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Forecasting Risk Area for Dengue Hemorrhagic Fever (DHF) Surveillance
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ABSTRACT

The objective of this research was to develop the GIS model forecasting risk area for dengue
hemorrhagic fever surveillance protection and planning in Ubon Ratchani province. By use Larval Surveys
(HI, CI and BI). The study were divided into 2 procedures included: 1. to develop the GIS model of
analysis and prediction. 2. to develop web database of surveillance system will become a model of
DHEF able to access to real-time. The research procedure included 1. Major factors considered for analysis
of the occurrence of DHF were HI CI and BI in 2002 to 2004. Results of the research revealed that
3 level of area (high risk area, moderate risk area and low risk area). Next to report risk area by internet

GIS for decision support system.

M ee : laldidessen 15 undgiin @3 wuuNaseszuy 13 WAl a3

Key Words : Dengue haemorrhagic fever, Internet mapping, Geographic information system, Modeling GIS.

* wmtiudie wan AsIAINTINAT ATNMUNTN  120T2IAMINTINADNAUADT ANLTAINTINA AT NWIINENFEYDUUNY
“* 5E9A (919158 MATNIAINTINABNWUNDT AMLIAINTINA 0T NWITNENFEYDUUNY



84

Ui
Tsaldidanaanifulsndndaiionnie
Dengue Virus figameilummainlse duiniu
Tsafi@utlym damaesdiu 15150 U uaEms
wwnd nzdiethe  Yazdudnnwnnlusau
16 Uishuan (2532-2547) Usznalnadins
ssuatdull wialuiu a9l Teswuniinns
sea 9 ol w.e.2544 fihe aleUnd
N 138,970 18 aanthy 224.58 aaw U
Uszens ome 238 g danthameiegas 0.38
(M5 slsedeaall 2547) wumsTELIANSENY
TN ST
Jninguasysiil imsssue 9 alu
w.e. 2541 gihe 4,905 98 dadudanths
276 Gaw uUszInT Mg 25 18 aanheme
foaz 0.51  nguey 5 - 9 U wuanil alu
wdaslugiheGy siuludouwgunay
waziwiugthe 9 alugideuiiguisuda
nsngian  Mugiheazanadludaunuenauy
dedumamaamnt snciulull w.a. 2540 fiwy
Minugthe sy saudidoudumen & o
ldnugthe_sdaidlasdaudduil w.a. 2541
waziinsssuianaslsaliidansanaaaaail
Uaauu U w.a. 2548 (2 w.A. 2548 49 23 W.0.
2548) gthe 238 918 Aallusesnthe 13.05
galaifigl e (BnuszNe  2.9U8%: 2548)
Gty fideiiony vlaiadnmszuy
19 utwﬂgﬁm a3 W3p Geographic Information
System (GIS) azihanldlunszuiunsia
WAenfudayaludsiuilumsithssTaesilosiy
Tsadeszuunaninnasildmvuatoyauoas
15 wnaffamy “uiusiumumisludeiud
(306, 93N7 WAz g¥NG, 2543) WY Ny
ANNYNZNYBNENaNE Fayarde  TNWuENY
duvislunsud duvis L uds e daye
wozuwuiily GIS (Eeiuil Havans as 1130

M35 19398 3. (Ue.) 7 (2) : 8. - §.9. 2550

MaIezias GIS wazyhlv aanumung
Tudsanistlasuulaed “wwussuraile
(they, 2540)
lddanaan manszngunatmziugnnziilsn

WU MSLISPENEYRNlSATELNG

98 doyawmail aUunnguunnuiihly
wsouda waz aanuning TFnuldde
FeazfludszTomilunszurunisauiisesa
waztlaanulsaszunaaaly (Wia wazany, 2541)

4 aay a v
q‘llﬂimttﬂ%')ﬁﬂ'l'i’ﬁ]ﬂ

sUuuuiildlumsive

Wumsdnwaariianugnguesans
aanaauiuiigiansainaslsaliidanaanly
Nuiidaninguasmiflusswiedl wa. 2545 -
2547 lag8amu518U DHF 2-3 wa1han
MurmumanRdsasiaugnguzatgais
wazuEthel w.A. 2545 - 2547 uazA) BI
%uﬂuﬁmﬂaﬁnﬁw (Attribute Data) (#iald
Aansiuaswensaiiuiisedensiialsa
I#\dp0aan (DHF) seeuiudl Taswh uathu
L3028 Internet

