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Protective Effect of Sophorae Subprostratae Radix and Each Fractions
on PC12 cell Damage Induced by Hypoxia/Reperfusion

Jin Hwan Jo, Youn Sub Kim*

Department of Anatomy-Pointlogy College of Oriental Medicine, Kyungwon University

This research was performed to investigate protective effect of Sophorae subprostratae Radix and each fractions
against ischemic damage using PC12 cells. To observe the protective effect of Sophorae subprostratae Radix on
ischemia damage, vibility and changes in activities of Superoxide dismutase (SOD), Glutathione Peroxidase (GPx),
Catalase and Production of Malondialdehyde (MDA) were observed after treating PC12 cells with Sophorae
subprostratae Radix during ischemic insult. Groups were divided into five groups: no treated (Normal), hypoxia
chamber for 48hrs foliowed by 6h at normoxic chamber (H/R), Sophorae subprostratae Radix total phase treated group
with H/R (Total), Sophorae subprostratae Radix water phase treated group with H/R (Water), Sophorae subprostratae
Radix BuOH phase treated group with H/R (BuOH), Sopharae subprostratae Radix alkaloid phase treated group with
H/R (Alkaloid). The results showed that (1) in hypoxia/reperfusion model using PC12 cell, the Sophorae subprostratae
Radix has the protective effect against ischemia in the dose of 0.2 ug/ml, 2ug/m¢ and 2Qug/mé, (2) Sophorae
subprostratae Radix increased the activities of glutathione peroxidase and catalase. (3) the activity of Superoxide
Diamutase(SOD) increased by ischemic damage, which might represent the self protection. This study suggests that
Sophorae subprostratae Radix has neuroprotective effect against neuronal damage following hypoxiafreperfusion cell
culture model using PC12 cell and dose dependency effects. In conclusion, Sophorae subprostratae Radix has
protective effects against ischemic oxidative damage at the early stage of ischemia.
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Sh= MElE "a‘@ﬂ}l?’lé)- BEQ B2 YEAY QA FH(RAN,
RAA, FEAE, BY, BRAA, BWER), 2STN(ER [
BB, £HAR) W Hol&ol(FRAE, SERN)EE FES
£ sl= Fm@oln, o3t 589 AFE: ER, MANME, S,
B9EE, HE 59 AYo) BEHoE #8899 i
F5Z(Sophorae subprostratae Radix)2 2ol 43} =
Ae A2 BEQL FF2 (Sophora subprostrata Chun et T.
Chen)9] ¥Z]Ql HEEVIE AXT ALE FIF0A e B
(S. tonkinensis GAPNEP}& 71@1 Q& $Hct. $toslolA] reEisz
2 REAES §50F HEHE BOHE HE S92 S4d
AFBElo} 2 ekZoln A2 BHA0] RS Miffol Y™ XF
837} Baslol S’ BF29 48 5 matrine QPEEQ!
¥ GSAEAR ABHANNY, NEMZE Ert ALY 4
S @BA O 21850 AEY, MUY U 2w a7} Qe
A0 F A Il protein kinase C(PKCO)E A5l X5l
Al gk B2ES AN, HREES HeyT uys o
A7F Q71 2™ FEZo| HEE A8 HEMol HEd
7 A AR HZiEm, ojZfd FF2Y HeMNE EE6he
T st 4o EE Suixsd Hid £ H528 37%H
o Agolx] FF2o] tixludolA] AFHE #9 HAE 7Y
A AAIGHAL ABMEY A1E5E FAsH dAske ZRE U
ERICHE BAPE v} ok 0l2iS BIE HRoR 58 AF
A Naks A8 AdEd BSFAUE AW EHHEES Folla
BED B8 FEE, BRI ¢7IE0IES, EF
b=l

22 0F o] AMZY AL U
o= ]

g Bl BFZ FEE FUol WE YEE, superoxide
dismutase(SOD), glutathione peroxidase{(GPx), catalase %
malondialdehyde(MDA) &4& &H3I0 ANFNERSTANE
gHizlaol BiFo] JEE vl FAT AAE FAU7)0) ojo]
H ik Hlolt

Aa R

1 oFg9 ZH W 4

Adol A8 FFZ(Sophorae subprostratae Radix)2 23]
et F&EHMEY o dolA] FSINSH, BFZ BEES

