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Abstract: To investigate the protective effects of kaempferol-3-O-rutinoside (K3R) against H,0,-induced oxidative damage
in HepG2 cells, the regulatory mechanisms of such effects were systematically analyzed using an in vitro model. After pre-treatment
with 10, 20, and 30 umol-L™" K3R for 24 hours, the cells were exposed to 400 pmol-L™" H,0, for four hours. Cellular viability,
reactive oxygen species (ROS) levels, oxidative damage status, and antioxidant capacity were assessed across experimental groups.
Apoptosis was evaluated using Annexin V-FITC/PI staining and TUNEL assays. Western blotting was performed to analyze the
expression of antioxidant proteins (HO-1 and NQO1), apoptosis-related proteins (Bax, Caspase3, and Bcl-2), and key components
of the MAPK/NF-xB signaling pathway. The results demonstrated that cell viability was significantly increased to 99.93% in the
K3R-protected groups, accompanied by reduced ROS levels approaching normal ranges, enhanced antioxidant enzyme activity, and
effective suppression of apoptosis. HO-1, NQOI1, and Bcl-2 expressions were upregulated, whereas Bax and Caspase3 expressions
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were downregulated. Furthermore, phosphorylation of P38, INK, ERK1/2, and NF-«B p65 in the MAPK/NF-xB pathway was

effectively inhibited. In summary, K3R alleviates H,0,-induced oxidative damage in HepG2 cells by suppressing MAPK/NF-«xB

pathway activation, enhancing antioxidant capacity, and regulating apoptosis-related proteins. This study provides a theoretical basis

for the application of K3R in the development of antioxidant functional foods and drugs.

Key words: kaempferol-3-O-rutinoside; oxidative stress; apoptosis; protective effect

JF I A A AR PN R AR U A HE B i E 2SR A
JHF SR8 25 5 5% B4 SR B (s i 5] & R Rt
AN RBERA T, MBS, IR k45
A LR AR FE RO T, K DU 2 S &R
B . REREFRNEREGRZ, HILFEL
S SO I R AE o DR I PR ARG BT SR A S 38 A S
I NEH A0 A 5 R R W B R AT . AR U B
- 41 B+ 7% PE % (Reactive Oxygen Species, ROS)
072 R Bk 2 1) R A RSP 51 R g A A
T, ROS &b TR, #A N 2 AR NE 5% 20
I JRAEAE S, SPAMN RGIRFF AT
FEREL6AF N, ROS — HLH LI & 5t & (s 4l g K 43 7
ZR AP, i S SgnsiT.

R ESEI NG RIS R B, RARME AR I A )
T AL G PR G 1 I B A R ORI 77, T e
By 2 N2 By M E A&, 2 BRI P e ),
B 5 47 OR PE DTSR E F L TS T I AR B B
K3R J& —F R g A e 20 g W SR 54, A
2P AN, ORI PR FRIRER.
PRI LRI SE T TR I R TR, BAT
(T & N AT B K3R 2B AE 1 R AR PU A AL 7,
WA BT F0 0 AR A B A R B A A AT S E
ZiREW KR R HFEFiEb i —, RAEER
PrEM S B —Ir R R, M2yt sE s
[ K3R g% oot DU S A ik 75 5 1/ RO 81, R0
K3R X T2 A v AT 055 2o e

RE K3R AW AYIPUER T K3R B4 I Zh 2k,
B Z K3R IR RS ERIBEFT, AP HAE LR
WA MR e . ARBFFLL K3R AFFFEXT R, IRARA
K3R % H,0, 5 5 HepG2 20 M (AR 1E F . 20 A
MG S AR PUEYIIE RS . A T
S50 VPN FeAP R F IF B KP4 7 FLAE AL
A BEEHEE KR FEDIRE T M 25 FIE R Dol rh
MR G FIIGAE R o

