i#%EZE(Korean J. Medicinal Crop Sci.) 25(5): 315 - 321 (2017) ISSN(Print)  1225-9306
ISSN(Online) 2288-0186 check\e\

http://www.medicinalcrop.org " <D
http://dx.doi.org/10.7783/KIMCS.2017.25.5.315

S + = = =
HERFS 1T . ZIX|§] seserenl . F|ZShessksir . A * . O ARRL* .« R IE sk kkk]

Protective Effects of Glycyrrhiza uralensis Radix Extract and Its Active Compounds
on H,O,-induced Apoptosis of C6 Glial Cells
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ABSTRACT

Background: Glycyrrhiza uralensis Radix (GR) is a crude drugs used in Asian countries that has been reported to prevent the pro-
gression of neurodegenerative diseases such as Alzheimer’s disease. The present study examined whether GR and its active com-
pounds, glycyrrhizic acid (GA) and isoliquiritigenin (IL), exerted protective effects on H,O,-induced oxidative damage in C6 glial
cells.

Methods and Results: We exposed C6 glial cells to hydrogen peroxide (H,O,) for 24 h and investigated the cellular response to GR
and its active compounds by evaluating cell viability, reactivie oxygen species (ROS) production, and apoptosis-related protein
expression. GR successfully mitigated the reduced cell viability and ROS production induced by H,O, in C6 glial cells, IL and GA
significantly increased the cell viability and decreased ROS production. In addition, IL. and GA down-regulated apoptotic Bax-
dependent caspase-3 activation, but each compound exerted different mechanisms, i.e., IL dose-dependently decreased ROS produc-
tion and, GA up-regulated anti-apoptotic Bcl-2 expression.

Conclusions: These results demonstrated that GR and its active components, IL and GA, exhibit potential for use as natural neuro-
degenerative agents for the modulation of apoptosis in C6 glial cells.
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7198 &4 59 42 YeRAtt (Finkel and Holbrook,
2000; Hardy and Selkoe, 2002; Smith e al., 2000).

Pl A—ﬂ;ﬂ%—]g_i ig_a- ugo] oﬂ%}u"ﬂ u;].a. /\]7:15153 A3} AD-/] 1;].01:3]. HH:HO_]O] A}g].zq /\Egﬂ)m— J/].ak_q 31}\4/\}
o] g go] Frtetal slom, AFESY deke] titS 2 &F (reactive oxygen species, ROS)| AJg o= <lsf A
Al e Y=dtoln AF (Alzheimer’s disease, ADYS  AkshAMISE Al Bvd)o] ZEo] WShs 2102, ROS
amyloid beta protein®] =72, 2Fs}ld XE# X (oxidative 9] &9l hydroxyl radical (OH), superoxide radical (O,),
stress)= Q15 AAFAZ 715 Foll, HAEME AP 59 ¥ hydrogen peroxide (H,0,) °] DNA, @2, 214, ghrshe
Qo= <l Wske o= HuHflon, ol ATy B T AW s vAA ASHES (inflammation), A3
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AP (apoptosis) 52 Yo7|H, 53] oA sk ROSQ
Ago = Ik HAFA 2] APELS QIAITE B 7Y &4
o] xHel Ycloz d#HA Ut} (Finkel and Holbrook,
2000; Warner, 1994). ¥+ oluj2} o] AAHWAE (glial cell)
= HAFAES] 75 OX]EF*H] 2%k S s, Al
ZAA|EAA ROSS] F42 AAMEL 75 &4 2 AEA
Z 3 MEEAHES FE3sHA Ft) (de Bemardo ef al., 2004;
Qian et al., 2005). ZB B2, ANAWA|EL] HFE= AAHEHPA
Aghe] ot 9 X5 4= 2GS}

XY B 71" TSS9 veke AEATE =S
o, 94, FE 5 A F2hgo] By wat A
Al B BEgo] 42 HAE ¢ AF - Ao oist
AT7t Eiks] o]F XL Ut (Giacobini, 2000; Lim et
2001). £3] A3t A4S A Ginkgo biloba,
curcumin 59 AAE A= Ak8FH &4 Al ROS SAd9
gk B35 28, ROS A Al 7 tiAbES] AlA 2 s
T B3 &4E HAANEE Beske Aol Wl wet,
AR F 7199g JRA A ER L] Aol FThsal Tk
(Lim et al., 2001; Oyama et al., 1996; Sen, 1995).