2 BFEZ 1,000 g€ YZ7)7t RARE AY7I0lA] 2417t B¢
71g% & AMEE NS B AUEHES SEHH 500 s
Ut 5% & 50 mie SEUZESIH 156 g 9 BEH F&8
£ Lt ViR 450 me) sFNY B8 FENEHE SAUE
AMeohd, W A3 #4115 (hexane phase)E, O1F TAXLE 23
ZZEZE(CHChL phase), YL E0|=H(alkaloid phase), REISE
(BuOH phase) % EZ&(water phase)S.2 BEElSid 22} 0.02g
1.04g, 399, 533g, 46.12g2 JACE FFZY PC12 A Zo) tigt
AEE 52 B £&8F, BFZ YRIES, EF2 BE
25 U BFZ E5E ABIKAH, BB E 0.2 pg/ml, 2 ug
/me %20 pg/me & MIZIRZ o] AI-SIACL

g add

Sophorae subprostratae Radix
1 kg bolled in water

=
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Schematic diagram of the extraction procedure of Sophorae
subprostratae Radix.

2. Hypoxia/reperfusion off 2|3} MEAIH| njAj= FEt

BEIO AAD S o vl in vitro model£A] PC12 A
Z(American Type Culture Collection, US.A)E 08¢
modelE  AIESICE  HigALZE
DMEM (Dulbecco’s modified Eagle’s medium, Gibco BRL,
US.A), 5% Fetal Bovine Serum (Gibco BRL, US.A\), 10% horse
serum (Gibco BRL, US.A), 1% penicillin-streptomycin (Gibco
BRL, US.A)2E THE AE AMEIIUCE

A4th BHE M EE hypoxic chambertjol £t MEHE
482174 mi st Gl A E FyA0) Y72 §74 6417
SO sl ABFE FEIRIA, 3-(4,5-dimethyl-2-thiazolyl)-2,
5-diphenyl-2H- tetrazolium bromide(MTT) assayZ M| Z9] A&
ol MXe AWNE BEBINCE PCL2 cellS 96 well plate ofl
8x10°7) & seeding SFIL 24 Al7F E9F 37°C incubator (5% CO,
humid atmosphere, Forma, U.S.A)ollA] viQFEIAT) WiQF & 4
8 M) E phosphate buffered saline (PBS)oll =0i4] A& =T
7} 0.2 pg/md, 2 pg/ St 20 pg/ml 7} EE 2 2417 Mojl HAE]
BIRCE 2417 & M EE hypoxic chamber (CO; 5%, Ha 10%,
N; 85%, Forma, US.A)oll o F4t4 AENE 48417 s8I
AR HEE Red & H4FQ! CO; incubatorZ &4 6417}
B¢t ekl MBFE FEOHTE HEZLRE BFZ tidd
PBSE & Eo] FUI, hypoxic damageE ZH617] Y141
42 A7 EQt CO; incubatorol] 2o normoxia AHEHE FKX|A]
7 FUCE Cell viability:= conventional MTT dye reduction
assay & AMSSIY £FSIECE BRI 7 € F Z} well i}
MTT solution (final concentration, lmg/ml)& B & 1A &
@} 37°C incubatorollA] BISA|ZICE 1417} & 22 celll)} UISE)
o WHE formazanE DMSO 150 p¢ B2 ¥ 60°C incubatoro]]
Al 108 7} =01 % ELISA reader® 570, 650 nmoj4] BT E
ZH3IACE 5HF SBT A4S PBSE BN iE o) uifh
W22 UERiYTH

hypoxia/reperfusion

3. MERE] W oed g
F29 AlFE s a o] tist PCI2 M EE o] &3 Y Elat
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A &Fol o] hypoxia/reperfusion model®} 2L 2]9] MTT
assay?} SUSHA FHESIUCE X = A4AS) serum € A AT
AE, HAED vlxst defolA] AZE uieksich Haa
HYS Bradford 2*o) Wzk £F35ICt Diluted dye 980 4t
ol sample 20 yf & 2FSA|AA] spectrophotometer 2 595 nmol]
Al OD & ZH3Isict

