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Influence of Yeoldahanso-tang on the Hypoxic Damage of
Cultured Cerebral Neurons from mouse and SK-N-MC cells
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To elucidate the neuroprotective effect of Yeoldahanso-tang(YHT) on nerve cells damaged by hypoxia,
the cytotoxic effects of exposure to hypoxia were determined by XTT(SODIUM3,3'-{1-[((PHENYLAMINO)
CARBONYL]}-3,4-TETRAZOLIUM}- BIS (4-METHOXY-6-NITRO) BENZENE SULFONIC ACID
HYDRATE), NR(Neutral red), MTT(3«4,5-dimethylchiazol-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-a(Tumor cell necrosis fector-a) 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 elucidatioion of neuroprotective mechanism. The results were as follows;

1. Hypoxia decreased cell viability measuted 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 viabiliry.
2. H202 treatment decreased cell viability measured by MIT, 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.

Key word : Yeoldahanso-tang, Hypoxic Damage
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I. #

N8 A% 97 2
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715, 7194

A, 3834, ey Azt 59 A0,
vha], SN EY 2L APHA TS =Y
gtk H2o HPE R FF R AW

o} e HAf LRIV BAGYe
Aol HHAEAM HHY S v|EF HH¥Y
714& AaAR719] ASHY &SN T
Filele A7 2ol A= n gt HHY
Al AE He] drdge AXy AskEQs)
¥h2-2 2148l mitochondria®l ATP A4
28-S E3718, o] QA HEEAoZ Y
zAe] At Axe] &3E s g ?.
T3t 714 FNXE mitochondria Wel A
AR GA) odled A7t B A s]T
o]Zo] M¥ 9] glutathione peroxidase,
catalase, superoxide dismutase(SOD) &
of 9sld X|gs]z] R3jd FHHU HA XY
£ sl 9o geid Hsge
Adat7)el o3t AbEAd &4 n AP @
do] glon, ArAfrle HEFS HIES
o 71A] 479 HaAd i 2 #A
gtz Rasin Jopt? Se e 44
g AxA{7le Axge AAAdsiteS
Z2AA HEY w3te} AMES Zefsh §
o, phospholipase A29] &4< ZZAA
Az 2719 S Fxstn, AXE
el g 42 F7HAA AEESGS 7HSE
Akn d? Ea A2AR71E nitric
oxide(NO) &} 283l peroxynitritegte =
482 & =1, aspatate} 2 T o}
o AbS Bojgcin BasEdoH? . A Eye
glutamate F8&#%<] 34?0 N-methyl-D-
aspartate(NMDA) &A1& Ca’'9 ion
-channel® ¥A% AL Uen, NMDA
Fa&AE o7t FEAotvixste] 2
oa gAssEln® AZ W Ca® influxE
71719, olxtdoz A W z2E 3av
o|af AZHYEH FgS F1, 53| AXY

Bl Z7h= o]abdgA] Ca®*-dependent
protein kinase C(PKC)9 842 34|
AozAM Ax NEE HYAATNAY HFAA
AEe] ALE xHsta, AMXY HYd Wzt
£ $u3in] AAHARE sEg AP =
g Akazbe717E YoM Rl cytokine©l
U} intracellular adehision molecule(ICAM)
3 2o BASS AP s9AYE /et
o, ™A A" Aaz{717F TNF-a9f
4L 23X Reg HudE v Ut 9
23 olf 2 FHIo AtAAFTIY A &
Az g wdol X g JASAE B R
3 NMDA #8349 2342y, Ca®* o 2
A S ALE3 FWe] mHq Yop? . 5
3], arstAg AaAfle A AA T 3
A #F PJAE A2 E AAGEEH
HElg 3EAT|sd F83% 48E o=
A7ATe] o3P Aaargrle] abskA
&1 old] g AriALf7] HAAY] FEY
A3 wee] 38 9 &aputo] glol tigh 71A
galals A7t AgEo] got 9

o|2} & Ae} FAdI] ol Mo}
oo}t e zHE HAGo Foro] KA X
g fAsIte 77 2ada Jlon
29| MREL A MEER %RE
et oz JFduat e A8 A A=
7} o] FojX 3 ATk, B dFddM e KBA
o| BFEFESE Z7]o) MBEABE Nk KE°]
453 gvhe Mol ARbstd, dF 9 ki
TSRS witsle AL ALLFTOE
AF in vitro ¥ AHE Rf=td w3}
v NBHMEEATG old Wi ALEES]
AZATRZTENRE Flsigon, Atiaf
719] ¥2<2l Hydrogen peroxide(H202)%
feEe AR #EERLH JAAXE
B3 ase ISt =3 ASEIBY
AZBAE BEaze] 714& B4R st
of SK-N-MC MXE o]&sld AiAFo
ol st AAANEL METAL v|X & HEED
B EXE EAsrlel 21 A3%E Bas)

o,
E2
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1. # #
1) EEEY
& fgol #% 52 ICR A5el A4
B7h 5P AE 3 Y @ AAES EEsT
2) %
& BEol AL T MERLBY KA T
Bl EESHETY 2Asden, 1 3
o gFe e 2o

Prescription of Yeoldahanso-tang(YHT)

I:IZE;? Scientific Name Weight(g)
BB Radix Puerariae 16
#%  Radix Scutellariae 8
.= %N Rhizoma Ligustici 8

BETF Semen Raphani 4
p o7 ] Radix Platycodi 4
FHHL Rhozoma Cimicifugae 4

BIt Radix Angelicae Dahuricae 4

Total amount 48

2. R&H&
1) tae]

e RS Astd #sEAG 74 A
¥ 100 g€ 7 1L 34 8AZt2=a
oAl B3 WwHEFE KPS 2 A1t ¢ AR
#2 FET ¥ FUBKS 3.000 rpmolA
208 3 94 A3Ax2 Antsta,
AE 5712 A5 T AR

