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[ Abstract | Objective: To investigate the protective effect of Perillae Folium with aqueous extract ( PFAE)

on some key factors of Adriamycin ( ADR) -induced oxidative injury in human renal tubular epithelial cells
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(HK-2), including the survival rate, oxidative injury indexes and cell apoptosis, in order to define the underlying
mechanism. Method: A model of ADR-induced HK-2 cells oxidative injury was established in vitro, then cell
viability was detected by cell counting kit-8 ( CCK-8) after intervention with positive reference N-acetylcysteine
(NAC) or PFAE (5, 15, 45 g-L™") at different concentrations. According to the morphological changes under
microscopy, the optimum concentration of PFAE was screened out for the follow-up experiments. Then, the
experiments were divided into six groups: blank group, ADR (0.05 g-L~') group, PFAE (15 g-L™") group,
ADR + PFAE (0.05 +15) g-L~' group, NAC (0.81 g-L™") group, and ADR + NAC (0.05 +81) g-L~' group.
After that, malondialdehyde ( MDA ), superoxide dismutase ( SOD ), total antioxidant capacity ( TAC) were
measured in the cell homogenate after 24 h administration. The level of reactive oxygen species ( ROS) was
detected by 2, 7’-dichloroflurescin diacetate ( DCFH-DA) fluorescence probe. Flow cytometry and TdT-mediated
dUTP Nick-End Labeling (TUNEL) were used to monitor the cell apoptosis. Western hlot was used to observed the
expressions of mitochondrial apoptosis-associated proteins, like B lymphocyte tumor-2 gene (Becl-2), Bel-2 related
X protein (Bax), cysteine aspartate protease-9 ( Caspase-9), cysteine aspartate protease-3 ( Caspase-3) and poly
ADP-ribose polymerase ( PARP), as well as their shear bodies. In addition, the phosphorylation protein
expressions of p38 mitogen-activated protein kinase (p38 MAPK) , extracellular signal-regulated kinase ( ERK),
c-Jun amino-terminal kinase (JNK) in mitogen-activated protein kinase ( MAPK) signaling transduction pathway
were detected by Western blot. Result; Compared with blank group, ADR group showed a decreased cell viability
(P<0.01), and lower SOD level (P <0.01), but higher expressions of MDA and ROS (P <0.01), and an
increased apoptotic rate (P <0.01). The ADR group also increased in rate of Bax/Bel-2, cleaved Caspase-9/
Caspase-9, cleaved Caspase-3/Caspase-3, and cleaved PARP/PARP (P <0.01), as well as the phosphorylation
protein expressions of p38 MAPK, ERK and JNK (P <0.05, P <0.01). Compared with the ADR group, both
ADR + PFAE groups and ADR + NAC group had higher cell proliferation rates (P <0.01).
protective effect of PFAE on cells was the most obvious at the concentration of 15 g-L~". The ATC and SOD levels
were increased in ADR + PFAE group and ADR + NAC group (P <0.01), while their content of MDA and ROS,

In addition, the

cell apoptosis, relative ratio of apoptotic protein expression, and phosphorylation protein expressions of p38 MAPK
and ERK were all decreased (P <0.01). However, there was no effect on the expression of phosphorylated JNK
protein. Conclusion; PFAE could alleviate the oxidative injury of HK-2 cells induced by ADR, and have an
antioxidant effect, which inhibited cell apoptosis through mitochondrial apoptotic pathway and ERK/p38 MAPK
signaling pathway.

