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ABSTRACT. BARODONS® is a multi-purpose, high functional alkali solution made by mixing and lig-
uid- ionizing silicon, calcium, sodium, borax, organic carbon chemicals and silver. In this study, we
have investigated the apoptotic potential and mechanistic insights of BARODON?® in human gastric
cancer cell line (AGS cells). In MTT assay, BARODON?® reduced cell viability in AGS cells. Morpho-
logical features of apoptosis with marked cytoplasmic vacuolation and appearance of apoptotic peaks
in flow cytometry were observed in AGS cells with BARODON® treatment. In addition, BARODON®-
induced apoptosis of stomach cancer cell is related to bax up-regulation, caspase 7 protease activa-
tion and subsequent cleavage of poly (ADP-ribose) polymerase (PARP). These results suggest that
BARODON® can induce the apoptosis of AGS cells through modulation of bcl-2 family and the activa-
tion of intrinsic caspase cascades, indicating that it is potentially useful as a anti-cancer agent.
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anti-apoptotic 74 847} Rl EZE=g]olo] 98t A EIA}
H4-& = SHKorsmeyer, 1995). Bel-2 family o )30
A= MEIARE caspasedti EEE interleukin-1
converting enzyme{ICE) family®] upstreamg &A3}
AlZItHAInemri et al, 1996). M EZAL] dysregulation
< Bcl-2/Bclx and Bax®] Bw3o] o] Welo] & 4
AtHBargou er a/, 1995).
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37°C A Euj g7l Al sy,
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A EZufge] Hash *J—Ev—% GIBCO BRLAHGrand Island,
NY, USA)=HH F4ster, u]e8-7](75 mm plaskst
24 well platef= NuncfKNalge Nunc International,
USAKIA 3t ARg-att. caspase-7, PARP Bax,
Bad &°ll tgt &A= Santa CruzAHSanta Cruz, CA,
USAJllA 43ttt
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MTT assayE O|88t ME MEE =™, Multiwell
plates]l 1X10° cell/mle] AGSE &3t & cell vuab:hty
assay®] Z-- M3E7t 80~90%, growth assay®] 7
50% 71%<] confluencydl] =238l r=z M= %
A& 7t welldll 223l cell viability assay= 2447
growth assay®] 7% 12, 24, 48, 72X|7F A8 & 37°C
humidified CO, incubatorelld wjekalder. &7 # %)
Alzke] 7] 4A1ZE A MITT stock solution(5 mg/ml
in PBS}S 7} welldll 10%(volivol) E7}st & 4A)17) wjok

ST 22 AHA Alzte] By wiAE AASE 7t
well B 200 pl9] DMSOE #7kste] purple formazan
< &3~ & ELISA reader® 550 nmollA] 352
S4sle] FA|x)woll Hl#E T cell viability -2 growth
o] vl &S A&l

Cell cycle M. MTT assay$} 2+
FE F, trypsin Helstd] NEZEE 5 o, ice-
cold PBSE ©|&3ld 23] Al¥alE & 70% ethanol®
-20°CoAM 302 ol TAHT IFE MEEL T
ice-cold PBSE A|Fsl|5=32, 50 ug/mle] propidium
iodideZ 100 ng/mie] RNase A%} 37 302 St wiek
st FACSCalibur2 o] g3l AIZFE72 243}
MEF719] arrest R-2 FlslT).

Western blotting. MTT assay®} 72+ Hhgo= A%
E WFE & lysis buffer(20% SDS, 1 mM phenyl-
methylsulfony! fluoride(PMSF), 10 mM iodoacetoamide,
1 mM leupeptin, T mM antipain, 0.1 mM sodium ortho-
vanadate, 5 mM sodium fluoride)2 A7}l AEE
lysis A1ZIT}. Cell lysateZ2 probe sonicator® sonicate
gt & DC protein assay kit(Bio-Rad, USA)E wulale
Atk FFe AERFALS dsample bufferd}t &
&3t 12% polyacrylamide gel® A7]|9%3F 3, A%
o] Bt gele] AL nitrocellulose membrane_i
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4°CellA 25 V2 10A17F transtergt ¥ blocking buffer
(5% skim milk)s} Aol A 1A)7F ¥E-e-A]Z T} Caspase
(BD, monoclonal antibody), PARP(Promega, poly-
clonal antibody), Bcl family(SantaCruz, monoclonal
antibody) 5 apoptosis®} ##HEE proteinell tigk A S
0.05%% Tween-20°] #HFH Tris-buffered sample
salineg(TBS-Tel 1 : 100028 343l nitrocellulose
membranez 4°CollA 16A17F Whg-3k thg- o] x}akA ¢l
HRP-goat anti-rabbit IgG conjugates} HRP-goat anti-
mouse 1gG conjugate(TBSTZ 1: 100082 34 )}
Ao A 1AIZE ¥H8- & chemiluminescent detection
reagent® o|-&3ta] Xray filmell =&AA HAEATH

EAEN
FAE Aie 39 o] 7 AS] AEe] HijolH,
o] &9 Jé’&(mean)»} ﬁ—rﬂz}(standard devaltson SD)

