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: Abstract I

Influence of Yeoldahanso-tang on the Hypoxic Damage of
Cultured Cerebral Neurons from mouse and SK-N-MC cells

Park Su-jeong* - Kim Hyoung-soon* - Bae Young-chun® - Lee Sang-min* - Kim Kyung-yo*
Won Kyoung-sook - Shim Gyue-hearn***

* Dept. of Sasang Constitutional Medicine, College of Oriental Medicine, Wonkwang Univ.
** Dept. of Nuclear Medicine, College of Medicine, Keimyung Univ.
*** Dept. of Sasang Constitutional Medicine, College of Oriental Medicine, Sang-ji Univ.

To elucidate the neuroprotective effect of Yeoldahanso-tang(YHT) on nerve cells damaged by hypoxia,
the cyrotoxic effects of exposure to hypoxia were determined by XTT(SODIUMS3,3'-{1-(PHENYLAMINO)
CARBONYL}-3,4-TETRAZOLIUM}- BIS (4-METHOXY-6-NITRO) BENZENE SULFONIC ACID
HYDRATE), NR(Neutral red), MTT(3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) and
SRB(Sulforhodamin B) asssay. The activity of catalase and SOD(Superoxide dismutase) was measured by
spectrophometry, and TNF-(Tumor cell necrosis fector-0) and PKC(Protein kinase C) activity was
measured after exposure to hypoxia and treatment of YHTWE. Also the neuroprotective effect of
YHTWE was researched for the elucidaticion of neuroprotective mechanism. The results were as follows;

1. Hypoxia decreased cell viability measured by XTT, NR assay when cultured cerebral neurons were
exposed to 95% N2/5% CO2 for 2~26 minutes in these cultures and YHTWE inhibited the decrease
of cell viability.
2. H202 treatment decreased cell viability measured by MTT, and SRB assay when cultured cerebral
neurons were exposed to 1-80 UM for 6 hours, but YHTWE inhibited the decrease of cell viability.
3. Hypoxia decreased catalase and SOD activity, and also TNF-a and PKC activity in these cultured
cerebral neurons, but YHTWE inhibited the decrease of the catalase and SOD activity in these cultures.
4. Hypoxia triggered the apoptosis via caspase activation and internucleosomal DNA fragmentation. Also
hypoxia stimulate the release of cytochrome ¢ forom mitochondria. YHTWE inhibited the apoptosis via
caspase activation induced by hypoxia.

From these results, it can be suggested that brain ischemia model induced hypoxia showed neurotoxicity
on cultured mouse cerebral neurons, and the YHTWE has the neuroprotective effect in blocking the
neurotoxicity induced by hypoxia in cultured mouse cerebral neurons.
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HIAER A% F{F Har AVF pl
A, Ad834d, g5egy A § i,
uhe], oA EH I 2e A FAS 27
gk HIZ HHEE v EY S i
oF ZE& HAZ ArhAR717t
Aol YAHA HIP L w3
7N1AE ARARTe AkEE £4SddA 7
wilEe A7t Bel Jydn g H3d
Al AE Yo} AAERL AXd ARl Ak
h8-& RS}, mitochondria®] ATP A4
285 TIAFIY, o= A3 NEEHoR ¥
z29] Tih} AxEe] 42 2esiA Bt
E3F 371N E mitochondria W} A
AHEA N ofsied ATV e A,
olEo] MX 9] glutathione peroxidase,
catalase, superoxide dismutase(SOD) %
of ot X|8=#] Kl ZAHA HA| 2o
&4e fds 9P wed HFde
AT oFt AstE 4w 24 #
o] glon AAARIlE HESS HEI
o7 7k A7) 3P4 Ay 2435 B
Qoiz Easm Jos?. =53], 3 AR
H AaAR7e AEee] Az bsiure-2
XA MEe 3ot APEE ZYEA H
B, phospholipase A29] 84S ZJAA
N2L AeAf719 NS F=sdln, AE
el a9 &S F7MA AESAE 7K
AT #BY E= A2A871E nitric
oxide(NO) <} 28319 peroxynitritezhs =
FEZS TED, aspatates}t B2 TRA o}
oAt ¥uljgids BaEgdol? . g zue
glutamate 8439 3112 N-methyl-D-
aspartate(NMDA) &A% Ca®"9 ion
~channel? WH& TFA7L 920, NMDA
F8Ale A7 FEA ol wAte] Ao
g8 P RY, AE Y Ca’’ influxS
F7WA7IH, olzldeg HE W ZE g
olz} ASHLEH FFE Fu, 53] AF

Z4ro] Z7He oA EAQl Ca’*-dependent
protein kinase C(PKC)2l &g &34
HAoezAM Ax MEE FPAFIAY HAAA
AFo] ALE Zstar, Ao Haa W3}
2 fusly AAWEE sk At =
3 AAaR717F @I A EANA eytokine®]
W intracellular adehision molecule(ICAM)
I 22 EFES AY% FUEge fus)
I, A AAEE A2AR7I7F TNF-a9
4L 242 Aeg Bad H Q. o
g oz HId AxAF71e AstE &
AP ARE @ g PAAE HE
& NMDA 48#9 23474, Ca® 9o 2
A2 A1 B8P 2AH D J3?. =
3], A Atz gr1e AAA 5L 2
At A" ALRETIE AAGmEN
HHg sEA7ed F93 9¥L dve
A7AT oatal’®, Aaagrlel Absha
&3 olo] g ArAAG7) AAA L] HEY
4 el 38 g &gl gt dig 1A
< wElEle A7 A= gt W
ol2g|gt AT #HsY FHIo| HHYPot
AAuje} 2o Z}E A A g o] HFAE
B fR3TGE A7 EaHa glon
29 UL ATAMEs HRERS] MRE
#AA oz QFd A e A7 7 A=
7F o]z Uk, B dFdMe= KEBA
o] SEEEERE 2719 BEELBS kA EC]
453 ke A Aok, 8FHY KK
PSS sty AL AaihFoR
Q1% in vitro 318 AHE =3 LA
= AANEEAGF oo T BLEELSBC
AZANZTRZEHRE Fsien, AiLxf
712l 4%<¢] Hydrogen peroxide(H202)Z
s s BAETY #EELEY ABAMXT
B3 aadg JINUT EY B2 ESBEC
AZAAE B3EH 71AS B4R At
o SK-N-MC MXEE o]&3lq AitiFl
o]gt AAME] MEuA| HXE #LEENL
B EFE B 2 AFHE Eus)
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1) Heghty
F Bl £/ 82 ICR A% 02
B7t G5 AF 3 4 © AHE HHESA
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A BEol AH8R BEEDBS EHE FE
Bo WEEHTYd 2Asigen, 1 A
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Prescription of Yeoldahanso-tang(YHT)
Herbal

