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J I B[] cpH R BE R v B B I K R T2 R s e o W0 R K S 7 R o o A A SR R A B Ol B B R R H,0,
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50 g-L~' SF AT 4L, WLEEANMLIG ¥, D7 W (MDA ) & &b, iR SR8 IR F-a (TNF-) & 5, #8 S8 1k 4 B AL 6 (SOD) 3% 1 |, it 1k
A (CAT) [H R S H0 E LR J) (T-AOC) Wy A5 b, 85 R« s B /K R L2002 W Wk B 6% , )5 Ioj B [B] 160 min, Ji§ 49 o o V¢ JiE
20 g-L~',pH 8 3R 38 C, Ph/K iR £ 1 T BT AR K MR B 40 1 P LT BR R R 72, 73% , K R4 4> T BE7E 10 kDa DIF %t 2 9%
I 2 T B3 5 R 2 44 i 4 A I il A R Y 4R i o HL, O, 450405 40 S 40 PR R BE AR O B4R i MDA E g n (P <0.05) . 5
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[ Abstract | Objective: To optimize the hydrolytic process of antioxidant silk fibroin ( SF) by
pancreatin, and investigate the effects and mechanism of the resulting hydrolysates on H,0,-induced HepG2 cell
injuries. Method: With the superoxide radical scavenging rate as index, the effects of reaction time, pH,
temperature,, substrate concentration and enzyme concentration on silk fibroin hydrolytic process were investigated
by orthogonal tests. The molecular weight distribution of resulting hydrolysates, the scavenging rate of hydroxyl
radicals and the inhibition rate of H,0,-induced erythrocyte hemolysis were determined. Cells were treated with
different concentrations of H,0, for 24 h, and then the optimal H,O, concentration was selected to determine cell

activity. Then cells were divided into blank group ( without drug treatment), H,O0,-induced group, H,O,
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pretreatment +5 mmol L ="' N-acetyl cysteine (NAC) treatment as positive control group, H,0, pretreatment + 10,
20, 30, 50 g -L. "' SF treatment groups. Changes in cells activity, malondialdehyde (MDA) content, tumor necrosis
factor-o (TNF-or) content, superoxide dismutase ( SOD) activity, catalase ( CAT) activity and total antioxidant
capacity (T-AOC) were observed. Result: Optimal conditions for SF hydrolysis in the study were as follows:
enzyme concentration of 6% , reaction time of 160 min, substrate concentration of 20 g LY, pH of 8, and
temperature 38 °C. Under this hydrolysis process, the hydrolyzate’s superoxide radical scavenging rate was
72.73% , and the molecular weight of hydrolyzate was below 10 kDa, with greatly increased hydroxyl radical
scavenging rate and inhibition rate of H,0,-induced erythrocyte hemolysis. Cell activity was decreased and MDA
content was increased after H,0, induced cells injury (P <0.05). Cell activity was increased and MDA content
was decreased in SF treatment group as compared with the H,0,-induced injury group (P <0.05). The TNF-«
content was increased and the levels of SOD, CAT, and T-AOC capacity were decreased after H,0, induced injury
(P <0.05). SF treatment could reduce TNF-a content, increase SOD, CAT secretion and the T-AOC capacity
(P <0.05). Conclusion: Study demonstrated that SF could improve H,0,-induced injury of HepG2 cells, and its
mechanism may be associated with lowering TNF-a content and increasing autioxidant enzyme activities in cells.
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BioTek_Synergy2 %I £ I G B AR 1% ( 35 & Bio TEK 2%
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L2 fH 2Z2ZdaaMN R ey gyt Mg
INFEIH F - ( TNF-a ) i 3B 2 922 ( ELISA ) 32050 & (7
A AR Y TR BT RT, it 5 HOS52 ), e e E
(MITT ) 20 Jf0 384 5# K o P 4G I 350 & \BCA 1k 3
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SEWEE 2 h, ZJa g 1 h, Je 858 52 5 A (8
RN =R i

2.3 RIEAHEERELN R Fenton I £
F AT - OH BIAY | YEFE /K A R 6 8 125 0 7 48 B v
Bk - OH B RE J1 o e 78 250 th N AJK % IR - TE 7K &
R R 2K 4 1 mL J5 , I ACAS [R] kB 0 /K 48 9 1
mL, 5% 5 1 6 mmol-L~"H,0, 1 mL, & 37 C/KiatH
JZ 130 min, 7 510 nm &b 5650535006 BETHI E A,
S EE 3 K.