aqueous extract of Perillae Folium; renal tubular epithelial cells; adriamycin; oxidative
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injury ; mitochondrial apoptosis; mitogen-activated protein kinase ( MAPK) signaling pathway
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BN ORI N =R e 7 K R LN R =R A IS e TP ZE 7N
FEIHARIFHIL , by 58 70 3 o7 48 1 B R B L S 5
A
1 ##
L1 2y £ hEIEREY %5 Perilla
Srutescens W) T4 M (B WK ) o SR 7R K 2 BLY)
(PFAE) VL7545 v B2 B il 570 78 4 it , B2 & vk B2
2 g-mL"", EVL IR BE B b 2 R S = AT
250X R % . BGE i PFAE,3 000 r-min ' B0
10 minf5 B FEW 28 0. 22 pm GAL S & DEBR A,
#H .
L2 40 NB/NE B2 (HK-2) b [ 25 7}
REAR VLA F IVBE R 0, 220 T & 10% i 4
M7 B DMEF-12 35 3280 W BE A= IR B0 R 4F 1%
255 3 AU T 95
L3 5 R4 imiE (FBS, £ Gibeo 2], 45
10099-141) ; DMEF-12 £% 3¢ 4 ( 3¢ [ Hyclone 2\ #],
k5 SH30025.01) ; ADR ( 3€ [# Selleck 2\ &), it =
S1208 ) ; 4 g 38 5 7 M 46 U ( CCK-8) X5 & ( H A&
488 LIS 10623 ) ; Annexin V-FITC/PI Ji =K
IR & Ch E LR AE A IR AL 45 KGA105)
N- T B R (NAC) | JBE S A% B A% T R K i B 7%
fifi (TUNEL ) 28 Ja g 746 12k 50) & ,47,6- Pk 2%
05| (DAPT) e €83, 2" -JK 24 - X -3 - £ ik 2% I 168 s
mk-6-fit /i2 ( ABTS ) v W & 470 48 1k g 00 500 &, 0
A (ROS) , A Ak Wy B Ak g (SOD ) 3 7] &, 9 8¢
(MDA ) #4257 & (b [ 38 = R AE Y BORBIESE BT,
#tt = 43 5 24 S0077, C1090, C1005, S0119, S0033,
S0101,80131) ; it G p38 22 4 JE I 36 11 B (38
MAPK) % H% % L 28 1 p-p38 MAPK., 4 i 41 2
AT WO (ERK) M H w2 A6 5 11 p-ERK, c-JunZd &
Ui P (INK) K HC PR AL 25 11 p-INK, 2 e 2 iR K
K AMRE I 9 (Caspase-9) , I 2 i K 4 24 R i
Fi i 3 ( Caspase-3) , BT ] /& 5 H (cleaved) Caspase-
9,cleaved Caspase-3,B Jif [ 40 g 87 2 £ K (Bel-2)
B-WL3h 5 [ ( B-actin ), H il BE-3-8% MR i &
(GAPDH) —471 K UM 32 48016 ) i s 10 2 e # B 922
BREM (Ig) G —Hi (£ E CST 2 Al #5450 K
8690, 45115, 4695, 4370S, 9295, 4668S, 207508,
9662S,9661S,3498S,4970S,5174,7074) ; Hi 4 Bel-2
FAOG X #E M (Bax), R H 05 R 0 R & i
(PARP) — #1 ( 35 [ Selleck 24 W), #it 5 4 5 4
A5131,A5037) ,
1.4 {¥#% HeraCell 150i %I — S fb B 15 S5 4 (36 [H
. 52.

Thermo A 7] ) 5 CKX41 A5 2% b 45 ( H 4% Olympus
3 E]) s Ni-U BUIE B 98O0 B e (75 Jena 24 H] ),
FACs Calibur % %7 =X 41 B2 1 ( 32 E Becton-Dicknson
N ) 3 ELx800 #Y i AR Y , Mini-Protean 3 Y 3 B H,
Uk HE K ChemiDoc™ %I Ji§ 1% % %¢ ( 3% [ Bio-Rad 24
Al

2 FiE

2.1 ADR 55 HK-2 4 il i i A A IO 54
WA HK-2 408, 245 x 10* 4~/mL A 40 i 508 Fh T
96 fLAR K5 5% 24 h J5 40 M % B 38 80% 4 LLAE
SCHRARAE T R 5 AR 7 oA B A £ i A T s
ek E ADR(0,0.01,0.03,0.05,0.07 g-L ") fEH
24 h, 40 M 8 3R W BEFL A 10% CCK-8 £ il
WY TG MLV 5 R 4L 100 pwL,37 CHERAERE 1 h 5
filgHR A 450 nm ZOAG I GEE AL AHMIAAIE 2 = (52
W A -SRI EFHA)/(ZHHA-FHHEA
A) x100%