Name Scientific Name Weight(g)
BiR Radix Puerariae 16
B Radix Scutellariae 8
A Rhizoma Ligustici 8
WET Semen Raphani 4
iz d Radix Platycodi 4
FH Rhozoma Cimicifugae 4

F3iE  Radix Angelicae Dahuricae 4

Total amount 48

2. Weah*
1) el FE
1@2&«] FHRIE Aot AL EADFY A A
100 g€ 574 1L &7 A ZTgxz
°ﬂ S HERRE MRSl 2 A7 BoF EH
E2A mw%ﬂ T FBHE 3,000 rpmelA

202 7 f4EEstY ABxE AHea,
E %%ﬂi AAEFHT T kRSN A

i

24 A Zr Hikkwgste ¥4 A8 E 4T
2) 5 8LE

A EEgoll AFE3 °HA 2+ dimethylsulfoxide

(DMSO, Merk), XTT (Sigma), NR (Sigma),

trypsine (Sigma) & 27} FH/F 59

AZAE 5o Wkad A & i B

d Agar ooz A ALESIAL He3d oF

[<]

S AR R drreld AgsigTt #%
FEE FE2EY e BUS TR H
S o] &3t

o 0.22 m2 micropore filters
sk }oq AF-3FA )
3) il s
e iEARee] Bl B $(1998)'¢ X
ol wet Tt &, AF 3Y @ AH
oM A& HzAS trypsm o]-&3t 3liz
9)3ld E-2lsl th2 phosphate buffered
saline(PBS)2.2 A3ttt MHgs 3
Eagle’s minimum essential medium
(EMEM, Gibco)2.2 33] A3 & Rl A
¥E2 poly-L-lysine (Sigma)22 Z®H
96-multiwelld] 3x10%ells/welld] TEZ
MEZ EFslgd. 58 A¥Xs 36T,
95% air/6% CO:E ZHE A27] WA
gEsRom 3 4 HHoE RS RS
2 waele] FRom 7 d T HEE % K
BEgoll Algstgct =3 SK-N-MC AlE=
37C, % CO2 5%, 95% air, FCS 10%
°] DMEMe®lA #2121,
4) Ei FHE
AEHFEE Ysld AEE glucose—free
Hanks” balanced salt solution(HBSS,
Gibco) 2.2 @¥3F 95% nitrogen/5% COq
2 249 27 elx] AR 2t =FA
21 = H¥E fEsoh oA MEG
SK-N-MC AZ7}F 80 % A2 o A& =}
TARE AASH] 93 8714 glove cabinet
o] B3lA e +%7F U= 37T incubator
of 5% CO22F 95% N. T3/3]olA wilsl
o} AFAEEE blood gas analyzer® %38}
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%o, chamber W9 Aa FE& W% 7]
¥ 10 ppm °[HE fAFeny, whid
medium ¢} 4FAEY-ES hypoxic chamber
2 &% 15 ¥, 30 ¥, 1 A7, 6 AL,
48 Azl 4.3, 3.0, 2.2, 2.0 183
2.0£0.2% 7tA] Zt7} BolRle HHE X
gyt

5) AaA{7] Ae

H2027F AF 9] A2 A 2ol v &= J&
= ZAF] 3ted 4F AIZE wiEs di Al
AR EE 0.6% D-glucose7t S8 MEMS
2 3 3] AAZ g2 10~80 uME o8] ¥%
2 Zgste EFF ohg ol Zhzbe] wjgd
AM 2-16 AIZF B A F B3

6) Ee] MipEt 5% € BEEIEFT

E39 R o

O XTT, NR assay

XTTY EES Astd Hdo) k3
FE52 BEY 5 dHmSieeE PBSE
3 3 A T Ad Az 3 mg/mly
XTTE welld FHBER 3A3te] Qo 3
7C, 5% CO, 2 ZHE H7oAM kst
Ao, #HEel £TE F o|& DMSO= &
g o3 spectrophotometer® 530 nmol
M FBEE JE % BT e REsta
. NR9 E&2 Mosmann(1983)<} 1y
d Wt & Yoy FAFFEEE AT
BE oo #HlE phosphate buffered
saline(PBS)2.2 3 3] Ay ¥ Ad Az
5 mg/mle] NRE welld HZ BER 34
3t Y& o8 3A1ZF B9 37T, 5% CO,
2 A" F27dA BENY. #E 98
% PBSZ 3 3] MA%F 1% formaline®
IS S spectrophotometer® 540
nmollX FFEE HIEst Y ik 5
sttt

@ MTT, SRB assay

MTT AZL Mosmann®9] #hHo) o5t
o HoOot FAFZ 5L A2 vjok AAA

X E PBSZ 3 3] Al¥F F A2 AxF 50
mg/mle] MTTE welld HFTFER 8|43}
o] Yol 37C, 5% CO, & 2" F711A
mjokaisie}. vt 98 ¥ dimethylsulfoxide
(DMSO, Merk)E 2|3} tha- spectrophotometer
2 590 nmolA FFEE 23 T 2T v
o AT, AR ARTIV A e ER
APAIZE Bt A g dHAAARE 0.4%
sulforhodamine BE 200 (¥ 78l 1
AlZE Bt Ao A b3 1.0% acetic
acidZ 3 3 MHsgct. M3 $48%F 10 mM
Tris baseE °©]€3l SRB-bound protein
<€ =<l ¥ ELISA reader® 540nmolA &
P g 38t dz2ad vlu 2ARIEY

@ catalase ¥ SOD #4573

catalase 8739 43472 130 mM phosphate
buffer(pH 7.0)9} 12 mM H:0:2 +48%
Hkgolol] FANE 40 WE 7hetd Z =%
sttt YRS WS AN F
catalase®] YHHE FXF=AZ 240 mn
A EAE st 4o L W 85
2 s

Yoy geFEEd izt SOD &4l
#ES 1.5 ml Tris-buffere] 0.1 ml &
£y FAuESARE Wy 25ToA 10 B
B whgAIHT. wegs ¥ 0.05 ml
IN-HCI¥ 78t 2 &3t ¥ 420 nmel
A FE=E 2% uxEd vln 2418t
Aot

@ PKC ¥ TNF-a 8433

ALy FFEES IA AT B A
23 R AFAZANA TNF-a H3lol] 13|
t 9% 2] Yt dHABMNEE
A A B A= E F anti-rabbit
TNF-a¢} phosphatase-conjugated goat
anti-rabbit IgG ¥ 2,2"-azinobisE *&
& o3 450 nmollA A ZF BT E=g
ALy FAFEES I A TG A
AN AMNEE HPE Hu, Chakravarthy
5(1990)9) ¥Whyel wat EAAT ME
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£ Y49 PBSE Al 0.5 ml o ¥&
% hypotonic lysis medium (1 mM
NaHCOs, 5 mM MgClz, and 100 pM
phenylmethyl sulfonylfluoride)o] 2 #
<t Agsta oAl 28 <t vortexingdhed
S3A1Zick, ol F ¥EEE 4T SollA] A4
gt} A3 L] e MEE 600 x goll
A 5 5 AAAIZIY. Membraned cytosol
82 100,000 x gollA 10 & &< 244
&l (Beckman TL-100 ultracentrifuge)
3}, 2ol PKC 842 MARCKS protein
o 5]l PKC-<lAtsld 3l33= peptide
substrate?] Ac-FKKSFKL-NHz& ©]&3}
o FAsAct.