1 MR5REE

1.1 AR5 R A
L 25y -3-0- 2= F P (4l =98%, HPLC), MU

N Y58 23 A PR PR A ) 5 HepG2 4T, B i
FEMBHARAR . BEHEN (AST). BN
fiif (ALT). FABRBAE (LDH). &t H L (GSHD.
W (MDA). H S A4 B AL g (SOD) A Il 4k
A&, B RlE Y TRV A AT ; H2DCFDA, £ H
MedChemExpress /A & ; Annexin V-FITC/PI 41l g ] 1
R g, B DU A YRR R A F] s TUNEL 44
R ToA TR &, RN AR IR 2 A R A R A A
PAGE # i P ] £ 00 &, R HERG A= W s 25 B
HI AT %Pl p38. p-P38 (phospho T180+Y182).
ERK1/2. p-ERK1/2 (phospho T202+T185). JNK.
p-JNK (phospho Y185+Y185+Y223). NF-kB p65.
p-NF-xB p65 (phospho S536). NQO1. HO-1. Bax.
Bel-2. Caspase-3 HLrLBEHifA, JEEH Abcam AF:
PU GAPDH How FEHiAA . BRI E AL R bR id BT
Zht, RN EEAEMHE AR AR HARKTIE R 5
Hréati,

CB160 CO, 57744, 1 [E Binder /A 7 ; ECLIPSE
Ts2 18] & W4 8%, H A Nikon {X 2% A ] 5 1500-823 [iff
FrA%, Z%[E Thermo Scientific /A 7 ; Novo cyte2060 %Y
A ATA, AR R A R A F s LSM900 ¥
SRR, EE %A % H: JY600E Hjk 4L,
JY-SCZ2+ ML vk, b BB AR T Bk E&HRA
) ; Trans-Blot® SD - F-#4 4%, 2£[E Bio-Rad 2 7 ;
Tanon-4600SF %t % R4, FiEReERHEAIRAH .

1.2 L%

12.1 sk

HepG2 i i 7€ & & 10% (V/V) FBS ] MEM %
FW IR, BT 37 °C. 9=5% CO, K434 .
R B A K 5 80% LA B BEATAEAR, KA
WG AT 5258
122 @l hnz

T HE T 5 1 AT 5x10° MR T 96 FLARN
95 24 h J5 L0 20 uL 0.5% (m/V) () MTT V&,
W E 4 h W EA WA, I 150 L DMSO!", =
BN MIRE 10 min, T 490 nm A AL & WL,
TR AT 2

71



MR B

Modern Food Science and Technology

2026, Vol.42, No.4

1.2.3  K3RxHepG24mfit, 8415 649 47 15 )

R 122 7B al i, 924 h)E, KL
BENLY A, W4 (CK). #A4H (H,0,). K3R
{420 (10, 20, 30 pmol-L™). %M /40, K3R
{9 4 b 4y 50 i N MEM K% 9% B 1 (19 100 20,
30 umol-L ™" f) K3R ¥V AT AL EE, St & 2H s 7 2
N MEM £ 72 3L/ X IRALEE . FIALHEE 24 h 5, BRXT
HEZH NN MEM K75 54k, o2 21 40 i 1) 55 77 35 4t
N MEM 15 8 L ] (149 FE R 400 pmol- L [¥) H,O, ¥
W, MBI 4h, BFREHE, TS /.
1.2.4 K3RxTHepG24a /it &AL AR 1% 89 % 7!
1.2.4.1 ZHHLAROSHIINE

PARFZ T 8x10* AN [F B Fh BB A Al i 1 96 FLAA
MR 1.2.3 7 B0 . 7 28, ) MEM
e 3 Wk, FFLINA 10 pmol- L™ DCFH-DA #4t T/EW
100 uL, FE4HAEEEFRAEEECHTE 30 min, Z J5H MEM
THYRANH 2 R, Lh R BRILAR 5% ¥ DCFH-DAM. F
R 1 RS 485 nm/528 nm AL FESE K OD {H .
1242 YMSNALT. ASTAILDHAIE A

A A T R T 8x10° AN R T 96 FLAR
W, ARAE 1.2.3 b A . eSS, TR
ALT. AST 1 LDH 7 & 1 B b AT A«

1.2.5 K3RxHepG22m it 8L A8 A 69 .

BRAER 1.2.4.2, IR R0 S0 B SOD 7
PEF GSH. MDA & &.