4. 50D &4 &3

SODY 4% £8& McCord ¢} Fridovich9] cytochrom ¢
PP ol8skitt. o] w9 QglE cytochrom ¢ 7}
superoxide radicaloll 98] SE]= H¥H20] SOD 4ol dl#Ish
o AHEE 0|88 Roltt. 0]A 2 ferricytochrome ¢ 7} ShaH
550 nm o] ZHhe]l EFZTE LIERE ferricytochrome ¢ Z9)
Hgho] drsEo] 471 §BTY Xolg ol8d wioloh
SOD &3 & 3t viEdole= 50 mM 9] potassium phosphate
buffer (0.1 mM EDTAE 2§}, PH 7.8) 2} 0.05 mM 2] xanthine,
ferricytochrome ¢& 7I314 25 CTollA] 10827 & Al &, &
HE E4NE 7151 xanthine oxidase(XOD)Q] H7I1E ¥1Eo0]
7RAIEIITE SOD EANHE Wr] Mol o) idoli &
T Hat Holk 29 002571 HLE XOD 9 &g -5}
= Hge HA FgsiNck FETY ¥de 550 nmojAl
UV/Vis spectrophotometer (Ultrospec 2000, Pharmacia Biotech,
Sweden)Z ZH 31} SOD 9 1unit 550 nm oA EBTE
Z3IH8E W cytochrom ¢ ¢ SAXTE 50% AG= ¢
g Folxch

5. Catalase &4 &8

Catalase9] 4T Hugo Abei 9] gliPol uigt o] g4
o gl H:0.7t H:09) 0,8 BalEE HBlE 01831 586}
At 01 M potassium phosphate buffer o] 19 mM H0,¢! 1}
SHoll §AME 715Kd 20T 240nm oA FHTO HIE 38
2 10x PHHLE FZHBINCE Catalase o EHEE 1 2 S0l
1 mmol &) H:O0:& 2all AI71= §49 &2 1 unit O F 3i9jth

6. GPx &4 &3

Glutathione peroxidase®] &4 t-butyl hydroperoxideZ
71A# ARSI NADPHS AEIH T E =53 Del Maestro$}
McDonald?] H¥*g o]83I%Ch 2t2te] sampleoi= Assay
buffer (900 x¢ + NADPH 50 pu¢ + sample 50 ¢ + t-Bu-OOH 10
£0)€ 'B1l, blanko)|= assay buffer (950 p¢ + NADPH 50 4 +
t-Bu-OOH 10 p0)€ ¥, 340 nm ollA] 22 &0t 10X 78 e8
Z46I9C)  Glutathione peroxidase®] #MTE 182 E¢)
NADPH 1 gmol 0] 41815l S 1 unit 22 HIHCE

7. MDA &4 &3

ISR A EEF2 Ohkawa 579 W€ 0183l0] TBARS
HOZ H5F5I.8m, thiobarbituric acid (TBA)2} 7}4131A1& 0]
gHE6kd 48 5E malondialdehydeE EBTE 85k Wy

ot} Sample 200 g ol cold 10% TCA E 400 pf 21 4T oA
108 E0F 9418a) 171 &, S 500 WE 0.67% TCA 500
wh S+ 4o, 102 EQF boiling 511 532 nm oAl FBEE £

oo

8. 24Xzl
AEZATS B4 E PCL2 M ZHBY 2L 552 AdEF
TE 68 F AR ETH 247} Hlishs Student's ttestE
AHSSBIACY
SEPE
1. Hypoxia/reperfusion o] gt M EAbHo) o]k HE
Z52 B84 % 740 BEEES] sy 22 02 g/
e, 2 pg/mé, 20 pg/meS] AI7IA BEE Lol S8 F MEFol
& AZHE niRE EHE BEGINCE 482 BF2 B
Hd FAF9 A2 02 2, 20 pg/md STollAl 108.21+5.98%,
158.40+£21.62%, 172.61+2521%E, 40£21.62%E, #FZ L7}
BOEE FATY AL T4 127.55%23.01%, 124.50+£20.77%,
143.61+1206%E, B85 REHEE 5oz A% 22 10152
+8.89%, 108.53110.12%, 9474 6.36%E, BFZ E& S
AL 7}7t 148.94118.94%, 138.98+17.59%, 103.99+1645%E H
ATHFig. 1).

