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ABSTRACT

Objectives : The purpose of the study is to determine the neuroprotective effects of the water extract of
Angelicae Acutilobae Radix(AA) on ischemia - reperfusion—induced apoptosis in SK—N—-SH human brain
neuronal cells,

Methods : SK—-N—SH cells were treated with different concentrations of AA water extract (0.1, 0.2, 0.5 and 1.0
mg/ml) for 2 hr and then stimulated with Dulbecco's phosphate—buffered saline containing CI-DPBS: 3mM
sodium azide and 10 mM 2—deoxy—D—glucose for 45 min, reperfused with growth medium, and incubated for
24 h, Cell viability was determined by WST—1 assay, and ATP/ADP levels were measured by ADP/ATP ratio
assay kit, The levels of caspase—3 protein were determined by Western blot and apoptotic body was observed by
Hoechst 33258 staining,

Results : AA extract significantly inhibited decreasing the cell viability in ischemia—induced SK—N—-SH cells, AA
also increased the ratio of ADP/ATP in ischemia—induced neuronal cells and decreased the expression levels of
apoptotic protein, caspase—3 and apoptotic DNA damage.

Conclusions : Our results suggest that AA extract has a neuroprotective property via suppressing the apoptosis
and increasing the energy levels in neuronal cells, suggesting that AA extract may has a therapeutic potential

in the treatment of ischemic brain injury,

Key words : Angelica acutiloba, ischemic injury, apoptosis, SK—N—SH neuroblastoma cell, neuroprotective effect

A E Al
AZ] WAl v EZE 2 oKmitochondria)s Z&2H-E

Ao Aele ARt 9 oske] 43 wHez QI ol 7P BTt Ath AWARA HE AZIF AZGA SF

Basgol Folut il 7ol el AR SolwA A2 & WS Faolw, o BFL A e BE 5|
& A8 BAS0] BrEm ik ol WA ¥EE, "ad ouxE IV, nEZSols A4 DNAS 7}
AR, Lzstoluly Ao, W& 5L 54 W AmAEE A o] K9] ofd] ReloA o e 9K B4 Yehio]
A% NPHA AAAY AR Uehtn o5 oA Mo BAFAAE T Jlwuct wow deid U, 59
T 28E BE AR S FEE AU Aok o AANZE O Sle A o o) At el
W Aol dig A7t A AAdeR Sae AWETL gE 2@ MEE nEIsejcs) W FRee, nEasdore)
STAAR} U] B A A4S 7079X) SRojekE dojnidst Rasta,

- Tel : 054—770—2661, - E—mail : yongki@dongguk. ac kr,
- A4 020119 119 89 - 44 120119 119 279 - A" 20119 129 16¥€



68 KR H 2 E

5l Halh ARHE W] 2 a2, vEace)
ole] Aem Ul WAHE BN ANEE Oy E
£ OH - Z2 reactive oxygen species(ROS)= UEZL=E]
ofe] Fxot JES TSt o= TFE AEE QS
dhSol WIS Fste A= NZUAE 2HsH= ATP A
o]} NADH/NAD" v F3& 4 dHct 155EQ o
F59 A= vEZETotolA A== ATPE FFHM,
HEZEgotoflA dojub= oUX|diAL 282 w=3lel gt
A gk Ba Qf o 2FoNE wkdlo] wEh T
o oJ&rr} ZJsla,  NAD'—isocitrate dehydrogenase
AL 745 (=3) ; Vitorica 5, 1987), 3|&o) wE A
AL nEZEgotute] Baldo| S uH AZAFEH
ZEA cytochrome ¢ W&} 374 B4 A2 HEA 9
E3HA|o] Y2l apoptosis inducing factor(AIF) 59 #&
& gasH ",