2

AlEfel AGS MZolA BIZE A2} BOl o8t HEE X5}

Are] HRAIZONM AZE A AR IAE Al
Qb viRES v 22 FEEE iRl F4sie
AT F MTT Aoz AR BlE2E At Be
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Fig. 1. Cell survival of AGS cells upon BARODON® A
treatment for various time courses. Cells were treated with
different concentrations (0.16~0.33%) of BARODON® A for
6 hr. Data are presented as means and Standard deviation
(SD) for ftriplicate measurements. The fold induction is
expressed relative to control, which is defined as 1. *
Significantly different from control at p<0.05 level.
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Fig. 2. Cell survival of AGS cells upon BARODON® B
treatment for various time courses. Cells were treated with
different concentrations (0.16~0.33%) of BARODON® B for
6 hr. Data are presented as means and SD for triplicate
measurements. The fold induction is expressed relative to
control, which is defined as 1. *, Significantly different from
control at p<0.05 level.

7¥z7} 0.16%, 0.2%, 0.25%, 0.33%(HIE= volume/H}
oRlx] volume)e] o= ulxo] Mrlsle] AGS HEE
BAIZ Bt WSSt 0.16%2] vlZE AE AA5I9S
w) AGS AlEe] Al W3yt AAA T 0.2% M= oF
30%, 0.33%NM = o 40%2) AGS Al AE8o] A3}
HAHFig. 1). E3H HIRZE AZ 0.25%°] 4o HjA|
ol A7189E wle 60% ©14e] AGS AlE A% A&
FA7F FEEYL HEE Bo|M e 0.2%90A4 AR JA&
347} HU?l A3 BUrHFig. 13 2). 283 vlE2= B

2 0.16% A4S o HlzE A9 wpERE AGS
xﬂsﬁA 4ol ouldt FI= WA E%ko 0.2%,
0.25%9} 0.33%E AX&dS o), 2% 60% o} A
2 AR BEE] vEE AR Al S9A| X
AEE AsPt 9 dAsH dojvke 2 ¢ 4 AT
(Fig. 2).

Y HEEE B 0.2%9] A 6A1ZF 59 AGS Ml
o =&HS ) MEEA oJF MEAI} oalEe
H, e AlEEdo] #FHA 2 viEE A9 Be
0.25%%F 0.33%Z AGS AEoNA AETAL] Tojsk=
G483 =52 AAHtHdata not shown).

AGS MIZO0|A Bl2=0] of3t FEfsty W3}

AGS A ZAA viRE] 98 AJEE A3E A H,
AGS MM ul2 =) o3k Wsls AT Fig. 3
2 HY, 647 %OJ H2E A9t BE 7tz 0.25%,
0.33% =E2A1HS W FAAE} vjwsts] 942l &
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Fig. 3. Morphological alteration of AGS cells treated 0.25% and 0.33% BARODON®. After 6 hr, cells were examined micro-
scopically (x400) with treated none (A), vehicle (0.1% DW) (B), 0.25% BARODON® A (C), 0.33% BARODON® A (D), 0.25%

BARODON?® B (E), 0.33% BARODON® B (F).
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Fig. 4. Effects of 0.25% and 0.33% BARODON® on cell-
cycle distribution of AGS cells after 6hr treatments. The cells
were stained with Pl solution at 37°C for 30 min (A). The
sub-G1 populations (% apoptosis) are expressed as per-
centages shown in the graph (B). *, Significantly different
from control at p<0.05 level.

AZFH7L HAES & F AT MEZAR] A=)
FAE gotEr] 23l Flow cytometry A EES AA381
RAL 71 A871HE 3157 Y3te] Western blotting
A& A3l caspase family cysteine protease

o) BAS ZARISIT.

AGS M=Z0|M HI2= A2} Bol 2|8t PARPS| EXzt
caspase-72| 45}

vz Eo] o] NEIALE frdhe vAUSS Yoli
7] ffste] A ZIAl] tfgh S} DA MElE Western
blottings F3ate] #&sATt. 29l apoptosisell 23
A ZA7|Z| A caspaseZ ©]F B4R interleukin-1-
b-converting enzyme(ICE) family cystein protease’}
IAL HA ] FA] AL sl o] §47} poly(ADPribose)
polymerase(PARP) -2 71d-& wallshz 3oz defA]
ATt #19) Fig. 55 XA HlZE A9 BE PARP 712&
A A ZIALR o]&o] 7he Ao] A

Treatment for 6hr

vehicle - + + + + +
. ) - - - -
BARODON® A 0.33%) (0.25%) +
N® . - -
BARODON® B (0.33%) (0.25%)
Procaspase-7 | i W5 W i, s 35kDa
oy g~ 20kDa
—— e S T 10kDa
PARP A i 3 116kDa
Cleaved PARP NI SRS DS S 85kDa

B-actin | seesss e RS SN mEaess Uik, 42kDa

Fig. 5. Expression of caspase-7 and PARP in AGS cells.
Procaspase-7 and PARP cleavage was detected in
BARODON® A and B treated AGS cells. Lysate was
separated in 12% SDS-PAGE and the immunoreactive
signals were visualized by ECL Kkit.

