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ABSTRACT

Objectives : The water extract of Daechilgi-tang(DCGT) has traditionally been used for treatment of qi stagnation(s
), which is considered to be one of the important causes of neuronal disease in oriental medicine. However, little is known
about the mechanism by which DCGT protects neuronal cells from brain cell damages.

Methods and Results : The author tested the mechanism of the cytoprotective effect of DCGT on glutamate
-stimulated rat C6 glial cells. DCGT significantly protected C6 glial cells from glutamate in MTT assay. Pre-treatment of C6
glial cells with DCGT markedly inhibited the DNA fragmentation of C6 cells induced by glutamate. Glutamate increased the
generation of reactive oxygen species(ROS) and intracellular calcium level in C6 glial cells. However, pre-treatment with
DCGT markedly suppressed the increase of ROS generation and intracellular calcium accumulation induced by glutamate.
Among apoptosis signaling mediators, DCGT markedly increased the expression level of Bel2 in glutamate-treated cells. It also
inhibited the cleavage of caspase-3 and PARP proteins by glutamate in C6 glial cells.

Conclusions : These results suggest that DCGT protects brain cells from glutamate cytotoxicity through inhibition of
ROS generation and activation of apoptosis signaling pathway as well as induction of the anti-oxidant system.
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Table 1. Prescription of Daechilgi-tang

[ 24 EX ZACED) HE(g
= Rhizoma Scirpi 4.0
i Rhizoma Zedoariae 40
% & Pericarpium Citri Nobilis Viride 4.0
BR F  Pericarpium Citri Nobilis 4.0
& K Radix Platycodi 40
E & Herba Agastachis 4.0
M= Fructus Alpiniae Oxyphyllae 4.0
b Rhizoma Cyperi 4.0
A A Cortex Cinnamomi 40
JE Radix Glycyrrhizae 40
B Rhizoma Zingiberis 40
A E Jujubae Fructus 40

Total amount 48.0
2) NEF

WA C6 glial AEF= ATCC(American Type
Cell Culture)ZH¥ F4iste] Aldfulofsbds A
& AAEIH

3) Ak 77

Aol 83k DMEM, &H4A, trypsin ¥ $-¢l
o} & A (fetal bovine serum, FBS)< GIBCO BRL
AH(Grand Island, NY, USA) A|&&, HlF4-7](24
well plate®} 10cm dish)= Falcon*H Becton Dickinson,
San Jose, CA, USA)elA F4i3ske] AHE-3Fsich
3-[4,5-dimethylthiazol-2-yl]-2.5-diphenyl, tetra zolium
bromide(MTT), diamidino-2-phenylindone(D API),
bicinchoninic acid(BCA), dimethyl sulfoxide(DMSO)
+ SigmaAH(St. Louis, Missouri, USA)elAl 38}
olt}. Procaspase-3 protease, PARP ¥ B-actin %
9] antibodies® Santa CruzAHSan Joes, CA, USA)
oA T3k
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34715 1"%7'—‘1“1 3 1*‘53}/\:"’1]"1 A7 el &

2, 3200 rpmo.E 208 FoF o
As5712 $5T ds 10 TaA
12/7F o)A} EAA T, freeze dryer® =72 AxX
ste] 213 g9 AEE dgld AF Ax" KER
] u oF4- DMSOe £-all8led 50 me/ml
= XVJ% % ZA| 3o ARS8

“”"1-4 C6 ghal A ZF= ATCC(American Type
Cell Culture)oll X F38tdon, 5% C02/95% air
w7l A B3A " 10% FBS7F 3% DMEM
Wk o2 wfckale] AY EAel| g AR
o}

3) NZAEE =24

Glutamateﬂl oJ8 (6 glial M= AEZA=
KERFe] glutamated] 2|3t C6 glial Al Z2] Apg
of wXE S Golr 7] $]ske] MTTEA
< ol &3] Atk F M E i FTH(24-well
plate)sl A Z(1x10° cells/m) S 1 nl EF3}1e]
12 A7 o] AF COy Al Zul 7] glol|A] etAA|Z] &
oFat F2(0~30mM) 9 glutamated 2447+ A2
gt &, Zb7ko] wfopA| ol wiekH ] 1/102 MTTH
(5 mg/ml in PBS)& A7k}, 4 A7 & ok
NE AAsL 1 ol DMSOE H7lste] MEE &
A7 o2, £33 <A (THERMO max. USA)E
o]-83te] 540 mm IFANA FFEE A
gk ohokst % (0~800we/m)Y KEREGS 14
7+ AAEE & 20 mMe glutamateE ]2 3}ed
24X 7E kst o5, $1ek 2ol MTT AW S
o] &3t NEAEEE AT ATYEES
A4 Hx2T3} v wete] WEE (%) 2 EAEH.