2.2 CCK-8 WA il 20 M v M ¥ IR 2.1 300 R 9 8%
I BTl 5 1, ARl 22 SCHR [ 7 ] v 56 T 52 0 i i
P Uk B K PFAE 4 4 5 i, SC 50 4y b &5 4,
PFAE(5,15,45 g- L7 ") 4 ,NAC(0.81 g-L™") fsh
AbFEZH ,ADR (0. 05 g- L~ ") #E/ 41, ADR 43 3] 5 R
W] & & Wk BF PFAE (5, 15,45 g-L™') 1 NAC
(0.81 g-L™") MU & 41, W7 524 hJg e T W gedn
WL 25 75 Ak I SR B CCK-8 3 46 1l 4 Jf 356 1

2.3 KN4t A fLRE 71 & SOD, MDA, ROS 7K
6 LA AR HK-2 400, 41 % E 4 1 x 10°
A/mL MR 2.2 Wigh SRk ] PRAE fli BRI, )5
SLSC 4y R % 4L, ADR (0.05 g+ L71) MR 4,
PFAE(15 g-L™ ") 41, ( ADRO. 05 + PFAE15) g-L™'
2, NAC (0.81 g - L") 44 #1 ( ADRO.05 +
NACO.81) g-L™" 20, T i 24 h J5 /™ K& ¥ M U 1 43
FRAE R R ST 0, B T A R e R A
ABTS I & 40 %A Ak fig 7, WST-8 il SOD i %,
TBA 30 MDA & &, A ROS & & , 45 2 J5 # JR ik
B A5 5 fL in A T I T B SR R R SR AW E N
10 wmol - L.~ ff) DCFH-DA 3% %2 500 pL, G0 &
30 min JERIFRREREE S BTG E A 5 1
PN ARG T H A MEIF 8K Fr , Image J 1.8.0 #%
P A BRI 1A

2.4 TUNEL #0040 Mg 1= 12 fL AR 2 Fh HK-2
S T B 405 B 2 1 x 107 AS/mL, 52 8 50 3
J5 25 TR 18 E 40 8 30 min, I A 5 1% Triton X-100 14
PBS %M 10 min, F i A TUNEL ¥ 50 pL
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WEOLIEE 75 min HORNEH R RS, N A DAPL 4 (8,
W 200 L HEOGHEE 10 min, HHLHEOGE KW E A,
1E B 250 A T W TR B R R T 4 M
F 5 e

2.5 AR IR IR TS SR RSE G S T Ak oA
Y, YE%&,1 000 r- min ' B0 5 min, 41 & BT
200 wL /Y binding buffer 7, 4 2H 43 5l in A FITC
5 wWLAN PI 3 L, 56 S W 15 min J5 1 3 = 48 fd A%
HEAT RO .

2.6 [ H g% B K 2 (Western blot) A6 I AH 5C 4
FIRE SRERERIAESEA, R
BCA LM A3 & Ak ., B4 20 pg LH,RH
12% ,10% 5 N ¥ Tk I % I fL K , Bio-Rad 1R #% &
4 H1 PVDF JBE A7 36 Bt % I 58 LR 1R A & 5%
JUt B Wk B B P 4% 5% 1 h, —$1(1:1 000)4 C
BEEAK . ZH(1:5000) %55, B4 xR A
W, 8 A 2 RO AR AL AT R . s H
Image Lab 5. 1.0 F 48 84 0 4% 4l 9817 K AH 73
Br, BB & F K B (B /B-actin 8, GAPDH JK J& { %
TNAHXT R IE R

2.7 it ar At SR SPSS 21,0 Gi it o A ik
P00, R WR L v 5 o5, Z 4 &R
One-way ANOVA 40 #r, W41 [A] b % R A LSD %,
P<0.05% /R ERAGIFE L,

3 &R

3.1 ADR X} HK2 i s A=K iysgm 5 H4A Lk
B, TR B e BE ADR il HK-2 4 24 h J5, 40
JELIE P R 3 R R (P <0.01), 4 ADR J5T i ¥ i oK

G

0.05 g- L~ "B}, HK-2 40 j % VE 7 52. 93% FiAy , AR 5
% 356 FH UG T R B AR R IS 22 ADR 53 HK-2 41 Jifd
BRI R . WL 1,

&1 ADR X HK-2 KM (x +5,n=3)
Table 1 Effect of ADR in viability of HK-2 cell(x +s5,n=3)