Uszmnsuaznanaiagng

Usznns (Population)  Uszannsiilalu
M3 1aeseil de thundavdiendaudl 199
Fayaluudazdrinouazivanaludania
AUATIZET (20 B1LNB 5 ANEND 220 GUd
2,598 ¥iyNU)

nquiete vnadndn Faazldiu
Funuzesudazainu i asdsens gnyupe
gNAEANLEAN1AENT NUUURIZAY (Purposive
Sampling) @ BI HI CI uastayagtheluiiuil
withunauygthu e uasnnisennaly
Nuiidaninguasmil

tn3asiiaildlumsdnuive

WUV 15796 (DHF 2-3) HI uaz CI #
enuluszduimiauasnsnugiheiiialu



KKU Res J (GS) 7 (2) : April - June 2007

it ule ey 506 (menulsafinaathsz3)
Mazimeiginer #ldlunmsmuamans
ANYNYDIENAIE (1) Breteau Index (BI) A9 MUY
mwxﬁwugnquqmﬂuﬁm 100 viae@ (2)
Container Index (CI) @@ Sasazwasmuusiiny
Qﬂﬁy"uqqmﬂ (3) House Index (HI) a Sa8ay
wmﬁmﬁwugnquqmﬂ
UWATMIWAUITZUUNIULASDANY Internet
% MapServer 284 University of Minesota ﬁﬁwm
Minesota MapServer (é’qmwﬁ 1) Wy Software

(Walwashi  (Open Source)

nmﬁmmswﬁagaLtasmﬁtmwﬁﬁaga

FIUTINTBYANNNT 15I9gMNEeae
@MNTIeU DHF2-3

¥

, Suouhuiidanugmigiaw

a1 HI= 5 x100

snauthufidsniarua

1 ¥
. $Snoumruzidiswugnihigme

A1 Cl= x100

Fumasuzndrsntaua

] b4
! Sumauzidisanygmigame

A1 BI= 5 =x100

Snuthundsirua

ndayams Iauazafianalaan
udazvyiny hananumeawasld s

aundo (X) = 2%
n

X = AdoyannuEngNTBILdanguIRE i
n = NUIUHIBEN

uSudayagihalsaldidensanyas
wythu lugnnarihnis 19adayainms
whazdane “Undhamannugihelsaliidanssn
Fuaradsrasudaznyiiui 1919w
A “Nlsz ns v uwWus  (Correlation
coefficient, r?) (11/\1%@1‘3{ wasAMe, 2532;
ANUNT LazANE 2543)

85

i -X)-Y)
Jek > )zl -v?)

Xi

Y
ANTLAUNUNL B9GDNITULNITEUINY DY

Maedulsyan 1

Mramulsgan 2

\dalsnldidonann vasudasvyjinu Siased
doyalogldinaiinmsdauniu (Overlay techniques)
(nguen, 2541) ﬂzimﬁﬁﬂﬁiﬁﬂﬂﬁﬂms‘ﬁauﬁu
doya Usznaudhe gadoya 4 dudoya  leun
(1) fuade HI (2) duads CI (3) Mimae BI
waz 4) @ wUsz nd v “uwWus (Correlation
coefficient, r*) YBNUAILWNUIU U 91ND
TAEAISAMUIMAIAZULULSINATITEINNWITD
(Weighting linear total) @9 3013
S = W1R1+ W2R2+...+ Wan
do s = Wil sadamsiialse
W=
R = MASUBUSEAUAIN “uwugtlasedi 1 8an

MSUULANN AP 9N 1 89 n

AN 1Auaaiavs (Weighting factor)
neezuuunNilaandangy  iauteiui
poniflu 3 56U Aa Wuiindenanse_g thunan
waz o Gail
fuiifianu e Jdamsunsszunaiianiagniy

X —S.D.

funiinna sahunandidragszning

X —sp.<s<X+SD.

NUNAAINL 891D ABNITUNITLUINNAININNT
X +sD.