o] 713 peptide® EE F83% PKC
isoforms ° 98] F&3A A Ao
2 A, assayg 93 wHdol= assay
buffer(50 mM Tris-HCl (pH 7.5), 5
mM MgCle, 1 iM CaClz, 100 uM sodium
vanadate, 100 DM sodium pyrophosphate,
1 mM sodium fluoride, and 100 UM
phenylmethylsulfonyl fluoride]®| 3-8 ug
o] ela-S ¥33= 20-50 #£49] membrane
suspension £93 10 w2 750 pM PKC
712 peptide (50 mM Tris-HCl] buffer,
pH 7.5)% 7Btz % &%3% 50 mM
Tris-HCI buffer(pH 7.5)& 90 w7} A
FFHoz 2T, &2 102 500n
M (®*P)JATP (220 cpm/pmol in Tris
buffer: 0.5 mCi/tube)E AlFsld, 25T
oA 10%® Bt wreIlm, 109 5%
acetic acid® W8S HAAZT. ¥gd&
16,000 x gollAd 5 £ F<F A9}
90 ple] AR AL P81 Whatman paper®
=711 Az, RS 5% acetic acid
2 108 B 7PEA stirring 3t A3
At P81 Folol H&3g radioactivitys 4
BAE71 ot EHsATh 71 peptide
ol &3%4€ radioactivity® A4 935l
H|Eo]3 AL peptide’t & AHY A

A2A At

® LDH &% ¥4 DNA &438%4

LDH #&4-2 200 mM Tris-HCI buffer,
1.5 mM NAD, 0.32 mM HCI¥# A|8& &
gl & 37ColM 5 ¥ B A v 0.1
N HCI& ¥of & &3, &3 ¥ ¥h8o]
289 g 500molA FFEE HEst ¥
A HEd ST DNA #3dES &
A3y g8t AEXEL2 PBSE A3t
lysis buffer(10mM Tris-HCl: pH7.4,
5mM EDTA, 0.5% Triton X-100)& °]&
3lod 4TCollA 20% 7+ 832171 F 4CAlA 15
¥ 2+ 27000xg oA A8 A 35
9] DNAE d¥, HE/Z222XE1:1,v/v),
agn E22IEY A HAR FEHUY. 1
23 DNAE 0.1 vol. 3M sodium acetate
(pH 5.2)¢ 2 vol. ethanolZ HAAHAUT

DNAE TE buffer( 10mM Tris-HCl
(pH 8.0), 1mM EDTA)Z &3&l3t9 1 37C
oA 1 Azt B2t 40 ug/ml RNase AS A
Ak DNA 55+ 260 nm oA F3F==2 &
Qlsta, 20 mg DNAE TAE buffer(40mM
Tris-Hcel: pH 8.5, 2mM EDTA)E 1.5%
gel AolA 7] 4% sk AV1dE ¥ 15
¥ 7+ 0.5 mg/mé ethidium bromideZ &4
3l UV transilluminator& 3l 813}
At

® Fesrd Wzt

DNA® g4e 5 x 10° /1e] MEE 2 g
/mé DAPI (Sigma)Z 30 ¥ E< 37TCel
A Agsta, gFEnde=s #IEsianh
DAPI g4<& 339 T3l AAE
F2A gAZth dolle AEXE FAEY
3 A7|9} FE YFE EHolx, wHHd AR
TAE dojd AlxE 59 A 7
g3 32 5 g,

@ Caspase 84 &% % Western Blot

ek

SK-N-MC Al¥+ 60 mn plates °|A Al

FE A BT ALET AEY chamberol
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A EgFEAT. AaaF AX T oujgds
AAsL HMEE PBSE AL T 50
lysis buffer( 50mM Tris-HCl: pH7.4,
1mM EDTA, 10 mM digitonin)< H7H
o I MEEE 37CoA 10% I widsh
o oWt F, OREREES 108 7 15,000
romolA  AERAIT. deo= B
lysate (50 ug protein)& 30% % 50 uM
Ac-DEVD-MCAY 60 ¥ 7} Ac-YVAD-
MCAS} &7 w3t #vle 7-amino4-
methylcoumarin (AMC) 2] %2 380 nm °l
] excitation 3}l 460 nmol*:= emission
3= spectrofluorometer & ©]83t] 33
o g @9 37Cox £9F AMC 1 pmol
olsle AL F4 o7%oZ HoHUh
Western Blot &%l ©l8] 5x10° MZE
Wztd PBSE F ®¥ A3, buffer A 500
“ ( 50 mM Tris; pH 74, 1 mM
EDTA, 1 mM EGTA, 250 mM sucrose,
2 mg/m¢ leupeptin, 1 mM PMSF, and 1
mg/md pepstatin) & H7I Joh. AEEL
Dounce homegenizerg ©]83tq 3%
on], BHEL YAE 93l cytosol@
membrane ZZ}o2 FEHJtt. EMEFH
membrane< SDS sample buffers} g7
5 & 3 #BAC F%9 Azte AEE2(20
pg) 4T 1 AF B 100 V2 12%
SDS-PAGEE i, nitrocellulose filterl
transfer 3t filters F20A 1 Al <
5% non-fat milk7} E°1%= TBST(10mM
Tris-HCl: pH 7.5, 100mM NaCl, 0.1%
Tween 20) & A2J5l%ct. Human anti-Ich-1
(caspase-2, Santa Cruz), anti-caspase-
3(PharMingen), anti-PARP (Clontech)&
1 2} A2 AR83I% 3L, horseradish peroxidase

-labeled goat =+ mouse IgE 2 A YA=Z
ARgaisitt. gAuks W=+ chemiluminescence
(ECL Western detection kit)Z EZch
Cytochrome ¢ Y¥ZL mouse TAEEA
anti-cytochrome ¢ S ©]83l Western
blot ¥4& sttt

