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Abstract

The Effects of Chelidonii Herba Extract on Apoptosis
in Human Stomach Adenocarcinoma Cell Line

Sang-Chan Kim* Sang-Tae Lee, Dae-Jun Kim, Joon-Seok Byun
Dept of Internal Medicine, College of Oriental Medicine, Daegu Haany University,
Dept of Formulae Pharmacology, College of Oriental Medicine, Daegu Haany University*

Chelidonii Herba (Baekgulchae in Korean: CHE), a commonly used herb in Korea, Japan
and China, is widely used in the treatment of stomach cancer, jaundice, gastric ulcer,
edema and pain of stomach. In the present study, we demonstrated that CHE induces
apoptosis in AGS cells, human stomach adenocarcinoma cell line. One of the most
important recent advances in cancer research is the recognition that apoptosis plays a
major role in both tumor formation and treatment response.

In this study, CHE caused a decrease of viability in AGC cells. When AGS cells were
treated with CHE, cells showed dose-dependent manner apoptotic cell death. Increased
apoptotic cell death, exposured to CHE, resulted from induction of Bad translocation to
mitochondria, cytochrome-c release from mitochondria to cytosol, activation of caspase-3,
8, 9, and PARP cleavage.

These results suggest that CHE may be potential therapeutic approach in the clinical
management of stomach adenocarcinoma.
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o OERKS HBBE'®, HU% - k- F
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ool EEK= dAAZoE HE, WEES
of AbEEHE AHEE Kuith#s ALAZ
F(AGS cel)dl HAdtd, olg9 A XA}
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RPMI 16407} fetal calf serum<> Bio-
Whittaker (Walkersville, MD)$} Life Te-
chnologies (Gaithersburg, MD)Z & T
ki 4= 3-(4,5-dimethylthiazol-2-y1)
~2,5-diphenyl-tetraz olium bromide (M-
T 718 g2 A %L Sigma Che-
mical (St. Louis, MO)lA FY4sAot.
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P Ki#(CHE)S  FilE & (Chel-
idonii Herba (3'32FdAH, )] 600gS
= 3000m= 3AIZF #<d FH 02m filter
{Millipore Corporation, Bedford, MA)Z
sty FAAZE ALY dx -2
0Co 2#34ct. CHEY MK 14.6%-
(8.76/600) 3 T

2. Mlzujjet

Human+r2l Stomach Adenocarcinoma
Cell Line?l AGS cell2 American Type
Culture Collection (Rockville, MD)2. 2
HE Tdagoem, 10% fetal calf serum,
50units/mé  penicillin®  50mg/m¢ strepto-
mycin®| X£3E RPMI 1640w %o} 4] 37°C
o] &9} 5%9 CO27F #FA=He 74
A ujerstdeh 1x106702) AGS A EES
10cr  plastic dishel 2-39z7F w)Lgsio]
(80%°1%2] confluencyE& %), 12A1%+
serume 12 H, ALENA AFH A
vttt CHEE =422 XX 35t

3. MIT MEMZEE £F

9%6-well plate?] welld 5x104709 A-
GS AEEE g3t confluency7t 80%
ool # AL, 12MZF serumS n#E3
©hg, CHES %5'(0.03-30mg/md), A%k
H(6-36hrs)2 X X3t, CHES A XALF
g8 SAAT. AEwEs A2 A
Z 05mg/me] MTTE A& F, 4412
wigetgich. o & uiRE A AL A
¥  formazan crystals®] 200x£¢] DM-
SO(dimethylsulfoxide)& 713l £33t
o &3 E+ Titertek Multiskan Au-
tomatic ELISA microplate reader (Model
MCC/340, Huntsville, AL)E A}&3}d]

540mmol A EAs AT AEXBEELS oy
3 AT 718A e control cells3H9]
v 2 Yetdi ot

Z viabhility (% control) = 100 (abs-
orbance of treated sample) / (absorbance

of control)].