UASA(HEET © Angelica acutiloba Kitagawa ; Angelicae
Acutilobae Radix)= u|uUEZ(fJZAl : Umbelliferae)ol] <&
gt ohaA 2EQ gistFACKRER)S S ARAZ A
ot grejstelN FHe 2 owkrb HEEsk 2 Esh O,
A, o2 Sol7) MifiEst {TRIbEsHE E50] e
o 2 M FSH RS M et Me M HfEstE=
[zEe] T8 AREY,

S&OAAEQ  FH(EE  Angelica (Gigas Nakai :
Angelicae Gigantis Radix)?] oFg]atad] @xof st Ad4H
T2E FAFEEY FHEHEY HMo] o3t =4 H5E I
oMol HAM gA L AANE BEEIN) SMGEAE
(B6 melanoma cell)ollA19] HafdM A &4 (melanogenesis)
oAA &7 FASAA YA RS 5 FAs 5w, o
A AdEEFEEY dinitrofluorobenzene—F= @5 "
o} AN ZAA Y FEE 9 FUuA B0, ¥ AFH=E
oA e MEAH] i3t BRI EIY, P o] FBA M
Aol gt AMESY 5 s RuEdch =3 H2
e yHYFAAHE d1=2 G decrursin, decorsinol 4
Bl HgloldRo|E—QE AAAE Ak gt BEga!
2 AR AN EOA Y] A4S AT W cisplatin—FE Al
ZAEe] gt AAEI? 5 ofmsT )del diFt dF
=2o] &¥s] BuEa glov dgAY FE|asyt 7|He
g3t A7 =8 AFolt

2 dFelAe 499 EFEEY AEY ARAEFA
SK—-N-SH AlzzoA 3}std 518 - Qo7 &4l o3 4l
A AP A ANEZFA F=, AUANHAL F7F D AEZA
g JAAEY I dAlY wWE AAFERTAINE FISHX
FYPstgon Aoz {ogt AIE Ar|e] Eiske
LIC=

-

A2 % Py
1. A&
1) <Xy

2 AgoA ARH d9A= e A= ZATA A
AtEl A A(Angelica acutiloba Kitagawa)2] B 24,
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AFon FARNUY FUARS ACRIRRE 7Yt
BT AT BFEES ITARATARIOM)
BE Aot A, OBy BEE AFAATA
B I HEEHS KIOM011927).

2) A2k

2 Ao AR = Dulbecco’ s modified EAAle s
medium(DMEM), fetal bovine serum(FBS), penicillin
—streptomycine(P/S) 59 Al ujdg& AEL Gibeo
BRL(Grand Island, USA)AlolA] Fslon, Aldo] ARE
= AJeF = Sodium azide, 2—deoxy—D—glucose, Sodium
dodesyl sulfate(SDS), Acrylamide, phosphate buffer
saline(PBS) 5-& SIGMA(St, Louis, USA)AMIA F45+%
o} Cell proliferation reagent ¢l WST—1& Roche
(indianapolis, IN, USA)AFA, ADP/ATP ration kit=
Abcam (Cambridge, MA, TUSAAPIA FdstHon,
anti—caspase—3 @ EZE3A|= Cell signaling(MA, USA)AR
o4, goat anti—rabbit, goat anti—mouse TEEFA|=
Santa Cruz Biotechnology (Santa Cruz, CA, USA)AF|A]
FAskE Tk, E3 X-ray film(Kodak Co, Ltd, Burnaby,
BritishColumbia), ECL solution(Plerce Co, IL, USA),
protein assay solution(BioRad Laboratories, Inc, CA,
USA)E AMgslon, 7et Ade] AMSE BE A2 24
£ 55 o= AMESHaTh

2, 9y

2-1. &&= M=

At AR o] 108 12} FFSE 78t ERY
718 ARet S|HWES o]gd 2A1ZF Bt E9stal A
A AR AFstgict FRES A T2 PHOE 2%
F&3la, 1, 22k FE9L &kt § 52 A =7](Bondiro,
lshin Lab, Korea)® FAAZsIY 4T EFEE AXE
T Aok 2259 582 AXA div] 50.64%% T,