2 5 )ﬁimfg A 2B T/ %
/g L
EgE] - 0.97 +0. 04 100
ADR 0.01 0.75 +0.03% 76.74 +5.75%
0.03 0.64 +0.04% 65.92 £2.36%
0.05 0.52 £0.03% 52.93 +4.92%
0.07 0.32 +0.03% 33.06 +1.48%

W5 Y P <0.05,2 P <0.01; 5 ADR 41 lL#Y P <
0.05,YP<0.01(F2~6[[),

3.2 PFAE X ADR #1455 19 HK-2 40 g B 25 i) 28 4k
TP 523 4L He g, ADR 4 40 it % H v | )
B AR K, AT 25 45 46 A5 T | 38 43451403 400 J 38 37 A K
FEWH  PFAE 5,15 g- L~ "40 Il NAC 4 40 i A KOIR 2S
K4 ;5 ADR 2 b4, PFAE (5,15 g-L™") Fll NAC 4%
S5 ADR LW 5, 41 E B 2 B S B,
JR R Ol 45 g+ L'y PFAE i ADR J5 , 41 it
BirEss ™ & UL B 2l 36, DL 1, ) H CCK-8 9 1 41
T M, 558 A AR PFAE (5 g+ L") ol 4b 3 20
20 T Pk S B 0 (P <0.01) ,PFAE (45 g-L™") #ujhy
Aab B2 240 T W) R REAIR (P < 0.05) ; 5 ADR 41 1t
45, ADR + NAC 41 40 ffg 15 % 2 & 48 fin (P <0.01) , H.
ADR + PFAE (5+15) g- L' iE M B 2 &
(P<0.01), W2,

A.Z5SE4];B. PFAE 5 g- L' 41;C. PFAE 15 g+ L' #1;D. PFAE 45 g- L' 41; E. NAC 4{;F. ADR #1; G. (ADRO.05 + PFAE 5) g-L~'4i;

H. (ADRO. 05 + PFAE 15) g-L~'41;L. (ADRO. 05 + PFAE 45) g-L~"41;J. ADR + NAC 4]
E 1 PFAE 3 ADR #i{5 HK-2 @RFEEFEHH 00 (F 52 HME, x100)
Fig.1 Effect of PFAE on morphological changes in HK-2 cell injured by ADR (inverted microscope, x 100)
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%2 PFAE 3t ADR #i{58) HK-2 AME MMM (2 £5,n=3) FEKFRZERE (P <0.01); PFAE il NAC Bk

Table 2  Effect of PFAE on HK-2 cell viability injured by ADR %IEQH E],:J QEHH@*E /fk’ﬂﬂ ﬁE Eﬁ Ei' ﬁ (P <0.05 )
= = N B . N

e ?) SOD FEHL ik i EH T (P <0.01) ,ROS % ik K F
ALl Tl e /gL A EWAE (P <0.01) . 5 ADR 41 It %, (ADRO. 05 +
#H - 1.03+0.02 PFAEL5) g-L "4 f1 ADR + NAC 412 & T 40 i
PFAE > 117 £0.01% PUAALRE 13 F0 SOD & £, B ik 7 MDA F1 ROS #%
15 1.02 £0.04 BH(P<0.01), WHE?2,%3,
45 0.94 £0.01"
NAC 0.81 1.03 £0.02
ADR 0.05 0.52+0.01%
ADR + PFAE 0.05+5 0.73 £0.03"
0.05 +15 0.83 =0.04" y : :
0.05 +45 0.55 £0.02
ADR + NAC 0.05 +0.81 0.79 =0.02" - - -
D E F

3.3 PFAE X S 9% kg J1,S0D, MDA Fl ROS 7K
_ o A.Z5[141;B. ADR 21 C. PFAE #;D. ( ADRO. 05 + PFAELS) gL~
S f R 23 4 1 A 9 24 E Y
Vi sgm 525 4l i, ADR iy Bt Ak EE 41 E NAC 41 F. ADR + NAC 41 ([ 3 5 )
s T b EL -
E%EEE(P<OOI)’SOD *—T‘ﬁkiﬁ%ﬁ%’fﬁ(P< &2 PFAEXTTROS@%EI\J%DH(TUNEL,><200)
0.01) ,MDA R B &M (P <0.01),ROS &Y Fig.2 Effect of PFAE on content of ROS( TUNEL, x 200)