24 A7t HuERARste] ¢ A8 24U

2) | RS
A HEo| AHE A2 dimethylsulfoxide
(DMSO, Merk), XTT (Sigma), NR (Sigma),
trypsine (Sigma) $& &% FHF 59
ARG ghEo] Yot R ¥ T 2
o Agat ooz M AL AV Fag ¢
< A g Hotstd AMgsk #4%
ELH/ F28Y Fde £¥T FHTA =
o 0.22 me micropore filterg ©]&3td
F@std ARt

3) #Bhe ER
oS isdlne] Eale B $(1998)'99 %
ol et #HfTslach. &, A% 39 ° AF
A A& HZAZ trypsing ©]&3 &g
& 25l #el3 thS phosphate buffered
saline(PBS)22 Alsdct, AH¥4s *
Eagle’s minimum essential medium
(EMEM. Gibco)2o2 33] A3 & Ea|d A
¥ E2 poly-L-lysine (Sigma)22 ZHH
96-multiwellol 3x10%cells/well®] 2EZ
ALE 3. BFd AEXe 36T,
95% air/5% CO22 ZA" A7) UM
tEReldon 3 d HHoE QR HERS
2 ndsld FRon 7 A B HER % K
BEgoll AFRSIETE, =3 SK-N-MC Al ¥=
37C. €% CO; 5%, 95% air, FCS 10%
9] DMEM9A §A|A1 7},

4) Bl FE
HAYGEE Y3td HMEE glucose-free
Hanks’ balanced salt solution(HBSS,
Gibco)o2 I#F 95% nitrogen/5% CO2
2 ZAEY F27] oM AAL 5 254
20 F 3¥EE f=dEd. diHdZMEy
SK-N-MC A¥7} 80 % #AIE of AXe 2}
A E AAST 3l W714 glove cabinet
o] BalA e §=7t U= 37T incubator
ol 5% CO29t 95% N T¥AJefol|A w3l
o}, AAFEE blood gas analyzer2 7% 38}
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ooy, chamber We A4 Fxe v 7]
5 10 ppm °oWHE fAIFPow, wHA
medium 9] AHAE4E hypoxic chamber
2 $70%F 15 &, 30 % 1 A7 6 A7
48 AlZtellM 4.3, 3.0, 2.2, 2.0 28z
2.0:0.2% 7 74z "o BHE FA
Fii= 3

5) AdaAR7] Az

H2027t BF Y A B A Lol v]2]&= G g
= ZAFE7] Yt 43 AIRE wiardt dix4l
AXEE 0.6% D-glucose’t 7€ MEM2
Z 3 3] A3 o2 10~80 tME 93 5%
2 z¥etd EFE OF olE Zze] wigd
oAlM 2-16 AlIZF Bt Ml T £AsiA

6) Eme] st 33 L ASELEF

59| PR o

@D XTT. NR assay

XTTS Fme Hstd HHoY ez
FES EES R duiSMns PBS2
3 3 Az & A AP 3 mg/mlY
XTTE welld BHREZ 345t Jo 3
7C. 5% CO, 2 ZAd" HL7ldA i8]t
Mot 3ol TTH ¥ °]& DMSOZ EHE
& o2 spectrophotometer2 530 nmol
M FBTE HIE % HEHY nEr #HEst
. NR9 E&-E Mosmann(1983)2] ¥y
d Wittt & Yol FAHFEES AT
R dixmEHiEE phosphate buffered
saline(PBS)2.2 3 3| M3 ¥ Ad Az
5 mg/mlel NRE well?d HZ a2 34
std Y& o2 3212 &<t 37C. 5% CO.
2 Z2AdE 271 #mEsint. 1k g8
¥ PBSE 3 F AH%E 1% formaline2
BE®E oS  spectrophotometer® 540
nmolX FBEE flEstd Hmial ik B
sk

@ MTT. SRB assay

MTT % %<& Mosmann®9l el o3t
o HoO2\ FAFEES Al vid AAA

¥E PBSZ 3 3] AFH3 F A3 A= 50
mg/mle] MTTE welld FE552 M5}
o] @ol 37T, 5% CO, & 23" F 27|44
wje¥stglct. vi¥ ¢2 F dimethylsulfoxide
(DMSO, Merk)E A&l3F th2- spectrophotometer
2 590 nmolM FEEE &3 ¥ Uz
2 ZARIEY. ALY A 22 EE
A T A2 AP E 0.4%
sulforhodamine BE 200 w¥ #7iskd 1
AlIZE Bt Aol W3 o 1.0% acetic
acidZ 3 3] Aiysiict A4 45¥F 10 mM
Tris base& °©]€3t SRB-bound protein
<€ =9l ¥ ELISA reader® 540nmel™ ¥
B=g 235l 2T vla FASE .

@ catalase ¥ SOD 84=%

catalase 849 %472 130 mM phosphate
buffer(pH 7.00¢} 12 mM H20:2 +4€
Hrglo] gAAE 40 e 7hstg 2 &7
st EfSEE AR F
catalase?] ¥AHWE FAF=AZ 240 mn
M A& sten Fiho AL W &
2 .