2—2. M= HHY

SK—-N—-SH(KCLB 30011, human brain neuroblastoma
cell line) AllE+= ATCC(CRK2271, VA, USA)ZHE FY3}
Fqom,  10% FBSI} penicillin - streptomycin(10,000
U/ml, 10,000 ug/md)& Y2 Dulbecco's Minimum
Essential Medium(DMEM) ®|FH o2 5% CO7} ZEE=
HloF7lolA 37 C 2ALE HjgsATh

2-3. o=y &4 MEHiARE XIZ

sper S84 &4 ATdernee AR Sla) Alska
QA AAISl= sodium  azide®t AFIAFL AdEie
2—deoxy—D—glucoseZ A3l AAtaZ(hypoxia)d} A&
D% (hypoglycemia)& FESFATH?,

(1) Chemical ischemia €4 F= A7t W& AX Y=
T =3

96—well plateo] AZ(1.5x10? cell/wel)ES EF3F =
shRHF wjFskal, HiXE AAT o 1x PBSE 33 AlF
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3tgct, o] 3mM sodium azide®t 10 mM 2-deoxy—
D—glucose?’} E3tE  chemical ischemic Dulbecco's
phosphate—buffered saline(CI-DPBS)E %X 0, 5, 10,
15, 30, 45, 607t HiRE & WST-1 WS o83 A=
MZT (cell viability)E XS st

(2) Chemical ischemia €4 4% & A7 Al7to)| w2
HE AEE 274

96—well plateo] MZ(1.5x10" cell/wel)S EF3 =
s wijFskal, wiAE AAT o 1Xx PBSE 33 AlF
3l¥tE o]F 3mM sodium azide®t 10 mM 2—deoxy—
D—glucose’} *%E  chemical ischemic Dulbecco's
phosphate—buffered saline(CI-DPBS)E @1 4587t ok
3t & 1x PBSZ 33 MASIAE 9719 growth medium
2 At 0, 3, 6, 12, 18, 24 ARt S wigE =
WST-1 W& o]&ste NEZYEEE 53 skt

2—-4. N MEg =53

FEof| ot NZEAHF FE - AIAF &4l 2 AZAY
252 2] Yol WST-1 assays $3stacH?. #
A 96—well plateo] AZ(1.5 x 10" cell/well) B33t
24 A7t vjFSt & serum free media(SFM)ol o2 %=(0,
0.1, 0.2, 0.5, 1 mg/mf)E A3 4G EFEES AH=st
Hth 2417 HiSF T X2 AAFT 1x PBSE 33 AH
gt th2 CI-DPBSE A&|3te] 45 B7F wjoksidct, ohA] f
A& AASEL 1x PBSE 33 A&g & growth medium
2 XS ZABIEL 24 AZE o wjkE stk WY =
I WST-1 A|gkE 200 wl/well®d ¥We Z 37C CO,
incubatorollAl FAMEHE FABHEA HESAI7|T HRSAE
96—well plate®]] 100 ul/well® AHA Microplate Reader
oA 420 nme FF=E SA3IAch

2-5. olUX| HalH &Y

SK—-N-SH AMZ(1.5 x 10* cell/wel)® luminometer
plateo] 53t 3P vjFstal o] WST-1 assay©llAl
4ol UetA] o2 5= HY9 dFAFEES 2N &
oF AA e th, CI-DPBS 4587+ A g]sto] ABFAI A
°]F THA] growth medium® WA & 24A7F FF v
shal, ohA] HiAE AAS o 1x PBSE 33 AlFstth
7)o nuclear releasing reagentE 100 w(¥ ¥ 58 &5
OF 4204 HWSA|Zl & ATP monitoring enzymes 1 ul
A ¥y 18 F2F luminometerE ©]83te 4L 3t
ADP levelsg &7317] YA oAl 1087 luminometer=
ZA3le ZHS 7123 3 ADP converting enzymed 1 wl
£ 43 18 o]y9 luminometer®2 ZA3s}e] ATP} ADP
9] H|&(ATP - ADP ration)2 5}t