Tog uTsaUuanIgIUYaImIaEIg




Definition)

193 ‘L!L‘Vlﬂgﬁﬂ'l m‘%’tﬁaﬁ'wmswu

7 JuUnDY A9l

2.31A518¥WsLUU

STUUNHBIMISH ANAININD 2

Dynamics Data

Static Data

NIZVIUNIININIAINITNUAESISUY

2uaaulunswaugivetdanaiun
WUUPay Kendall (1992) 738031 System
Development Life Cycle : SDLC YAUADUM WAL

1. mvuatymazinguss 9@ (Problem
(Analysis)
3.mMpankuuseuy (Design) 4. wannlusunsu
(Development) 5.0 auszUU (Testing)
6.500a5UY (Implement On) 7.1N395n¥5EUY
(Maintenance) %wnwammﬁmswzﬁﬂm

M35 19398 3. (Ue.) 7 (2) : 8. - §.9. 2550

Web Browser
v_ v

CGI Request

MapServer

r |

Map

Request

(Bitmap

HTML With
GIS Data

SQL Geo

Template File

database

MU 1w ovan wUGuazlase $19ms
NIV RN Mapserver API

HICI BI 1l 45-47

YOUATINIA HUND

¥

doyafile DHF 1)

C]

GIS Database

+

DHF Simulation and GIS Modeling

¥

Evaluate DHF Risk Area

+

v

Forecasted DHF Risk Area Map

Gl§

X. v coordinates
Model

mIFouNY

map

= Ca
AUATIEHDUN
el ] ¥
- =]
] )

uaws DHFau

L

a L W e e
l&aul%ﬂ)mﬁuwu‘ﬁi’mﬂuﬂ;

Y

[ Map Server

nternet

)

.| Web mapping

HTML+ASP, Java script

AN 2 1L NTUADUNITIATIE

v

o A
Nu

P Bauasie YBEIULASDNY Internet



KKU Res J (GS) 7 (2) : April - June 2007

uanIIgwaznIsandsrana

wamsmIensiui salasnslden
fddaanvinluwuudansssuu 15 wna
iien o iemavimnalaglden BIHI was Cluas
e “wiusiugitheluiuiiwuhen BI asu o9
au “wwuslnaganunuiugiheldidansan
Wndl @ (é 1 agsEwing 0.7-1) 09897 @0
A HI (A r 28581IN 0.43-0.92) waz @ CI
(AN 1 BEIEWTN 0.15-1) # aaeapety und
(L9 ez Aede (2540), 306 woz Az (2534)
@ BI 2z a9enu “wRuSHuUTnnugIaneiiia

v
=

AUNNNNA HI we@ CI 9z NWUSHuUMzUE
figagaunaldannnt

seusvanfuiiuii sedamsiialse
lﬁtﬁaﬂaan”qﬁ"’wm 27 dua (MnNa 220
gmua) launmua luiies nszl v paae

nulug  waszun  Unw lsdes vuasweu
nuaela miEe Uzan wung nuilen uiwwils
W @oedly thunen vusuws e Wawey
Png luare  nAnaiyaT nanaNsumNU
Tnudias  vussun wan"alan  Aalluseeas
12.27 wazfluitui sedansiialsaldidan
sanluszduihunaranavae 193 sua aaly
Zouaz 87.73 szausnafiiluiuidemsiia
lsaldidanaan 9l 2 swne launane s
Ava.mant“alAn (vae 25 s1une) Aaiudenay
8.00 uwazfuiui sadansiielse  ldidan
sanluszauthunananavue 23 sne  aadly
$a8az 92.00

mslauuushant GIs afiamslwanimiin
(Index Model) Lﬁamiwmﬂ‘mi ﬁag@a'am%laq
mslianhmingasduls Fausgiugaaula
videlitenmyaniluegiiiazdaadonldilade
i “wiusiudulsuiadasiidnmannil auile
ANAINNNHANSIATUNITIIUIY LaLAINNIT
USLEUHBMNWIINYDITEUULENSEIY Internet

87
GIs Tesgldmly  quladrszuuinweuni
Usz ™ nEmwszaud (u >= 4.51)

ao
sluam

Soqusz sdmaamsdnmasail (Hums
wennseliui  sedemsiialsaldidanaaniia
Tflumsmeusunuilasiuuazauaulsaldidan
sanluszduiud sedudmuauazszausinaly
Jniaguanysil lesdnwdadeauigns
mMswing (MHI CI wae BI) gauvias 3 U