%*3 PFAE X ADRZESHMENRGHIHEIM(x£5,n=3)
Table 3 Effect of PFAE on oxidative damage induced by ADR(x +s,n=3)

25 3 i E/g L™ MPUERE S /mmol-g ! T-SOD/U-mg " MDA/ pumol-g ™' ROS %t it
25 - 5.25 0. 36 40.23 +3.45 18.35 +0.22 1.30 £0. 15
ADR 0.05 4.15 +£0.01% 17.20 =4.21% 86.00 +0. 582 8.25 0. 16%
PFAE 15 6.59 +0.41" 53.52 £3.25% 18.45 +1.04 0.86 +0.11%
ADR + PFAE 0.05 +15 5.12 £0.37% 33.76 £3.20% 44.27 £0.21% 2.43 0. 16"
NAC 0.81 6.80 0. 38" 58.10 £2. 60 20.00 +0. 15 0.78 +0.08%
ADR + NAC 0.05 +0. 81 5.93 0. 43" 30.36 £4.25% 51.54 £0.87% 2.79 +0. 06"

3.4 PFAE X} ADR FMAIM T-RyEm  52H
ZH e, ADR AN TR ¥ B % L TH(P <0.01);
5 ADR 41 It %, (ADRO. 05 + PFAE1S) g-L ™' 41 il
ADR + NAC 21 1 40 Jifg 7 T~ W] e g 4 il (P < 0.01) ,
D3 RISk 4, 5w AL ADR 4R T E A I
{H Bax/Bcl-2, cleaved Caspase-9/Caspase-9, cleaved
Caspase-3/Caspase-3 , cleaved PARP/PARP & # | J}
(P <0.01); 5 ADR 4 It %, ( ADRO.05 +
PFAE1S) gL "4 1 ADR + NAC A T-HE ¥ B > L
EFYH(P<0.01), WS, B 3 PFAE 3340 ff1f T & M ( TUNEL, x200)

3.5 wf PRAE J8 £ MAPK {555 5 2k 5 48 bi 4 Fig.3 Effect of PFAE on cell apoptosis (TUNEL, x200)
AE B 2w 525 14 B, ADR 4119 p38 (P <0.05,P <0.01),PFAE F1 NAC Fuph b 31 20 1)
MAPK , ERK F1 INK {9 8 i fb & 18 7K °F- 3 B 1 $2 1 ERK # iz fb & 11 £ 5 W & ¥ i (P < 0.05,
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%4 PFAE 3 ADRZESH HK-2 BIEATHEM (s +s,n=3)

Table 4  Effect of PFAE on ADR-induced HK-2 cell apoptosis
(xxs,n=3)

15 ﬁﬁﬁm?{“ i A A TUNEL 3% 6 )

/g L~ A T 2R % I ML TR %

2= - 3.00 £0.99 3.62 £0.77
ADR 0.05 25.53 £3.80% 27.91 £3.63%
PFAE 15 2.60 £0.56 4.42 £1.31
ADR + PFAE  0.05 +15 12.10 £2.65% 13.44 =1.55%
NAC 0. 81 3.20 £1.66 2.22 +0.09
ADR +NAC  0.05+0.81 15.69 +2. 66% 14.51 £3.19%
P<0.01); 5 ADR 41 [t %, ADR + PFAE 41 Al

ADR + NAC#{ p38 MAPK, ERK 19 iR 1k 7k °F i 2
FEMR (P <0.01), WK S5,% 6,

&5 PFAE X ADR #i{5 HK2 AT EBREMFE

Sl (x +s,n=3)