) A ZEA7](Flow cytometry) S o] &3 A
:1:T7] 4

Glutamateell ©8F C6 glial A2 APE 3 Kt
Rizel glutamateell 23+ C6 glial A E2] AFE e A
A EF7] Wstel] wA= ks dolr7] 93ty
FHEZEA7E o] &3te] A F, C6 glial

Zsl2 - DA - 4ES - NS - olS 0] el

Az 20mM 5=9 glutamateE A28t & Al £
F71% A7 $13ked propidium iodide(PI) 2
DNAE A% & FAZEA7](flow cytometry,
FACSCalibur, BD Biosciences)S o] £3}o] 3 342]
A71E SAsAT. Hlxel Aok A]ste A7t
W2 A5t PBSZ 23] AlHstgich AlHg Al
Z(1 x 109 DNAE PI £(0.1% Triton X-100
20 we/m PI, 200 wg/ml RNase) 600 w2 20 &
b Wh-eAIZAEh =ah 100 we/nl $E8 KERGES
C6 glial AEel A7 AXNFT = 20 mM
glutamates 24A17F A2l F, §J9} 2] FAE
FA7E o438t AxF71E #AMsH A
FAMoA A2 AR BAML CellQuest software
(Becton Dickinson)E o]-$-3}ich.

5) DAPI ¢4

Glutamateol] 98 C6 glial AlE2] Abdo] A&
AEAL 7146l oJste] v ES EelEtast AHx
AEAL B e EAS FEE] $3)e
kel DAPI A& $33i6ch AEE 4%
formaldehyde £9lo] TA3 &= PBSZE A3 3}7,
10 zM DAPIZ 1087+ A8t & oA PBSE Al
Hste] 38w 7 (Leica MPS60, Germany) o2
o] ey w3 FEss.

6) Crystal violet &34

KLrFol glutamateol] 23t C6 glial Al E9
EAd 3t B35 & H oA caspase-3 protease®] &
A 3stel #A 7L JERAE western blot EAHE &
& zARIATE C6 glial A ZANA KERE= 1 A7t
AXEE F 20 mM 559 glutamate® 24217+ A
glsle] 247 A e 24, T T AE H5d
0 2R¥ procaspase-3 protease$t PARP whialo]
Wy W3 FAslgnh AEE 4% formaldehyde
Lollel] A3 = PBSE M8}, 10 we/ml crystal
violete 2 37+ Mgt F hA] PBSE A 3}ed
s38+8n) 7 (Olympus, Japan) &2 39| st
‘*]fdr% FEs

7) AZ W H0, A4S A

695



KXER:50| Glutamateoll 2|3 C6 Glial MlZ2| Apoptosisoll o|x|= &k

Glutamateoll €8 C6 glial A E] ApE ARl A
KRERES Bsgde] dgt 7|4 A5 98 A
I o gAALESY] S F398S B8 24
s AlE W g S A3 §
stod 33} probe 2'.7-dichlorofluorescein diacetate
(DCF-DA, Sigmarh)E o]&3le] Hy0,4 AAS
ZA3sich v 3EAe] DCF-DAE Al=Z o
hydrogen peroxide®t Z+# ¥ peroxides &4 A] ¥
%3¢ DCFE w3tse] =A] 3335 Whaid. A
o KtFE, glutamate, N-acetyl cystein(NAC)
= A= F A EE $8317] Aol 5 ;M DCF-DA
= x2]sled 37CelA 308 Ft wiokatsich wiof
st AZ3= PBS(pH 74)2 AA3s 2 1% trypsin-
EDTA &% Azste] AZE $3st, oA
PBSZE M43t fAZEA7Z §F3& FA3 2,
CellQuest softwareE o]&-3}e] HA35}ic),

8) NZ W Za 24

AE el SA=E Zae] ¥ SA3] St
o] Fluo-3AM2 2 FA 3] 33ans A &
kel 100 we/ml 5= KtRES C6 glial Al
o 1A7F AAE g 3 20 mM glutamateS 24A17F
Mgt M E2E $85}7] Aol 5 M Fluo-3AM<
Agste] 37CAA 308 Fo wHSAI AT kst
A ZX PBS(pH 7.4) E AA3td 1% trypsin-EDTA
LAE A3l M EE 8813, BA] PBSE Al
Aol SAZEAM7| R LS AT CellQuest
softwares ©]-8-3fe] A8