PMIdnwuNTaITeaIUAHNMINII
wwngd (@HI CI waz BI) Tuudazituniany
“wiusdamsthelussduiud  uasvauanis
AL BeRaziiansundszuazadlse F9ns
1t uadayaluguuuy Mapping M50
alade Fary Tuwdzasnuszunaazuasnn
sanlundszdunaziuilndifed Tuadaae
SN¥e Mapping 4L ONYBUIBHADILHIN
Wuile 5 wnsethlunununfusswieiua
sunaifiiuidaduld maih ue dayariu
\aathe Internet  azvhlWudasiufinasdiunm
saiu wazihdayaluldlunmsneunuilesiu
Aanssuene g lumsithszialaadadaiiined
Use nsmw

AaL UIUUY

1. @5imMsL ue 15 wnadiien as
AUNUsEAINg TudeeImsienzd m 1w
{lade B vidn Teglfunudiiienuazdeainn
i ansow adbiifiude guou wer “awnedew
e 9 Tugasuld gy iu eene

azdaaliiiude veamESau 9 oulen 9 &

¥ '
S o v

13150M92NNIAEANUNOUBY MITIIWRY
sty 15ed U pswunneana uluse
100 was Nnthugihe Wuey



88

2. avsiimahldszandlanulsaszng
auq wisfanssn 105 oi aglesmmnzlia
szaUszaviaaduy

neanssndsznma

AN Earasmiseiiasiesulalad
Tilasumuuzihaghesausuuazmsiuus I
Faunwiafidasuily nernsdnlinwuas
AnseRond 1ieANN NYITBIT UL ULGE
msie wainiudselesddansin luldwann
sevunulaageiivse nEawuastiauselami
1 _adensAnsmhllFnuussiiifendasdaly

@n 1587194

o S 14

N (3892138586, 2541. S8UU 15 WNd
a s o '
gien asiiansUszandldlumbhenu.
N5 19N 03 67-74.

en naUszAvg. 2540. sTUU 1T wna
afien afieiud. M5 gl af
14(2) : 67-74.

A059F  5INUN wudzAME. 2543. AU

15150 PNNIAYBUUAU.FIEIUNIT
Weidasdu meidelssiunalasems
sesailasnuuazaruqulsaliidansan
WANWIZAESR WIzUIm Mdawszin
ae Jmnzauuny U 2542.

FUNSL 9 9, D5 B, IUNSU 9 B,UBTAME.
115 1979AINYNY YDA GUUY
foghads uilemsithstialsaldiden
8aNn. N3 19IYINT 1515 ¥ 2540;
6(1) 82-90:

M35 19398 3. (Ue.) 7 (2) : 8. - §.9. 2550

@

06 Junsu 9, Uszans Wusals, gumd anse,

23T IUNsW 3, 8Ty 538 U wae

wa haind. gluuy msums
wennsalnwugihalsaldidanaanly
WANANIUBBNIRENYHD. 1T 19
Tspinfa 2540; 23:123-135.

NG JUNTW 9, 2IUINT TUNTU 4 wara¥G
oz, Tsunsugisnumsithsziaas
muquegarewnzinlsaliidanaan.
M5 1515ARAGD 2543; 42: 103-113.

G UNIW 9, BIWINT IUNSU 9, ENIA 9175z
waz Uszaae Wusgls. nMsuwsnssany
geangluruungan w.a. 2532-2534.
2.3ve.90. 35(2): 100-110.

ANUNT MY o DYSE WALAME. 2543 : 8.
Usziiiumanuilasnumuqulsaldiden
28N WWIN _ugIoNil. 2542 : 80-84.

Wi ihaens wazams. mMsnmngluuy
msendunuilesiulsauasmugulse
aunedaly d Sanianwelan. 2541:
40-80.

wias 19180, su W¥ds, Wl (ilaana,
s 5w wail. msdszendssuums
ithseslsauiiamanennsainsszuna
Tsaldidanaan. 115 15ImMs 19150 2
2532; 192-198.

Kendall. 1992. Systems Analysis and Design.

2" ed. Annals of the Computer
Technology. 52-53.



