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The Effect of NMDA/glycine Receptor Antagonist, 7-Chlorokynurenic
Acid on Cultured Astrocytes Damaged by Ischemia-like Condition

In-Ju Jung'

College of General Education & Teaching, Dongshin University, Naju 520-714, Korea

I evaluated the protective effect of N-methyl-D-aspartate (NMDA )/glycine receptor antagonist, 7-chlorokinurenic
acid (CKA) on cultured mouse astrocytes damaged by ischemia-like condition (ILC). The protective effect of CKA was
assessed by cell viability, lactate dehydrogenase (LDH) activity, superoxide dismutase (SOD)-like activity and lipid
peroxidation. To examine the effect of CKA on the cell apoptosis, the expression and the activity of caspase 3 were
assessed by Western blotting. CKA increased the cell viability decreased by ILC. CKA also decreased the LDH activity
and antioxidative effects such as SOD-like activity and inhibitory activity of lipid peroxidation. In addition, CKA
suppressed the expression of caspase 3 associated with apoptosis, and increased the cell viability by the decrease of
caspase 3 activity as like the caspase 3 inhibitor, Av-DVED-MED. From these results, these results suggest that ILS
induces cell cytotoxicity in cultured astrocytes and CKA, NMDA/glycine receptor antagonist, is effective on the prevention
of the cytotoxicity due to ILS by the antioxidative effect and the inhibition of apoptosis.
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Hol WA 3 (astrocyte)i= 3} AE-7]oful A3 (oligodendro-
cyte)t VA nLA (microglia)?} o] wz=A o] ZAs}

3 Sl AFMAL dFolth. B3, BolwAEE
=

5
Kim, 1991; Endoh et al,, 1994). ©]&& F=
ojuf o] YAEI 9o AFA T
M A7 Dol gt %35 (neurotropic action)yg B3
st b #AEF- (blood-brain barrier, BBB)# 12 ¢
gt Hehg @3slal Uth (Mun et al, 1998; McElhaney et
al, 1994). 1 Hol| k2 ¥EFFolt WP € w5y} 72
2 Z4F HHWAelE o]9] 35S 9ste] 7py sl
A 2537 % &} (Endoh et al., 1993; Park et al., 1996).
H HoluA T M= A7 Q%A (neurotropic factor,
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A+ (oxidative stress)oll tslod HAMRRR-S 3| B
A% # #} At}h (McElhaney et al., 1994). 58, gAdakh
(reactive oxygen species, ROS)ol ]38 4k} e

x
Y
>

>

superoxide radical (07;) 5% Z& At ZdEo] 1A
ol o HAE oA XY HFh &3 ofsto]
A EIA} (apoptosis)E Z-E Tt (Wamner and Wispe, 1992;
Leonard et al,, 2000). 5, A4S A¥x 9 XAzt
2+a} (lipid peroxidation)ell ©]&F 2HEAFE HlEate] &
Aat Aol UF9 glutathione peroxidaselt superoxide
dismutase (SOD)S} 722 A4S AT oz2A AEe
31 drt s Bk WEolth (Braceo et
al, 1991). 53], AFsta] =20l 9k MAE=5A)-S caspase
3ub 99F 22 e Al HAS FXFORA AEIAL
A omura, 1998). A
ROSS] A7) HE HH, A4 tiAAgel slolA
Ao ROS7F A H A ditsta el oste] 22 ¥
S A AR (Wang et al, 2006). ]l H]s}e]
BAA N, & AakAa (hypoxia)tt FH A= Ax58-
o] BE31A Bo2A theke] ROS7F A4 =™ (Rivkin,
1997), H3} adenosine monophosphate (AMP)7} NAD+ tf
2 ARRRAE o] S o2 tEe] ROSTF A HE