2—6. Western blot

SK-N-SH ANEZ2Hg HEAE = ool
caspase—39] W&EE Western blotoZ ZAsIch WA,
SK-N-SH A2 EAo] gl s=HHY dgAFEES
2A|17F ZoF AAF3t thE, CI-DPBSE H A5t 4587t A
g5l thA] growth medium® FA|EF] 24 A|7F St R

TRAT. 4 AEZE 1x PBSE 33 AlF ¥ lysis
buffer(50 mM HEPES, pH 7.4, 150 mM NaCl, 1%
deoxycholate, 1 mM EDTA, 1 mM PMSF, 1 ug/ml
aprotinin) 0.1 m¢Z lysisA|ZTE ©]E 12,000 rpmofA 20
£ AR e 2N guds Befsigr, 2 7 gwd
9] 5&& protein assay solution®@ Az th2, 30 ug
A 2 X sample buffer (100 mM Tris—HCI, pH
6.8, 200 mM dithithreitol, 4% SDS, 0.2% bromophenol
blue, 20% glycerol)@} 4ol 10—15% SDSPAAES Z3 &
Zstgct, E2E geldd @¥iAE NC membranel 2
transferA]7]2 ZF membrane< 5% skim milkZ 4l-20] A4
1A17F blockingd}Htt, Membrane®] caspase—3 % £
—actinol] tigt GFAE Fol 4TolA =R RESAI *
0.05% Tweeno] S0zt TBSE 33] A|Hst4tt. Membrane
o thA] anti—IgG conjugated HRP JAE E2 T 1A7+
EoF ALoA "-EAF13 0,05% Tweeno] EZFH TBS(1X
TTBS)Z 33] Al&s}e] ECLEHS o]83to] x—ray filmol
ZFA A

2—7. Hoechst33258 Al

Hoechst33258 GML Islam (9)9] Wio] wat +35t4
o WA &bl SFAE G2 culture disho] AE
(5x10° cell/m))E BF3lo] 24 A7k wjoF 3 ohg, 49
FEEL =40, 0.1, 0.2, 0.5, 1.0 mg/m)Z A3t 2
Azt Bt it & wiXE AAStY 1x PBSE 33 A
sttt o7lo] SFMe 250 ¢ M =2 943t Hy0, 8
Ak & 247F B9t wigstleh. AA71ol wiAE AASH
1x PBSZ thA] 33] AA3H & 4% paraformaldehyde
Aeste] 4CoA 308 ¢t AEZE FsHETE LA

MEZ= 1x PBSE 33 AAs 1 mg/mle
Hoechst332580] &7 PBSE 5 wX Alsle] 204
30 27t gAskt @4E Az W 9 JHHsE 3%
# 1|7 (Olympus ImAAing America Inc, PA, USA)& ©]&
sto] LTt

oI ST

2-8. SAX 4

A= 33 HEEAFEC  digt  Hd(mean) = EELA;
(standard error SE)2 Uegljglen, EASE HEALe
GraphPad Prism program®| Student t—testZ® 433}l p
Zko] 0.05 oJ3ll ALE 4ol J= AL=E WS

4
1. 3% - Aego] o AEaAte] dF a3

SK-N—-SH AN ZoA 3]|& - AR 2 Al &4 J=
£ =A% A1, 3 mM sodium azide®t 10 mM
2—deoxy—D—glucose2 A3t 108 =<t sjFslgS o
AE BA40] UERA gtort wepAlze] SjEHen AE
=40 ot AlZAE=TE FaEdtkFig. 1), &, AZAE
=7} 158 wjokAIZt 2E DPBS% 9 A AlEof vls] &
gHo R Zhadtglon, 458 g Al & 50%=2 SAHENC
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Fig. 14), ET 38 T ALF A 42 AZYE=E
2% A 2447 ABFAAN AMZREZETL 50%2 UERE
o, AT A7t oE&Foz FAstETHFig. 1B). uwet
A SK-N—-SH A|Zo|Axg dFAFEZEY AZHEE b
o dig adE =AY YsiAl 458 BT 2447 AHBF
zA0Z A AT}