KKU Res J (GS) 7 (2) : April - June 2007 89

Molecular Mechanism of Mallotus spodocarpus Compound Induced
Apoptosis on Cholangiocarcinoma Cell Lines
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ABSTRACT

The growth inhibitory activity of Mallotus spodocarpus compound on 2 human cholangiocarcinoma
(CCA) cell lines, including KKU-M156 and KKU-100 cells, was performed in vitro by using
sulforhodamine B (SRB) assay. The M. spodocarpus compound exhibited strong growth inhibitory activity
against KKU-M1566 and KKU-100 cells with IC50 values of 0.07 = 0.009 and 0.04 = 0.01 pug/ml,
respectively. The anti-proliferative effects of this compound was due to apoptosis, as seen by the
appearance of membrane blebbing, chromatin condensation, and DNA fragmentation. In addition,
the apoptotic process involves a decrease of Bcl-2 as well as Birc 5 gene expression levels, and an increase

of Bax-alpha gene expression levels.
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Introduction

Cholangiocarcinoma (CCA) is the
highest incidence primary liver cancer in the north
eastern Thailand (Vatanasapt et al., 1995) and still
a main health problem of people in this area. All
treatment approaches, including surgical treatment,
chemotherapy, combined surgical and chemotherapy,
and radiotherapy are considered as palliation only.
Because of the less effectiveness and toxicity
of conventional chemotherapeutic agents, an
alternative therapy is considered. One attractive
strategy for CCA therapy is the use of medicinal
plants. Medicinal plants are now approved for the
treatment of many diseases, including cancer,
therefore, the medicinal plants may be used as the
anticancer drugs directly, as a combined drug for
reduce the toxic side effect of conventional drugs or
as a synergistic drug.

Mallotus spodocarpus (Euphorbiaceae) is
a plant indigenous to the central, northern,
northeastern, and southwestern part of Thailand. It
has been described in the Thai Forest Bulletin in the
year 2000. Prof. Vichai Reutrakul and colleague
have successed in purify novel potential medicinal
compounds from M. spodocarpus. Among these
compounds, VR-3848 (7-mer cyclic peptide) was
shown to strongly inhibit cell proliferation against
various human cancer cell lines such as lung
(Pootrakornchai et al., 2000), breast, colon, mouth
epidermoid carcinoma, and mouse lymphoid
neoplasm (Sujarit et al., 1998). It was also shown
to induce apoptosis in the leukemic Jurkat cell line
(Uthaisang et al., 2004).

In this study was aimed to examine the
growth inhibitory effect of compound purified from

M.spodocarpus (VR12684) on cholangiocarcinoma

M35 19398 3. (Ue.) 7 (2) : 8. - §.9. 2550

(CCA) cell lines by using sulforhodamine B (SRB)
assay. The molecular mechanisms of VR12684
induced cell death on CCA cell lines were also
determined by using DAPI staining, DNA

fragmentation, and real-time RT-PCR.

Materials and Methods

Human cancer cell lines

Two different types of CCA cell lines
including KKU-M156 (moderately-differentiated
adenocarcinoma) and KKU-100 (poorly-differ-
entiated adenocarcinoma) were used in this study.
These cell lines were established in the Department
of Pathology, Faculty of Medicine, Khon Kaen
University. The CCA cell lines were cultured in
RPMI 1640 medium supplemented with 10%
heat-inactivated fetal bovine serum (FBS) and
100 U penicillin, 100 ng streptomycin. Both cell
lines were maintained at 37 'C in a 5% CO2
humidified incubator and were subcultured weekly.

The culture medium was changed twice a week.

Chemicals

VR12684 compound was kindly provided
by Professor Vichai Reutrakul (Department of
Chemistry, Faculty of Science, Mahidol
University, Thailand). Briefly, this compound was
isolated from Euphobiaceae in Thailand using
bioassay-directed fractionation. Sulforhodamine B
(SRB) and 4’,6'-diamidine-2’-phenylindole
dihydrochloride (DAPI) were purchased from Sigma
(MO, USA). DNA extraction kit was purchased
from Qiagen (QIAGEN GmbH, Germany).
TRIzol reagent was purchase from Invitrogen
(Invitrogen life technologies, Brazil). Random

hexamer, dNTPs, RNase inhibitor, M-MLV

reverse transcriptase enzyme were purchased
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from Promega (Union Carbide Chemicals &
Plastics Technology Corporation, USA). SYBR
Green was purchased from Applied Biosystem
(USA) Other chemicals and reagents used were

analytical grade.