3oy} geFFEE 84 the SOD €A 9
HIELS 1.5 ml Tris-buffero]l 0.1 ml &&
fA7 FAHSHS Y3 25ToA 10 ¥
B¢ WSAIZAG. ¥igkE ¥ 0.05 ml
IN-HCIZ 718t & 2383 ¥ 420 nmel
A FB=E %A gz vlg A
FiA=

@ PKC ¥ TNF-a &4 3%

Ay JFGFEES 9F AT B¢ A
2| ¢t dx] A A XollA TNF-a ¥shol] 1]
= 9FS A Aelq dHABMAREE
g3 A < A F anti-rabbit
TNF-a¢} phosphatase-conjugated goat
anti-rabbit I1gG % 2,2"-azinobis& A&
& o2 450 nmellA FF EAsIA x=g
AikAY G2 ES 93 A7 B9 A
A3 EE HFE Hu, Chakravarthy
$(1990)9 =3 wel EMsiHh AX

© .o
‘?_'B‘a
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€ Wz PBSE Al3étn 0.5 ml o ¥%
3+ hypotonic lysis medium (1 mM
NaHCO3, 5 mM MgClz, and 100 uM
phenylmethyl sulfonylfluoride)ol 2 &
59 detslan gA] 2% <2 vortexingshdd
B A7}, ol w2 4T 3jollA A4
gtk s} )R] ¥ M EE 600 x goll
A1 5 B¢k AAAZ2t. Membrane® cytosol
82 100.000 x gollA 10 ¥ ¢ U4
¥2](Beckman TL-100 ultracentrifuge)
gtk =te] PKC ¥4-2 MARCKS protein
o] §o]&<Ql PKC-U4ts}el &d3l= peptide
substrate?] Ac-FKKSFKL-NHx%& °]&3}
o FAstHt.

o] 712 peptidex EE F23F PKC
isoforms © 98] FF3A Uitssls Ao
2 WAt assayE 7 wrSAdol= assay
buffer(50 mM Tris-HCl (pH 7.5). 5
mM MgClz, 1 uM CaClz, 100 uM sodium
vanadate, 100 pM sodium pyrophosphate,
1 mM sodium fluoride, and 100 uM
phenylmethylsulfonyl fluoridelel 3-8 ug
o] ehlAlS ¥3she= 20-50 #£2] membrane
suspension &3 10 we} 750 pM PKC
713 peptide (50 mM Tris-HCl buffer,
pH 7.5 7l & £%Z 50 mM
Tris-HCI buffer(pH 7.5)2 90 w7} =4
HFHoz2 ZAFAY. e 1009 500u
M (**PJATP (220 cpm/pmol in Tris
buffer: 0.5 mCi/tube) 2 Al&}3lqd, 25T
dlAM  10% B¢ wkeEtm, 108 5%
acetic acid® ¥g-& FAAZG. wgAg
16,000 x gollq 5 & <t A B3t}
90 utel 4348 P81 Whatman paper®l
%711 dzaAY. 2ARE 5% acetic acid
2 10% B 7HHAl stirring sk Al s}
2t P81 Folol ¥A} radioactivitys A
BAF71 sl SR, 712 peptide
o] B¢H radioactivityE Al4tsl7] Yslo
H|Eo]d Z%L2 peptide’t e AHe A

Iz2A ARsiAch

® LDH 2% % DNA #3384

LDH #42 200 mM Tris-HCI buffer,
1.5 mM NAD, 0.32 mM HCI® A|l85 &
g3t F 37CM 5 F 5 A o3 0.1
N HCIZ ¥o] & £3d%rt. £ F ukgo]
¢59 o3 500molA FFEE flEstd
mpEnl HEc PRFEStA T, DNA 2dE4S &
#sl7l fdsled HMIEELS PBSE A#Hsx,
lysis buffer(10mM Tris-HCl: pH7.4,
5mM EDTA, 0.5% Triton X-100)& o}&
3ld 4CollA 208 T &A1) & 4TollM 15
T 3t 27000xg oA fAEE st &
9] DNATE #lE, dlE/222XE5(1:1.v/v),
aejn F22¥EY A 2AR FE2HJY. 1
g2 DNAE 0.1 vol. 3M sodium acetate
(pH 5.2)¢ 2 vol. ethanol2 JA= A}

DNAE TE buffer( 10mM Tris-HCI
(pH 8.0), 1mM EDTA)Z &3t 37C
olA 1 AlZF 52t 40 pg/ml RNase A &
it DNA 55% 260 nm oA F3=2 &
3stx, 20 mg DNAE TAE buffer(40mM
Tris-Hcl: pH 8.5, 2mM EDTA)E 1.5%
gel BA A7] FF sttt W71 T F 15
® 21 0.5 mg/mé ethidium bromide2 F43
dta] UV transilluminator® E3hd &3}
At

® ¥ty Wzt

DNASY g2 5 x 10° 7He] MES 2 ug
/mé DAPI (Sigma)2 30 ¥ < 37T
A Agetn, FPEv|Pes FASCH
DAPI €42 d3Ad9tS Fisty] JdAHE
F2A G Aolgle HMEe FHAAHA
3l 3719} ¥2 PSS Holxm, yHH| AZ
TP} dojd AXE 59 ddA9 2
g dg #2g 4 U

@ Caspase 84 £% 9 Western Blot

534

SK-N-MC M EE 60 om plates oA A

BE A1 54 AatAkZ Aol chamberol
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A s AAAS AR T oejgd S
AAstn HEE PBSE A& ¥ 50

lysis buffer( 50mM Tris-HCl: pH7.4,
1mM EDTA, 10 mM digitonin)& 3H7I&
th 1 AEEL 37CAA 108 7 Wiy

I3

o W ¥ ERES 108 T 15,000
rpmoll4 Y EARG. dgez g3

lysate (50 pg protein)& 30& 7t 50 uM
Ac-DEVD-MCAY 60 ¥ 2 Ac-YVAD-
MCAS} Al viflct. #8|¥ 7-amino-4-
methylcoumarin (AMC) 2} %2 380 nm ¢l
A excitation 3t 460 nmelAE emission
3= spectrofluorometer & °}&3ta] 3§
. & 99 37CoA £F AMC 1 pmol
Hlste RS B4 8FFoZ HHUM
Western Blot Z&¥dl ola 5x10° MEE
¥ztd PBSE F ¥ M43, buffer A 500
w ( 50 mM Tris: pH 7.4, 1 mM
EDTA, 1 mM EGTA, 250 mM sucrose,
2 mg/mé leupeptin, 1 mM PMSF, and 1
mg/mé pepstatin) € #H7t k. HTELS
Dounce homegenizerg ©]&3ld B3t
o, EHES AT 93 cytosolT}
membrane ZzZtog EgUct B E7
membrane< SDS sample buffers} i
58 2t A9, 529 Zzte] 4552(20
pg) 4TolA 1 AF &<t 100 V2 12%
SDS-PAGEE #3, nitrocellulose filterol
transfer o}, filtere F2olA 1 A3 Bt
5% non-fat milk’} €)= TBST(10mM
Tris-HCI: pH 7.5, 100mM NaCl, 0.1%
Tween 20)22 Ael&ldtt. Human anti-Ich-1
(caspase-2. Santa Cruz), anti-caspase-
3(PharMingen), anti-PARP (Clontech)&
1 2} A2 283181, horseradish peroxidase