tH, SK-N-SH AlZo] dgAFEE(AAS 0.1, 0.2,
0.5, 1 mg/ml =2 AHg & 24X]7F vl WST-1
assay WHOR AxEAHL 3% FAy, 747 115.38%
5.21%, 114.19+5.98%, 115.61+2.49%, 105.14+2 762
2 1 mg/ml =7 40| UehA] ghStth(Fig. 2A), E
g SK-N-SH Ao 458 B¢ 38 &35 & o 244
7r QRS AEZAPEE 2% o2 =40] gle v W
Ao dFAFEES Aty N2AE=E ST 2, ¢
FAFEES AT AZdA 3E - AoFel 93 Ha"
NZHEE7 & gEFo=z Fhete ALz JeEigt
(Fig. 2B). wetx] dGASFEEL 38 - AAF &4 0
NZEAo 8 HE AANZE BRI Ao vehyth
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Fig. 1. Induction of chemical ischemia - reperfusion injury in
SK—N-SH cells. The changes of cell viability in cells after
chemical ischemia. Cells were incubated with CI-DPBS containing
3mM sodium azide and 10 mM 2—deoxy—D—glucose for O, 5, 15,
30, 45 and 60 min (A), and reperfused for 0, 3, 6, 18 and 24 h
(B,C). The cell viability was determined by WST—1 assay. B. the
changes of cell viability in cells after chemical ischemia and
reperfusion. Values are means SEM of two different preparations
with quadruplicate experiments. *P{0.05, **P{0.01 and ***P{0.001
vs. cells alone with DPBS.
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Fig. 2. Effects of Angelicae Acutilobae Radix(AA) water extract on
chemical ischemia-reperfusion injury in SK—N-SH cells. Cells were
incubated with different concentrations of AA extract (A) or after
45 min chemical ischemia and 24 h reperfusion with CI-DPBS
(B). Cell toxicity was measured by WST—1 assay. Values are
means SEM of two different preparations with quadruplicate
experiments, *P{0.05, *P{0.01 and ***P{0.001 vs. normal cells ;
and #P{0.05, ###P{0.001 vs. chemical - ischemia reperfusion
group.
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2, iz A diF &3

AGFAFEEY] ABFAZANAY 3E - g7 S st
oz o dist 2 J5I3E ERIsy] 98] SK-N-SH
ANzZo 458 3 AT 24X AR AR NEAES
FE3 & dFAFEES AFste] ATP/ADP rations &
Akt 1 A3, S84 &) fiE A= (vehicle) oA
= ATPY A/do] A Aol vlal AA3] FhEE=E ASRE
Uelstth(Fig, 34). B3 dB9AFEEAAS FEHE AF
S W % SEHOR ATPO o] F7lste AoR
Uebdth(Fig. 3B). 53] 497 FEES 1 mg/nl =2
AetdlS o A AEe [FARE FEOE oA Ao
Z7Fstsrt

L g 1o

>

Vehicle

ATP/ADP ration
£=]
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5 1. #ie
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1 Veni

Fig. 3. Effects of Angelicae Acutilobae Radix(AA) water extract on
chemical ischemia - reperfusion induced decreasing of ATP levels
in SK—=N—SH cells. Cells were incubated with CI-DPBS for 45 min
and reperfused for 24 h. Cells were incubated with different
concentrations of AA extract for 2 h (A). The ration of ATP/ADP
was measured ATP/ADP ration kit. Values are means SEM of two
different preparations with quadruplicate experiments. ***P¢0.001
vs. control ; #P0.05, ###P<0.001 vs. vehicle group.