= (Glyeyrrhiza uralensis Radixy= 33 (Legumiosae)2]
hdA 2202 2HE |, 95, = 5 58 A=
7] S8l ghgollx] de] AREEle] gk tt] FHoll= s, &
<, dnfolE A 7 e Fo| 50 EAHUT (Gong et
al., 2015; Jung et al., 2015, Park et al, 2011; Um et
al., 2009; Yang et al., 2013). ] Aol o|shH, ZAx+=
AD?] 99l % d}0l acetylcholinesterase E4S AsjA|Z
Rk ofe}, AD & EdoA QIATE A 5HE JE
ol AD ol 7Fsd& BolF3Att (Ahn er al, 2006; Um
et al, 2013). Eg Zhxeo] SEH= WBe e F8&
AJE2 glycyrrhizic acid (GA) 52 glycyrrhizin A€ 3}5H
=3 isoliquiritigenin  (IL) 52
flavonoids ksl o] et A
) =1Ke)

T =

al.,

liquiritin, liquiritigenin,
m

2 isoflavonoids A€ 2]
skasle Aoz g4 tt (Asl and Hosseinzadeh,
2008; Um et al., 2009).

Iy, 7 2 7k G4ER
of et He & #d Ay 53 4
AN HO= 4ksHA 748 Ball AlxEAbd
AWM E QoA 7Hx D 7x SAER ]

X ma Eo=wu =
a3 5 2g71dol tiell AR AA; gt
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=
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1. Ng
Ao AMeEl % (Glyeyrrhiza uralensis Radixye A3

2]

bAoAl - mRF
oA xHHH 49 2 3 RS 20149 119 280l AF3}
Ak AEA dH= A S 8 FEOE A F,
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fﬂ%"h&xwﬁi& (KMRHYll AEFEoZ Byslal k.

Z:]'Z‘— Li]_;q 6gg -]];d =i 741010:;# { = 505g9,] 7l—z

BEE 50% oﬂ S eﬁoﬂﬁ 72 NZE & FEsto]

de 559 #Tx FEE & 109%)g Aol A3k

(Han er al., 2013). 74%°] E4EHQ] isoliquiritigenin (IL,

T 98.00% ©173)3} glycyrrhizic acid (GA, <%= 90.00%
o]’)= Sigma-Aldrich (St. Louis, MO, USA)A] Fujjsleq
Aol ARSIt

2. MIZ 357 S A

C6 AANNEE A EF238) (KCLB, Korea Cell Line
Bank, Seoul, Korea)ollx] #F ol Ago] ALg3519om, wj
4S5 98l Z 23k 100 units/mé 2] penicillin - streptomycin,
10% fetal bovine serum (FBS), Dulbecco’s modified Eagle
medium (DMEM),
(EDTA) A19F2 WelGENE (Gyeongsan, Korea)oll4 -3}
AREEIAT. Aed AEGAE fE6l7] 218 HyO= Junsei
Chemical (Tokyo, Japan)Ake] A|ES, AlEZ AEE ROS &
As ZHS 98 AFES 3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT)= Bio Basic (Markham,
Canada)A}oll A1, dimethyl sulfoxide (DMSO)= Bio Pure
(Burlington, Ontario, Canada)A}o| 41, dichlorofluorescein
diacetate (DCF-DA)= Sigma-Aldrich (St. Louis, MO,
USAV} AES Fofsle] AM231Th RIPA cell lysis buffer
= Elpis Biotech (Dagjeon, Korea)ollX 43I, 1 2} &
AZ A&t Bel-2-associated X protein  (Bax), B-cell
lymphoma-2 (Bcl-2)&= Santa Cruz Biotechnology (Dallas,
TX, USA)NA, caspase 39} 2 2} SAZ ARE-3t anti-rabbit
IgG HRP-linked antibody= Cell Signaling Technology
(Danvers, MA, USA)IA )38le] AR5l T}

trypsin-ethylenediaminetetraacetic ~ acid

3. MIXZ bH2t

Ao A3 AATAEE 10%2] FBSSF 1%2] penicillin
streptomycin®] ¥3E DMEM HiX|E AR&3le] 37T, 5%
€O, 27 sk, Wil AEE 2-39 ek ujpey
& vhpo] Folem, AE wab} Al £esde
phosphate buffered saline (PBS, pH 7.4)Z AXE A
0.05% trypsina} 0.02% EDTA &gjo = Fztg x
Zate] A4 Relg Bal 48 Ak gAY A
el AN B HAsEs A e A v
A Aol AMgset.
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4. NI H4EE 548