In Vitro Cytotoxicity assay
The sulforhodamine B (SRB) assay was
used in this study to estimate cell number indirectly
by staining total cellular protein with the SRB.
The protocol is based on that originally described
by Skehan et al. (Skehan, 1990) with slight
modifications. Briefly, cells ( 9x105 cells/well)
were seeded in 96-well microtiter plates. After 24
hr incubation (Day 0), cells were treated with
various concentrations of VR12684 compound in
triplicate. The plates were incubated at 37 °C in
a 5% CO2 humidified incubator for 72 hr.
Cell were fixed with trichloroacetic acid and
stained with 0.4% SRB. The bound dye was
solubilized with Tris-base buffer. The absorbance
(OD) of each well was measured using ELISA plate
reader (ELX-800 ; BIOTEK INSTRUMENTS,
INC.) at 510 nm. Percentage of cell survival will
be calculated using equation below. IC50 value
was expressed as concentration of compound in
microgram per milliliter that caused a 50% growth
inhibition comparing with controls. The data are
means of three independent experiments.
% Survival = OD (test sample) - OD (day 0) x 100
OD (DMSO control) - OD (day 0)

Apoptosis assay
The mechanisms of cell death were
determined by detection of nuclear morphology,

DNA fragmentation, and apoptotic gene expression.
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DAPI (4',6-Diamidine-2'-phenylindole
dihydrochloride) staining

Apoptosis activity was determined by the
detection of nuclear morphology using DAPI
staining as described by Hotz et al. (1992) with
slight modification. Cells were seeded in 12-well
plate at 1-5 x 10° cells/well. The cells are treated
with plant compound using concentration that
cause 100 % cell growth inhibition and incubated
for 3-5 days. The treated cells are collected at
24 hr, washed, fixed with methanol and stained
with DAPI for the observation of nuclear
morphology. Nuclei are considered to be the
normal phenotype when glowing bright and
homogenously. Apoptotic nuclei can be identified
by the condensed chromatin and fragmented

apoptotic nuclei.

Detection of DNA fragmentation

DNA fragmentation was analyzed by
agarose gel electrophoresis as described by Sambrook
and Russell (2001) with slight modification.
Cells (2-3 x 10° cells) were treated with
concentration that cause 100% cell growth
inhibition and incubated for 48 hr. The treated
cells were collected, washed, and used for DNA
extraction by using DNA extraction kit following
manufacturer instruction. Briefly, the cell pellet was
lysed with lysis buffer at 56°C or 10 min. The cell
lysate was treated with RNase and protease K.
The DNA was precipitated by absolute ethanol and
purified by column. Following elution from
column, the DNA samples were run on 2% agarose
gel electrophoresis at 100 volts for 40 min,
stained with ethidium bromide, visualized and
photographed under UV light transilluminator
(Fotodyne, USA).
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Detection of apoptotic gene expression by real-time
RT-PCR
Primer design

Primers for PCR were designed using the
GeneFisher Program reversion 1.3. (Chris
Schleiermacher and Folker meyer, 1995-2001).
Primers for the detection of Bcl-2, Bax-alpha, and
Birc 5 were designed from Human Bcl-2 mRNA
(Bcl-2), Human Bax alpha mRNA (Bax-alpha)
and Homo sapiens inhibitor of Birc 5 apoptosis
homolog mRNA (Birc 5). Then the primers are
aligned to mRNA and genomic DNA of Bcl-2,
Bax-alpha and Birc 5 since primers must locate in
exon by using BioEdit.zip Program version 7.0.1.
Additionally, primer sequence for the detection of
GAPDH are kindly provided by miss Piyawan
Amimanan, Department of Biochemistry, Faculty
of Medicine, Khon Kean University. Primer for

real-time PCR are summarized in table 1.

Table 1 Primers used for real-time RT-PCR.

Name sequence (5'-3")
Bcl-2-F 5 TGG ATG ACT GAC TAC CTG A3’
Bcl-2-R 5 TGA GCA GAC TCT TCA GAG A3’
Birc 5-F 5'AAG GCT GAG AGC CAG A3’
Birc 5-R 5TGC CTC TTT CTC TGT CCA3’

BAX alpha-F | 5’AAC CAT GAT GGG CTG GA3’
BAX alpha-R | 5°CGC CAC AAA GAT CGT CA3’
GAPDH-F 5'TCA TCA GCA ATG GCT CCT GCA3’

GAPDH-R 5'TGG GTG GCA CTG ATG GCA3’

RNA extraction

Total cellular RNA was isolated from both
2x10° treated and non-treated CCA cells at 48 hr
according to the manufacturer’s protocol (Invitrogen,

Carlsbad, CA). Briefly, the cells were lysed with
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TRIZOL® Reagent at 15°C for 5 min. Then
chloroform was added and incubated at 15°C for
3 min. RNA was precipitated with isopropanol.
The RNA pellet was dissolved with RNase free

water and stored at —70°C until used.