22

-355-



2} (Cohen, 1978; Michikawa et al., 1994). 1 Hlol] 9=
95217 315 (amyotrophic lateral sclerosis, ALS)ol 4] &
T e AT Zo| SOD-1 gened} T iz} F A9
=Mool ot thge] Bikav) FHHYE Fnt
(Rosen et al,, 1993). o]Zo] v]HAAR o2 AAdH ROSE
FFENET] 2 FTEAoI AL (excitotoxic amino
acids, EAAs)9] #H-FEE EZAA Ca’*-channel® 24
g #Ho] 1= N-methyl-D-aspartate (NMDA) 583 &
HEHSFAF 02N XY ZEIAA 9IS S
Al717]1% 3} (Michaels and Rothman, 1990; Buchan et al.,
1994). wehA ROSS] AshE &3] o AT uAE
Wolstr] Astedre FABAE v iy LA
AA %=, nuclear factor kappa B (NF-kB)\} caspase®} 72
S AsAgaa o] A, NMDA 484 2gA ¢
Ca™ AA Fol FESITHE HuEo| YT} (Park et
al, 1996). ©| & NMDA T84 ZFAE= glutamatet}
aspartate®} 72 EAAsSI= A3 AAF oz L2 3}
Al A} (Zeman et al, 1994). =, NMDA 84 23A1=
EAAsl €3 NMDA F+&49] Ag st 6% s
el 2 A3} EAAso] 93 NMDA 839 734
& JASA = olet FAe) ATU ZEe FAA
& FANAFTLEZA AXE AZIALE P 8)E
o} (Gelmers, 1985, Pellegrini-Giampietro et al., 1990). 1 &%
A, Z}F AEZ FH AAE o HIAFEESAE
NMDA &8 #&4E& oF7|3h= EAAse] £u]&32
< At PASEAE HR3 1 gl 7 2
dET} Fo| Hojd AEE0] U TFH] gtz
HAUA o]F olg3dte] Rl ANFEE A7 ALY 7
o] B& =3& 7]gola 9t} (Kikuzaki and Nakatani,
1993; Kim et al., 2006; Gates et al., 2007). 53], AF7A] &
23 AAFEE T RG] Holutha dejR &
4 Fo& ZE x0|E (flavonoid)E B E3 HE3TE
(phenol compound), 7F2E]=0|Z (carotinoid) T3 22
FEE50| 224 Ut MLiet al, 2007). &, 0|5 EAS
< hFE 4471 (OH)E & 7 UiXle 8 7z
] ol5o] thE BFF e 33E e Yehio g
g vebdtha Bag v Qo) (Krizkova et al,
2000). ¥ A= NMDA/glycine =83 Z23A%1 CKA
7F SdE F=E ud BoluA X mXE= 4e ¢
ol 7] flated A EH 3EE R F S 3
AZZAHE HRetd HERER Q13 AEET) g

CKA®] 93-S AEAEES HE3 LDH &4, SOD-F

v

e oot

==

A, AAFsHE ARSI oM, 3 CKAS A%
BAEE A7 Ed 23 caspase 39 LHI FAlof
caspase 38/4-& A S GRS A| (signaling inhibitor)2} #
Hste] golr gt

2 Age] AHE3 AAE BALBe Al5Y AHE A}
£33tk 25E 2427, FEE 5313%E, 939 ¢S
12717 273t ARg3kglon B3 Alge 83 ¥
Hollth welE 98t &g 184 Ao Eo
AEER e ael F Hojd 3UE ABAH ] Wz
& ARgEIth

2. UF M=

B Ago| A}&3F 7-chlorokiurenic acid (CKA)E Sigma
A} (ST. Louis, MO, USA)AIA F918t51em, E4o] £§
HA| 22 minimum essential medium (MEM, Gibco)S ©|
&3l %71 242F 100 _M, 500 pM 2 1 mM &) % gl
& e B3 ts 24F 299 AFTeEE 345
ARSI 3 AEAES B4 % XTTR,3-bis-[2-
methoxy-4-nitro-5-sulfophenyl]-2H-tetrazolium-5-caboxanilide,
disodium salt (Sigma)T 5 mg/ml] AFHE FHEo]
Yo Hag ohE 49 99 e & AP g
Hof| M7}t ALE3ITh 12} cleaved-caspase 3 antibody
(1:1,000)2} 23} cleaved-caspase 3 antibody (1:3,000) (Cell
Signaling, USA), berbamine (Sigma) % Ac-DEVD-MCA
(Calbiochem, USA)E W¥otiol BH & A2 A AL
a3k

3. MZ Hj Q¥

E Aol AL23 HolWME (astrocyte)] 2] L ul
%2 Michikawa & (1994)2] ol oate] Pt 5,
&3 HZ22S 0.25% trypsin (Sigma)S HEFE5E 3
A Azt A AER 223 F 10% fetal bovine
serum (FBS, Sigma)©| &8 MEM Bl do] 724]
Zr FQE gtk 919 vkl et 22 ek
g HobAlEE 96-well BlFE7] AEF7E wellD 1
x10°0] HE=S AT o 96-well HFE7e MEE
Yol 36T, 5%C0/95%0,2 ZAE 271Ul 484]
R e o B AREERAT
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4. NEBHY &€ (ischemia—like condition, ILC) S &