2.4 H,0, 5500 £0 20 g A0 I i ) A I I
KR B Bk I B 0 15 21 4 i, As B AR K V5 R
0. 5% = HUZT 240 il B T 1048 b, ALK i
20 pL, AEFE K EAE 1.25 mL, HJ5MA H,0,
0.25 mL 3N, B 37 CK¥ T Y 60 min,
HPRER K 4.5 mL ##,6 000 r-min "' B0 5 min, 7E
415 nm g H 5503 000G BE TN A& A

2.5 dHMEREFE ANJH9E HepG2 4f Bk (75 M K2
NP AL ) B O R 5R T DMEM & f 1
FEW T, Hodh & 10% /N 1, 75 % R (100 mg-
L") F%5 2 (100 mg-L™") ,37 °C 5% CO, 35 F 46
oG B TR .

2.6 4diffabP HOARE M B (50,100,200, 400,
600,800,1 000 pmol-L~")H,0, 43 HepG2 4 i
24 b, W 20 M IS R, PR G AE WK E Y H,0, b PR 4
Ml SRJG PR A A (N2 b ) ,
H,0, #if541 , H,0, %455 24 h Ff1 5 mmol-L™" N-Z,
e e e 2 (NAC) B2 & 24 h 1 NAC 4, 4525 41
Sy H,0, 45145 24 h #n 10,20,30,50 g-L ™' SFiF &
24 h,

2.7 FEFRIE SR MTT B 2 00 40 M3 1, i
B HL 22 (TBA) YL A I MDA & &, ELISA {4 )
A ML A T TNF-a 75 5, 5 SOD 3% M A6 I 150 &
(WST) Al SOD 3 1 , St & Ak g g w3 7 &
(ABTS) B4 I T-AOC, Wl 5 45 fE i 2 1158 CAT %
o BARERAE D B ™ ks i BB B kAT . Rk ST
5 AFATRE, B SR E R 3 . ] BCA 5 &
FEAN 6] 2H 40 JfL 25 & & K IE MDA, SOD, CAT,
T-AOC/KE,

2.8 Sty SR SPSS 19.0 &, e B
Bl % x5 Kox o 2 A ] TR F 5 22 55 1 A 36 A
BRI . L P <0.05 K% R A St
S, H GraphPad Prism 6 X 4-4E K .

3 #£R

3.1 EACI I A P AR b P 22 R R Y TR K

T2 RGO K AP M 22 28 H IF X
T AT A . BEBE BT E)  pH i BE LIS W) VK B L
WeHE S ANHEM L (47) BB 5 MW B R 1
PRI < e i > S i ] > SRSk B > pH > 3
FE 7 243 7 2 ) Tl v 38 RS2 7 F ) o 3 6 R A
ERW B e T A ELA,DB,Cy BV il
W BE 6% , 2 v IF ] 160 min, JEE P ¥ 20 g- 17", pH
8, M J¥ 38 C, HATHIE, fZEL A/ FEE LK 3 K
T A5 K O B A B T BR R 72.73% , A
WK T 2R iE, W& 1,2,

F1 REULEZEAKBIZEXZKBRSN

Table 1 Orthogonal experiment of antioxidant silk fibroin

hydrolysis process

ABE B CHLE DIWKIE EWWIE  EBRE
" min pH /T /gL /% /%
1 140 7.6 34 10 1 56.98
2 140 8 36 15 2 64.48
3 140 8.4 38 20 4 69. 18
4 140 8.8 40 25 6 64.50
5 160 7.6 36 20 6 70. 56
6 160 8 34 25 4 71.89
7 160 8.4 40 10 2 66. 47
8 160 8.8 38 15 1 67.93
9 180 7.6 38 25 2 63.50
10 180 8 40 20 1 65. 60
11 180 8.4 34 15 6 67.07
12 180 88 36 10 4 67.42
13 200 7.6 40 15 4 65.56
14 200 8 38 10 6 66. 53
15 200 8.4 36 25 1 59.10
16 200 8.8 34 20 2 63.23

x2 MENLEZEAKBIZHESW
Table 2 ANOVA of antioxidant silk fibroin hydrolysis process

=¥ 33 SS MS F P
A 81. 642 27.214 9.708 <0.05
B 17.902 5.967 2.129 >0.05
C(#%) 8.410 2. 803 1. 000 -
D 20. 407 6. 802 2.427 >0.05
E 90. 183 30. 061 10.723 <0.05

3.2 KMo TR AT PRI RO

fift o> 5 & A€ 25 kDa LA b, K )5 70 5 & 0 A e

10 kDalAF , 32 WI7E [ B /K A 22 38 5 A 53 i 1/

Oy FIRBL, — Be T S fb G R R Bk B B R 1Ok, O Hooy
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T E/INGY IR B B i A AR AT LA 1
IR e X R B R BR ORI T 12.81% , XF
H,0, i T B9 21 40 J A 16 ¥ i 70 0 = 5 i 1
12.54% , ] DL 22 32 3 K S 00 oAt B o 2t A7 A
BRI, ERURACRE I AR K R 22 R E A
W . WL 3,