Reverse Transcription (RT)

Reverse transcription reaction consisted of
total RNA and random hexamer was mixed and
heated at 70 'C for 10 min. After incubation,
reaction buffer containing RT buffer, RNase
inhibitors, dNTP mix, reverse transcriptase, and
RNase free water was added. Reverse transcription
was carried out using a DNA thermal cycler
(GeneAmp PCR system 2400, Perkin-Elmer
Applied Biosystems). The thermal condition were
25°C for 10 min, 37°C for 1 hr, and 95°C for

5 min.

SYBR Green real-time PCR assay

Real-time PCR of Bcl-2, Birc 5, Bax-alpha
and GAPDH were performed using a SYBR Green
assay. Each reaction contains of single stranded
¢DNA, 1X PCR buffer (Tris-HCI pH 8.3, KCl,
((NH4)ZSO4), MgCl, dNTP mix, forward and
reverse primers, 1X SYBR Green and Hot start Taq
polymerase. The PCR cycling conditions are 95°C
for 10 min, then 40 cycles of 95°C for 1 min,
55°C for 1 min, and 722C for 1 min, followed by
72°C for 10 min. At each cycle, the accumulated
PCR products were detected by monitoring an
increase in fluorescence of the reporter dye from
dsDNA-binding SYBR Green. After PCR, a
dissociation curve (melting curve) is constructed in
the range of 50°C to 99°C. All data were analyzed
using the ABI PRISM 7500 Real time PCR system
(Applied Biosystem). The mRNA expression

level was presented as the ratio between absolute
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quantification numbers of gene of interest and

GAPDH.

Statistical Analyin

Mean expression levels of each target genes
of treated and untreated control cells were tested for
the statistical difference using Student’s t-test.
P-value less than 0.05 was considered for the

statistical significant difference.

Results

Effect of M. spodocarpus compound on cell growth

The M. spodocarpus
(VR12684) showed marked inhibitory effect on
KKU-M156 and KKU-100 cell proliferation

compound

(Table 1). The concentration required by this
compound for 50% growth inhibition of KKU-
M156 and KKU-100 cells was found to be
0.07 and 0.04 wg/ml, respectively.

Table 2. The IC50 value of M. spodocarpus
compound (VR12684) on KKU-M156
and KKU-100 cell lines. The results are

expressed as mean = SE. (n=3)

Cell lines IC_ (ug/ml)
KKU-M156 0.07 = 0.009
KKU-100 0.04 = 0.01

Apoptotic assay

In order to determine whether the growth
inhibitory effect of the M. spodocarpus compound
was due to the induction of apoptotic cell death, the
ability of the M. spodocarpus compound to induce
apoptotic cell death was determined by analyzing
its effect on cell morphology under bright field

inverted microscope and nuclear morphology using
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DAPI staining. The induction of apoptosis was

confirmed by DNA fragmentation assay.

Effect of M. spodocarpus compound on cell
morphology and nuclear morphology

After incubation with the IC100 concen-
tration of M. spodocarpus compound for 48 h. the
morphological alterations in KKU-M156 and
KKU-100 cell lines were observed under bright
field inverted microscope. Untreated control
KKU-M156 cells were cuboid and polygonal in
normal shape (Figure1A). Exposure of KKU-M156
cells to the M. spodocarpus compound led to
retraction, rounding and some sensitive cells were
detached from the surface. Membrane blebbing
(Figure1C, arrowhead) and apoptotic body
(Figure1C, arrow) were observed.