Kim¥ Kim (1991)2] #Hell whet faigict =, wje
¢ HolWAHEE glucose”’t EFE A 52 Hank's
balanced salt solution (HBSS, Gibco) 2.5 33] A& & 95:5
2 248 N9 €08l Ze71elA 742 10~70% 5

Wje F PAlsei,
5. CKAS| #g]

ILC F%o thd NMDA receptor 2134121 CKAS] <

TS SAS] 98t CKAZE 242 20~60 uMe] R
E3E wftdel A 2417 Fob AXEd g o]y o
e NEAAEE o3l A3

6. Caspase 3 40| Cii$t CKAS HE

CKAZ} caspase 39| Ao vA& P+ ZALS}HY)
skl CKAS caspase 3 A3A|¢] Av-DVED-MEDE &
Alell g 2A17F Fet wi A e WAl s & caspase
3 activation?] berbamine (15 pg/ml)S- 24417 F<oF X)) 3t
AT AZAEES vl 2SI

7. MEYESE B2

A EAEE-S Mosmann (1983)<]
gatalrt. 5, wFEe) HoluAXe] oHAE Tk

X
Zzh Ae vhy AE Bd x%&;% XTT 50 pg/mlS

A Rl

e 2

o] g5 % wjgdS W d1methy1su1fox1de (DMSO,

o 2oA 104 <t LAEATL

DMSOZ i{a]%z} % ELISA readerE ©]|-&3}9] 450 nmol
A oL 2T vl ZARSIGIC

8. Lactate dehydrogenase (LDH) activity &8

Hjore] ghew HWolwA¥Ee] ILC S5 T CKAS
7z} oz/\] ZF 5ok A g wjekdS 250 < goll
A 108 J;g/x]ﬁ\:} A4 F AT 50 wE HI F

50
LDH CytoTox detection kitE AHE-5to] WhE-8-<H (0.05 U/
ml) 50 ypME g2 k2 A2olA 3087 vAI AT
o} ghgo] gu¥ F Axdo=m wkE
ELIZA reader® 490 nmollA &4 =&
LDH /& dizzel tigh M4

s AANY F
24315, o] ¥

2 Yepilich

9. XIEupiat

i)
oz

A A Baksh= Kikuzaki®h Nakatani (1993)9] HHol wh
2k ekt &, AR 39 mE ey EFa og
Sl =21 2.52% linoleic acid®} 0.05 M phosphate buffered
saline (pH 7. 0)% 2 715ke] 40°CAA 24A17F SQF vlekE}
Atk vl 3 o eh-2-3} 30% ammonium thiocyanate A 2]
2 713 0.02 M ferrous chlorideZ 718+ v A-20A 3
27 ukg-agich ukge] $hEE & 500 nmelA 8%
2 AL dEre ARU FRTE ARSI

= %x
10. SOD-gARYd &4

Marklund9} Marklund (1974)2] el w2t g3sich
Z A&l Tris-HCl buffer$} 10 mM pyrogallols 78}t
25“0011*1 1087 Attt Agl 5 HOR W-eA)17

F 420 nmolA FHEE A3t ARSI o] H
SOD-like activity'= Al &¥7F03 F37HEe) Apold] ¢
g MESE ZABIT

11. Western blot &4

1X10° cellswell®) BT viFE AEE 500 ule) lysis
bufferS Qo] 4ToA A7 B¢ AEE &35l
23" MExE 93% 8] ¥ 13,000 mpmollA 2087
AHsto] A olg Beailth 8 F 50 gl FEde
o]-g-3to] 15% SDS-PAGEE &3 thS- PVDF membrane
Millipore)Z AH&-310) 300 mA, 110804 transfers}3itt.
$+243) transfer® membraned 5% skin milkel] ¥o] 1A 7k
=0} blockingdt The- YFe} o|xF8HAIR] cleaved-caspase
& ECLE AH83te] Xeray filmoll 7335t
o ddaksith

32 H-2-A17]

12. 8A X2
2 A3 84 thit F-oAde AAL one-way
ANOVAZ 3}2)o PvalueZ} 005 9)7-S F-2)A4e] ¢l
= 7oz ik
4 i
1. AIEEHLE ILC S0 98t MEMEE
ILCHEo] 98 XTTy @S A FEAEE 25t &
ol