9) Western blot ¥4

oA by W 3kE 3aAsh) $8led 100 we/nl
o KtREGe 1412 ¢ AAEEd 20 mM F
29 glutamatesS C6 glial M Ee] 24417+ A=) 3t
AEE Y PBSE 23] A dofAl Axe
44 (50 mM HEPES, pH7.4, 150 mM NaCl,
1% deoxycholate, 1 mM EDTA, 1 mM PMSF, 1
wug/ml aprotinin) & 4°CellA 308 59t WA AL
ko) A E A (200 we)Z 2x sample bufferS
E3sled 100TCoAA 387 7Fdste] duae] W

[t
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AL G238 & 125% 2D 15% SDS-polyacrylamide
gel electrophoresis(SDS-PAGE) S Alisladt A
7193F ] Byt gel®] A2 electrotransfer system
(Ellard Inc, Seattle, WA, USA)& o]-&3k] (0.8
mA/cm) nitrocellulose membrane® & o)A 1L,
blocking buffer(5% skim milk) &} AF2ol|A] 247}
b uk-2-A17ie}k. Procaspase-3 protease, PARP %
B-actinell W8t A= 0.05%(v/v)S] tween-20¢]
g5 tris-buffered saline(TBS-T)oll 1:1,0002.2
3]A5te] nitrocellulose membraned} Aol A 24]
7t Fe wheAIFem, 7 Al gt o] x[eHA|
anti-rabbit IgG conjugated horse radish peroxidase
(HRP)®} anti-mouse IgG conjugated HRPE
TBS-TZ 34 (1:3.000)8te] AF-2ellA 117+ <t
HF2-A17] 3, enhanced chemilluminescence kit(ECL
kit, Amersham, England)< o]-&3lo] 3Abs}gdct.
10) EAA2

© A4 33 oo H3A< AfAT
o] EAA2]E Student’s t-testoll F3he] Azs}
o™, p-value7} A 0.05 v A f2A
o] & A= HA

b

<]

m. # =

1. GlutamateZt C6 glial M=o MEg0| 0|X=
g
C6 glial M ZelA glutamate 2] A, 10 mM
oA HEAYEEL 80%, 15 mMY HTolA
63%, 20 mM FxelA 48%, 25 mM F=olA
29% 1213 30 mM ¥ oA 28%% T o&EA
ol MEAYZES A4S Ye e (Fig. 1).

2. XtFH0| gutamatedi| 2|8t C6 glial M=Z2
AtEo| Ofxl= g
C6 glial Al Zl 20 mM %9 glutamate %]
Al 50%2] NEAEES B o 25 we/nl 559
KRGS AAsAE A5 6% ATYEE



S Jehhgen, 50 w/n 59 KtRE A
2] Al 76%, 100 we/ml 5 KtREH AAE A
9% MEAEES Hod 55 oEAQ HsE
= Yeplgich 53] 100 we/nl 5% oA Kk
LtRG Al Al 2T Y AZAEEE By
glutamateoll 2|3 M EAIES A HEFY
+(Fig. 2).
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Fig. 1. Glutamate-induced C6 glial cell death in
a dose dependent manner.

C6 glial cells were incubated for 24 hrs with
glutamate at the indicated concentrations. The
cell viability was assessed by MTT assay. Data
represents the mean = S.E.M. of three individual
experiments. * p<0.05
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Fig. 2. Protective effect of DCGT on glutamate-
induced C6 glial cell death.

DCGT was treated 1 hr before treating glutamate
and incubated for 24 hrs. The cell viability was
assessed by MTT assay. Data represents the
mean + S.E.M. of three individual experiments.
* p<0.05

Zsl2 - DA - 4ES - NS - olS 0] el

3. Glutamateoi| 2ISt C6 glial M=S| AtHO|A

Sub-G0 2&l2| 5}

A N E2Y DNAE GL S ¥ G/M71=2 o}
ehfej A HZzAEA fE Al #4835 DNAZ
Sub-G0 E3oz Zrigd, dR2LME YA
ol DNAY] #2Z Ho|x T =9 & Yep)
gout 20 mM 559 glutamateS x2]8 A+
M= dzg 92 Sub-G0 #3 o] F7tEi
(Fig. 3).