A B

Bl KEA(A)FKBE(B)LEEASTESR

Fig.1 Molecular weight distribution of silk fibroin before (A) and

after (B) hydrolysis

R3 KBEUMRELITER (xx5,n=5)

Table 3 Evaluation of antioxidant hydrolysates (x +s,n =5) %

fisf I Ik R SRR R S AL i 0 ) %
FAK 34.43 £0.37 11.76 +1.25
IK S G 47.24 £0.78 24.30 £0.98

3.3 H,O, ZbFE4nM vk Bk S A EAN
[ v B2 H,0, 4b # 40 i J5, H,0, By Mk & 7
100 pmol-L™" DL b i 40 g 3% ¥ & BB B F %
(P <0.05) , MDA & &HM(P <0.05), 4 H,0, ¥
JE 15 5 800 wmol - L™" i 41 Jfd 77 16 5 3k 5] (47. 54 +
6.92)% (P <0.05), 1 H 41 g ' MDA & = 38 Jin )
(77.89 +1.98) pmol - g ' (P <0.05) , Jif L\ ¥ £ 800
pmol - L™ (1 H, O, HI 4 ffar= A= 51405 . WLIEL 2,

3.4 H,0, it )5 I A SF &7 % 40 i 7% ¥ A MDA
SR 10,20,30,50 g- L7 SF X 40 A S 1 5
M), 2 W ok S e B SF O 241 it T 7 #5 1E L {2 NAC fig
{R IG5 (P <0.05) , 800 wmol-L~"H,0, i
YA K IR 28 AL EG A, A0 TR 1 B AR, MDA #5 &
THE (P <0.05) . &% 455/ 10,20,30,50 g- L'
SF YAYT 24 h, Al vk B AR 1 1 42 e 40 3 P O B 1K
4L rh MDA % (P <0.05) ,30,50 g-L~' SF RE[EA
MDA & & % 1E 3 4 i K- (P <0.05) , NAC dLiEde
o 20 L T PR O LRI 40 M MDA 5 6 H R BT
MDA R A I 30,50 g+ L' SF, UL 3,

3.5 H,0, #ifJF A SF J4J7 %} TNF-a,SOD, CAT,
T-AOC %]  H,0, 41} TNF-o & & 7+, A SF
1B TNF-o 582 TREBY ., 524k H,0,
4 SOD, CAT,T-AOC F (P <0.05),5 H,0, 4
Hb#, SF ORI Bt 4 Ak 1l NAC ) fig 4% & SOD, CAT,
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Fig.2  Effect on cell activity (A) and MDA content ( B) after

induction by different concentrations of H,0, (x +s,n=5)
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0 AENENENENEE
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52 ALY P <0.05, 5 H,0, 41H 4 P <0.05

E3 H,0, #RFEMAN SF AT MAaE M (A) 71 MDA (B) & EH)
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Fig.3 Effect of SF treatment on cell activity (A) and MDA content
(B) after H, 0, induced injury (x +s,n=5)
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%4 %% TNF-a,SOD,CAT,T-AOC IS ETH (2 +s,n=5)
Table 4 Effect of SF on content of TNF-ar, SOD, CAT and T-AOC in different groups (x +s,n=5)
il Fl/g-L" TNF-a/ng-L~" SOD/U-mg ™" CAT/U-mg ™" T-AOC/mmol -g ™
Z5 - 169. 64 +4.23 23.72 +1.39 56. 65 +3.06 9.34 +0.37
H,0, - 368.59 +5.26" 14.22 £0. 69" 10. 15 £0. 99" 3.21 20.25"
H,0, +SF 10 359.42 +6.75% 19.07 £0.51% 16.59 2. 09% 5.15 +0.11%
20 338.23 £5.99% 28.09 +1.78% 26.59 +2.09% 6.01 0. 122
30 268.23 +7. 627 33.47 +1.58% 39.31 +1.73% 10. 55 +0. 667
50 226. 46 +4.91% 37.85 +1.72% 43.37 £1.01% 10. 99 +0. 45%
H,0, +NAC 5 mmol-L "' 179. 47 +7.29% 27.91 £1.59% 23.09 + 1. 62% 15.76 +0.47%