-labeled goat =& mouse IgE 2 A A2
ALg3Ie). kg M= chemiluminescence
(ECL Western detection kit)2 BT
Cytochrome ¢ ©¥3a-2 mouse YEZEA
anti-cytochrome ¢ & o]83l] Western
blot ¥4& sttt

7) #rEt R

TER fERC oI felAde] A2 Student-t
testol]l 93t o™ p gtel 0.05% 0.01 ]
&1Ql AR fojF Aoz s

. EEapiE

1. quas0 s CHMAMES] &
ADL RGO BSEE

AAaZo] WE in vitro ischemiadl x
ZE Al 2 #EELB Mzt widd o
HAZM L vl TS A7) 93t
AL Uz 28" F7l6dM AXE &
Z} 2A1ZrelA 16412 Bt x=ZFAIZY 1
T AR Y=L XTT Yol 93l di=
o2 vlw ZARE AA 2 B 3 =EFM e
Ao st MRZAEERC] 10.9% #F4
ton, T 4717, 8AIZL, 1641 =& T
dAMe Z4zt 30.9, 47.3(p<0.05), 76.4%
(p0.01) 2 ZA&3AY}. 53] 82 T =&
TollX XTTso &2 VEploh. =3 NR B
o2 33 Az ol FAGH AAE BY
™H(Table 1A). #EELEBHS FAL 4F
M= ol ME HEES] HAVt & 9
EHoz AdAHe= ZAFEE EUd((Table
1B). °lg& ZAaes HiiFe NEEAPER
A& BoFe Foln HEEIHF AL F
AEEAGS aslsle a35 Jebd Heolg
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Table 1. Analysis of hypoxic injury
after in vitro ischemia in cultured
mouse cerebral neurons and the
neuroprotective effect of YHTWE

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

relationship of

ischemia
Experimencal | Time of exposure to in vitro ischemia (hour)
Group 0 5 y s "
XTT absorbance o506 0492003 0381005 | 0.29:00¢ | 0.132001%
U/nd)
NR(al?omed;an c 0.56+0.06|04740.03 10.36£0.03 | 0.280.02* | 0.1410.02%*

(B) YHTWE dose-dependent relationship

of cell viability after exposure to in '

vitro ischemia

Experimental Concentration of YHTWE(sg/nd)
Group T To T w | m
XTT absorbance | 0,005 0511004 | 0432004 | 09:0.03¢| 0220030

Ulnd)
NRW‘ 0.6040.04 [0.5340.06{ 042¢0.05 | 0.39:0.03* | 0.350.04¢*

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. MAXIFY| Mel2 Qs CH=MAANM
ZO| &M MSEHKFO HSXZ
H:0: 2 f =€ A2AR7171 widd o
AR L vlxls S A Yo
H2027F 10 uMelA 80 uM 7H219] %2 =
e iAo NHAUBHEES 6 21T B¢
Hj 3 & Ho029 SAAANE MTT assay ¥
o o]dted ZASE A= 10, 20 uMe H20:
Aol M AES] F4E(100%)
of wlslgd 2zt 72.4, 63.5%2 YERYT.
40, 80 uM9] Hz0: Mzl e Axel A
Z80] 46.7(p<0.05), 34.8%(p<0.01)Z &
7 v wsle foAdde Aa ARE B
oy SRB e ZAAx o]} FAle et
2 BgcH(Table 2A). Hp02 X eJA|3tell o}&
Agr FA] 8 ATt o]} AHe|F AP TFAM =
AN E MEAEES] HAE BUT 5+ U
AcHTable 2B). MTTso @tell F3l= 40
uMe] H202, 8 A1ZbE AMeldtn BEEE
E 5o AFFdME 100 pg/mE T3
AYFNM dizZel vslq fodUe AE
BEEe ZA7t dA=He AdE: EAY
(Table 3C).

Table 2. Analysis of H202-induced
neuotoxicity in cultured mouse cerebral

neurons and the neuroprotective effect
of YHTWE

(A) Concentration-dependent relationship
of cell viability by H2Oz-induced neuotoxicity

H;0; Concentration(uM)
Assay Method
0 10 20 40 80
MTT absorbance
% o contrl 100 | 724863 | 635851 | 46.143¢ | HBe3 9%
SRB assay
% of conmmol) 100 | 71165 | 613165 | 48.5438¢ | 394334
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(B) Time-dependent relationship of cell
viability by H2O2-induced neuotoxicity

HO; Incubation Time (hour)
Assay Method
0 2 4 8 16
MTT absorbance
% of control) 100 | 803271 | 614156 | 43.6141% | 225419%¢
SRB assay
(% of control) 100 | 749164 | 60.125.5 | 414:40¢ | 0543188

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

Concenteation of YHTWE(ug/ml)
Assay Method
0 | CONT 50 100 200
MTT absorbance
% of contro) 100 | 428833 | 517455 | 65.8+43¢ [ 597439
SRB assay
(% of contro) 100 | 444847 | 59.285.6 | 695¢4.1% | 626168

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 ug/mf, respectively,
for 2 hours before exposure to 40 uM
H202 for 8 hours. All values represented
the meantSE for 6 experiments. Significant
differences between groups are marked
with asterisks. p value, * p<0.05: **
p<0.01.