200

Control
g],  Sub-GO Phase i
= 1
3 [ E—
- 10? 1! Fﬂgi 10% 104
=
[72)
% o
E Glu (20 mM)
z], Sub-GO Phase i
= 1
" 10! 102 108 104
FLZH
DNA Contents

Fig. 3. DNA fragmentation analysis for glutamate-
induced apoptosis of C6 glial cells.

C6 glial cells were treated for 24 hrs with or
without 20 mM of glutamate. Also DNA contents
were assessed by PI staining and FACS analysis.
The results showed that cells with DNA content
below sub-GO phase, which is defined as a
sub-GO peak, were regarded as a apoptotic cells.
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4. KERH0| glutamated] 2|t C6 glial MIZQ
AMBOM MEZZFT| B3| 0|X= A
2Tl e YA AZ F7] HAE AA

o ZA5= AL 4 5 909, glutamate 22

KRzl osl £4 Az F7)d 2AH{AY =

AEE "4 vehdA gokeh Glutamate A2

Al Sub-G09] ¥ o] F7tES o 100 we/nl Tx

o] KtREm AA 8 dxv #Fo2 35

= e (Fig. 4).

19T A=

T

8 Control & Glu (20 mM)
_ GO/G 1 _ GO/G1
o H =9 H
l sz | izm
T .
> L] ZEID 4EIIEI h[IIEI E[IIEI |[IIEIEI - 0 ZEIIEI 4I‘][I EEIIIJ EE‘I[I WEI‘IJEI
= Flh FLzoh
g
t 8 DCGT (100 pg/mL)| & DCGT + Glu
) GO/G1 B GO/G1
| izm ; sz
- 0 260 460 660 360 IUIDU - L 260 40‘0 60‘0 360 WdOD
FlL2-& FL2-4
Cell Cycle
Fig. 4. Cell cycle analysis by glutamate and

DCGT on Co glial cells.

C6 glial cells were pre-treated with 100 wg/ml of
DCGT and 20 mM of glutamate was stimulated
for 24 hrs. Cell cycle analysis was assessed by
PI staining and FACS analysis. The results
showed pre-treatment with 100 we/ml of DCGT
inhibited the glutamate-induced apoptotic peak.

5. KtFH0| gutamateol| 2|8t C6 glial MZ2
R BAtO A SEHSHY H3t0f| D|X[= A
DAPI: DNAd| Boldoz Agsh: §3dz

oy F2A AL veplit), =LA C6 glial

Aze A =2y mad) e dAF weks
FABIE oY 20 mM 559 glutamate® 24 A7t
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Ae Al BFFAQ 8 BokE Jepla, del
<=5 qnuclear body fragment(apoptotlc body)
o] $7b 7Bk I8v KtREGS AAEE

A TME HE2Ld FARE A2 JeiE
vreR 1ok (Fig. 5).

Control Glu (20 mM)

DCGT (100 pg/mL) DCGT + Glu

Fig. 5. DCGT protected C6 glial cells from glutamate
-induced nuclear condensation.

C6 glial cells were pre-incubated with DCGT for
1 hr and stimulated with 20 mM of glutamate
for 24 hrs. After staining with DAPI, cells were
observed under fluorescent microscope.

6. XtFH0| gutamateoi| 2|t
KHAMHAM caspase-3 protease &
Ao 0xl= de
A ZzAEALY] EAAQ dAAbEs e AE

W AlzAD 7)ol A caspased] FL2AL oln] &

a4 A 3o} GlutamateE C6 glial A Eell 2]t

73} procaspase-3 proteaser= ZAdtdth. 1y

KERES AA=s APFelAM  procaspase-3

protease™ W E2T FFLE Wdo] FrlElon

KEFE 522 A procaspase-3 protease?]

3l HA=EA gkoteh PARP T A2 & ol

FEA|3h= caspase-39] 2402 HAH o] A3}t

oh. C6 glial AlZo KtREHS AAeT F 2

mM<] glutamateE 24 A7+ x2]sle] PARP =)

C6 glial M=
PARP ':._F“—h'



A S western blot WHHoZ ZAE Az
glutamateol] 2J3] 2% PARP wt¥& o] ktR
% A e £ AAlEE A Fal
& 5 9gle) ojw whilA ke B-acting F3}ed
TY kS s (Fig. 6).
Glu(20mM) - . . ;
DCGT (100 ug/mL) - - + +

Procaspase-3 & e e Sa— S—
PARP1/2 &

B-actin  — — — —

Fig. 6. Procaspase-3 and PARP expressions by
glutamate and/or DCGT in C6 glial cells.