Confluence JE17} ® AHAIMEZE 96 well platel] well
T 5x 10%cells/ml 2 seedingdto] 37Tl 4 A|7F wiF &
AE7 2 2= A8E 7] sEEE Al 37C
Al 2 AIZF ajFsiGiT). 1 H, Ak 2EgAE fEs] 9
3te] 300 uMe] H,O0,5 AElste] igFstaitt. 24 AlZF H,
5mgml 2] MTT solutiong ZF welloll FU3sH] 4 A7+ vl
5 A" B9 formazan 23S DMSO°] =] 540 nm
AA FF=E 793t (Mosmann, 1983).

5. ROS s &4

ANANRAE7} confluence EN7F E™H 96 well black plate
o welld 5 x 10*cells/ml 2 seedingdle] 37ColA 4 AJ7F Hj
Fate] Aot 2 FREH, ASE 7o) FEEE A2t

2 AIZF El T 1 mMe] H0.2 2|5k vkt 24 A
7k %, DCF-DA reagent (10 uM)E 2t wellell 79 ¥, ROS

A S go1sl7] 948 FLUOstar OPTIMA (BMG labtech.,
Ortenberg, Germany) excitation-480 nm, emission-535nm < ]
&3l F32 =4 T AT Marchesi e al., 1999).

_T;s;
6. Western Blot Analysis

i BAE gRlslr] flste] A7 Al
RIPA buffers 7Fste] 4ColAM 1 A2

gl

XZ harvestdl F,
B WA
12,000 rpmollA] 30 7+ A4l FEsie] ATl whilES
ekt Eels eEe ol A7k A9l Bio-Rad
protein assay kitS ©]83Fe] 33, Laemmli sample
buffer (Bio-Rad, Hercules, CA, USA)9} &35tsle] 3o A}
L3t T%9 sampleZ 10% sodium dodecyl sulphate
(SDS)-polyacrylamide gelg ©]-83l] 7|95 o=2 st T,
polyvinylidene difluoride (PVDF) membrane®l transfera}<]
5% skim milkollA] 1 A]ZF &< blocking 3FiHk. 1 %} &
AZ gt} 4TCollA overnight ¥F3A1Z1 3 2 2} A<}
oA 1 AZE ¥EE A FTH o] F PBS-TZ AlF +
enhanced chemiluminescence (ECL) solutions} WFS-AIZ1 3
system  (Davinch-Chemi™,
Davinchi-K, Seoul, Korea)2 ©|-&3f] B2 thilgo] WS
g8kt

Chemiliuminescence  image

7. SAHEM
e AY AdE Hi + ¥FHA} (means £ SD)E UERY

Fom, 5A T2l Statistical Package for the Social
Sciences (version 12.0, SPSS Inc., Chicago, IL, USA)E
o] g3te] EAHEA (ANOVA)S.Z 7} A 7ke] Aols

Duncan’s Multiple Range Test (DMRT)E ©]&3}] p<
0.05 7ol 7+ o] froldS ARSI
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e
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2ol Esgnt
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al R
= J&E

i}
AelA 4] A== H0= A2
ozl 2hsh 48 o 5
ofe] X2 gl 7] Asha KEHAE ot
al., 2010). 53], ¥= th& ZZdl| H]aA]
8w RiZkebH, HA7AIEZA Hy0.0 2+ ROS7E 2H8-
Al AL, dERkE, AlEAPE 52 T8 e, W
4 ZAE doA AAEHBA Hee] ARlo] He e
B Eo] T} (Behl ef al., 1994; Desagher et al., 1996).

o

B APM =, 72 (Glyeyrrhiza uralensis Radix) 2%
I Fxe] BA34E0] HOE Al A A EellA 9] 4F

317 £Adoll i3k B3 ol thal ARt}

7tz F2EY AAAE BE a3E AvE7] 98] MTT
reduction assayS ©|&3lo] AE AELS AT A
(Fig. 1), H,0,5 Agste] A5} 2EfAE f=3 et
o] 739, oFFAE AHEEHA] 22 Aol HIEl 59.39%= 7

2o BA H000 o3 Akshy &do] A=) v, 2
25 5,10, 25 g/t &) w2 Z7F AP IS 7B, HO.%t

[e]