Bel-2 — - - e e 26 kDa

Bax wees swes s S s s 2] kDa

B s D . e w0 KDa
89 kDa

— — P w— - — ] kD2
BESEsEmRIIS
. e e e e

——— — — —
A B C D E F

PARP
cleaved PARP

Caspase-9
cleaved Caspase-9

35 kDa

19 kDa
17 kDa

43 kDa

Caspase-3

cleaved Caspase-3

p-actin

El4 ADR {5 HK2 AATEEREBK (v +5,n=3)
Fig.4 Electrophoresis of protein expression of HK-2 cell injured by
ADR(x +s,n=3)

Table 5 Effect of PFAE on ADR-induced HK-2 cell apoptosis(x +£s,n=3)

21 5 Bk /g L7 Bax/Bcl-2 cleaved PARP/PARP cleaved Caspase-9/Caspase-9 cleaved Caspase-3/Caspase-3
2= H - 1. 00 1.00 1.00 1. 00
ADR 0.05 3.93 +0.50% 4.32 +0.94% 3.09 0. 65% 4.21 +0.38%
PFAE 15 1.08 0. 15 0.89 +0.21 1.06 £0.32 0.71 £0.28
ADR + PFAE 0.05 +15 1.10 £0.13% 1.18 0. 15* 1.56 +0.28% 1.31 +0. 54"
NAC 0.81 1.16 0. 16 0.9120.19 1.02 +0. 63 1.03 £0. 12
ADR + NAC 0.05 +0.81 1.46 +0.22% 2.05 +0.50% 1.81 +0.43% 1.38 20. 16%
p-p38 MAPK — s 40 kDa %6 PFAE 3 MAPK S @B hHXEOMEM(x+s,n=3)
P38 MAPK wwse e s s www @ 40 kDa Table 6 Effect of PFAE on protein expressions in MAPK signaling
p-ERK & . = ; 33 kkg: pathway(x +s,n=3)
RK i i @ @b @B & :g gg a5 JREVRIE  p-p38 MAPK p-ERK p-JNK
/g-L7! /p38 MAPK /ERK /INK
pre SR
INK W - - 56 kDa 251 - 1.00 1.00 1.00
P — -_— - 46 kDa
cAPDHE G 6B G @s @9 @ 36 1D ADR 0.05 3.77£0.51” 9.22 +1.13% 1.28 =0.11"
A B C D E F PFAE 15 0.92+0.73  1.97 £0.32" 0.97 £0.16
E5 MAPK EE@ETHELEEAREBKXK(x2s5,n=3) ADR +PFAE  0.05 +15 1.85+£0.29 2.93+0.46" 1.13x0.10
Fig. 5 Electrophoresis of protein expression of MAPK signaling NAC 0.81 0.55 +0. 11 3.87 +0.69% 1.19 £0.06
pathway (x £s,n =3) ADR+NAC  0.05+0.81 1.55+0.35" 7.66+0.87" 1.27x0.05
4 itig
E=RAAR € IR NS =R B R A P RE N7 MDA %, 4k 1 75 5 40 B & A= 08 T 50 B PR AR
H AR, 4 TP RS B ROS A B T e n&ﬂ?ﬂééﬂiﬂ@/ﬂtaﬁzﬁﬁ}?ﬁ O, A U
wéﬂiﬂ@ﬂ@iﬁ'ﬁﬁj\{h\kﬁ%ﬁf’t*ﬂ%%iﬁﬂﬁﬁ%ﬁ ﬁ;ei’ajjéﬁ}FW%f‘% FRUE , 40 M B R T 3 DR 4R

AR o o 1 A, BLIA Y LA SOD SRy
FI P B o Tl LA B HG Al 0 4601k W 5 6 % 5 bR ROS
IS D) 200 i Ak O SR AR 5 R 40 i 9 A%
W2 25 11 BT AR T i) S AR 5 40, 77 2 g A i )