C6 glial cells were incubated with glutamate
and/or DCGT for 24 hrs. After washing with
PBS., cells were lysed and analysed by western
blot methods. Pretreatment of cells with DCGT
inhibited the cleavage of caspase-3 and PARP
proteins by glutamate in C6 glial cells.

7. KtR50| glutamateol 2/t C6 glial MZ2]
RHEAIIA MIZ L] H0,2| A0l 0]X|= A&
C6 glial MEe 20 mM 559 glutamateS 24

AlZE A Al T Z} QBHOR o] Tt P

o] Z7lslgemz ME W Hi0.8 Aol F715

= & F 309 289 kKRGS 1A A

A3} glutamateE A3t A$ oA 4%

22 o]Fdted AE W HoOH ofol Akl

olf KtRH FEAYULE 2Ly 93 ¥

FA71E e ek (Fig. 7A B). o|Ate] Az

Aegste] izl B3 S7H H.0.9] & 3]

2ETJH0F 3. 53] 24 FAksiA

N—acetyl cystein(NAC)E AX2g £ glutamate
£ 217 AEste H0, k& SAT A} A

Lﬁ}‘i‘li o foeH s eE & 4 sl

(Fig. 7C).

ok,

° Control| Glu (20 mM)
I I
=
s B T R R [T T TR SR
S FLIH FLIH
=
21| ¢ DCGT (100 pg/mL) & DCGT + Glu
a
= =] 5]
E 2 L
10 il 102 W 0t 100 B W 0d
FLIH FLIH
DCF-DA
B &
~ { — Control
— Glu (20 mM)
— DCGT +Glu
3] DCGT
2
B
3
o
g 80
s
5 60
[}
£
o 40
w
o
< 20
0 i - -
Glu20mM) - + + - +
DCGT (100 pg/mL) - - + + - -
NAC(20mM) - - - - + +

Fig. 7. Glutamate-induced H;0, formation and effect
of DCGT on C6 glial cells.

DCGT and/or glutamate were treated on C6
glial cells for 24 hrs. After DCF-DA staining,
cells were analysed using FACS.(A,B) Pretreatment
of cells with DCGT reduced Hy0; by glutamate
in C6 glial cells. (C) Effects of DCGT and NAC
on the ROS formation ratio of C6 cells subject
to glutamate exposure.
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8. Kt&:H0| glutamated!| &St C6 glial MZES
RHHAAM MZ L Z&2 S0 0X]= &
AE W 49 242 Fluo-3AMI Z3sle] 3

A 338 Yehdth Fig 8ellAe} 7o glutamate

A2 Al C6 glial MEE AEA o] HA o]

Z7kstel ol AP 4 4 slddh 28y

KERS Al Al AA gsge] BAFA dgre

T e MAA EstE

Control Glu (20 mM)

DCGT (100 pg/mL) DCGT + Glu

Fig. 8. Increase of intracellular calcium level by
glutamate and effect of DCGT on C6 glial
cells.

C6 glial cells were treated with DCGT and/or
glutamate for 24 hrs. After phosphate-buffered
saline washing, cells were stained with Fluo-3AM
and observed under fluorescent microscope.
Pretreatment of cells with DCGT reduced
calcium level.

9. XtRH0| glutamated| 2|8t C6 glial MZ2
RFHANOA Bel2 HHEMZIo| gbsd Bi5l0f O|X=
ot
N ZAEAL A3ADA L] F2 AZAD 212l

Bel2®] & shild pFEo A fAs. 1 A

%} glutamate X2] Al M EAME A ghAl el Bel2
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L o5k
=

oo

o} KL5H A
ES Wa e Beleh(Fig ).
o] WHAGE Pacting Fohel FAW FYL

galstsie

Glu (20 mM) - + + -
DCGT (100 pg/mL) - - + +

Bcl2 GEED ~ =~ cme—s o

- . - —
f-actin o — — —

Fig. 9. Bcl2 protein expression by glutamate and/or
DCGT in C6 glial cells.

