AR 2
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F| H,O0p AAAAIS, AHHE P A e I S e i
KIEFEW . S RARPE, it HCPHE.

HCHIS 8¢ HCPRO 4 FEfi40fH SOD, GSH-Rd itk
ANERE (CAT) 1G5t m, SRR
HEFSMRE (p<0.05). HAUWHAKE, 5 HC 4MH
ke, HCPHE 4. HCHIS 41/ HCPRO ZH4Hffi+ SOD,
GSH-Rd FidSE LA (CAT) KNG /1A Tt .

ZEA 4T HCPRO X 4f ffd 4 A 58 T HCPHE %
HCHIS, 1XAJREAERINTEAR SIS 1 BT, Alff
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