M Total Owater
250 [ DAlkaloid @BuOH

200

150

100

50

Effectiveness Ratio (%)

0 . .
0.2 2 20  Group

Fig. 1. Concentration dependent effect of Sophorae subprostratae
Radix extract on ischemia induced by hypoxiajreperfusion model
with PC12 cell. Total, Sophorae subprostratae Radix total phase treated group
with H/R, Water, Sophorae subprostratae Radix water phase treated group with H/R:
BuOH, Sophorae subprostratae Radix BuOH phase treated group with H/R: Alkaloid,
Sophorae subprostratae Radix alkaloid phase freated group with H/R: H/R. hypoxia
chamber for 4ghrs followed by 6h at normoxic chamber

2. SOD gHdfl niXie &

PC12H| Z o)) Th3t BFT REN H719 4L A Zueol 50
weoll Tholl BF2 FEY 0.2 pg/me, 2 pg/me, 20 pg/mé B 71
% SODS] g4kl mxlE e HJESINCL
SOD 8458 A mg BOZ UEMRIE W H/R th2 22
1425+3.2 nitrite unit (NU)OIQIOM, BEZ 23X EoR9
A 02 pg/ml, 2 pg/mé X 20 pg/m STONAY 212 102.5+3.7
NU(P<0.01), 1165t3.9 NU(P<0.01), 126.7+2.3 NU(P<0.05)Z,
BT LIIR0IES RO AR 1495+19 NU, 1347121
NU, 109.4+25 NU(PP<0.01)E, BFZ RESE BEoZ9 3L
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r:

1352424 NU, 1185+19 NU(P<0.01), 1338+28 NUE, B2
22 EqZ A9 1045+23 NUP<001), 1087121
NU(P<0.01), 1345+19 NUZ UehAUCHFig. 2).

B Normal BH/R OTotal
160 DWater B BuOH DO Alkaloid
~140 .
o Lo
£120 | L
2 i

SO0D activity

Normal H/R 2.0 20.0 Group

Fig. 2. Catalytic activities of superoxide dismutase (SOD). Eenzyme
activities are measured after treated with Sophorae subprostratae Radix at 0.2 wg/ni, 2

we/nl, and 20ue/ml concentrations. Normal, no treated: H/R, hypoxia chamber for 48hrs
followed by 6h at normoxic chamber; Total, Sophorae subprostratae Radix total phase

treated group with H/R: Alkaloid, Sophorae subprostratae Radix alkaloid phase treated

group with H/R BuOH, Sophorae subprostratae Radix BuOH phase treated group with

H/R: Water, Sophorae subprostratae Radix water phase treated group with H/R.

3. Catalase 4ol tlXl= E&

CHEA mg Y catalase 88T & H/R thRT0] 684111
NUo|gloH, 52 B 2o A 02 g/l 2 pg/md
9 20 pg/mS] EIEToIA 212} 847427 NU(P<0.01), 913+
35 NU(P<0.01), 97.6+17 NUP<0.0)E, BF2 L7IZ0|=S
BN AL 73937 NU, 743+12 NU(P<0.05), 964%23
NU(P<0.01)E, BFZ RUSE FAFY F% 756%l6
NU(P<0.05), 86.5+1.4 NU(P<0.01), 652132 NUE, &5 &
£ B9 A% 95.6+2.3 NU(P<0.01), 88.8+3.3 NU(P<0.01),
62.7+3.8 NUE LIERIUTHFig.3).

120 | HNormal ®H/R
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Fig. 3. Catalytic activities of catalase. Eenzyme activities are measured

after treated with Sophorae subprostratae Radix at 02 w/ml, 2 w@/ml, and 20 w/nl
concentrations. Normal, no treated: H/R, hypoxia chamber for 48hrs foliowed by 6h at
normoxic chamber: Total, Sophorae subprostratae Radix total phase treated group with

H/R  Alkaloid, Sophorae subprostratae Radix alkaloid phase treated group with H/R:
BUOH, Sophorae subprostratae Radix BuOH phase treated group with H/R Water,

Sophorae subprostratae Radix water phase treated group with H/R.

4. GPx g4oll X g

¢z mg g GPx 845E H/R thEFo] 326124 NU
o|lReH, FFZ 2EH T P 02 ug/ml, 2 pg/mb H
20 pug/meS] BolETollA] 232} 743121 NU(P<0.01), 79.8+2.3
NU(P<0.01), 89.4+3.0 NU(P<0.01)E, &5 & FoFY 3
£ 87527 NU(P<0.01), 724+2.0 NU(P<0.01), 35.6+2.5 NUE,

& gad

=3 HEIZE B0 HQ 583+35 NU(P<0.01), 693£26
NU(P<0.01), 41.9+17 NU(P<0.05)2 ZEZ QIIZ0|=E Fol
29| A 542428 NU(P<0.01), 598+2.1 NU(P<0.01), 845+
2.6 NU(P<0.01)E UERIACHFig. 4).