Ae7] A5kl 10~202 T A7 v HolmAl®
ILC F5& stk 2 23 108 5 Aelixe Al
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Table 1. The cell viability of cultured mouse astrocytes exposed
by ischemia-like condition (ILC)

Exposure XTT assay (450 nm)
Incubation time of ILC (min) Mean & SD. (% of control)
XTTgy 0.8810.07 100
Control
10 0.8610.05 97.7
15 0.80+0.08 90.9
20 0.7910.06 89.8
XTTs, 1.3810.12 100
Control
30 0.77£0.05 558"
50 0.7610.07 55.17
70 0.71+0.04 514"

. Exposure
Cytotoxicity value
(% of control) Ischemic induction time

(min)

Cytotoxic value 100 0
Lower cytotoxicity (XTTog) 89.8 20
Higher cytoxicity (XTTsp) 514 70

Cultured mouse astrocytes were treated with 10, 15, 20, 30, 50
and 70 minutes, respectively. The values indicate the mean + SD
for triplicate experiments. Significantly different from the control.
*P<0.01

FAAEEO] P22 100% (0.8810.07)° B8t 97.7%
(0.8610.05)2 UEltow, 158 59 ILC FEdM=
90.9% (0.80+0.08)= E}RTE EEFH 208 Foke] ILC

oA E AEAYEE] 89.8% (0.79+0.06)2 LFEFRLT)

39, ILC A= 9% XTTy, 32 24317 Y8k 30~
705 &9 47wk ol X ILC F=F &Hgith
A3 308 Fete] ILC RN E AFEYEE] O
Z90 100% (1.3810.12)9l] B3} 55.8% (0.77+0.05)%
YERTE 3, 501 B2 ILC =0l AE 55.1% (0.76+
0.07)= Yepgtor, 702 F9ke] ILC FEAAE 51.4%
(0.7120.0HE el o] tiztol Hlgle] 2% 24
E&o] BT fFosAl 1A Aoz yehstth (P<0.05)
o] Aol A 20837 708 T ILC FEolA 27}
A57d (lower cytotoxicity)3kQ] XTTed LA (high
cytotoxicity) #tS] XTTs©] YEFT) (Table 1).

2. ILC 70 T8 CKASl H&t

NMDA/glycine 584 A& CKA7} ILC 0]
TAE GBS AZAEE 93] A7) 9ate] Wi
HolWAHEo| ILCE F817] Aol 20 Mol A 60 pMe)

CRAZH 77k 39 ejoFelol x] 2413k 52k A elalich

Table 2. The protective effect of 7-chlorokiurenic acid (CKA) on
cultured mouse astrocytes damaged by ischemia-like condition
(ILC)

Exposure XTT assay (450 nm)
Concentration of CKA(UM)  Mean £ S.D. (% of control)
Control 2.47+0.19 100

ILC 1.71x£0.17 69.2

20 2.0810.13 84.2°

40 2.23+0.15 90.3"

60 2.34%0.15 94.7"

Cultured mouse astrocytes were preincubated with 20, 40 and 60
uM of CKA for 2 hours. The values indicate the mean + SD for
triplicate experiments. Significantly different from the ILC-treated
group. *P<0.05, **P<0.01

Table 3. The lactate dehydrogenase (LDH) activity of 7-
chlorokiurenic acid (CKA) on ischemia-like condition (ILC) in
cultured mouse astrocytes

Concentration of Lactate dehydrogenase activity (570 nm)
CKA(uM) % of control

Control 100+£9.6

ILC 150.9+134

20 116.4£9.7"

30 86.2£7.4™"

Cultured mouse astrocytes were treated with 20 and 30 uM CKA
for 2 hours. The values indicate the mean & SD for triplicate
experiments. Significantly different from ILC-treated group. **P<
0.01, ***P<0.001

1 A% ILCRMe RS AT AZAEES dET
21 100% (247+0.19)0] W8k 69.2% (1.7140.17)E LhE}
) H)3ted, 20 pMe) CKA Y i%ﬂoﬂﬁ% 84.2% (2.08+
0.13)2 el (P<0.05). 3 40 uMF 60 uM 2] CKA
o] Ao A MEAYESE] 47 90.3% (2.2310.15)9}
94.7% (2.3410.21)Z YEFRTE (P<0.01) (Table 2).