C6 glial cells were incubated with glutamate
and/or DCGT for 24 hrs. After washing with
PBS. cells were lysed and analysed by western
blot methods. Pretreatment with DCGT inhibited
the Bel2 expression by glutamate in C6 glial cells.
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B3 Edel] ggt A7t dsA APH o
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wof ket 53] A7 A et WA A E2] A,
B3 9l 7|5 Sl 2 2840 gEzen” A
AL 714 9 °] Fo- o A, RSl g o

] iy, ERA AS o
HIV°1] ot ‘ﬂi}d o= F83ld.

2 A A glutamate= C6 glial A EANA =
= oEA MEAEEY A, Sub-GO #3357
9} caspase-39] HaS = A= A EA
=R == A

2 A glutamate?} C6 glial Al Eeol JehE= A
EEAE dolR7] $3Fle] glutamated HEHE
C6 glial Al el 24A17F F¢F A3 T MTT &4
S Edte] A ZAEES HEe 29 glutamate
= &Aoo (6 glial HlE2 APde] $&
HFig. 1). KERGS Fst 552 C6 glial Al

o 1A17F Az’ & 20 mM ¥=9 glutamate

A ate] 24A17E ot woFst A KRELRG>

T YgEHOZ glutamatedl] o3 A ETAYEZE9
&5 A8k HH(Fig. 2).
NE= ARl £98hs 499 A 5 A
Fdo] DNAZ} A HT FhHE AEF71E A
A Hed, HAERE GL S ¥ GU/ME T
otk C6 glial MEAME DNA A4 2 Al xEL
59 FAE AAHEA S48 =HEE DNA 34
= 9% F¥] 7o 24 G17], DNA &4 717kl
S7). M EEGe] Fu] 717kl G27] 2|3 Al ER
d gAQl M717F odeh M71ek G171 Atelell GO7]
o] FA717F ole} L Az 24T H2A
o] Q& W7k o] "A MEA =HM, AE
Aol ) A EzAEA} f258E 49 DNAS
A o] WA o T J 9L Sub-G07|Ety &
i,

B AFolA HEF7]] 3t glutamatet Kt
Rl 3 R KRGS 100 we/m
222 (6 glial AlEel 1A17F AA2)s} glutamate

2 20 mM F=2 24A7 A F Az DNA
2 PI2 A fAZEA72 B4 C6
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glial Al 25 AYA NEFV] dAE AAH &
Astgen, 20 mM %9 glutamateE C6 glial
A Zell 2] Al Sub-GO & o] 718l A3
A ZAEALE 238190k (Fig. 3). Glutamate 2
KERE Al Al EAT AZF7|d 1A o] He

24> HEE 5 dslen. glutamate A2 A
DNA #40] 2o}, Sub-G0e] 23 o] Z7}3
ovt KEEE HAAE o3 dxs FFLE
3] 55 9o (Fig. 4).

A EAEA} A o] EHH of7 Jefsha, A3}
A Wiz} s, Fed e vk 5
b AlEde] $=31 DNA A3 w2 apoptotic
body®] HAelch & AFolME DAPI Moz
Ao &2 BA apoptotic body S &<l3ke] ¥(Fig.
5), C6 glial Al ZeA glutamateel] <3 Al 254
of MEAE AL o3t AUE Faldtsleh. metA
glutamateoll 2|3t M ZAEAZL caspase T4 B
PARPO @43 A7 ol&E Falslr] 43ty
western blottingS 4333} c}.

Caspase-3 protease= 7}4 shdlell &A=
caspase-family A o|m HE o] 34 kDa
procaspase-3¢] elollA A= A] 17 ¢ 10 kDa®l
activecaspase-3% 3l S}, =3 caspase-39 A E
14-] 7]7(10 PARP 1:]- 7‘%,] HX-LQ_ ngs]-\:]. B
A+ A} glutamate A=A AE procaspase-3
Ao AxtEe] Ztad ubd KLRGS Az
TAAME ol el FAIA AAEHA . =
g 3 - "7 DNA ladder Ao FHodsts=
PARPS] #A-E glutamate A2]olA Hrhs o
Ztag v KRGS AA-ET FAAE o™
st Aol JAlHe] KtREel MEAEAL 71A
= A7 ds2 s (Fig. 6).
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A, KRGS A LM A 2Tl
M AEE H0p8 i v 522 {43}
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42} AbshA A el djste] KLRES Wizt
o] AT AN AAld = 7y S
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9 < AAEAEAPES Yubd A ZelH
AAANA FeF glutamates ME W 24
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o] AA B AHHo2 AT o] Balat
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Bax. caspase-3 ¥ PARP szl w3z} 1A o
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