1.2.6  K3R* A B 5 49 HepG2 IR A T 49 #5°R)
1.2.6.1  Annexin V-FITC/PIH {t i k6 41 it 7 1

WAl LA T 8x10° AN e fh B R0 T 6 LR
34T A [ 9 B 1 K3R Tl kb 3 DL &% H,0, 1115 5,
b BR S5 R S AR I B O R IR SR TTUE, 48 PBS ik 2
WJE, BN 400 uL () 1xAnnexin V 45 & ¥ 5 2 40 i,
B 54K M 5 uL Annexin V-FITC 4423 1 10 pL PI
Gt 5y % B 15 min A1 5 min, 0 04 i ACEEAT
Rt
1.2.6.2 TUNELYEAS M40 M 1

F 40 B DU 22 T 5% 10 A [ 42 BB 4 R T 0
HRAER F AR IR B BS, FH PBS ¥Ed, A
4% (V/V) Z T HREE & 30 min. BHJE YRS 2 ¥k, N
A 0.2% (V/V) Triton X-100 if#i% 20 min, FEE5CH)E
oA 50 pL TUNEL Jx M, T 37 C T @i E
30 min. 3 % R MR AKX H PBS il Triton X-100 7843
TEVE. FIMAREWRE AN S ngmL ™" (1) DAPI i
W S min, RFRETER)E R R GURIEE . I PBS

78

R, THoLIL R A B is T,
1.2.7  Western Blotik 42| 4m i & @ /KT

¥ 4 LA AR 2= T 8% 10 A [ B Al B T 6 FLIR
LB, FEREREIR, WO MR AR SRR
432U, B EL TG B BCA VERINE Ik B . BUSE &
BEEMA 5% YT 100 CHN# 5 min [ LA ME, 2
SDS-PAGE #tfiz k70 3 H B H, MR4E 7 T2
HIEA, PTG s NC B, A E R
FI T E M 2 he TBST PG IMA—HL 4 CREIKFEE
MR, WHIMAZ TR EEEMNE 1 h. BTG
JE ¥ ECL A2 RO R A B 5 T NC i |, TR
A% R G R A%, A Image T #0PE 20 #4671 1 2K
FEAEM

1.3 HAEAHE

SEIGAE R CLTIE + bRuEmZE T 7 R, (E A
PR 2T (ANOVA) 750 5 B 5HE 0E47 41 A)
Z RS F0 . P<0.05 NERIMEEZE, P<0.01
NZESPEN R 2 . FIH GraphPad Prism 9 #5441 &

2 HER55Mh

2.1 K3RH,0,% & ByHepG2 41 fi, &, b 45 17
R 4P 1€ H

2.1.1  K3R*TH,0,#% 49 HepG2 28 0.7 7 493571

HepG2 48 il P . 2% 2 P bt S A0 B 119 P9 Y5 14 T A
F2 VAl 25 0 55 25 51 R 10 SR A 4545 A0 O 47 41 i 4 52 8 4L
B S LB 70 ) A A A Y 1,0, LR 5
515 I RS 7 A PR BT AR B BRI R, R
FHSRA AR AN A AR R R FE K3R X HepG2
YA IR E R, 72 1,0, i S 2 mifE A
AN AR P2 Y K3R X HepG2 41 it AT FiiAb # . i 1
R, SxB4IFELEL, 4 H,O, AF T 40, AT
TEREE M. 5 H0, A, 2R RRER
K3R FiAb B (40 M, A3, 2 K3RIKEN
30 pmol L B, 4735 IR T 4 99.93% (P<0.01).
gERRW, K3R Tk HE 896 A ¥ m HL0, 5 T 51 ik
I HE V5 7 BRAG, ESE H X H,0, 51 HepG2 4
MRt 0 AR E . BEAE 0T 548, K3R
A B8 B2 = HLO, #1005 1 H9c2 (O WL4N fR 3% Ju, 8t
SRR A B BOR ¥ O T AR RO T S S AR T
H K 3R 7 AT 40 M A AL o R B0 0 e o 4 ks ik, 3l —
SR T KR T 2% AR A Ak LUK $E 40 M £k B AR
FH BB