7) #iEt EER

By AR o f2)4d9) AL Student-t
testol 23tem™ p gkol 0.05% 0.01 °]
3l Ak Rl A2 st

. BRI

1. MAASO o8 th-AAMES 2
ATt msENp BREEE

AAAZo] W& in vitro ischemiadl =
29 A7t 2 #EEASGY] HErt dE o
HAANE vX e dFE ZABP] 5o
AMa: AUz 2HE F2710M AXE 4
zZ+ 2AIZHA 16412 B =&EAIZTYE 2
T AFe PELL XTT ¥ 93l iz
T vln ZAMG 43 2 ¥ 3 =E3TdAE
AAZ] vlEled AMEZPEEO] 10.9% HA:
stgon, T3 4A17F 8AIZE, 1641 =ET
dMe Z+7 30.9, 47.3(p<0.05), 76.4%
(p€0.01) & ZAsAY. 53] AL T =&
TN XTTso &S JEblTh =& NR B %
oz 233 AR ol¢t {AR AAE HY
tH(Table 1A). HEELEBS FAT 43
M o3 AE YEEY 4yl & 9
FHoz JAHE ZA¥S EAJH(Table
1B). °j8% ZIde AidLFe AFEEHRE
}E BAFE AojH MLELEI AMNLES
AEEHS d3ste E945 veRd Rolo
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Table 1. Analysis of hypoxic injury
after in vitro ischemia in cultured
mouse cerebral npeurons and the
neuroprotective effect of YHTWE

(A) Time-dependent
cell viability after exposure to in vitro

relationship of

ischemia
Experimental Time of exposure to in vitro ischemia (hour)
Group
0 2 4 8 16
mw/m) 10551006 049003 0.38£0.05 | 0.2940.03% | 0.13:0.01%

____,___J______lw
NR absorbance | .00 (0474003 0362003 | 028:002%

Uind) 0.14+002%

(B) YHTWE dose-dependent relationship
of cell viabitity after exposure to (1
vitro ischemia

Experimental Concentration of YHTWE(g/nd)
G 6 | 5} 0 | 1w 200
mm‘)"m 059005 |DS140,04 | 0.430.04 ] 0.4930,03% | 04280034
NR ahsorbance ) *

Ul ﬂ).a):to.oai 10.5#0.06&4210.05 0394003* | 0.35:0.04%

Cultured cerebral neurons were treated
with hypoxia with various time intervals
and various concentration. YHTWE:
Yeoldahanso-tang water extract. Data of
(A) and (B) were measured by XTT and
NR assay. The values are the meantSE
for 6 experiments, Significant differences
between groups are marked with asterisks.
p value, *p<0.05: **p{0.01.

2. MAXIRY AM2lE olst thHMAAM
ZOf AT REEBPREI BSHE
H20: 2 59 A2A2e87171 wigd i
NAAEA nxEe dFE AP st
HoO27F 10 uMollA 80 uM 7tAe] 58 X
A Yoy PHARNEE 6 ALt T
okt & o029 S EAE MTT assay B
o) o)t A AT 10, 20 uM®) Hz20:2
Azl EolNe Azel FEgo] A4 (100%)
o] wvlstd zZFz} 72.4, 63.5%% EIKTH
40, 80 uM®] Ho0z Azl X= AxEe] A
Zg0] 46.7(p<0.05), 34.8%(p(0.01) = &
Az viasted fedsle A4 2HE BA
on, SRB Yoz AAT o|RAH FAIS FF
< B89 tHTable 2A). HpOp M| A 3kel| ©HE
GFFE GA] 8 A7t oA R AFTAME
S AZAEEY 7142 89T 5 3
R (Table ZB). MTTs Rl &t 40
uMe  HeOg, 8 AIZHE Xe)etar BE AN
2 593 AFFAMNE 100 p/mlE T
AP FoA txFol vlgle] RPUe HME

BEES Airt AAHE= ZRE BT
(Table 3C).

Table 2. Analysis of H20z-induced
neuotoxicity in cultured mouse cerebral
neurcns and the neurpgprotective effect

of YHTWE

(A) Concentration-dependent relationship
of cell viahility by HeOeinduced neuotoxicity

H20% Concentration({iM)

Assay Method

0 | 2 4 80
MTT absorbance
% of || 724883 | G351 | 472850 |3image
SRBasay N o0} oias65 | 63s6s | 8588 | 9833m

(% of control)
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(B) Time-dependent relationship of cell
viability by H202-induced neuotoxicity

Hy0» Incubation Time (hour)
Assay Method
0 2 4 8 16
MTT absorbance
(% of control) 100 | 803170 | 614256 | 43.644.1% | 225419
SRB assay
% of contral) 100 | 749164 | €0.1455 | 41444.0% | 954318

(C) YHTWE dose-dependent relationship
of cell viability by H2Oz-induced neuotoxicity

Concentration of YHTWE(ug/nf)
Assay Method
0 CONT 50 100 200
MTT absorbance
% of control) 100 | 428133 | 517455 | 658443* | 597439
SBassay g0 | 44247 | 59256 | G05241¢ | 626168
(% of control) o e o e

Cultured cerebral neurons were treated
with hydrogen peroxide(H202) and YHTWE
with various time intervals and variuos
concentration. YHTWE; Yeoldahanso-tang
water extract. Data of (A), (B), and (C)
were measured by MTT and SRB assay.
(A) Cultured cells were exposed to 10,
20, 40, 80 uM for 6 hours, respectively.
(B) Cultured cells were exposed to 40 U
M for 1, 3, 6, 12 hours, respectively.
(C) The cultured cells were preincubated
with various concentration of YHTWE,
25, 50, 100,, and 200 wg/ml, respectively,
for 2 hours before exposure to 40 UM
H2O2 for 8 hours. All values represented
the mean*SE for 6 experiments. Significant
differences between groups are marked
with asterisks. p value, * p<0.05; **
p<0.01.

3. AtslE A (Catalase, SOD)Sl &
M &3

AXAZo) catalase®t SOD T9f. #4rst
Tad vXE e FEIADL. AdaF
] Alzte]l 30 ¥ ol ZAHstH catalases
AT wleted  53.7(p<0.01), 46.7(p
{0.01), 27.6(p€0.01)%= B0 RAAUA
ZHesle 7A%S BYoH, SOD= 57.8(p<0.05),
43.2(p€0.01), 32.6(p{0.01)%Z Egd°] ol
IA #Axde ALFE BRIt (Table 3A).
AEREE500 5t A& ALdEF9 30
B AElet L ELHS 2 AT TG AA
g3 AP TN BEFEDE FEES 100
pg/ml ©]’d T3 AETAA catalases
ARF Bleeqd 63.1, 82.1(p<0.01),
78 4(p005) %2 Zvkshs ZA%e HIPoH,
SODE 68.3, 85.1(p€0.01), 77.3(p<0.05)%
2 g4o] Z7Is AFIANE A dAIE &
Ag 4 JUH(Table 3B).