120 S Normal EBH/R OTotal
G Water BuOH O Alkaloid
~ "
£ bt
—
2
Z
2
‘6 *
@
x
o
v I
Normal H/R 0.2 2.0 20.0 Group

Fig. 4. Catalytic activities of glutathione peroxidase (GPx). Eenzyme
activities are measured after treated with Sophorae subprostratae Radix at 02 we/nl, 2

we/m, and 20ug/ml concentrations. Normal, no treated: H/R, hypoxia chamber for 48hrs
followed by 6h at normoxic chamber: Total, Sophorae subprostratae Radix total phase

treated group with H/R: Alkaloid, Sophorae subprostratae Radix atkaloid phase treated
group with H/R: BuOH, Sophorae subprostratae Radix BuOH phase treated group with

H/R: Water, Sophorae subprostratae Radix water phase treated group with H/R.

5. MDA &4dof ujile E&

A mg @ MDA 4T = H/R tiEFo] 1254+11
nmol 0] oM, BFZ 22H BT AR 02 pg/ml, 2 ug/
w L 20 pg/mee BEAsTolAl ZH2r 114.5£2.5 nmol(P<0.05),
1038%1.6 nmol(P<0.01), 1054£1.2 nmol(P<0.01)E, BFZ &
FIZ0lEE E0j30] HS 1145520 nmol(P<0.01), 1235+22
nmol, 1057+1.8 nmol(P<0.01)E, BFZ REteE FoF9 4
2 114.3+2.2 nmol(P<0.01), 109.5£1.7 nmol(P<0.01), 1289+2.9
nmolg, BFZ EZ B9 FS$ 103.2+£24 nmol(P<0.01),
1165+1.9 nmol(P<0.05), 1238+15 nmol& LIERAXICHFig. 5).

M Normal BH/R OTotal

140 ¢ B Water B BuCH D Alkaloid

t

=120 } i
E :
= 100 f i
£ 3
%, 80 FE
g 3
o i
< A
s 20 i
o . , E

Normal H/R 0.2 20.0 Group

Fig. 5. Catalytic activities of malondialdehyde (MDA). Eenzyme
activities are measured after treated with Sophorae subprostratae Radix at 0.2ue/ml, 2

we/ml, and 20ug/ml concentrations. Normal, no treated: H/R, hypoxia chamber for 48hrs
followed by 6h at normoxic chamber: Total, Sophorae subprostratae Radix total phase

treated group with H/R: Alkaloid, Sophorae subprostratae Radix alkaloid phase treated

group with H/R: BuOH, Sophorae subprostratae Radix BUOH phase treated group with

H/R: Water, Sophorae subprostratae Radix water phase treated group with H/R.
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HEwY U0 Q1B SI-Y ATA 71HE o8l &
51 BHEIRIR AOL A AL AF7} IH Folsl, HTol
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PC12 A2} EmEEel ol WER 229 gUgaRdET

SExIEA Maln D5l EE ATt o] Holxl
I Aok AGE HZAR) A8 & STROT AELEY0]
ok 7o) ol oF 579 HE Y M ZEA} AHo] o
HIZELEAYO] 2k4Jo] apoptosis®} HISE AS LI, SlgE
QIS Xl&d e & EiEt: MEZESl Al7io) AW EANE
7 Q2R XTSI AFMEY Eile 12 4 2on?, o]
=58 Uy & nESE Ue 52 5978 /KT Utk &
gh ol 529 mAgo] UMY nEY, BhLY, A3 59
AERJAXE 7KL U= B AR0lE olgiet HBE dlYE
AE T2 4 US Aot HE T FojA] VERKE HAMZE &
A2 g delolA wlsks Ed4itdol OB AslE &4
(oxidative stress)o] ZQ3t 71H9 shAE LEiAd e, 43
A ol A el s MZ ALY AEo] 44471 5938w
MAE ZSche ZAY7} MAIHIT Aok