4. Flow cytometer =44
Sub-Gl phasedlA o] METE 9
B2A3l7] 4% flow cytometric analy-
sis(FACS analysis)& 3t 1x10674 9]
AFEEE 10cr plastic plated] Zi 70--
80%2| confluency® At th WA Al
TEAA 127 serumS LEA 7|, o
& 12X)17F F<t CHEE sE¥E A3}
Bz A

= (o]
i

2L 5% trypsing % X3}
tach 27 AEEF trypsinA A Al
EES EF 90% ethanol®2 LAHAIF L,
-2-phenylindole (DAPI)
solutiono.Z @A A" HEL
(Particle

System, Partec GmbH, Mnster, Germ-
any)2 248

4 4 3
of °

o3

o

4’ 6-diamidino

flow  cytometer Analysis

5. Cell lysates % subcellular frac—

tions EH|

AEZTEL 10mMe TrisCl (pH 7.4),
100mM < NaCl, 30mM®} sodium pyr-
ophosphate, 1ImM¢2] EGTA, 05%< Tri-
ton X-100, 10%9] glycerol, ImM$] phe-
nylmethylsulfonyl fluoride(PMSF)$} 100p
M| sodium orthovanadateE 3 bu-
fferg = 9c}h Cell lysates®
needle2 33 homogenizingdti 15&3t
QLo WXFT F 15000xgoA 15%3F
AR NANE AAFA

27-gauge
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AEHEZL Kim 579 $yd wa
AP3IDF. F, MEEE ice-cold PB-
S(phosphate -buffered saline. pH 7.4)%
23] A& F PBSE 78t A% &
microtubesell R #A3HT 1 F AXES
2,000xgoll A 5% &8, 10mM9
HEPES (pH 7.9), 10mM¢! KCl, 0.1mM¢]
EDTA, 05%¢ Nonidet P-40, 1mM&<]
DTTS 05mMe PMSF& &#& A4

o] buffer& 713t HNEE FAAHAH.
Cells lysates& ES9o 1083 LA

g 7200xgZ S8 4ToA AEE
39tk Crude nuclei® #F3t pelletsol
20mM<e] HEPES (pH 79), 400mM¢
NaCl, 1mM$e EDTA, 10mM$ DTT¢}
ImM¢] PMSF& 33 +% bufferg 50
wE 7tk A F, 480 3073
w213 ge, 2 & 15800xgol A 1083
LAEZYI & nuclear fractions& T
AZzde AAt. Nuclear fractions A}
S 72 -70Cel R#3P o,

Mitochondrial fractions2 A TXEE& &
A% F 10mM$e HEPES (pH, 7.9),
200mM¢®| mannitol® 70mM$¢] sucrose?}
&€ buffer” & 713}3, | & 500xgl A
AR, FEHE A 10,000xg=E
JAEYSAY. Pelletse 1%2]  Triton
X-100¢] &€ Lidd buffer2 @3t
o},

- [~

k4
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6. Immunoblot 4

SDS-PAGE #A719% 3 immunoblot
analysist olu] 2EE W9 wa A
g3ttt g AL 12% gele] A7FFL
2 B8 1, o]RE nitrocellulose paper
2  ojW3s gtk Nitrocellulose paper©l

Bad, Bcl2, Actin (Zymed Laboratory,
San Francisco, CA, USA), caspase-9,
caspase-8, caspase-3 (Pharmingen, San
Diego, CA, USA)S 2l antibodyE 7}3t
wsiict, wWdwrgAd d¥WEAL ECL
chemiluminescence detection kit (Ame-
rsham Biosciences, Buck