3. Caspase—3 Zdo]| figt a3}

Caspase—3+= Al 2H|¢l ey B3l &2 (cysteine
aspartate specific protease)ZA] A|ZAIES SHHA]7| =4
T8 AL e wEbA ABAEANM Y caspase—39] T
ol digt dFAFEEY adE glsy] YsiA 8 - A
TR &Y T dGAFEES A7ste] Western blotZ 43

stct, 1 dak AR Bis §E8 - ALFE S AE
Abdo] FtE AFM|EA caspase—32] WHo] A F
7htgen ol dPAFEE Ao Y8 = oEFHoR
Faeh(Fig, 4). 53] dFAFEES 1 mg/ml A5
S o FAAN|ZAAL} GASHA caspase—39] EEo] YAg]
Qon ol dGHAFEEC] I - AAF &4l gt A=
APEERE caspase—3 WEZ AAIFo2ZN AFAEZE B
3% 4 USS Yujgitt,
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Caspase-3 | [i-actin

0.5 1.0 mg/ml
Angelica acutiloba

Fig. 4. Effects of Angelicae Acutilobae Radix (AA) water extract on
chemical ischemia - reperfusion induced expression of caspase—3
protein in SK-N-SH cells. Cells were treated with different
concentration (0.1, 0.2, 0.5, 1.0 mg/md) of AA extract after
chemical ischemia - reperfusion injury. The expression  of
caspase—3 protein was determined by Western blot. Results of
three independent experiments were averAAed mean value of
three independent experiments (SD=bars). ***P<0.001 vs. control ;
and #P(0.05, ###P(0.001 vs. vehicle (Vehi) group.

4, DNA WA dig a3}

AN EZANA &8 - ATF S T2 NEZAIZZRE &

‘%}Hh glo] ejghx Wsks TS| fd 8 - ATF &
S AGAFZES *2$t & Hoechst332568 FAE 43

OP%E} I A, S8 ARE S4oE NZAPHo kg
AlZo| A Hoechst332589] #o] AMEOZN NZAIE Eo]
A SEHAY 2% & Y apoptotic bodyE T = 9
ArHFig. ba). EFF YFAFEES AT AZAME 5=
of &JE&HOF apoptotic body7t #AgH AL TESICE

Fig. 5. Effects of Angelicae Acutilobae Radix (
chemical ischemia - reperfusion induced productlon of apoptotic
body in SK—N-SH cells by Hoechst 33342 staining. a, vehicle

) water extract on

group ; b, AA 0.1 mg/ml: c, AA 0.2 mg/ml ;
and e, AA 1 mg/ml—treated cells (x400).

d, AA 0.5 mg/ml ;

a F
gulo) Beld F1se BHomNE fact TG T
dzstm glow, AL AiaF  HEG 22 i Hep
3] o] Abaot EEg Fgol @ & B €4 gope
ABA £ fusl Bk MHeld @4 e B
3 BYRA) YYS FES BYLLE ABHE 2S5

2280 AANBET} A7 71

& ¥ AZ AR fas "o, Em3E eske] 21912 o]
23t BAT ] o ME7F EAET]) mEeln Bikas
%2 Foll 283t AUA(ATPE ¥7] A% Aol A
AEcHY, S nEZEgoks A4 5F 2§ A AAYEE
B4R AR QIAHL glon] T kst A7 A=
= Aol Hi g & BAAae T2 ARk AEH A

ofaf sl mlEEselol &4t sl kot % s}
o9 Agko) Uolo] Hm, TAAEE AT DNAS) ANZ
EQvio], nEEselol DNAS A Ao Qg v 3