4440l 2 doiule MEZTLARE 71A oA 2HiE
= A, HelH YO8 KUH0RE £AGE MEZA HEE

AZO JAE FARICE ZE3lA UoH, ERUBAEES
OFF WAl H2 Al &1 518 (ischemia)oll 2]8la] W&
¥ glutamateo]] 23l &8 =4 (excitotoxicity)o} 0|20 R =u®
SEEY ol AFAQl 415l &2 oxidative stress)E. 5
AFAZ 1A 53¢ 7189 sz =9=1 Uck AZ W
Y440 Mol BuksHH  lipid peroxidationo]  9|$h
membrane A9 I}y, OHol 9|} DNALEY, O|SATT+ERE
Zekcle 42REgol Qg TlEl gl WY §2 AAAE JARY
21010] B 4= AT, A AgolA Hols AFME LAl
A &do] gtk BHRE 38 §F 4449 44
&7t W & iAol A9 s1gd AFZMEY] TAH &,
Parkinson’s disease®] substania nigraoil4] Fe?9] Z71¥,
glutathione2] 2B catalaseQ] 2+, dopamine 9] 43}
8o 93 g8449 48P 52 § 4 Utk

&gl §501 Urtal BHE HFFL 242 Bojr Al
ZYEA DIl EHE vud 2 23, 352 284, g7
OIEE, REtE2E W B35 02 pg/nt, 2 ug/mh, 20 pg/mbS) %
ool wel dolst EHE Bl ALE UehdT) AlZARZo
sl 7Ha &2 3HE 2ol 78 BF2 B8l BAZoige
o, FFZ B RO, BFZ YIIR0IES RoF L #F2
BEgE Bo79 £02 FAE BIHrt £ BF2 BEd
FoTH TS 88 FOT2 20 pg/m SEolA RO 9%
(2} P<0.01, P<O05)E HAFCH, BFZ REHEE FAT
9 A2 BE sholA 237t gle A2 Ueldo) &8 &
F2 RER2E9| ZLole 20 pg/mé HEolA 2512 T AIE
Abdol 715l PCI2MZ B3 FH7 U8 =T oldolres
SHOE HABE ¢ USS AARII & 4= Utk ABA o
Al B E3E gl e dE ZHE g4l BEE AR
g2A9 HE HAeEA Eu, o olAlg gosicth 1
2Lt 4449] Tl Al olA YAl EHE VER 5 JE BT

d

Al AEEEO] UERE 4= Ut ol2igh EXEE superoxide
radical (O2), hydrogen peroxide (Hz0z), hydroxyl radical
(OH), singlet oxygen (O2)50] U121, 0} & superoxide radical
2 AAaEX dXF shvE ¢ 27K S0l HEIEA] oxygen
radicalZ49] £3&0] AT I LEHM U, ol2d
oxygen free radicalol e AFE 19693 McCord9}
Fridovich®0ll 2] superoxide dismutase(SOD)7} &gl wh
gl gulsiAl IE=EIRI, 1 F TRt Ayl #Alol tisl &
e o727} AR L 1 Om, Halliwell 3} Gutteridge”)E free
radical o 2E AH L E =E9 A8 42 BAE 7RG
1 FasIsch

FIZole HEM, 5 Q4 E3 T2 &479 M Js Tl
ol B]X]= free radical®) H&ro] F=2Z vk Qrh Free radical
2 58%F ZzAld lipid peroxidation®] thAlZ} SLIHA] &7t
BHAl o] specific membrane associated proteindll £AlS F11,
OlA &4 WE membrane2 YoM EHAIZIA] 4H =2
S0 it FEo] FrtElo] FSHOE HEEM0] opE
CHL 512 X &4 F free radicalo] Wm] A 29} &k @0l
48 F AF o Mo 2E5I HEE W 7w, AF5 A
£ TFRAQ MBS AL FASFCY. B 34
BAE AEYo] BrsA4lo] ER514 oxygen free radical
of Q3] £t |7} 421 free radical® MASH= SOD,
Catalase, GPxE9] 4Vt A1, ®3} free radical € 3=
irono] FR3I0] free radicaloll JSH AAME E£49] 7H5H0]
52 A08 BIAHL Y.