TN BEFRAOET: . A A2 I PR, A AP R A TR R
WA SLEaEHT AT D i — R E S
MR AT MRS H AT BT I, K B AR A R B0 5 A
8 A A 5 ) 40 O T T LA S R (R TR A
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PR BT I O 38 A A A%, T fig 3B i MAPK, Caspase 45
ST Q<5 Y 9%l 2] B o N v o VAL S T D W oo 4
—HE N FEA SR TRE ST, AR AR
T ADR A LA & A AN 8, A 5 R A i AR il 4 A
RAEPAT o LT LORAR SN B 1 B9 Bel-2 S Bel-2
FEHE F B O B, BB 8 & FES BT IR T 194 HT DA
HeRp bR S8 8 M . AH , Bel2 G805 i Bax W J
MOCHEE M Bax HAMRRMTAEN  ZEMTF 5L ®
T R AR R Ty 57 DA ML A A SR AR A g
SRR PR BN . A R Bel-2 mI L
FH1E Bax [a] 2 R iR R4 I 5 Bax UL IH Ak,
M Bax (42 A T-/E o Caspase 9K [ [ /&
2 2% R T B A AR A TR R T B A AT
Hor, 540k AR A2 X Caspase-9 #I% I 8 2%
HR SN, 5 IR % AL Caspase-3 $ATI T2, B DNA &
WrE L T/ NME TR I, AR SR Caspase U) 3 i # 1Y
) PARP, 7£ DNA & & Fl 40 fg 94 1 vf & 45 5 2 AE
L H S TIHOA R M T AR R —

MAPK {5538 B% |12 A 46 T R 50 4l i 9, 4%
YR AME 5 e T R A0, DAk Sk 9 75 4 A %) 3 5
Ak TSR . MAPKs Z00% 3 B4 6 4l L A5 5 1%
T (ERKs) ,JNKs F1 p38 MAPK 25 WV J , i 2£ 5
i 7 A1 5 22 b 20 i A/ 00 S SO B 4 e O b
T EEAEM . 8 ORUL, F AL, p38 MAPK
FTINK 7 38 3% 7T 5 7 Caspase 58 i T 1k & /E
T2 T O B ERK 7E R [ 4% 18 A S i T i
R s E st MRS

AR N2 B R B th 2 258, O RIR
B AL T B A TR S IA 9T R R E R A R R
251 ARSI R Al ADR 5 S HK-2 40 4 47, 1%
F1 1C5, 4 0.05 g-L™" 5 ADR {1 FI 41 i % = 42 4k 4t
P, B B 4 i Y B T Sk BE D7 9855, SOD &
B L, SRR = 9 MDA Y34 £ e K & ROS )
FEA . BN ER E] ADR 0 AR R G5 /N 5 R LY
20 56 25 A5 T 285 A 08 5 i At LA T Annexin
V-FITC/PT X3t J5 19 40 il & TUNEL %56 bR ic I 12
YA, 35 I ADR ZH 4 B 08 T LU R AEE W A W W E
Tt AWEFE % Bl PFAE 78 15 g-L™' i} X} ADR i %
() HK-2 20 J 43 05 5 A W1 5 g OR /e, 38 1 4
JHL ) i 58 3 0 A SR A AR 0 T A T A O L O B
SRR R T R A2 AR OC R 1 Bax/Bel-2 LI 4K Y
Caspase-9 , Caspase-3,PARP (U EE H RS A B E 1
TR S WIRR SR RN R T R 0GR AR LR i
TIRFH NAC, IF 2% BEAE 52 56 v NAC Y 1 JH
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BF IESZ T PFAE 23838 #% ADR 55 HK-2 41 iy
() 4 A SE A LA A, AT T A R T Ak,
7 ADR 9 Il 3% N MAPK {5 5 &% 3 i@ % ' p38
MAPK ,ERK 1 JNK #% #7% , i PFAE 1 NAC i
J& TDKE p38 MAPK, ERK A4 i R 1k /K - 11l 55, 7T L 4
I PFAE 3 i bt 48 fk 7E JH #1 il p38 MAPK FI ERK
PR Y5 AT k2 At Y T

2% I fr ik, PFAE %} ADR % S 19 HK-2 4f ifg i}
i B A R Ve, AL T g 5 L S A 1 A O
Ik AR Ak 7 TR DG I 2 A U T 3 A 410 ) 4 B O T A
2%, Jf H MAPK {553 %t iY p38 MAPK Fll ERK &
P38 B fE b R HEE AR R . R, PFAE Sy
23R OB, &5 F2 B O A2 1 a3 i AS B, AR TR
RIZH W A I 22 MBI 53 T 4R R Ak 2 4 Ot —
AR GE AR AL, Ay B 25 2% 460 04 Bl v 2 A3k 1y
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