3. LDH activity &3

CKAol| & LDH activi —‘2— otoly 7] $135ke] wjok 8
o} A F o Alzémﬁ ILCE FXE317] #ol CKA7} 20
pMell A 30 pMe] FER ZH7F 23 ujFefA] 2413t
e AAEE & CKAA WJ—% AbsFRTt 1 A
ILCYHE 53k A TolA LDH A4S o] vls}
o 150.9%= ‘eRd kA, 20 pM-J CKA¢] A golA+=
116.4% (P<0.0)E Yeltom, B3 30 uMe] A2l A
T 86.2% (P<0.00)E YERHT} (Table 3).
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Table 4. The lipid peroxidation activity of CKA determined at a
wavelength of 500 nm

Lipid peroxidation activity

Concentration of CKA (uM) (500 nm)
% of control
Control 100x7.6
40 72.8+84"
60 64.91.6.5"

The values indicate the mean £ SD for triplicate experiments.
Significantly different from the control. *P<0.05, **P<(.01

Table 5. The SOD-like activity of CKA determined at a
wavelength of 420 nm

SOD-like activity (420 nm)

Concentration of CKA (uM) %% of contral
20 461025
40 8.240.93"
60 13.7£1.06™

The value indicate the mean & SD for triplicate experiments.
Significantly different from the control. *P<0.05, **P<0.01

4. RETNSEY =T
CKAS] X A58 2K $1ske] CKAT} 40

M} 60 pMZ ZH2} 28k A 22 giado s BAE9)
th 1 A¥ 40 pMS] CKA AP oAM= XA atsrt o
ol HEk] 72.8%F, 60 uMS] X A= 649% =
YEelE o 24 CKAS A Faitstad A= 22t 27.2%
(P<0.05)9} 35.1% (P<0.0))Z thZRell Hste] 593}
4 F7He EFIT (Table 4).

5. SOD-RAIEY =3

CKA9] SOD-fAMEAS ALY 918ke] CKAZF 2
7} 20, 40 ® 60 pME 242t 239 A|EE gigoE F
ARk A7 20 M TRl A E SOD-FrAt&A o] iz
o B3ty 4.6%=F LERFOM, 40 yM EEAE 82%
(P<0.05)Z YEPRTE T8 60 uM2] FEoAE 13.7%

ol ol gty FolsAl Frseith (P<0.01)
(Table 5).

6. Caspase 32| 20 Ofst CKAS &t

Caspase 32| 230l 3t CKAS| 9T FALE7] €
Srol CKA (40 )2 A4S 39 1Leel Aelel 1))
o o] ZHAHAT (Fig. 1).

34
28
Cleaved-caspase-3
17
43 Actin

Fig. 1. The result of caspase-3 expression. Cultured cells were
pretreated with CKA (40 uM) for 2 hours. Lane 1: control, 2: ILC,
3:CKA

Table 6. The effect of CKA on caspase 3 activity in cultured
mouse astrocytes

) Cell viability (450 nm)
Incubation
% of control
Control 100£8.4
Berbamine 51.0+6.7
Av-DEVD-MCA 75.8163"
CKA+AV-DEVD-MCA 90.44+9.2"

The values indicate the mean £ SD for triplicate experiments.
Significantly different from the control. *P<0.05, **P<0.01

7. Caspase 32| 40| Cist CKAS| HEF

Caspase 32 B/ et CKASY F3e Lotrr] ¢
sto] WA Eol] CKA (40 uM)9} caspase 3 S A3 A1
Av-DEVD-MCA (10 pM)E FAoll gof siga Lol 24|
7+ =<t A2 23 caspase 3 activationd berbamine
(15 pgmhTHE 24217 B9t Mgt A AZAEE]
2ol vl8le] 51.0%% VERTE olo] vlste] AsjA|
kol Ao Ae 758% = UERE O™ (P<0.05), CKA%}
A AZ FA A2k AT 904% (P<0.0)E e}
St} (Table 6).