AEl S A(Catalase, SOD)Q| &
=
A ArAZo] catalase} SOD T9 #4ts}

a0 vlale 9L FFINIG. ALEF

2] Azl 30 ¥ ©)} Bt catalases

AT dlsld  53.7(p<0.01), 46.7(p

(0.01), 27.6(p€0.01)%E Aol FAUA

Zraske 78S B on], SODE 57.8(p¢0.05),

43.2(p0.01), 32.6(pX0.01)%2 &4l 74

UA Zrdte ATE BAH(Table 3A).

HEBEE5 Fote @Y HILFY 30

2 Al MEELHS 2 AT B¢ AA

23 AYFAM #MEELE FE2ES 100

pg/me o) T3 AP catalases

AAZo] ¥lstd 63.1, 82.1(p<0.01),

78 4(xX005) %2 Z7khe 73%S HIeH,

SOD+= 68.3, 85.1(p€0.01), 77.3(p<0.05)%

2 o] F7RElY fdAdle Al dAE &

2 4= QlAcH(Table 3B).

3.

o o
0

Table 3. Analysis of antioxidant
enzyme activation in cultured mouse
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 Activanion
0 10 30 60 120

Garalase actvaion | 1y 1 3179 |53 746 6ve | 4478400 | 2684600

(% of control)

SOD activation

G of conco) | 10 | 94183 | STBHTTH | 32048 | B26ed6
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(B) YHTWE dose-dependent change of
catalase and SOD activation in hypoxia-
induced neurotoxicity

Concentration of YHTWE(ug/nf)
Asay Mechod : g
0 CONT 50 100 200
Catalase activation
(% of contro) 100 [ 52816.1 | 63.1354 |8216.6%% | 18447.1¢
SOD acuvation
(% of conro) 100 | SL154 | 683175 |85.147.5%%| 17.3t69¢

Cultured cerebral neurons were exposed
to hypoxia and YHTWE with wvarious
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 before 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 &M =X

AaF A 2 BREEDBH I o
HAZA R wXEe 9FE TNFa 2
PKCe &42] ZHoM ZAlSH7] st 4l
BAAEE AAAEZ Aol zZbzh 1080lA
120 #71A w=Z&A170 & AiaFe] A 2lA)
] 2 TNF-a9} PKCY 32 Wsz A4t
<3} vl on, 2}zte] g2 pg/ml(TNF-
)9t ot 1x10® cpm/ug protein(PKC)2.2
BABIATE. 60 & olAE AAtde] %3
A FA TNF-a gol AArzo] H|sld
49.0%9 wedde 3717t FEAs|QoH,

PKCY & A4taxZ Azt 30 & ©)4ds
= AgTN Fotske A Bed §
ARdoz fFo3t FF&  olJUH(Table
4A). BEFELFC] TNF-a8t PKC 4ol
ojxle 43S B/ASHZ] Y3tod 3 AEL
BREELGHS AXsln 60 ¥ B ALta
Fol =23 A3 AHLE AHER A%
73.7%%t 51.4%=% %7} TNF-a%t PKC
Yo #%FEAB 50, 100, 200 pg/miS
A2 AFFolA TNF-e9t PKC 84 F
7tee 3%E 2o, 53 100 pe/me
BLEVEHEE FAT A4dIFd e TNF-ad
gto] dixzge wvldted 30.7%2 F94U=
zZHao] AxE B cH(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

(g"j‘) 3136625713395 531738192435 4 4xed e | sezgese

C adtivity
(1D e | 49209 | 44205 | 59106 | 55107 | 51107

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

Enzyme Concentration of YHTWE(ug/nf)
Activation 0 [CONT{ %0 100 | 200

IN-a
(og/m) 295.6437.2| 513.6428.514326438.8]395.7427.5¢ | 43261514

C activity
(1X16 g griein) 35805 | 53104 | 51106 | 47:004 | 46107
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Cultured cerebral neurons were exposed
to hypoxia and YHTWE with various time
intervals and wvariuos 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. ** X0.01

5. MULFTLR RiEl= MIAMED
Atet #ZRLi59| SMZ AL BE

Aia A7l SK-N-MC M XEe] A EA}
BE fxste A5 Aty Astq AHita
xeg] & SK-N-MC A ¥4 LDH #d&
A EujgRe M FHsl MELEYS U3}
Atk 6 Al Bk A4akd ¥ & s LDH
217t 10% F7tetden 24 A1zt o4 A
2|31 AMrA S 1A @& Fdwel vist
o LDH &7} 30%(24hr), 40%(36hr),
60%(48hr)2 #oldde F7F Bo At
oJEH oz AHita Ao & LDHY F7t
£ Jebdth(Fig. 1Aa). 24 A17F $<F A4t
& MeEste B¢ #EELBE 10, 20, 40,
80, 160 pg/m¢ & Helstn wjgdl Wzo
LDHS #2& 233 23 40 pg/me o]
o] #MEELBHS 2 H¥Folr LDHY
w27t Zastke Z4EgE veidllen, £3] 80
pg/mie] BERVHEE FAS AN A
Abaurg A2ld iz vlsle F943de
LDH®| 47t #a=AvH(Fig. 1Ab). °l3
g A ¥Apdo] M E A apoptosis)ell <3

o gAst

AAA A EFAHnecrosis)ol g FHUA
T3] Yt F71 A¥E AT &
internucleosomal DNA ©33} 4dgz
chromatin dyeE °]&3lad & e wi
< AlAgch AAata M2]d Al XA DNAE of
7122 A A719%E o83l oligonucleosomal
fragmentations I AR AL Hgh
SK-N-MC M ¥ F2&3 @& F212(180
base)9 DNA¥ LDH 2l 719 #A}
Al Uelgtl. & ethidium bromide®
Mg olrtga A AdA ARt EAHoZ
oligosomal DNA ladder 7} BA®H(Fig.
1Ba). #%&%E/ 87 DNA @3 vjxj=
A F AH 24 A AL A E st
A BEEABE 50, 100, 150 pg/mE A
2§ AP e DNAY ©33} d4to]
Bz e RE #BEE £ UAH(Fig.
1Ab). =3t DAPI A& 55t 3o ¥
g WglE FAF A3 A E s
B2 FgTdMe A5 JASA FUo
o, A2 A A EH o do §&H7
FAA e dAs}t F4d Z apoptotic bodyE
st £ Aen, 24 A7 AAx HeE
SIAM #ELELHE TS APTodM e &
o] 53 A9 HHo] Holrle kARt
o] g ¢ FMAe dHsll dAHe o
o] ¥izs #EE £ AUt (Fig. 2).