MR EmEHT Modern Food Science and Technology 2026, Vol.42, No.4
120 - " » 2.1.3  K3R*H,0,i%F 4 HepG24a . W ALT. AST#»
. 100 - o LDHE 89 %5h
s 5r - a 20-
% 60 - I
2 a0t _15F i #it
g 3 #
20} 5 1ol -
=" o0 10 20 3 55_ Ill
K3R / (umol-L™")
H,0, / (umol-L™) ol . . . .
1 K8R 3 H,0, % S40 HepG2 MR & & A0 e Y e
Fig.1 Effect of K3R on survival rate of HepG2 cells induced H,0, / (pmol-L™)
by H,0,
oo CK AR £ B M EFE (P<001); # 5 H0, b ;2 »
WAL ZRMEE (P<0.01), THER. —~ sl i "
212 K3R¥H,0,% % #9HepG2 48 i A ROS AT #) 3 4op .
A e 01
ROS R ER/ER{UE Y, Z5HAREEE |
SRR TP, 24 ROS FAAER B, ST ol . . . .
B B AR R T A, S B AL LU B, 1T 5 w0 R i
R, R S EC A T, B A e 0 ol L)
T DCFH-DA ZGIREME R AL AL N ) ROS /K,
NI S5z 82 248 ff P S8 A B A7 AR P . ] 2 B, S50 c 800r »
R L, HO, 41 ROS K-FRE T, Axt = ool o
WAL 134 f (P<0.0D), XWW WO, ks ;
HepG2 4L 7= 2E # % 110 ROS, A TT 12 14 41 i P 81 5 400f e
R, T4 d K3R HUALFE (41 ROS 7K -F 1) & T ool
HWRAT, BT IE#KT. RU KR B 8% .
0] H,0, H) 3% F 40 i 9 ROS IRt &4 i, A %% 0 K o0 10 2

AR L, AR A0 S S2 45 4% . A B FEAIE S A
HOc2 445 (iR v, K3R [FIFEBE %38 i #1#] ROS
PR, IR AN, 3R] K3R XF ROS A
A1 A

160

%k

i

120

a i
80
40t
0 1 1 1 1 1

CK 0 10 20 30

K3R / (umol-L")
H,0, / (umol-L™)

ROS/KF-/ %

2 K3R ¥t H,0, %S5/ HepG2 4K ROS 7k I #M
Fig.2 Effects of K3R on ROS level in H,0,-induced
HepG2 cells

K3R / (umol-L™)
H,0, / (umol-L™)

3 K3R 3t4fifi A AST, ALT #0 LDH & 1EAIS 0T
Fig.3 Effecst of K3R on intracellular AST, ALT and
LDH activities
E:*H CKaAa 27 2% (P<0.05); # 45 H,0, 2848
WERRFE (P<0.05). TAR.

Y A A A B AR T 2R 4 A ) ALT. AST.
LDH 5 iy N BRI B 55 72 5k, i DA i P G K
/N S AT 45345 BRAE T FEFE Y . ASCIR T T K3R
AL FE 5 4 B 22 H,0, 5 S84 J5, 4 RN ALT.
AST F1 LDH /KT 384k . 45 R WE 3 s, 58
IR EE, BT ZH AN A N Y ALT. AST M LDH (135
B ERRAR, R H0, B S5 022 T M P9 1 1) i
M. TZeit K3R AL ER L 40 Y () ALT. AST
F1LDH ()35 1 358 A [F A2 FE 1[5 7+, 22 B K3R 1] LA

79



MK E BB

Modern Food Science and Technology

2026, Vol.42, No.4

A AR H0, XS 2R BRI B0, TS 21 R 37 41
AN ER -

2.2 K3RAMH,0,% F WyHepG2 48 j 71 A AL #2 7
Hy % o

a 30
’g 251 o
&
o 20F "
=
= 15f #it
g #
N 1.0 [
S ost
=
0-0 1 1 1 1 1
CK 0 10 20 30
K3R / (umol-L")
H,0, / (umol-L™)
b 30p #t
# #it
g
L) 20 .
o
g
=)
I 10t
a
o
A
0 1 1 1 1 1
CK 0 10 20 30
K3R / (umol-L™")
H,0, / (umol-L™)
c 701
60 i
g ol i #h
o 40 o
=]
g_ 30
= 20+
o 10k
0 1 1 1 1 1
CK 0 10 20 30

K3R / (umol-L™")
H,0, / (umol-L™)

4 K3R 3t H,0, 5 HepG2 #fi ] MDA & £.
SOD i&/1#1 GSH & &K
Fig.4 Effects of K3R on MDA, SOD and GSH activity
in H,0,-induced HepG2 cells

MDA. SOD #1 GSH #2& % fiF. 41 Jitd $1 %8 4k 6& 71 1)
HESRR, MAHREANS AP REZEER. M
PP MDA 1) 3= ZE R /2 [ eh 2 5 5 5 A] i 0 1
R, St re AR, W 4a fos,  GHIE L4
(1] MDA & &AL T — AN AR, 0 BA I 5 48 i 1)
AR JFARCE T IEERE, 4 H0, B3 EHAREAN
MDA 7KV & E w0 R AL 2.4 5 (P<0.01), &