Treatment for 6hr

vehicle - + + + + +
BARODON A {0.33%) (0.25%)
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S R = =9 23pa

Bad | omene oo ommine ot o omime 23kDa

B-actin A AP AT SN U, AN 42KkDa

Fig. 6. Expression of Bcl-2 family in AGS cells. BARODON®
A and B increased the expression of Bax protein in AGS
cells. Lysate was separated in 12% SDS-PAGE and the
immunoreactive signals were visualized by ECL kit.

AGS MZ0IM HIZ2E A2} Bl 2|8t Bax tHZElo w
Bt

M IARE 2AHSR= AE ko] oy 714 2dxEo|
WA e, 2 FoA Bel2 family A ES AlZ
JALE EZI8AWHBad, Bax) 9AlskE Z(Bcl-2, BelXL)
o7 dEid glon, o] thilFdEo] M& of¥A) Ajlst
=71l whet A2 JIAF A BE EZgvia BEA 9
ot vl2E A9 BE AXTALE 28 Baxe] WS
Z7M171aL o]&2 <13k cytochrome CY &3 down-
stream caspase®] activation® ©F7]8ll caspase 79
activationg F=3ta] A EwAl 7]%bo] Yojii= Ao
e}
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and Mukhtar, 2002; Wattenberg et a/., 1976). &2
Z71AE9) BrtdA WHolRAEA), MAIE 71429
A &R ) Aea doj(sigA ol o]
Aoz oz WAUSES Bl LoldrHTrosko
and Chang, 2001). ¢9] ¥t XF5e 2eidh thekst
HAYZ M o8 He|Z o]FofZItHHu er af/, 2002).
AETAL HAUSE o] AFAE 3] 4o oz
g0l B FAE 3l Yok BaE UKL et al,
2003; Osaki er af, 1997; Takahira et a/, 2004; Zhao
et al, 2002). o) AFoNME ALl 919 AL AGS
AZM vZE Ak B AIEZIAF Fieofl 9 F4 o
Agde 2 AUES NG wyck

NSAIDs(Non Steroidal Anti Inflammatory .Drugs) 7|
g9l JTE-B22:= AGS Mo NFkKB, p53, bel-2 185
caspase 32 ZAFoEN MEIAE FEsto] 94|
Zo] APE S fEdal HaE Aol QAL et al, 2002),
g3 mEZECgele] ZA Y7 ABLE L cytochrome
Col ¥=8 F&sle MEIARE dolte Bik 3l
tHPricci ef al, 2001). IR &S] 7%, AGS A=A Bf
B2E AZ 0.25% AA RS W} vizE BE 0.2% A
Aetn-e w AEe] AEgo] AT Eg, AEZ W
F3E(vacuolation)7t BAEH I MEF7] XA &
sub-G1¢] AX7} 7 ele A Bol A|EAle] 53
#2g  Jnh AEX N FEFAFL tiFEe] Al
A WA= lysosomal vacuolationZ= thEt}, o] §
T3= kA ZI¥3Hspontaneous vacuolation)2kil
2R =), AZAAM MEHoE Z2 clusters: 84
AR AE AXE T XA F=rHHenics
and Wheatley, 1999). ZZ&8A3 MXE ARt A=
o}z wWalslA waAA| kot Bernard L. 52 47
Ao wt2d Apgke] §k Azl MCR7 AlEelA
Amino-terminal region of insulin-like growth factor
binding protein-37+ Z¥3}2 FRIGE A ZIALE F=F
t}x BuEckBernard et a/, 2002). WA, B A+
A E ZE3HE cluster 2ol G2 AXoAM= FHH
Ao 7 ojufgh P WA S FOE Hol HIEZE A
o} BE A FXIHE FEst AEIAPL B s
RoZ pkerh

AEIALe] 2o To% 9T I e vE
F ol tig A BuAd osid m|EZE=eole]
75z24e AExAz wE5E cytochrome CoF 2]
caspase activators, 2P ¢]xe] W3}, 18]l Bel-2 family
child To] Hojsle ZoE d#x SUvKChoi er al,
2002; Green and Reed, 1998; Loeffler and Kroemer,
2000; Yin er al, 2002). ¥ A@Me AZLALN #H

of|

ol }.ﬂ

¥ Bcl-2 family & Bax®} Bade] H3}e}, caspase 79
activationS A @3 A3}, HIZ2E S UM R REEE
glo}8 ZA83k= downstream caspaseSl caspase 7¢]
activation® DNA repairll ##¥ death substrateg!
PARPY] cleavage, pro-apoptotic proteinql bax®] up-
regulation® E3ll AZIAE FE3hs ZAos st

a8)u2, Alge] AGS AE 099 M EZANA n
vitro )83} tlEo] olF(xenograft) ¥& ¢TI o]
g3t A W Aol gk AFrt o] Fo] Mok
HIZES Alghe] fgke] oitd} A8 38E & e
o= AlgdT)

ZAtel 2

o] =R 2006d% F=SERFATe] Aol ofst
o] A= %&(KRF-005-E00076).
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