UK)E AH&3te] S A3

inghamshire,

7. PARP &¢

Nuclear fractions 50pgS 7.5% SDS--
polyacrylamide gelsS A3l 2347
3L, nitrocellulose membranes®l] ©] A3}
t}. o] membranes® 5%< BSAE TH
PBS tween®® 4TCdA overnightdls
blockingdtgtt. 2 ¥  anti-PARP
antibody (1:2000)2 A &oA wjgatdct.
A2 immunoblot analysisol A 71&%

o g 3t4

8. SH &Y

AHAFE mean £ SD.22 JEUA
on, t-test TAAMIYHELE FALE
AR&AL FoFEES p<0.052 3t

. & 8 & R

1. CHE sXol W& AGS cell®l
cell viability
7t7] & FxolAMe CHE’F Ax9

AEEY "AE 4TS E437 25y
CHEE 0.03-3.0mg/me =2 12417 A
Astget. Z3  control(®]d CON)2
100.00+2.14, 0.03mg/m¢& HAF oAM=
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81.37¢2.49, 0.lmg/mlS A X3 FoAME
60.84+7.13, 03mg/mS HA3F FolME
4751377, 10mg/m& HAT FolME
48.06+3.38, 3.0mg/miS A3 TAME
11.50£1.55% 8 YEHo], sxo&xoz
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Fig. 1) The Effects of CHE on the Percent
Changes in Cell Viability.

AGS cells were exposed to CHE
(0.03-3.0mg/ml) for 12hrs. Cell viability
was assessed by MTT assay. Data
represent the mean =+ S.D. with eight
separate experiments (significant comp-
ared with untreated control, **p<0.01.

CON: CHE: Chelidonii Herba
extract)

control,

2. CHES| AlZtd H3tof w2 AG-

S cell®| cell viability

AR Wgte)] mE CHE®S A EXRAEE
S BEA357) Y8te, CHEE 0.03-0.3mg/mé
o] =R 6-36A17 MR 2¥A T
ON$€ 10022 3tR& W, CHEE 0.03mg
/Mg MRS ToA AEZAEEL, 6,
12, 24, 36A1¢el 242y 92,08 £ 3.60, 77.33
+ 278, 7877 + 5.16, 67.08 + 441%&
Eliltt. CHEZ 0.1mg/mS 23 Fo

@)

MNe A7 7527 = 287, 6642 + 412,
60.67 + 397, 56.03 + 4.00%E el
th. CHEE 03mg/mi& A A& Aol A
£ 6081 + 260, 5378 * 286, 4561 *
212, 4630 + 1.39%E JEhhsin. F=¥
2 RE Ff ABgEHez 7T A

EAE FEHAH,

10

o CHE0.03
= 100 { . | —0— CHEO1
,§ i ‘- CHE03
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Fig. 2) The Percent Changes in Cell as a
Function of Time.

AGS were exposed to CHE
(0.03-3.0mg/m¢) for 6-36 hrs. Cell viabil-
ity was assessed by MTT assay. Data
represent the mean *= S.D. with eight

cells

separate experiments (significant com-
pared with untreated control, **p<0.01)

3. CHEZ} AGS celle] sub-G1 ThA

MEZso olx= S&

et A7 Wste] WE A XALS
apoptosis¢te] THAPES FFEHY] At
AGS cellel CHEE 0.03-03mg/mee] ®%=
2 1272 AX¥ F DNAE DAPIE ¢
Asta, o}E flow cytometric analysisE
A &gstsch. 4823 CONolA 2 sub-Gl
£ 834%, CHE 0.03mg/m¢ol AT 10.31%,
CHE 0.1mg/m¢ol A& 14.40%, CHE 0.3mg/
mol e 2666%2 JESYT. ol CHE
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Fig. 3) The Effects of CHE on the Perc-
entage of Cell Numbers in the Sub-Gl
Phase.

AGS cells were treated with CHE
(0.03-0.3mg/m¢) for 12hrs. Floating and
trypsin-digested cells were stained with
DAPI, and analyzed by flow cytometry.
The data show the representative flow
cytometric histograms in which the nu-
clear DNA content (x-axis) is plotted
against the number of nuclei. The pe-
rcentages of cell numbers in the sub-Gl
phase of cells are indicated.