S A2)7 controlzel] H]s) frolHo® B FAE YEpol
N o] UFk ARAE e TaE Bels 2R

50% EtOH F&22 #glsle] A A3 133l oJd A
oA 50 g/l O] FEolA AE HAo] gl AT HIE

Al (Han et al., 2013), AP A5 3l C6 Al7FAE

o x FE=S TEEE AYs] Ax AL IS
mAA e U FES G F APE AP (Data

120 -

100 A

80 A

60 A

Cell viability (%)

40

20 A

10
GR (pg/me)

Normal Control 25

H0; (300 M)

Fig. 1. Effects of ethanol extract from Glycyrrhizae
uralensis Radix (GR) on cell viability of C6 glial
cells treated with H,O,. Mean values =+ SD from
triplicate separated experiments are shown.
*Means within a column followed by the same
letter are not significant based on the DMRT (p <
0.05).



HIZRS - 2K - ZSE - AR - Olak - =2
A 7000 50% Ay sk T FEEO T 1 wyml M,
6500 * 7z FEES W TR 43 ROS &AFS YERY
gg:zz At (Han et al, 2013). WA 7z FE2ES AExolA
&0 Sy 8 gell WS B &I 948 How AzkEm 3
3 * =@=Control _ _ _ _
§ 4500 | // GR (5 salnt) FEoxe] Be gykel AT B} 2 At FaE ook
24000 1 ==GR (10 xg/mt) 5 A0
2 3500 | ~#=GR (25 ra/nk) & Z\—E A}EEJ_T/]—
3000
200 0o 10 20 30 40 5 60 fa R RO M
Time (min) o
(B) 0 - 100 A
= 80
100 : : e . . :
g Z 60 < s B
Teq 3
§ 60 8w
f-,' 10 20
e
2 ’ Normal ' Control ‘ I ' GA ‘
H202 (300 pm)
0 r T r T
Nomal  Control 5 10 2 Fig. 3. Effects of isoliquiritigenin (IL) and glycyrrhizic
CR aet) acid (GA) on cell viability of C6 glial cells
Hz02 (300 uM) treated with H,O,. Mean values +SD from
Fig. 2. Effects of ethanol extract from Glycyrrhizae Ekrfl\ﬁllcate .sehparatedl expefnlrrentsd Sre hshown.
uralensis Radix (GR) on level of reactive oxygen | tteans W'tt”? a.f'co uEnt? 0 dowih [)SI\t/\ReTsamf
species in C6 glial cell treated with H,O,. Mean (‘)3 Oer are not signincant based on the (p
values + SD from triplicate separated experiments 05).
are shown. *Means within a column followed by
the same letter are not significant based on the A oo
DMRT (p < 0.05). o
% 6000 , ) s
8 5000 ’ : .
not shown). & 9% Zol& HIA} 5, 10, 25 pg/ml ] 8 000 / ~—Nomal
FER 4YS AYSN0H, T A3t 4R FEES) AT A f o e
=82 Fr oEHo|xE Yot X BE Fid gat B A0
A feladel Qe Ao R,
DCF-DA assaye A% W] ROS9] &4 A] DCFHS} Hhs- 0 0w W e e W
so] PPz AdHE LS o83 WHOE, cellular ® e
- m1yM =5pM 10 uM
systemol 4] ROS 271 24 de] AHgsE ot .
(Jang and Surh, 2001; Marchesi et al., 1999). DCF-DA 100 | . 5
assaye B3l Hx FEES ROS &ASS Ay B A, £ g ) N
HO.E 1mMe] SER AARAZ A2jsiele wl Aol
Aol whek ROS A&l S7hehE BRIskA (Fig. 2A). :
H,0, TS H2]8} controki?] ROS AAE-S 100%E 515 g%
< u), olFAE AR R normaldS 74.88%2] FAE 1
LERH] controko] AFsH EFo= QI8 ROS A&l . : : .

7Feks Eelsldtt (Fig 2B). ¥ 742 FEES sLE=
Aelst A3, 5 pg/ml 9 10 pg/mk 2] F=0lA controltol H]
3 frojAos we A5 Yepilon, w5 folHolA =
ero} akslx &= Al ROS AAC] AAE Sl 2174 2]
A 2kebE 4ol g BE G392 YepdS 21Tt o]
A AT 9 Fe*-EDTA/H,0. A4 A" ROS7}
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Normal Control