80

HH 41 52 B A A 3 (R R4 L N MDA /I 7= k. 5
BRI A L, 22 K3R TiALEE 40l ) MDA & & &
Z[#AK. SOD 1E N4 M IR E DA AL IG, ReWeiE
IIEFR AR L £ ) ROS A MDA S 4 £F LA P 44
W7, R ML %22 Ak 3545 . GSH Al LARIHL
P24 K ROS [N A & H,0, 4 FEHLAA IE 5 1) %
R ThfeY. ik—H GSH # i #6, LA A 1A
AT RS 50 2 T8 BB IR, 3 77 3 AR R .
K 4b Al dc s, SXFHAHAM L, H,0, B8 20 40 g
W SOD M1 GSH i) & & & % P& K, F ¥ H,0, 5=
{12 148 240 J PN 4R A SR B 9 A o T K3R TRAL B
X — IR IS, R K3R B8 42 i HL0, i
5 1 4 B A SRS T DR /N T A A B 1 4R
454

2.3 K3RXTH,0,% %t HepG2 48 it J& - 87 % 7

2.3.1 Annexin V-FITC/PI# & %4 M K3R48 fiel )8
TR

a 1072

105.0

PE-H

10%

[ Q33 ) TE | Qi

95.61% - 2.30%
L L L L

1.0

101.0 103.0 ' 1(;5[; 107.2

FITC-H
b 102 F g3 C 10 F a3
111% 0.09%
1050 f 105
; T
£ F ik
1030 b 1030
L Q33 [ Q33 CEy | Q3-
Lo | 8420% o 9213% | 520%
1000 10 100 107 10t 100 10 1072
FITC-H FITC-H
d 1072 e 1072
105.0 105.0
= o
m E m
o o
103°F 1030
E Q33 [ Q33
10 [ 3.78%,., ror PR 1010 A i 1ot
101.0 103.0 105.0 107.2 10|.0 103.0 105.0 107.2
FITC-H FITC-H

[ 5 Annexin V-FITC/P| & % 48 B T 1F %
Fig.5 Detection of apoptosis by Annexin V-FITC/PI staining
E:a. by oo dAARTT A RA. A A A K3R R4
(10. 20. 30 umol-L™") migy A= H L.



MR B @B

Modern Food Science and Technology

2026, Vol.42, No.4

TUNEL

H,0,+10 pmol'L" K3R  H,0,+20 pmol'L" K3R  H,0,+30 pmol-L" K3R

200 pm 200 pm
~—

[ ]
DAPI
200 pm 200 pm
— —
Merge
200 pu 200 pm
—

6 TUNEL &R 4 A 155
Fig.6 Detection of apoptosis by TUNEL staining

20 R TR VP A A AR 7 1 — A AR AR
X HepG2 4 Hig 1 47 K3R Tii &b 2 A1 H,0, 5 3 J5 1 H
Annexin V-FITC/PT 4 81546 I 2% 28 41 B 3 T (1 5 o
W s prox, BRI RER P EAARNUM R,
NREIEFIFMM, A7 EAAT IR A 05 79 T 4
AR T 4. 53R, HO, #5145 5 T4
B8 2, K3R A P F5 4 i 177 Bk 003 T2 % AL
P ZR A AN FIRR B B FEAIC, R B K3R AR B ] DAA &%
WA T, el A RIS B 0 A0 A
232 TUNEL# & 54 MK3R 4mfe A T 69 %k

W& 6 fr s, {8 F§ TUNEL A1 DAPT 4%} %t 48 g
PFTTHAT YR 73 B . TUNEL ] LR T2 (40 i 3547
JRAL Geth, GethJ5 IR T 2 R AL 7k . DAPI
Jel vy DL gF 3 41 i O 5 XUEE DNA 454, 4 5401
gEAR, EakBEATOE., SRR, XA P
MR %, AERMRD, ARZENSRE, B
R A s, B EFETAFE. R, HO,iES
G, AR, A M AR R B AL B RO,
KA RBRE TN, —SAZAaRRD, 2
DG TR, 75 DAPL B, US4 1 ) 12 4t i A%
B I S W R 08 O, Ul I 40 R R AL N B R
ATEENMBEET. 5 H,0, 448, K3R 4H
SR L EARERD S =i = R NP L
W, sSein s LM, K3R AHE A H,0, F S
f) HepG2 4 i T,