4. CHEZ} AGS cell2l
of o|X= H&
FACS analysis2 #<¢® CHEY MxX

AEFE ZA7e BHEISE, AEJ ap-

PARP £%

optosisE  BUMAFY il Hujo
PARPS W3t BRAAT. Yvoe=

apoptosis7} 52 Wl oA PA-
RPe £&o] dojuti, o]2j§ PARPY
2382 DNA fragmentation®} chromos-
ome cond ensationg FE3HA, MER

HALE dodlE Aoz &4yAd Yo
Aol ¥x7t F7gsE B
PARP7} Z748te Ao Yyt

PARP
cleavaged

actin

CON CHE CHE CHE
003 0.1 0.3 {mgimi)

Fig. 4) The Effects of CHE on the Levels
of Proteins Associated with Apoptosis in
Nuclear Fraction.

AGS cells were exposed to CHE (0.0-
3-0.3mg/m¢) for 12hrs. PARP was imm-
unoblotted using the PARP antibodies in
the nuclear fractions. Results were conf-
irmed by repeated experiments.

5. CHEZ} AGS cell®l caspase &4

To o|xl= HE

PARPY| E&o] #3te A
F2 caspaseE°lth. CHEE AHA & T
X & caspase-3 @A <ol
31, caspase-3 A¢19l caspase-9 HA
7}8t A v}, pro-caspase-8< CHE¥F % 9]
7ol wal AAaggE BIew, ol ca-
spase-8¢] Z7}E 9ojnjg

Fig. 5. The Effects of CHE on the Levels
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pro-caspase-8 . ]
caspase-9 i
caspase-3
actin i

CON CHE CHE CHE
003 0.1 0.3 (mgimi)

of Proteins Associated with Apoptosis in
Total Lysates.

AGS cells were exposed to CHE (0.0~
3-0.3mg/m¢) for 12hrs. Pro-caspase-8, ca-
spase-9, caspase-3 were immunoblotted
using the respective antibodies in the
cell lysate. Results were confirmed by

repeated experiments.

6. CHEZ} AGS cell2l mitochondrial
proteinoll O|xj= F &

CHE7}F #xste  AXAEA] m-
itochondria7} #A3t= A& Lolr7] ¢
3l mitochondrial fractiono ] o) &2 <1
anti-apoptotic ©# &<l Bcl2 ¢, 14-3-3
gl go] REHUAM FHo] mitocho-
ndria®] membranel. 2 A $3] apopto-
#+%3tE Bad® ##3 % th mito-
chondria®l membranedll A Bcl2e] &
CHEd| wx=o&H o=z Za3tdoen, B-
ade FLdEXHoR H3 FHe AF
< YEAd . Bel29] #Fadl meh cyt-
osolol A ¢} cytochrome-c9 %<& F7}+3

t 3%e vehnnh,

sis&

Fig. 6) The Effects of CHE on the Levels

Beh

Bad

cytochrome-¢

CON CHE CHE CHE
003 01 0.3(mg/mi)
of Proteins Associated with Apoptosis in
Mitochondria.

AGS cells were exposed to CHE (0.-
03-0.3mg/m¢) for 12 hrs. Bcly, Bad were
immunoblotted using the respective ant-
ibodies in the mitochondrial fractions,
and cytochrome-c was in cytosolic frac-
tion. Results were confirmed by repe-

ated experiments.
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apoptosis®l

Fa3A FAgdde Ae A HJUG
7% = apoptosist X9 FAPHA

Aol FL83I} =HRZA,
Aoz AXFZTAI} A FTAle] T3 ¢
&34 "oh3).