0Ok

Table
enzyme activation in cultured mouse

3. Analysis of antioxidant

cerebral neurons exposed to in vitro
ischemia and the neuroprotective
effect of YHTWE

(A) Time-dependent change of catalase
and SOD activation in hypoxia-induced
neurotoxicity

Exposure time to hypoxia(min)

Enzyme Activation
0 10 30 60 120

Caralase activation

*‘ *
% of control) 100 | 836878 |53.746.6%#| 467484 | 27.6t46

SOD activation

* L] 4
(% of control) 100 | 794183 | 57.8:7.7% | 43.2448% | 326146
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(B) YHTWE dose-dependent change of
catalase and SOD activation in hypoxia-
induced neurotoxicity

Concentration of YHTWE(ug/mf)
Assay Method
0 | CONT | 50 100 200
Catalase activation
(% of control) 100 | 528161 | 63.1454 |82.136.6%*| 784L7.1%
SOD activation
(% of control) 100 | SLI1354 | 683475 [85.147.5% | 773469

Cultured cerebral neurons were exposed
to hypoxia and YHTWE with various
time intervals and variuos concentration.
YHTWE: Yeoldahanso-tang water extract.
The activation of catalase and SOD
was measured by spectrophotometry.
(A) Cultured cells were exposed to
hypoxia for 5 to 40 minutes. (B)
Cultured cells were exposed to hypoxia
for 20 minutes and preincubated for 2
hours with various concentration of
YHTWE Dbefore it was exposed to
hypoxia for 30 minutes. All values
represented the meantSE for 6 experiments.
Significant differences between groups are
marked with asterisks. p value, * p{0.05:
** p€0.01

4. TNF-a2 PKC &4 &3

AdaF A 2 agEdgo] wdd o
AR mXe FFE TNF-a o2
PKCel @49 FdolA A H3te] A

ZAAXE AiaF ™o Z4z 10E0A
120 7M1 =&3AZ F ArkihFe] AHela]
ol W& TNF-a¢t PKCe ¥4 ¥H3= A4
o3 Blmatlen, Z4zte] e pg/ml(TNF-
a)9} th 1x10%® cpm/ug protein(PKC) o2
HEABIATE. 60 & oS Atk =%
AZFolAd TNF-a gto] BTl vl
49.0%9 ®eANE S BEIHYeH,

PKC9] #e AikaZ A7l 30 € °l4H
' APTFNN Frkete A%E B §
ARez fAF FFEL oAU (Table
47). BEFENIF] TNF-a8 PRC 49
X e FEE B3] Y8t 3 AREESH
ML ELBS AAL st 60 ¥ B Ada
Zo =23 A Ads A=Z 77
73.7%% 51.4%% %713 TNF-a¢} PKC
gAo] #LEEAE 50, 100, 200 pg/m<
A2)g AP FAM TNF-a8t PKC 84 F
ZHEe A%E Bgen, 53] 100 pg/me
ML ELHE FAT AEFAME TNF-a9
ol izl wsle] 30.7%%2 F948Ude
729 A3E 2tH(Table 4B).

=

Table 4. Analysis of TNF-a and
PKC activity in cultured mouse
cerebral neurons exposed to in vitro

ischemia and the neuroprotective
effect of YHTWE

(A) Time-dependent change of TNF-a
and PKC activity in hypoxia- induced
neurotoxicity

Enzyme Exposure time to hypoxia(min)

Activation 0 10 30 60 120

(gr:ll) 3136£2571339.54317 (38798435 | 4674844 2% | 43643757

C activity
(IXI0 g ke 49505 | 44805 | 59106 | 55107 | 51407

(B) YHTWE dose-dependent change of
TNF-a and PKC activity in hypoxia-induced
neurotoxicity

Engyme Concentration of YHTWE(ug/nf)

Activation 0 | CONT | 50 100 200

NF-a
(o) 295623721 513.6428.5 | 432.6£38.81359.7427.5% { 43261514

iy ) 35105 | 53 | saeas | 4700 | 46207
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Cultured cerebral neurons were exposed
to hypoxia and YHTWE with various time
intervals and variuos concentration.
YHTWE: Yeoldahanso-tang water extract.
The activation of PKC and TNF-a was
measured by radioactivity using liquid
scintillation counter immunobserbent
assay. (A) Cultured cells were exposed
to hypoxia for 10 to 120 minutes. (B)
Cultured cells were exposed to hypoxia for
60 minutes and preincubated for 3 hours
with various concentration of YHTWE
before it was exposed to hypoxia for 60
minutes. All values represented the meantSE
for 6 experiments. Significant differences
between groups are marked with asterisks. p
value, * p<0.05: ** p{0.01

5. NiarZez REEHs MAMED
At #2250 SMEDAL &E

Aia AHE7t SK-N-MC M Xl A ¥EAL
g f5dthe A U] H3ldg Aika
el ¥ SK-N-MC A%l LDH #3&
A ZejFHo A SHE AEEZFE ]l
Fot 6 Al B¢ AAk: A2 E s LDH
27t 10% 718t em 24 A7t o] A
25t AMrA e E A e 4Tl vlst
o LDH &7} 30%(24hr), 40%(36hr),
60%(48hr) 2 foAde F7HE B AT
EACZ AiAi A <% LDHY 7t
£ el tH(Fig. 1Aa). 24 A3t B9+ A4k
A Aeshe B9 #EEAHE 10, 20, 40,
80, 160 pg/mt A Atz vjgd Y29
LDHE #&8& 53T 24 40 pe/mb ol
o MEREABE AT AFTA LDHY
ezt Aadte A4S vehien, 53] 80
pg/mee] BEFEAGE FAT AT A
AFAaghE A3 diZ2wol HlEtd feAsle
LDHS] a7t FEHAHFig. 1Ab). ©18
3t A XAPEo] M XA} apoptosis)ol 2igF

RAAA  MEAXHnecrosis)oll g RAA
T3] sl F71 A¥e APt F
internucleosomal DNA ©#3 437
chromatin dyeZ o|&3t] e g #F
< APt Aakx A2 AXelM DNAE ©F
712s A A719%E o83l oligonucleosomal
fragmentation® LI Zd} Al A3
SK-N-MC AFoM FZE3 F& BAZF(180
base)e] DNAY LDH #&le $7tst A
3tAl Jelith. & ethidium bromide® &
Ag oplzx A oA A EFHo R
oligosomal DNA ladder 7} A4S} (Fig.
1Ba). ®%EAE7F DNA Q¥ e
AEL 3 Ay 24 A Aikh AL E Y
A BEEABE 50, 100, 150 pg/mE A
23 A¥ A= DNAS @3 dgo]
B g AE TEY 5 UUKFig.
1Ab). =3 DAPI 94& B3to] o] e
A WIs A3 Ay AAELAHEE SHA
3o FATAME F&FHo] BAHA Y
o, Aia: A2 A EHoR Ao &I}
g el @Az} F L apoptotic bodyE
#Fs £ dden, 24 AT AL AYE
AN #MEELBS FAT AFFAME ¥
o] ¢33 FAA 9 HHo] Ho|rje ARt
2z 9 FAaA e dHsyE dAHE §

o] Migls #IAY F AU (Fig. 2).
olg) gt AAta A2 Q3 SK-N-MC A%
o] AEDAL gl BAs= 71AE gotiy]
sl o] dHsle] HF =22 caspase-3
o] #A3 FE FFEAPHIA Western
blottingS E3kd &A1, caspased 7l
9l PARP w¥ie] ®¥Aslz Qg dids @
et & Aaka A& Al d2 At
oA o Z caspase-32 BA3E AFL &
JRed, 24 Az Aara Ay F K43
v 718 JElgon(Fig. 3Aa), 24 Azt
Ak A9} A #mEEABE FAT 2
3 caspase-39] Aol JAHE AYS B
A3, B3 #EELE 80 pg/me] Xl
Ne AT 74 d4E EAHFig. 3Ab).