Oxidative stresst= O] 71X QASA4E Yo7 HAME
&40l £Q3 ARICE AZIF XL e FHZ AT W=
T apoptosisE S8} MEALE Fadhe AOE HHABTF. o]
ol ¥ ¥l 43P UHME HMZE EHATIE free
radical& A A= SOD, Catalase, GPxEQ] A E o183 §4
$ELE FEHNEUTL

2 4823 SODY 45 & H/R tET0] ol 5%
MBFol Qg 4HATiTIE (07)9 Mol 716l 4HSlH AE
i geE7t HASS UERITE 4HA2]ZE mitochondriadi]
Al dolubs ARAUIRIE & AAKEA R AAPL olssH e #
FolA L4 E48 &5 B AF A 11E wEe
2R UEoIXH olAH O R TIE AbhEitia: 4714 gt
ol St 4tAaniti o] Uik MEWo] &4 48 4 A=,
mitochondriao|4] A% AtABiC) 2] R E2E mitochondria
71&0] Q= SODo 98] MAH=E I mitochondriadl A FElx]o]
U2 U AATILL cytosolol] Y= SODY Q&) RIAHRCH.
I8 tAllEo] o] RAAHA (AT ALHOF Y
H AR HARA B2 e o] ASHOZ AZo &4
g J15HA Fed, Tt 5igo] 4K AE# Ao 2lE] whs)
Aoz sigo] AgEH wighA Fu ArFeiti g9l 4ol
715H1 ololl tidt WoiRHE o2 $HIStE A0l SODS E8%

E7RICFY. S8/ MBF HelolAE A HAE &4l
BHEQl Folg Y27+ superoxide radicalo} F7151A =,

2 c ool
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ZQE - g9y

superoxide radicalg A AlA MAHE HIsH= 529! SOD,
Catalase, GPx, MDASY] EA8XT7F 24514 Erk

SOD 9 A9 slgolLt A FAloll normal of Bl &4
L7 A Utedl ol slEolA A superoxide radical?
HAE e Poi7id o2l 25, superoxide radical®] A
TFASEoE SEI 28 UEE FASh: S 42t
SIE/AEF HElolX BFZE 247 Al sTEE MEldS
BS BosTo WE FEZY H/R ol High 02 pg/mk
srdie Z52 BEW ool 2 w/n sTollMe ES
BEAT0], 20 pg/ml STolAE YIIEOIEE Bowo] 7HE &
QIPHREF P<0.01) ZAE Uehict &5 #5752 228350
QFI201EE9 0.2 pg/mé =T oAl normal ol 28 EF SOD
49 ZA(EF POOHE BHOM, o]F Fosko FI
mel g3 A48 ASE Ve, Y7120l =T Retg
&9 2= xR0l vlsld GV FASHA RUTE Wk
BF2Y SOD 4 Lol viXls §3E G52 EEFAZEL
11523 U/NU) o] %2 B2WE & 718 |43 482202
ot AR AIEET

Catalase®] €T 518€/AMBFA] normalol] HI3] 725k
A k=l ols 318 Al A4 E superoxide radicaloll Q3
catalase®] @4 T} AAE ROE YzRATH?, w3 sg/ M
FAl B} BF2E XNZISIAE Wl catalase] EH TV B4
dl O]2X BFE FEUR SE/NBRE At A EEHoEZR
Bl MZE Hoske I8 5, catalase A B9 ZAE
Ute ZACT #EAl Rostod WE HEEN 02 w/nt 5
TolME BFE EF FHF0l, 2 wg/ml B 20 pg/né STl
« BE8H RoTol 71E FATE EIHEF P<0.01)E VERIRI
th BEA BT FOELrt E7184E catalase 40| &
7HAL B89 ARe AN en, g7lEo|eE BaFl)
HLolME 20 pg/meollA] &2 E7171 BaEE o] GPx gdollA
BAE 2o} vl Qe VeI

GPx9 Z$ H/R thz7+0] 326 NUOIRICH, SoisTo
uE BEEN 02 g/l sTAME BFZ EF RoTol, 2
pg/md W 20 pg/ml STolAE BEH RoiTol J1E fAS &
IHEF P<001)E VERNRYTE EE8H BoEe BoEL &
7188 GPx g4o] 718l 557t 71848 4o 44
ke 88 FOEH X S Hon, QIlgoEE =
Ao FRolr FHsEY Frio] Wt GPx 4ol E7161%
= 31 20 pg/mlollA] 22 E7P7 BEHUCL BEZ FE
9 &7t GPx 49 A< SOD &4 vig| vhe de &
2SN 259 558 4ol vixEE AR 59
ol 0.2 pg/nt SEONA 718 £ FIHP<0.01)E 2O gt
R E FRole 20 peg/miolM EHTHP<0.01) 2 RACE
EldOm, 01 UIIEOI=E9] 20 pg/mollAQ] EIHP<0.01)E
Qigt AL g AlEEC:

MDAS] 22 S8/ &FAl normal off ¥|a] EH 7 &4
UERGTE T mg @ MDA 4T+ H/R tjZF0] 1254
nmol 01N CH, EosTol we FEZEM 02 pg/m STolA

ot fol
r

2

Ay

4N

£ oAr 4o i mo

o BF F4T0), 2 pg/ml X 20 pg/mb STolME EE
1 Bojo] 71E §98t g3 F P<0.01)E UERO] normal
o 2T FUE BRck BEd RoTE2 Boskrt &8
& MDA gdo] Z4adld £59 71t d2g Bt
8o WE 2NE HH BEEE BAFY 2 2 i/ 5%
oflx 71 RS AIP<0ONE, YFIR0|EE BolFo] H?
o= 20 pg/meolA] 71AF FAlSH GIHP<0.01)E LERARICE ul
h MDA #4o) ulile 52 B2d59 G 0.2 pg/nd
skolde 250l 2 g/t STl FRES50], 20 pg/m
STolMes Y7tEo|ES0] FEE uiXle AAE SOD,
Catalase & GPx &40l o= gak) vl 2t £80) st
Z 27 7lddle ASRE M)
w2t SOD, Catalase, GPx, MDAEQ FHA4Ee UE
Superoxide radicalol] Q& Lol = A& AL=H FAE &
i ¥ 3= E HEe dle A2 45, ojEst
ZAES FFI0] SEE FUE Xyl Bo] 57 USE
HoOF1 Jom, B2 449 ZEE § 25 SoTol 71&
=2 AHE Zdo ASE Holn POT X0 U] E44E
SEAMY AEEZ B9 d77idlo] 8 ASE AlgYCh

52 W T2 BEEE0] Hol8 Z7)0) ABHEEY
PC12AZQ siE e &

i

e

S8 E AMBFol| wE PC12 HEQ] AlHol DRl gt
BED Z3 BEZ 2AW FAT0| 20 m/n SEolM Y
FIHP<0.01)E UERHRACE SOD Eoll o 0.2 pg/mé SEA
AMe EF2 B8A BoTol 2w/l STolXE 85 Rl
ol, 20 pg/mt BEANA = QIR0 TS RajFol 71E KA &
IEF P<OONE VERICH, 28 SoFH EF BoT
9 A2 Bo skt £718eE SOD gdo] Zadke 53
£ UERHRACE Catalase @85 #H&T 2 0.2 pg/me ST
My 352 85 FoTZ0), 2 pg/nl B 20 pg/ml sEAE B
BH RoEol 7t /Y ZIHEF P<O0)E UERAA2H
STE7 WE okdo] GPx 4 Balol S48 E0E VIR
Act GPx 49 AL 0.2 gg/mt sEoXE BF2 BS &
0l 2 pg/nl D 20 pg/ml ST E BEH B0l 718 |
9%t FIHEF P<OOLE VERIICE B2EH BT Y7LE0]
EE RoTE RS 57184E GPx @4o] Zrisld &
It E71EEE gdo] ZA4dle B o7y ixEE g
€ Bk MDA 40 QA E 0.2 pg/ml BEEAME BFZ

ol

25 S0IF0], 2 ug/mt B 20 ux/nt BEANE BEH o
ol 718 ROIE HIZF POONE VERIID) 28T FAZ

2 Foskrt 71848 MDA g€80] Zasid 8589 &7t
LY HEE EoH, RHEE FATY 82 2 g/t B
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ollA, GFIZ0IEE BATY F R0l 20 ug/miolA 71 7Y
B EIHP<0.01)E LIERAICE

olEiet 23 BFT 28U Y EEE0| JEgF AHFo

wWE PC12 HlZolsel MZEAIBES G U 4H5}EHofl(stress)
ol ¢t MEZEHE HAShs FaV) U AOE QFBTh
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