2.4 K3RXTHepG24 fg WL & & & fn i - &
RS
SR 7 075 5 0 2 L4500 308 3o SO R T4 S S

fl R FEFEPEAN AT R AL R, Rk
JEL 38 375 1 R R BOE T B Sh R PR IR M, TR
5 N U B B 1 Caspase-3, fix 28 5 S 40 Mo U4 T A
FFPY, Bax Ml Bel-2 432 Bel-2 8 F 5 IR JE T
EEMMBETEA. EEBRST, Bax 5 Bel-2 1)
FIKAEFR RS E, MG BRI JE TO@E B ;T 4 e 52
FTHE CInEA LR D I, Bax 8 A M 1) 2ok
AL, (RAEGRART TR 7RIS N 4 Bax/Bel-2
POAE S5 T, T RSP 488 e 2 0 T 07 A e 3
T FARHLH], AR RN H,0, #¥ /5 Bax. Bel-2
J¢ Caspase-3 55 R HE £ ) RIA B4k, 487~ H AN I
TSP T 0 T IREESEE. 4Rk 7o~d fiR,
5xtiEAx b, gt H0, %5 )5, Caspase-3 Al
Bax £ [ ()& & RN, 11 Bel-2 M ARIEE
B R . 40k K3R TACEE M40 A, 54 AL 2 A Eb
Caspase-3 il Bax £& [ [ 314 & B & i g 0], A B
X Bel-2 KIZEH 7R REER . BL RS R,
K3R A L] H,0, 5124 T,

HO-1 1 NQO1 ) J& Ty e (b B, 40 W K4
A BB, HO-1 AT NQOT w] DR Ak 48 j 77 A8
WEAR T, AR BRI N TR R
K3R % 28 il N B a8 R IA I 2, 3EAN K3R 1
PrAEALTE M, A ST HO-1 F1 NQOI1 & [ 1 £ 5 1
TUEAT TR . g5 A Te A 7E AT, TR IR 2R
tt, HepG2 4 it & H,0, 5 T J5, HO-1 fil NQO-1 &
R IE KT 0 25 PRAIG, T 42 KR Pl A 2t (1 20 i
HO-1 1l NQO1 )5 F R IEKFH BT FHm. R K3R
REAZ (L E A N LA R A I ERIA, SRR B Ak
0 PRy 20 B ) H i

81



MRE SRR Modern Food Science and Technology 2026, Vol.42, No.4
a BCl-ZI——---: |26kDa
Caspase-3 IN N — —— j 35kDa
1.5
Bax I_-—-—-‘IISkDa b
—~ #it ##
GAPDH | | 36 kDa SE
¥% #
HO-1 [# s s 33 kDa M3
— — Ra %
NQ01|—-~--| 31 kDa ﬁé 0.5F
GAPDH |— A —— --| 36 kDa
0.0 1 1 1 1
ek 8 0 2 40 CK 0 10 20 30
K3R/ (umol'L™) K3R / (umol-L)
H,0, / (umol-L™) H,O, / (umol-L™)
1.5 1.5
¢ *% d &
g 4 ~ #
#t jas) #it
'i; 2 10t #i g o 1or
@) ™ <
HF g
® 2 ®E #
TE sk T& ost
e @ N
0.0 1 1 1 1 0.0 1 1 1 1
CK 0 10 20 30 CK 0 10 20 30
K3R / (umol-L™") K3R / (umol-L™")
H,0, / (umol L") H,0, / (umol L")
e 301 4 £ oLST
. 25r H#H# PR H##
o T fiiid
T8 20t E8 1of #
% % : s ¥ % : *
29 st 29
oo X3
e T 1.0+ " i g 0.5F
T oost - ~
0'0 1 1 1 1 0'0 1 1 1 1
CK 0 10 20 30 CK 0 10 20 30

K3R / (umol-L™")
H,0, / (umol-L™)

K3R / (umol-L™")
H,0, / (umol-L™)

& 7 K3R X4 RBTEAMR SN EARIEHZN

Fig.7 Effect of K3R on the expression of apoptotic and antioxidant proteins in cells
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