olg]g Aitax AHeElg U SK-N-MC A X
o] MEmAL dAell Bdshe 71HE Golrr]
Qatd o] wHsle] HF A 22 caspase-3
F+s FFEAAHUH? Western
blotting= E3ld &A1, caspased] 7]
ZQl PARP 99| R332 Qg &L &
3Rt & AL A2 E AlIE A At
O]EXH O 2 caspase-39] ¥HslE JHY
AL, 24 Azt Aika M F KA
£ %712 JUelgoeni(Fig. 3Aa), 24 Azt
At Helet BA #EELSHE T3 4
7} caspase-39] ¥Alo] dAH= AES B
A, Ed] #EELEH 80 pg/me] AT
Ae dA% 72 448 RAH(Fig. 3Ab).
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a2]3  caspase-39 71E  F9 3l
PARP7} caspase®| €43 37 715&al s
€ FEes Bon, H#EEIHE T3 4
oM olgd 7R o] dAEHE
A HAHFig. 3B). 281 cytochrome
cq felE BEs] 918l MZZ2} membrane
|4 cytochrome c2| ¥Z Western blot ¥4
of o3 &4 At AirA A F AxA
ANXe cytochrome c® ¥ F7lHle 2%
< Ho ZEgo 2 Q3 feElsEle FY4E
Bom, oA T3k #MEFEAES A2 ol
g3 Feo]l HaAHE AES 2Id(Fig.
3B). membrane ZZ}o|A4 2] cytochrome c
o] F& A7t JEF WAd FgF HAE
Hion, o3t AT #MEEAS] Fo
2 JAH = AFES Jehig(Fig. 3B).

(A) LDH release

8

(a)

58638633
4

8

LDH release (% of contiol)
o

8 8

T T T T
6 12 24 36

Exposure trme to hypoxia (hour)

o 4
&

(b)

(pg/mk)

T T T T
10 20 40 80 1

Concentration of YTHTWE (ug/me)

o_
2

(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/mt 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 pg/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 pg/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

1,34

[ -
E vk il

o
1 1

o o
= o
y

o
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o
(-]
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(=]
o
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(B) Western blot analysis of caspase-3,
PARP, and cytochrome c¢

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. Data represented the
meantSE of triplicate reactions. B:
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/mé during
exposure to hypoxia

V. £ =

WERAAM ATLTd g dHABAE
&< TG AZe g dehde
TN AT & 5 Sloh
MREHAME 71Ee] PEHEE] ol

o,
e

K
EW KA AS HE - B - Eigim

T AU dAgo] & AR s
A Gedeu®2 o) dAe kA9
l@Rel FRMfizhete] o]f Ed3o] A3tewd
Mgz Re PRSI REZEE AKBsH o
7] d&Folgtn Bx qloh. wabd o]z ¥
2 Wzl FHtE = AR A A3
st F& Zo] X859 FH Waolgt & &
Atk KEEA FZsdziEe X 83E2 B
BE BAEELES TRESEMLT, ek
BEAREZE"+H, of 2 Ygo] A7lEo]
AT ZEEL o] EHOR BK, MRV,
ZiR < XssRed, g #LEL
B 2 O IRAEES KBA BHE 2 Kk
NS R MR Eifgol M AMENIET) e
Aoz A Yo*?. depd H¥=2 QA
H73MFol XFo| BMEELBS ALY F
UL Ao F AZE}, old] ZAZI Al
ZAMEE in vitro R =231 o]
AEe] &A= 714 Sl #LEN
& ABME R5A2S sleyrt.

HZ Y3 doly A kaFd AstE &4to)
Tojgthe Bart Bo] Ju Yt e}
A HZZ] didle] B AFAEL 0|59
HRAA el tig NAFEN EHHA X
S gty E3] AFE AFst ¢
1:]_6.10.13.16.24). k]]Eoﬂ %‘E‘ﬂ’ ,&_/‘\—%L%O] o]
Fojx|A] o AAAL HF FAHHA A
FEAe WA 9980 E3) Haze 3
Algte AtaFgo]l EES3 99 A &4
= BE AidaZd 71 uzteA wkgate

=

- R4
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A Xoltt wld HiAAZFL HAMY F
g wQe shtz JAAP® mgael
AAEZL HA X £440 2 Qs AojF
NE HIREA EFH, 719y G &
7tAen Asta ey Aujie} 2L F3
g ol g B9 AAAEF x
29 27l AE U9 o Asehy ¥
3 ZYsiA Hed 2 F shurl 444
o] Ao 10 = HAataZol 0|29
T HES AE W AsH Qaksiekgol A
o2 Qs ATPY A4 A7t FusH
ol g ATPY diAtat M xanthine
oxidaseol o8] @gAra7E AFAH D)