=
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a8 caspase-39] 71E &9 sl
PARP7} caspase®] €43 4 71l
t & Hon, BLEVGE Fo% 4
P Me o2 JieEdl ol A=
A& BAHFig. 3B). 283 cytochrome
cq 218 A sk AMEZ7 membrane
oA cytochrome c9] ¥ Western blot ¥4
of o8] 3 kTt AAita A F MxA
N9 cytochrome ¢ ¥ S7HE= A%
< Ho wEo R Qe fEive ARE
Bom o|A EJ HEELH MR o]
23 ol FiaHE AHE 2RI} (Fis.
3B). membrane &Ztl|A 2] cytochrome ¢
9 &F& A7t oJEAH Ao AT AEE
Bow o|lydd AP MLEEEY Fo
2 dA e AFS e cH(Fig. 3B).

(A) LDH release

180
w] @ T
. 160
£ 1]
,g 150 T
140
= 1
2 1
=
3 120
8 101
£ ]
5
8 T T T T U T
0 12 2 * s

BExposure trme to hypoxia (hour)

160
(b)
140
130

120

—

1104 i

90 (ug/mb)

80 T T u T T T
40 80 160

[~
-
o
8

Concentration of YTHTWE (ug/me)

(B) DNA Fragmentation

Exposure to hypoxia (hour)
0 12 24 48

Concentration of YHTWE (zg/ml)
0 10 50 100 150

Fig. 1. Apoptosis induced by exposure
to hypoxia in SK-N-MC cells and
antiapoptotic properties of YHTWE.
A: Time-dependent change of LDH
leakage during hypoxia and YHTWE
treatment. The cells were exposed to
hypoxia for the indicated periods, 6,
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12, 24, 36 and 48 hours and treated
with various concentration of YHTWE,
10, 20, 40, 80, and 160 pg/m¢ for 24
hours of exposure to hypoxia. The LDH
leakage was measured by spectrophotometry
at 570 nm wavelength. B: Time course of
DNA fragmentation in response to
hypoxia and effect of YHTWE on
hypoxia-induced DNA fragmentation.
(a); SK-N-MC cells were exposed to
hypoxia for various periods (0, 12, 24,
and 48 hours). (b); The cells were
exposed to hypoxia for 24 hours and
treated with various concentration of
YHTWE, 10, 50, 100, and 150 pug/mé
for 24 hours of exposure to hypoxia.

Fig. 2. Morphologic changes of
apoptotic nucleus of SK-N-MC cells
exposed to hypoxia and antiapoptotic
effect of YHTWE. Hypoxia induced nuclear
DNA condensation and fragmentation.
Fluorescence micrographs were taken of
cells stained with DAPI. Cultured cells
incubated with normoxia (A), hypoxia
(B) 6 hours, (C) 24 hours, (D) 48
hours, and YHTWE (E) 50 ug/m¢, and
(F) 150 pg/mt for 24 hypoxia. DNA
condensation and fragmentation were
observed in (C) and (D), and DNA
condensation and fragmentation was
rarely observed in (E) and (F).

(A) Effect of hypoxia and YHTWE
on caspase activation

1.8-1

o 0 0 O = = = o4
» ®» ® o N » ©®
W 1 h " f

X
N

caspase-3(nmol/min/mg protein)

=3
o
n

T Y T T T
6 12 24 36 48

o 4

Time of hypoxia(hour)

187 (b)

164

1.4

1.2

1.0

08

0.6 4

04

0.2

o 10 2 0 80 180
Concentration of YHTWE(ug/ml)
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(B) Western blot analysis of caspase-3,
PARP,. and cytochrome ¢

2 3 4

a b c d 1

Fig. 3. The change of caspase-3
activation and decrease in proforms
of capase-3, PARP, and cytochrome
¢ release induced by hypoxia and
treatment of YHTWE in SK-N-MC
cells. A: The activation of caspase-3
in SK-N-MC cells were observed after
exposure to hypoxia for the periods
indicated and treatment of YHTWE
for 36 hours. The caspase-3 activity
was measured as described in Materials
and Methods.
meantSE of triplicate reactions. B:

Data represented the

Representative Western blot analysis
demonstrating the response to hypoxia
and YHTWE treatment. Expressions of
caspase-3, PARP, and release of
cytochrome c¢. Lane a; normoxia, b
exposure to hypoxia for 12 hours, c:
24 hours, d; 48 hours. Lane 1:
hypoxia for 36 hours, 2. treatment of
YHTWE 40 pg/m¢ during exposure to
hypoxia, 3: treatment of YHTWE 80
pg/m¢ during exposure to hypoxia, 4
treatment of YHTWE 160 pg/m¢ during
exposure to hypoxia

V. & &

B LT g dHAAHE
< 3Ry Ao E vehle R
o] MFdAM e & 5 3o
gL = 71Ee] FEitael olE8d
' gy RE ARE kY Rl e,
o|5 ztel MHAE Mzt FAZF AE Wl K

o I

B Kol vehdA gtz Bo Ao o
g 59 KBEAY 7% HA - mE - misn
fE 5 AW TS0l e A HE

A Gedeg ¥ oz d4e KAl
Bifol Frkhfivhate] ojal Bgdo] AstHw
8T RE MRS R EE A@stA =
7] W Folgtm Bm gich. webd oj2d
2 W3l sutElE RN T A%
ste] FE Zo] a9 Fd Wikl & F
Atk KA FSREBRS 2SS B
BY HSESBHS TRESHET, HEK
B AFERZEZ 4 F, o] 2 ulge] AviEol
AT ZEEE o] EHOD R, REVE,
iR 5SS Xgstgd, oo BEED
Y O RHES KRA EHE F KB
A R RIE Bl JHT AN ETL Ee
Aoz dgx Yo??. weld HE= A
HAMZ] g MLEELHES LT F
Ag Aoz AzkEtt old Az uixAl
AAEE in vitro HEEL =Z33 ©
HEe] &3 Tt 71HS EAstn ML
Be AAAE B3RS B3 g}