IL
H20; (1 mM)
Fig. 4. Effects of isoliquiritigenin (IL) and glycyrrhizic
acid (GA) on level of reactive oxygen species in
Cé6 glial cell treated with H,O,. Mean values +
SD from triplicate separated experiments are
shown. *Means within a column followed by the
same letter are not significant based on the
DMRT (p < 0.05).
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Fro] AAAE BE &3}
elshr] Qall, #=xe] dlEA
(GA)®} isoliquiritigenin (IL)2] 417
Aok AR AT R FE2E
HPLCE &3l 43 234, 1L 0.32+0.01 ghkg (0.0003%),
GAE 31.22+0.76 gkg (0.03%)2] &#-S Yehlo, 7tz
ZE 25pugmboll= ILe] 3ol 0.0075 1g, GASl FHol
0.75 pg Tr=lo} g RISt wEbA 1 pMe] ILe] &
ol 2zt 0.26 pgml, GAS] 735 0.84 pg/ml Y& v|Fo] B

d

4 2 7S A eE
B4 &AAFELQ glyeyrrhizic acid
AAAE BE EHE B9
Fo BHAE BHL

e wl, x FEE 25 gyl o= ILe] <F 0.03 uM, GA7}
0.8 uM (oF 1 uM)¢] s Yehdl S & 5 AT wabA

I3} GAS] H& T2 1uMe] 55 A4gsisen, 1L
GAE Azlst] A Aol AE 5o YeEPA] &2 10
uMe] FEE U sE== A743le] (Data not shown, Kao
et al., 2009; Yang et al., 2013), AZAAE BE Fatol st
AT+E FPasit.

H,0,%2 A8 &35 &
ANZO O

F=gE A

il

[e]

ERES ESERER
2 =49

3
Aglsle] ME AEES S A3} (Fig. 3), control-2]
78 49.62%°] W& AE AEES verlide, 1Lt GA
1, 5, 10uMe] FE2 ZH2F A7) Al & FolFo=Z Al
v AEE] X7 eI eH, E3] GAS 10 M2 F=
A2l Al 68.37%2] w2 FAS Bl H0,2 &3S
IARAEANY BE g7= gHlslich
o] ROS &oA &S IRIgk A3 (Fig 4), 4=
FTEEE XS ul GAl vl 1L X &
o]EA R ROS Aol THAaFe Ielsision,
10 uM®] FE2 A2k 75 83.04%°] 7HF v
Efflo] ILe] $57¢F ROS &4 8438 ERISISIT o]
Aol 231, amyloid beta, glutamate, 6-hydroxydopamine
A S MEAPE S fEg HAAEAA 2
Bl E2]g IL2 ROS ¥ nitric oxide A4 A& &
b3l &4 S71= el AAE RS a3E Jepd A
2 HIFEYYT (Hwang and chun, 2012; Lee et al.,
2012; Yang et al, 2012). wEbA AER
isoflavonoids Alg<] ILe] ROS &7 &4
BH3sle o= AlgH),
oA gk ROSY AL Ak
Bel family9} caspase pathway2] W& 9]
7M. ApEo] dojupH, ol IX]EY
olojx] A EYHAZe] f2lo] Ft} (Whittemore ef al.,
1995). A EAPES| sk Bel family?] F8 A2 5 st
¢l Bax YA M ZAPE S EXlele A=A, A2 &4
S W2 Al Z718PH o]+ cytochrome ¢& &SI caspase
= Whd Bel2e &
A ZAPE JIZFZM A ZzAREe] it B 7| es 283t

|3

¢

o~

s
=
=

T

oy

Il%

N
:

ot
2

o ro

&

i ofy

<
&3l AAA

;

pathways SASIAIA AEAPES do7|=
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=8| Esant

H.02 (300 pM)
Normal Control L GA
Bax [ w . w—

Bractin | A ——

H20; (300 pM)
Normal Control L GA
Bol2 [ — —— |
actin | S ———
14 .

-~
[
N

Now

Expression of Bel-2

Expression of Bax
o o o o
o N B o o =

o
oL amN oW &

L GA (10 pM) L GA (10 pM)

H:0; (300 uM) H:0; (300 uM)

Fig. 5. Effects of 10 uM isoliquiritigenin (IL) and
glycyrrhizic acid (GA) on Bax and Bcl-2 protein
expressions in C6 glial cell treated with H,O,. p-
actin was used as a loading control. Mean values =
SD from triplicate separated experiments are shown.
*Means within a column followed by the same letter
are not significant based on the DMRT (p < 0.05).