A7l FAAQA AR M E 4
go] G AAule] ket Al catalase
Y superoxide dismutase(SOD)el <3}
2 8iggo] QAde ¥oE d9%¢S FA
Z3th a8y 2RSSV 37
ST 2 AsMe AAHA X 4
22 717F Hol| FHso] HABANEE &4
AU APEAIA WRHE sEEAZIY T 4]
A Slok webx AbAabRrle] AbskA &40
2 did AR sy =R
glutathione®lY} vitamin E<t #& 343}
AeS FAgczM B2 X8y AxE o
2 ot web ZasA S FHoe Akdat
718 AANFoZAN HAZ JBAA F=
o 388 4L g Bud 2ARY
2225719 FA RS} olo uigt wWo]
3182180 g 71HE Welgde 77 ¥
3 Aaso] FopPo

T ARAF71 glutamate FEA
g QTN AraAfrle TRt At
(excitatory amino acids, EAAs)2 #4]
g Z2AZdE B1d gt ARAHTE &
el AHAAR719t EAAE o8 QB3RS
o zd weld goz ANHAN? 2
Aol AP ALAF7E glutamate %
A9l 84l N-methyl-D-aspartate(NMDA)
FEAE Bolo] MEW Ca’'e TEE 371

Aoz ABMREY &dolt HIE ZY
gk 3o up Yops? | B3], 2lale] Mol A
8l Sle NMDA 8Ale a-amino-3-hydroxy-
5-methy lisoxazole-4-propionic acid(AMPA)
2 kainate receptor®} & T8} A ol
A A AL A} FLI} IS
st Joit®. a2 ZolA Ca?' 9 ion-channel
3 2H3 FA7E 2= NMDA receptore ¥
WAolu|icAte] 2P ofsid E4dst He=
N 2 A3 AZW Ca?t F2g Z7HITIAYY
T= AX W Z+FE AAY protein kinase
C(PKC)s} 22 AzAGA A 432 A
ATE £430? ARwNe si&siA T

o FAY FAE FolAM fedd HA
Bo] AaAf719] AsA ol EH4E3
o o3} ofrlE= ZHF A7 x| g0l o
$ AHolgE ddR 7t Bo] o] FX 1
AtHE? =8 geke ¥ sHEtetEol

Hjste] e ST o2 A% ¥agol H7|
2ol HAZ| W77} o] ol

Tf510 ol3g WS slsted AAHeln &
g4 Wegrdo] sjtgon 53 uwjg
HEZE o83 W Rdo] 320 AYrdg
st ol o]Foix|m gIpPEoI B o
T Aibzol o HPAAE A ARG
o AAZAo] W me} MPEALH A
AT 23714 L AFstn @ Aot} wet
A ArataZo2 FX3 in vitro o] diy
AAAZSY NAHNE ZFFAEJ SK-N-MC
Aol wlxE G zAEAG Aiaz
of @& in vitro AYel] xZF A L #
ZEAB) Helst viokd t AR el 1]
e 4B ZAB) et Az g
z24" BN HEE 2tz 2 2oA 16
2 Eob v 2AAY. 1 T M¥ Y=§L
XTT# NR ®el o3l 33an #ag%s
B Helg ALFAN & AR EHo R
NE HEgo) zZist:= AL BRI
(Table 1A). =3 #SELHES T8 A
o e olzjd AE AEge Zast %
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geroz AdAHE AT Yehided
(Table 1B). °|gjgt A3 HI4F9 A
TEY HEELHI AL NEELS
3 A3 HAFE Holg. o] e A4¥A4n
= Borgers$(1990)?¢] Bn& #go] 4
SAE} HAE £48 2Yside A7
Ane} Yxjsle Zoln, o Yol FHYA
FAHE AaAG77E AEE S AR
Aoz MzrAgsB 2 =z YA YHg 2
25710 23 AEete] x| A npArsinkgo)
A%t &4 2 AR T BEAHA A
F&aol gle Aty A4 & AL A
o|i B2 sy /ygo] ol AAME
£49 JAFAE Jehe RS AN
o} & Ho0:2 853 Abxzatfr] Ao
2R ME &40 #E IR vA=
derg AR Adn AaARTIAE e T2y
AZt)ER o2 HETEAAS fuslNen, #
SRALE HEA AxAR712 dd AEE
g

EF A4bL Aol 9 AP fdet
= AFAE &30 Asld &4 7143 BA
7t et Lolrr] ftd AidaFoz
38E F=3tT catalase®t SODQ &4zt
Fae] 84S AT, AAta A7kl )
A5t catalase®t SODS EAJeo] ZAAsA
o (Table 3A), °lg|& ZA}EA 3 Ho]
AbslA &4 AHZ BHbo] e Aoz 3
A3, A YAJE ALAR/717F AT
4 Faste AXW FAstase] g4
AAgto 2 A AETEAS X Ao Yz
Ao B sERLH FEES 59
g A AHiLE M2l2 ZAA3 catalasest
SOD9] &4 Frtskes A#E B HTable
3B). °lgid A= MEELE F289 T
AAET ARAR719 A &3l ol
AR XS BEZRE FAstaA: G4 S §
ata] o] FolAE Aoz AYZHC}PEBIN o
el Aae H dgAe sty &Aooz
Uall G T ABAHZTE o] Uz B

zatgvhe A7 2AgE ¢ 7 AN
l:]_16.30)'

U, HYo] ABME &4 BEE 71
o} 3tz TNF-a 3 PKCe &4 vlx=
FFe zABINCH, BERIE FEIS
Agjstn o AsE FJsiA. Hdae A