AT W Polut JarhZo] AslE &itol
gtk Bart o] Hu o ot
A HAF] tEte] BL ARAEL o]E9]
Wola @il Wig JlAFE &3 A
e et 2EE ATFE FAPsled ¢
T;}_6,10.13,16,24)' /“ﬂﬁ_xz_oﬂ %“B\L‘{?} /&_/-:53—%}0] o]
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Aol i AitrFL XA F8
g HQle] itz A4 maAQ
AT HAE &40 2 Qlate doiA
NE HIEslA gFFe, 719y 4
7bA ew AsPA zhdolu Aulel T
g oplaprix ¥ Be|, Axs
Z9] Z7ldle AX Y9 thkst A3tEA
2 Z#H A Hed 1 F shirl 84
o] Aottt ® = s zo} o]
g HILE AE U AsHE QAtsrg-9] A
o2 sty ATPY A4 A7 fE=HH
o] I3t ATPY wAl#g oA xanthine
oxidased] €& @27 PP

AR FAEA dAFFCOME &
o] A=Y AAU] AISEEAR] catalase
Y} superoxide dismutase(SOD)el| <}3}o
EZ2 HEEo AAde ¥UE 9L 4
3tk a3y 2954 SV 91l
SHH I Z2E Ao AAHR] B A
&Z7717F Ho| A= o] HAAAEE &4
BtAV AFEAIA WS JEEsiAIga gF
A Stk oA a7 AteE 3o
2 viAE HAS A HHe U=
glutathione®|Y vitamin E¢} & 34k}
AEL FAgozA B X84 a4E 4
3 g}, webA FABAEL Hopgk A4
718 AANFoZN HAE 3 H/AA FE
H 283 98< Ik Bad 2AEH
AR B ETS} ol tidk Wo] 2
3Bz i 71AE Wilge A+ F
3] 23)slo] o

T3 A7 glutamate FEA90
gt AFA AR FEAoR| A
(excitatory amino acids, EAAs)g ¥4
E SAAYE B uet ARAREY] &
o)l Abazli719 EAAE o3 AAAAS
o 79 #Hgd gglez ANHYR? . z2
o] Aol ALA7]E glutamate 78
Ale] 39l N-methyl-D-aspartate (NMDA)
FEAE Bl AW Ca®'e F=E 37}

fl
tfo

& ol)l Ol)‘ Ol
=

oL
o

AZ o2 AZAA T &4y HEE 28
gk Bag up oS, B3], Q) ol 24|
3 e NMDA 484 a-amino-3-hydroxy-
5-methy lisoxazole-4-propionic acid(AMPA)
2 Kkainate receptor®t &2 89} ¥ ol
Ao FAAAS ZAHdE FaT &
sz Jo*? . 2 ZoA Ca®" 9l jon-channel
7 4A-3 A7 9 NMDA receptore= ¥
EAJopm|icAte] HxlFol ojdle] &3l o=
R 2 A% AZ Ca® FEE FHAYY
T= AE U ZE 44U protein kinase
C(PKC)et 22 AzAgAAd 9L A
NTE £33m® 27498 7iEsAzI

IO TG FAE FolA f M
Bo] AAAR719] AslE 4oy EH4EE
o o& oprisle ZF AZAWAS X854 )
S axAolgls AR T Bo] o]FoR 1
ATHE? 23], FdekAE Y R
Hlgld A& =47 0|2 QI3 3ol A7
ol FIEe] A7t Bol o]FAA 1 ¢
819 olggt AFE st ARHCL &
£729 "Wy gdo] /NAEor, 53] wjY
ATE o] &3 Hendo] FE9 A¥rds
galste] go] o] 2olxm P 2 o
T Aiti] o3 PG CA AR
o] AA=A g "ol HEELHY A
AAE B37AE A7stazt 3 Zoldt. wet
A ARAaZFo 2 FEF in vitro 8] tid
ARAMAES} NANE FEMEL SK-N-MC
A X vAEs G ZARIYT. AdLF
o] W& in vitro 38 =F" A7 2 #
2545 Ae7F idd dHAZA E] |
AE 9FS AR A3t AdAE BH=
2389 AN AEE 7z 2 oA 16
B B =2AZY. O F AR HEES
XTT#H NR Hol sty Hdad #LED
BE A APTFNN =& A EH o=
AL AEgo] Frdte e BEIIAUC
(Table 1A). £33+ #ERLH S Foig 4
HolME o33 HE AEES LIt T=
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oEHoE dAHe A Yo
(Table 1B), °l8&d Axe AMET9 A
FI=AT BEELEI ARG AXEHY
3t A9E HAFE Aot} o] e A¥E4n
£ Borgers$(1990)7¢] ®.ug do} 4
A ES} HAH R £4E 2gsHvE AT
A#9l dXste Aolw, 1 W<lo] FHEA
A ARLAR7I7F AEE &7 A
Aoz PAAYSBM = Hya YAE 2
221 Q3 Al Eute] x| A nbaksint-gd
o &4 9 DRAF YA T EFAY
¥&ge] ajle] Adetn Yz 5 Us
om12329  mggE/io] ol2jd 4l
&) dAEHRE Y= AL #8s)
o EF Ho0:2 fEF AaA471 484
2 BT AE &3 BEEgo] v
dge A dI AaAgrIA e 59
AR o2 AEEGE FIeigon, #
ERLE A ARARTIE LE MEE
2& JAske AHE BHIIYHTable 2).
T AikAa Mo o7 A fdet
ANABNE £44o] Aty &4 71d 3 BA
7t JE7He gotir] {td AdAFToZT
38 /=3l catalasest SOD2| 3H4kst
B 848 AT Aita Ak H]
#l5le] catalase®t SODY #Ao] ZAHY
ori(Table 3A), °l8gd A=A FHHo]
el &4 AT FHo| e Hew F
A3t 3, HEA| YAHE L2717 A E
g Fgdte] AxU gilstalel A4S
AAFo 2z MELEGS 2T Aoz Azt
a0 W mERLG F2ES T4
3 Ay AALE AHRlZ2 22A4F catalase®d
SOD9] 84e] F7ksk= AHE RATHTable
3B). °l¥¥ HAie= BLELYG FE2E F
BAET AaxHRT1e AdsE &g sl
AR T BERE2 Jistasr S48 B
3t} o]BORE Aoz AP o
23 AFdE I FgAe AbskE Edeoz
s FgE B2 JAAAEZE Po] YRE B