A Ast, olof mE tEke] /g4t WYY o] HiHEE
o w3 ey Agkso] UehA Q‘:‘] n|EZEgjo}9)
Fed, FHAsE s, AR oF w3} 3
Aoz HIET Qop'’ 20) 14 59 22 o
3 Ao A, WY EY &% ;‘R’H"ﬂ ot FA% 94
Aoljet SFuHE Rkl Ao R T2 IR} AL F
=Y FZo= QR nEZELo} Ve &3 Al T3t
=, AzZAFEY fofdts o] dHAE] YES B9
X ABAEIE EA He AeE Eu Qo & Aadt 2k
T 1o wWE wEZEol i ouA] tiateld, LERIgH
zu} Expgdusle] W2 Ca™ 5o tiF 49, AEZAE
BAES wy Zul2 AErt FA4 9o getd A%
Azt Aot A8 nEZEoty 7|5 A 2 3Eo]
o Fag AFo R A= gt

A= FFAETH © Angelica gigas Nakai,), ';Eﬁ(%‘
237 ; Angelica Sinensis Diels)), XiEHE (LG
Angelica acutiloba Kitag,) 59 ZAZXg gl EZZS_PG
o2 HICAH, CEAIER, TURRER, BHR. IMETERE,
R, B, R(EE MEEES, IKTHEE 5ol oy m:
shal REsb gr2 gu Ajm ot A3 ghookell A i
¢l BYeF F SPUE AAXIT E3 ghe] Akl A A, o
MR Q18] zHe 2ol e Aqiegn gom™ oy
o] RFFE Bty Ar|E&SIH ATESREAE RS
Aow deiA ok, I AFolA oF 7HA FH7F 2F
G ol2or §EHT AW Z+ G wet 1 A4
Holl AdE Zort o B3| d3AY F8 82
Butylidene dihydrophthalide, 4—Hydroxy—4—methyl—2—
pentanone, 9,12—0ctadecanoic acid, Butylidene
phthalide, @ —Farnesene So|® 79 Fa A&
Decursin, Decursinol angelatex= Y@= AFTlto]
gEol = 59 7\}012 wolth?  Ag7o] oy i
TEE HEEY, F594 8, Vs 5 9 "9r)e
23 53, SdWHo] 8 A4 53 9 gy m53k
% 29 9 #EYFY A= &5 AT 5ol B Ha ot
BB AFoE dGY BFEEY ¥ AGAZAA
S84 &4 digt Riams Ry 98 sodium
azide®} 2—-deoxy—D—glucose A Z°] &gt chemical
ischemia AIFAEZ viFRAE AFstgon, s QA7
£ 53 AlEAPEo] dojd SK-N-SH A|EZEA 4357 &

25 9% AzZFA F= oUA|tiAL #iEF E Al EZA}
k) ‘I]Xﬂ a5 ERlstart

IFEEY dFEEY U nEZE=golA FAEE=
ATPE Z9EH nEZEgotoA dojiu= oUR|thAF &
2 =3k} AT A vk BEa ok X 2F A H

Nrﬂé

2
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18 ZuE Hu wo) g ey gzms
NAD"—isocitrate dehydrogenase AL Z43sH=
adHA 9, =3hE 229 Krebs cycle 4 &4
3ta AlZo] nEZEcgo} EEE ZhadHA Hrp
3= WA nEZEEo} V)5 Akt Aol & o=
Z2Z257 Yri¥, B dAfolN dgAFEEL ¥ AAA
A EE - ATF &4 OE FAT ATP 49 dAE A
AANA oA HALE ST EN AZAEE AT 5=
e Aoz sy ER, uRRRES W AFAE
A e §E - F &4 OE NEAE HFE /=
Sl= caspase—39 WEE AT sk EHOE JATL
20 AZARS AR Aoz Uehgrh HEFAN o1
4 ATo] v du B AT B9 24 Bu B
$22 2RI WANYIL R VRO A} ABA
ZoA AAE o83t YA diAt FollE st AFAME
&4 9 AP st B9 webd dgAREES 3§
A & I AUAIAL Zelle] FEL dFdHFEE0]
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