Al TNF-a @ PKCe &4o] ZF7tste S
B33 (Table 4A), #ASEDG MelA] 84
o F77F dAlsle dEE BAoH(Table
4B). Kham$" o] 44xH47]7F a4 L
olA cytokine® intracellular adehision
molecule(ICAM) 3} 22 EAEL AAsHA
FUARS fUdchs d3dns B
on, ol Are HYA YAE xR
717} TNF-a9] 84& Z2AAE 7H54d0]
g Aoz NzE?® oM B AY 2
e 58l o] A" AR A
Aol Atk cytokined FH|S7F
g BEELH FEE0] AN E YERY
oA AglAH &30 gRE AAHNIE B
g Aoz AZEgpe0N  ma Haka
Ae|Al AR Aathrl FEAolr x4t
BH]E ZF2A1H NMDA receptor® A=
gozx NX WY ZFI/HE Zdstn FA
o AE W ZES7H= Ca®*- dependent
PKCY 4% Z7HNZE 7HsAol &8 A
o2 7D

olg g AAtAaFe] MAME £33 71"
2 AEZarpt Bqdtes AE st #%
FLFol AETAPZIAG vlxe A2E it
sl AAAE &30 vixle #MEEHY
BEHE AEALY SHAA BRsnA Y
ok AAtA M7t SK-N-MC Al %o A EA}
dg fxdte AE #As] Hstd AHidi
X2 ¥ SK-N-MC A EdA LDH #3&
A Fej G ZHst] MELEGES A
Aa} A &R oz Aix AHgd o3k
LDHY %7F2 Yetlder(Fig. 1Aa), 24
AlZE Bt AL Aeldte B BEELSE
< 10, 20, 40, 80. 160 peg/mt & A28}
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o g W2e] LDHe #els 33 2
7 80 pg/mie] MEEALBS FT AEL
oA AitarvkS o
4AAe LDHY #Ar7 #+ESEAN(Fig.
1Ab). °l8|& ZAnes oo wikst dlxAlA
AEE o] &g dgan 2 AHojr}, o3t
A ZAbEo] M E A apoptosis)el &3 A
Ax] A XA necrosis)oll g AUAA] F
37l 93l internucleosomal DNA ©
#3l 483 chromatin dyeE ©]&3dto] &
9 e #iS A3t DNA ¢HstE &
A3 A7 AL HeF SK-N-MC Al X9
Al DNA ©#st= LDH %29 37t f4}
stAl Uehdtch(Fig. 1Ba). &8 #MEEAS
< A2j§ d¥FA= DNAY v d4
AA=Ee e Y + UAHFig.
1Ab). T3 AiiZ M2 A3 A&
A} GH3} Fd D apoptotic bodyE
TBAE 5 dAen, #EEIHS FAT 4
oM o &7 Mg HHo| B
o|7]= &gt dlo] $&% L P9 T}
7t dxlsls e wsgE FFY 5 UAT
(Fig. 2).

ojz|g A4t g2 A3F SK-N-MC Al
Xo] MEDA o] FAdE 71AE Po}
H71 $jstd aeo] ddHsle] HFE A=2Q
caspase-39] 43 4S T4 FF4 A
A2 A2 F At EA O caspase-39 &
‘dsle] 718 AFE F e, (Fig. 3Aa),
BELENHS] FAZ caspase-39 84| o
A=e A%E 29 (Fig. 3Ab). 18z
caspase-39 713 F<9 3dh4Q PARP7}
caspased] A% 7 srEsisEle S
BRon, #EE LS FAF YT
ol2i3t 7kl ol dAHE e HAG
(Fig. 3B). F=3 Atk A & AlEAeA
9] cytochrome ¢ %2 37Ee A4S B2
o &g o 2 QY felHe ZAE Yo
o, o|R T3 ALEABY A2 olE I
o] asHe 2E 29d(Fig. 3B). 28

-

°|

2 membrane F8olx9] cytochrome ¢ £
k2 AIZF ol&A wWhAlo] Ae3 HAE HY
oo, olzig A MEELHY FAZ A
Asle A% JebdchFig. 3B). ol2@
Azte Hakax AHelzh SK-N-MC Al 7oA
¥Z4 M ¥oM caspase BAHI}E T34
AXIAE f535t DNA @3t 238 st
Hen, EF mitochondriaZ%H cytochrome
cq felE AFIAL F AiRAER f1H
£ MAE3ARE cytochrome ¢8| F218 Sulshk=
caspase?] BAS il WY AL o
Al ERsIR 1, MEEALFY ABAHZRAR
AdAE caspased] 4 A 71HE FstA
o|Fojx& Aoz Azt

o’de] ATl Hals #E IO AL
2% sl &4E WG AP A XA A
g B3 gzt o3t s AFSAG. &
o2 AAFE A7t o] FojH o} AT, A
e BLFEAGOl FEHORE A HEE
A Azl d¥S AT N8R

g 23 Yoks A 5% & YAen, o

of e ThE AT AT o} P

49 Wg 59 4% At A7E £ 2 7]

M9 o] A&slojop grm AR
V.8 &=

o) st fdsles ARMEEG o
T 547140 #EELEFY AAANEHIE
BE BEA37) gt YH dHAFA XY
A7 EFE G XA SK-N-MC AHEE o]
&3l o531 22 s Adrh

1. AF] weF A AAMEN AHirA A
2|2 in vitro A8 < Fx3d 2~16 ¥ F
¢t =FA17 AR HYE X ARt vl
gled M ZAWEFo| ZAarsHon, BEELE
23 AP ZoAMe o2 AETYEE]
7} dAEe A9g B2y 3 H0,
o] &3ty AtAAR/7IE M T M EA
< #Aastden, #EEAH FA%t

I

rh e oy o

o
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ANZAE AELY 7AE dAlsls aAxE
L1=K7 4= 3

2. AAtA A2 Al catalaset SOD9 ¥
AstEAL] 3L AR, BAEELG
Foe oldd 849 74 E JAste &
£ B4 =3 A4dA MElA] TNF-a9}
PKCe #Ao] JFrleldoy #LEIGS
T3 A ol Zgo] AUt

3. AdaAgz2 fEIe AXares
cytochrome c9 ®2& FWsl= caspase
9] S B3t olRoH:, BALZELBHY
AZAA XA A= caspased] B4 A
7134& B3l o] FojA}.

ol’del A2 Kol AUxFL FHoA £
2@ vl i AF AT Azt EAde] <]
T AREHE detion #EE LG AL
2T 22 AR A &g o
g gojol]l ERAQ ez Algdd.
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