% rlf

¢

o,
X
i jo 38 Mo 2

¢
=

s

s
2

3t A7ATe} XS &
T}16.30

SHA | §{¥o] AAME &Y
9 32 TNF-a % PKCY
FeE AR LR, BEFELE F
Aelstay 1 AFE st Aita
Al TNF-a ¥ PKCY &40 F7lete
BH 0 (Table 44A), BEFEDE AAl &
o FI7bt dAlEle FEE EXH(Table
4B). Kham$"o] atzalgr]7t g E
oA cytokine®} intracellular adehision
molecule(ICAM)Z} 22 EZAES A3
TS fFidve d743E Eusd
on, ol2jgt Aye FHEA AAE AaA
717} TNF-a®] &4E& F3AZE 7Fsi el
2 Aoz HAEY® uwepd B A9 2
e o o3 A AR oz
A Aute] ikslh-E-a} cytokined HIE7H
g MEEDE FE2E0] FiEARE e
o2 AEA 4o 2R MAHNEE B3
?—‘5} Z‘i—o—-i ‘37—]’%3}16'24'30'31). 51;_1:5} Zﬂﬂ'ﬁ‘_
A AE GV TR oAt
¥HlE ZZA]AH NMDA receptorg A=
gdozn AE U ZEI/HE st FA
o HE W ZHFEE7:= Ca’’- dependent
PKCe] 842 F7HAHE 714l =& A
oz YAHTL D

olgl gt AitaFe AAME £ JHe
2 AEIAY Bdte A E st #%
FGol MEDAPIA vlXs E4E &
st AAME S mAe BLSELEO
AHE AEIAY SHA BFstazt 3
ok AAke A 27 SK-N-MC A2 Al EA}
& fxste XE FAsr] gstd Adx
2] & SK-N-MC MXdA LDH #8&
AXujFdo N St MEEFES FAT
Az A gE=FH o7 AAA AHEd %
LDHS 3718 Yebiem(Fig. 1Aa), 24
AIZE B A4t Aeldte B AEFEDE
< 10, 20, 40, 80, 160 ug/m¢ ¥ 3}

o B
o

=2 i
a

—_

]

1

o W, O g N N
ox to T o rr
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T wjgd W2e] LDHe #8E =
2 80 pg/me] BEEDGES FoT
oA AAATHE Aeld gz u
243l LDHSY #4&r7F #FH AN Fig.
1Ab). ol=ig Az ool w3t A7
AEE o}&3 A 7L Fojg. o]z
A ZAPRo] A EAH apoptosis)dl o3
A A EFAH(necrosis)oll 2F AJAA
H35l7] 913td internucleosomal DNA
H3} 4383 chromatin dyeE ©] &3}
o J= #FE APt DNA 93 E &
At A7 Aiki A2jgd SK-N-MC Al %o
X DNA @#3le LDH #al9 =718k 84
kA JeldtH(Fig. 1Ba). T3t #EEAE
< A3 4P FE DNAL ©HAst A
o] dAHE RAE #FFL 4+ JAHFig.
1Ab). B3 Mikad A2 AF H3=3
AAA 9] @Hsl ¢4 2 apoptotic bodyZE
wE & gllen, ALELEHS T 4
A= He] =7 daxe] Ago] v
o|7l& sHA|Wt dlo] g% 9 FAAe] d#Hs}
7F dAlEl= e WEs #EYg £ U
(Fig. 2).

olgigt M4ithk A2 23 SK-N-MC Al
2o AEZIAL diol FAdlE 71HE Lo}
B2 st del dusle] HEFE A=
caspase-39] 43} FFE EM% A7 A
Aa Ae]Z A|7H]EA O Z caspase-32] &
43le] F7te #FY 4 e, (Fig. 3Aa),
8% E LB FA9E caspase-39 Ao o
A=e AYE BI(Fig. 3Ab). 28x
caspase-3¢] 7|& 9 3 PARP/}
caspase®] 47 A JEAEE S
Hyow, #SL5%E5ES T A Fdqae
ojf gt JrEE ol JAHE= A& Bt
(Fig. 3B). g A4k A7 3 AEdolA
9] cytochrome c9] 42 S7i=He ¢S B
o HEge g Qs fEHe A2YE KA
H, o|R E3 MEFEEY M2 o|2F o
o] ZHAHE 23S ¥YH(Fig. 3B). 18

i

o 1% e

I membrane ¥FIX9] cytochrome ¢ &
U2 AZE 9JEA WAl et HAE BY
o, olgd AL BHLEAHY FAZ
AdE A% Jdebdt(Fig. 3B). oldd
AFRE HAikA A7t SK-N-MC Al7 oA
F2% HNXENH caspase XIS F5Ho
AEDAE 351 DNA 933} 298 25}
@now T3 mitochondria®% € cytochrome
co FEE A3 & AaAR /5
£ AEIARE cytochrome ¢ FElE Bk
caspased] A& Bt T TdTE A& o
Al BAsIH 1, BLFELES] AAMEIALE]
A= caspased] A A Z1HE B3
o] Fojx & o2 AZtdAr}

o]’e] AtellA ARl #ALFEAE] At
aFol o &9 wi g7 X o
g B3 gud) folst AxE FFIAT &
o2 AR ATF7} o] Fo Aok AR
e BEEDGC] FEHoE A AHETH
= AsEtE g48< AT AE5EY
gzt Slte AE A58 & e, o
of it & FAES] #FT o}l FHE
2ol W3t 5o A% Y ATE 53 1 7]
Aol o] X &Eojof gtria Als T

2

V. =

™ol 93ty fdEE ABAEEE g
3 BA7|AR BEEADGe] APHNTREE
Hg BEe] st AF A EL}
Ao EFFA E SK-N-MC A EE 9]
|3l 23 22 ZAHE AU

1. AHY wiF dHAAA LA A4k A
gl & in vitro A¥EE =319 2~16 & &
St =&A17] A3 HEE A A7kl vl
sty MERYEEC] Hadton, ALELSE
< A2 AdFTMe ol MEYESY
a7t A A7E BHY. £33 H.02

ol &3t AAARIIE AT F AEA
& A en, BLELEY] FA7t

oy

iy
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AZBAE BELS] 25 JASE 8RS

2.

2. AAtA AZA] catalase®t SODe &
AstE A0 GHL ZAEA 1, BMEEDF
BolE olgigd A9 #AE A &
£ B4, B AL AHEAl TNF-a9
PKCel Ao Z7Isou &REELSES
Bolgk A3 olg| g ZAdko] AU,

3. AiaAEE fEHEE Axise
cytochrome c9 f2l& ¥t caspase
o] 4L F3 o|RojHm, BEEBE
AAMEDALS] A= caspased] A JA
713& B3l o] TR

o1ge ABE Mo} AULZTE HAN 2
P WY HAAATE 5 L4 o
AAEYE Uehion] BEEL Bl A2
Z% e WaARIY AE &gl o
Fogolo] EaHY Hoz ARED
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