V578 LAY P <0.01,5 H,0, 41HES P <0.05,

BrEfk B % e ARmviElh g, AR A
HiE(-OH) , A A A (0, -) ,H,0, 5Fa ALy
B, SRR (ROS) 7= A 2 F I B, 16 M A K R A
s R A AT DR IR . AN O, 38 i
IR e 7 A T P e P — A 1 R W5 1% ( NADPHD) %Ak
it R I A S AR S AL T AR B O, - TT O, - 7E S ik
AL PIEL AR (Mn SOD) 112 i £ 8 42 Ak 4 5 b i
(CuZn SOD) {4k F 4 B¢ H,0,,H,0, f1 0, - #E A LI
A S A R Ak A P e A R R Y
FRHE A i A B N R B i AR A, B BT AR T
DNA 50, (T 4 e sh g e sk L msE =" . ok
0, - 5 H A G MY = A BB ARG AR SLH DL O, -
TR R FEAR BT IE 3SR, 45 0 3 W J5c B 41
WA S 6% , SN [E] 160 min , JEE W) JE20 g+ L7,
pH 8 W J 38 C  FEMLAAF FEA 3 LK T 137K i
T AR E T B R R 72, 73% , UL K R T4
R Al &E . KRS P44y F R AE10 kDall T {H 24k
JIK B 2H R A R E— 2B IFSE o X K iR B R Ak
o — A~ 25 A VEANY, A5 R TN [ T R Rl
47.24% ,H,0, 75 T 1Y 21 40 B 4 AL i a0 6 R Ky
24.30% . F WL 4 1F F K B A AR A PR Tk
B

o5 S5 14 2 453 473 1 8 I AU 4T TR i
N T4 B A A e ko i 16 A 5 BURF L0, (02
RO A IEAR b, I A M 0 7 R v 2
LAY o 22 256 BT A AR VR F i 62 (o R
BRAENER) T EF &, LR EAKMEKGER
SRR AR 17 K B TR 8 R 0 Ak i D 73 e R 4
Wy B 1, HABESE R 22 % & A K A B
B4 H B EE AR L 3 R RO o H,0, SR AR
b7 42 S5 4 R A I, AR A 5 Y Ak b e L I
FEA B, i T H,0, &) T34F B A% BAHX R, B

DAABIZE H,0, #vidnfa'"™ . 455 % 3 1,0, W%
JEAE100 wmol - L' LA b Sk 41 Jifg 3% 4 B A, 24 H, 0, ¥k
JE 51 800 pumol - L™ Fsk 41 g 375 4 R ARG 55 I S8, T LA s
800 wmol-L™" H,0, 540 Ml. MDA & [ fit5| %
22 ARG I R S8 Ak 40 fff () e 24 7= ), e 48 T i
(g —Fh AL AE AR S D . 1,0, 4500 40 )
YL N MDA & 5 5, 35 B 40 i N R AR SRR N B
FE BT A A . TE ARSI AN R S I v B
AR F w2 S EME PR R, #17R8
R AR S, X 20 B 3 R P, 40 B 7 T S 5 R W)
10,20,30,50 g-L~' SF %40 g £ 7., H,0, #15)5
HA SF 3897 24 h, 5 H,0, 20 4% 40 i % M 7+ 55 of
H MDA &8 F ., 458 %M NAC [£L MDA 2R
R 30,50 g-L~" SF, HILAEFE ML MDA & & & 15 %
YLK - 20 B R BE T R KO AR ROS & &
AP, I HLBOE B R E T TNF-o 2041 i 5t
=" H,0, 4] TNF-o 2 5 FF &, 5 A1 1 40 0 6
PEREARA X R, in A SF IR Y7 TNF-o % it 52 BT B
R A A bR AL R G4 3G SOD Fl CAT 4%
RETH BRI 4 %0, SOD fig fH 1k i O, - 7 3l i I 1k J
i CAT fig b i H,0, SOk FI4 S . H,0, B4
ffuJ5 i SOD, CAT, T-AOC ¥ & 3% F [, A W 5%
< U 57 4R B A T 400 A P9 e S A0 il T L X 5 AR S
SR . H,0, 05 40 MR A SF 36 YT , 4 A
SOD, CAT i k48 1, T-AOC #g Jy 35w . JuH >4 SF
e S L 30,50 g+ LR R SOD, CAT i ¥ 1 B 17 L
NAC #f.

25 b Tk, I 2R 00 T B A5 K A 7 4 B A B
PUEALIE o 40 52 56 3 B H,0, #1475 HepG2 4
JHL, &40 B3 P I O LA i b MDA &, 2
RIE A K Y RE W8 [RAR TNF-a & 42 & 40 i 7% 5
VK S 240 M P8 e Ak it % 2 o e R B0 T A
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