ApoptosistE dd <] A3E+A, Fe
EAE 7H AxATH A ojth. AE o] d 4,
3, A 9 =3 F9 A A& T3
o Nz A&} AIEE TS olFH,
MAS 3 FASA b HEgA
apoptosis7t <2 7Fx] flel & Ay
2 FAEHA X B A €d¥eR
a8 7HA] A¥AEg dosA "o o
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of A Hof WA dEAQ Aol
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dutqd oz ME7 apoptosisE L8
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HZ ddFAAM M T 2d F
9] & apoptosis7t G FyAF} X
g F83% 9gS dvhe A AT
2ol ¥ o]l g apoptosiset ¢ #H
B 9T 2%FE, oncogenic mutations®] ap-
optosisE 223t tumor initiation® pr-
fE@tts 231”9 ant-
icancer drugs, V-irradiation, suicide gen-
es, immunotherapy 53 #o|l FTIAHLE
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FAol AEKE FAsHA 2 olF°] A
=171 AFREFT. age FHHE
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JN1EEo W 282 $Eve A5 4
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Hol = alkaloid€ FHrst ded, 2 F
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sanguinarine  CyxHisNOs,  chelerythrine
CxnHigNOs,  homochelidone  CaHzzOsN,
oxychelidonine CyHi7NOs, methoxyche-

lidonine C21H21NQOg, portopine CaoHigNOs,
sparteine CisHosNe 50)TF  HEMRT ‘%o
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2O EH o HNEAE FTHAFCH
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of w& M EALS} apoptosisete] #HYE
#R37 93ted AGS celldl CHEE

0.03-03mg/mi e BEE 1221 AHAF
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g A3y, A4g4d3 control, CHE
0.03mg/mé, CHE 0.1mg/m¢, CHE 0.3mg/m{<]
sub-Gl &< Z7 834%, 1031%,
14.40%, 2666% 2 JElyeon ol CHE
7F w29 F7el wet sub-Gl71E &
NA, &30 Z gpoptosisE FE
< Yedth

FACS analysisE %3t9, CHEE apo-
ptosis® FETHGE A A F, o
O 2 apoptosisd] AZe old FHEHE
eude] wse dAsAT AL ap-
optosis#Hd  wMAZF9 gl e
PARPE: ¢¥tH o2 apoptosis?’t =2
o= oM PARP2 R o] ot
31, o] PARPY #3¥& DNA frag-
mentation® chromosome condensation<
FE3HA, MEAEAE dode AL

2 gdd Qo B APANE FEA

£

e

z71842 235 PARP/} 73S 2
o Fo}, CHE?} apoptosis® # =88
olg 2= 9t}

PARP2 &L &=23t= Az e

F2 caspaseEEA, o
signaling pathway<
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cysteine protease
familyQ! caspase®] activationel] &3 ZA

Folt}? CaspaseE2 ¥tz oz A%z
dAlE JAEln e dNFAES 233
A

o] NEZAHAIE AgA)F)|E= 8L 511,
dAM7HA LB caspased caspase-37t
thokgt A EAPEAL 2T 98t FEFH
o8 #43 2 4 on, FHSE ca-
spase-3% PARP] 28] #eag™ 2
ATNNE CHEE ©& ATAIA fX

2345wtz FEoEHoE
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caspase-89 & FAFH
AT E pro-caspase-82|
YERHRSL o] AL caspas-
e-89 A= AdHoE FIHASE
oul e RAoloh
3t#  caspase-3¢} caspase-8<, mito-
chondriadl Al #8l¥ & cytochrome -c$
APAF-1 28]i caspase-92.2 JFXE
apoptosome®’ o] AN T A5 E =),
B2 d7e AFANME caspase-92 F=
geaHoz gAsEHE ZAZF4E YA
t}. olg3t A= CHEYF #E8e
apoptosis®ll & caspase-3, 8, 97} #o4E &
ojmjat= Aol
B AF A3 caspase-99 &43& C-
HES] A ¥AEAL] mitochondria®l cyt-
ochrome-c®t A% 7Fe4d& At 9L
ou2, CHEE HAAE cell® mitoc-
hondrial fraction® #|1€J% cytosolic fra-
ctione°ll 4 ZAstAioh
cytochrome-cE mitochondrias) &Astal
AR §E, AEAEALS] 7| Fo] @A sHA
cytosolic fraction®Z release¥ o cas-
pase®) BAHL F/ANAG. 2 A7
Ao A cytochrome-cE CHEY % %7}
Z7}3to) we} cytosolic fractionol A Z7t
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