Normal Control Normal Control

H202 (300 pM)
IL GA

MNormal Control

Caspase 3

Cleaved caspase 3

B-actin | N ———

1 -

0.9 1
0.8

Normal Control IL GA
Hz02 (300 uM)

*

I

0.7 A
0.6 1
0.5 A
04 A
0.3 A
0.2 1
0.1 1
0

Expression of cleaved
caspase 3/caspase 3

(1'0 HM)

Fig. 6. Effects of 10 uM isoliquiritigenin (IL) and glycyrrhizic
acid (GA) on caspase 3 protein expressions in C6
Flial cell treated with H,0,. B-actin was used as a
oading control. Mean values = SD from triplicate
separated experiments are shown. *Means within a
column followed by the same letter are not significant
based on the DMRT (p < 0.05).

(Oltvai et al., 1993). AEAPEo|| #Hofsl= @A Bax9}
Bcl-2¢9] S elgk A3} (Fig. 5), H0.8HS %28k control
2] A9 oFFAE A2 SHA] 252 normakol] B3l fe]Ho
2 Bax Zde] F7k} Bel-2 Ide] A4S RIS 1Y
U ILF GAE 10 uMe] 52 AYPS 739, Bax Y9
7ok Bel-2 Wl 7 UEio] 7 S8 ILT
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gk o Hlgl GAE 2§ oA 53 AEAPEe digh
3o 9S JEpIT

HAZME S0 2 s AlZAPE AL, Bax BHOR
Q1%+ cytochrome ¢ Wde] F7}= caspase familye] UF<I
caspase 9= cleaved®] FEZ SA3IAF]3L, o= caspase 3
g A MEAPES 4ot (Vila and Przedborski,
2003). MZAPES] gt BE 28 71dS E1st7] S8l
caspase 32| WS BRI%H A3} (Fig. 6), OFF-AE A2|IA]
22 normaltoll Hlal] AFsA &3S FES controkollA]
caspase 39 o] FUIEIHCoY, Az SH4EZS AE] A
controlol] H3l| fro]z o= vhe Wl g vpehfjo] Al EAPE
et B3 g3s FRISITh T3, IS X3 ol vl
GAE AE|§t FollA ¢ 22 IS YehdS IRIsIH. o]
o] AgtoA] MEAPES RS AAAE GA (12.5 uM)
£ AZ519S 4H$ Bax/Bel-2 ¥ cleaved caspase3®] ZHS
53] AlZAPEC] tigk AAAE BE G35 Yepllo] B A
T FARE 432 YeRNIe ™ (Wang ef al., 2014), 2314
A8 WS AAAES GA (25 uM)e] HE]E extracellular
signal-regulated kinase pathway =& F3t & AxXAPE &
AL Uehllo] GAE Al7ZAIZolM 2] HEAPEe] tE BE
a7 $3 Zlo 7 ALREY (Teng et al., 2014). ¥4t of
ek, Ak S48 fegh AAIE ILS 50 pMe] B
2 AsIAE A Bel-2/Bax @ 24S 9 F AlEARE

& Effectsof IL
& Effects of GA
( N
L
C6 glial cell
| Bax E] ki
Cleaved
| Caspase 3§I‘EE’
Apoptosis |
Cell viability = Fi]
- .

Fig. 7. Neuroprotective ~mechanism of Glycyrrhizae
uralensis Radix through cytoprotective effects of
isoliquiritigenin (IL) and glycyrrhizic acid (GA) on
H,0;,-induced apoptosis o¥ Cé6 glial cell.
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SIS . OAk

e
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rlo

A

o

A4S E3 ARHAE B a34E FAsIIT (Yang ef dl.,
2013).

B Apdzn2 iy, 22 0,2 Qg Absky &4
FrEEE AEaA ] AEAPE] ik BE g3t 15
Aok EEgh 7xe] RS H000 oal #AaE A wA
x| AEEH AZEAL S Q] Baxell jEFoZ B4
3}=]= caspase 39| E35lE A= thE A&7 o) i
ATt (Fig 7). [ Sk EH 0 Abshs 2Eg e
RS FFAANFoH, GAS AlZEAPE & Tl Baxe}
Bel-29] ¥ 245 Fall H000 &3 AlZAPE=RE A7
WAEE BT wEhA, e} xe] SRS A7
WA|EL] AZAFE A GAES B3l A A7 EHPd X 5A
2H9] N 7Fsdo] HET

4
o

¢

ARl 2

B A3E F&XEH AAgnte] L 2= A (A S
PJ011869012017)2] 1] X el 2| o]Foj7 AFZE o]
o A=Yt}
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