E
2k

dde 288 Fdshs do] FFoly A 5ol
sto] Aol FopuA ddE 52z FAFe] Ha
st 22 + = A



A (ROS)E Bt ML 2o Ak &3S 2
57 B} (Hammerman and Kaplan, 1998). mehA] 2 <
TE 38 NZEEEE dolRy] $ste] AF ) Mo}
M EE wjFete] AlETY 58 (ischemia-like condition,
LOE FE& thg ole] A4S AT ol& 5}
o ILeoll WY HolwHEE 10~70% B¢ =F3 2
7 A Ao el wel NEAAEEe) A #a
dgoem ILC = 2083 708004 242} AZAEE
XTTe #3} XTTs #ko] Uebsth 2 4% Ade ILC
7t AEE EgAToRA MEAESEE UDARS
t} olgjg Ao HIFRFTI A
v SR gt FAANE S
WAE & YA 2 BRobE ILC 29
of ojste] AEASEL AAARE 7
o2 AZH} (Prim et al, 1993). ©] 22 o]
B Ay glojd ILC fE7t whe Aks)
o] Z2& LDH 84 S7FoRA o
t} (Hah et al, 2005). 39, ILC =0
-methyl-D-aspartate (NMDA) 8- A3A|Q) CKA
F& gotr 7] 98ke] Bk Holul A Ee] 20~60
o} CKA7} A7) 3 wigol A 2413 St
= MEAREEES ZABIGE 2 A9 ILC #
Sre) A9elE AEAREEC) giETd vEke 69.2%
2 vebde Hake] 20 uM CKAS] Aol M= 84.2%
(P<0.05)ZE YER} ILC F=79 vely F934A 7}
slow E3] 40 pMF 60 uM2] F5 HoMe 2z}
90.3%2} 94.7% (P<0.0NZ vi9- A Jelstth & A
T CKA7F ILC fr=el diste] Wolang vepjon
Mun 5 (1998)% CKA7}F SAbdzAtel ofgh Hap-Fal
AAEY &4 Fosleitke A7 Ao UAskAd
2 Ay cKAY HolEE CKAYE ILC =0 9
AhgkA o ® ZIEE NMDA 849 #EA
AAgo2A olo) WE MEZ gl o
oS WolEll LS MiAlE = AT (Park et al,
1996; Mun et al., 1998; Hah et al,, 2005), 8+ 2.2+, CKAY}
Frrabsg vEpdoZA ILC frof o]gh kst &
0.8 oP|E TEAAS HIFRT AAIEEREGoN B
rlstase] A HNE Holdon NERSEY
ERISE 7ol & Aor AZhech (Yamamoto
et al, 1983). wWhA £ AdolA= ckAY ilslss
Uotr 7] sted EEAe] AEQ) LDH 248 HIXS
A A #4r8t 9 superoxide dismutase (SOD)-H-AMEA &

Rl
x2

e
off & &
o i N

2
e et
w2l
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oz

B
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X
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lo oot
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o
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ok
o

£ow
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ol

M i

-+

ZAb8kgich WA LDH 240) loiA, ILC frizolMe
LDH o] iz Hlsto] 1509%= =7 Yehdr]
W) &ke], 20 M 30 M) CKAE X3 25 7t
116.4% (P<0.01), 86.2%% UEPd o 2A ILC f5o H]a}
of FolaA #HAT ez JEHT (P<0.001). £,
A A #arstel SOD-FAFEA UM E CKAY tET
of Wkl & AFIN3IAA 9 SOD-FAHEAE S
etk 99 A= cRAYY FAslERE 7HR it
AE Fstn glom o) CKA7FILC f=d 2%
312 @&on FE TS wolslds il
2 ' ol old TSRS A

A} (apoptosis)$t BAF #eo| T} (Thomberry and
Lazebnik, 1998). WA ILC F-=ol) o3 Ashs &4
2 2UEE AEEA dete) CKAS] Woladrt Al
I aakeh BHo] i 7ME ol ) sk AEIAS

#o] Z-& caspase 39 WEL Western bloto] 2]}
}oirk 1 AR ILC S50l M caspase 37} o)
bl ulsled CKA9] AAME ILC F=ol st
Fo] w9 AAld Aoz et} 3, caspase 3
Ol A% caspase 3 A #AI$] Ac-DEVD-MCA
KAS SAo Ax123 7S, Ber/Abl fusion gene 7
) Algl FA)ol caspase 3 activation?] berbamine (Wang et al.,
20077t Aol Vet AEAAEE, 51.0% ¥)FS
904%=Z F23HA 7 ZeE Urhen (P<0.0D),
ol 3 AsiATHS HA BT B 758%ETE T
A Yebgdh f9k & B A9 daks e frieel
o gk absla EAfo] ME ARG #Ho] glow, CKAE
capase 39 WAL AAFo A NEZEGLE FH Al
FE w5y o2 AZbEn) (Thomberry and  Lazebnik,
1998; Wu et al., 2005; Xu et al, 2006). 21} |8 & QIs}
o firslE AESAC oig us A 71dE el
7) 98t A& caspase Yol o9} AdE AFY 4T
AEARAE v Este] TR opleAt Y cOX29F B
S AFEAlga deEd gudddy 2o e
A o) B At ofFojMol & Aow Azid
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