Untreated control KKU-100 cells were
polygonal in normal shape (Figure 1B). Treatment
of KKU-100 cells to the M. spodocarpus
compound also led to retraction, rounding and
detaching from the surface. Membrane blebbing

(Figure 1D, arrowhead) and apoptotic body

(Figure 1D, arrow) were observed.
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Figure 1 Morphological changes of KKU-M156
cells treated with the M. spodocarpus
compound observed under bright field
microscopy. Untreated KKU-M156
control cells were cuboid and polygonal
in normal shape (A). Untreated KKU-
100 cells were polygonal in normal
shape (B). While treated cells showed
the retraction, rounding, detached from
the surface, membrane blebbing (arrow)
were observed in KKU-M156 (C) and
KKU-100 cells (D)

Following DAPI staining, it was found that
after treatment of KKU-M156 and KKU-100 cells
with M. spodocarpus compound, apoptotic cells
could be clearly seen under fluorescent microscope
as shown in figure 2. These apoptotic cells
exhibited characteristic of nuclear morphological
changes, including chromatin condensation,
segmentation of nuclear chromatin of irregular size
in treated cells (Figure 2C, D). This was clear
contrast to the spherical and regular form of

control nuclei (Fugure 2A, B)
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Figure 2 Effect of M. spodocarpus compound on
nuclear morphology of KKU-M156
and KKU-100 cells for 24 hr. Cells were
stained with DAPI. Nuclear morphology
was observed under fluorescent microscope.
Nuclei of control cells were round with a
normal contour of nuclei in KKU-M156
(A), in KKU-100 (B). M. spodocarpus
compound treated KKU-M156 (C) and
KKU-100 cells (D) showed chromatin
condensation (arrow head) and nuclear

fragmentation (arrow)

Effect of M. spodocarpus compound on DNA
fragmentation

After treatment of KKU-M156 and
KKU-100 cells with M. spodocarpus compound
for 24 hr, the DNA fragmentation was detected on
agarose gel electrophoresis. The fragmented DNA
was clearly seen in treated KKU-M156 cells
(Figure 3, lane 4) and KKU-100 cells (Figure 3,
lane 5). Whereas DNA control of untreated
KKU-M156 cells (Figure 3, lane 2) and
KKU-100 cells (Figure 3, lane 3) did not provide
ladders.
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Figure 3 DNA fragmentation KKU-M156 and
KKU-100 cells after 24 hr exposure to
M. spodocarpus compound. Lane 1: 100
base-pair DNA ladder marker, lane 2 :
untreated KKU-M156 cell, lane 3 :
untreated KKU-100 cell lane 4 :
KKU-M156
M. spodocarpus and 5: KKU-100 cells

cells treated with

treated with M. spodocarpus compound

Effect of M. spodocarpus compound on apoptotic
gene expressions

Using real-time PCR analyses, we found
that M. spodocarpus compound significantly
reduced the level of Bcl-2 and Birc 5 gene
expressions in both KKU-M156 (Figure 5) and
KKU-100 (Figure 6) (p-value < 0.05). This
compound increased the expression of Bax-alpha

in both KKU-M156 (Figure 5) and KKU-100

cells (Figure 6) as compares with the controls.
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Figure 5 Expression levels of Bcl-2, Birc 5 and
Bax-alpha genes in KKU-M156 cells
treated with M. spodocarpus compound
at IC100 concentration for 48 hr.
The values are presented as mean + S.D.
(n = 3). Significant differences with

control cells are designated as * (p value

< 0.05)
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Figure 6 Expression levels of Bcl-2, Birc 5 and
Bax-alpha genes in KKU-100 cells
treated with M. spodocarpus compound
at IC100 concentration for 48 hr.
The values are presented as mean = S.D.
(n = 3). Significant differences with
control cells are designated as * (p value

< 0.05)
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Discussion and Conclusion

The search for anticancer agents from
natural sources has been successful worldwide.
Active constituents have been isolated and are
nowadays used to treat human tumors. In the present
study we analyzed the in vitro effect on two CCA
cell lines of the M. spodocarpus compound.
Our results demonstrate that the compound has
marked growth inhibitory effects on the two CCA
cell lines. These results are consistent with the
previous studies, which reported the growth
inhibitory activity of a 7-mer cyclic peptide
isolated from M. spodocarpus to several human
cancer cell lines such as lung (Pootrakornchai R
et al., 2000), breast, colon, mouth epidermoid
carcinoma, and mouse lymphoid neoplasm
(Sujarit K et al., 1998).

Previously, a 7-mer cyclic peptide
isolated from M. spodocarpus has been shown to
induced apoptosis in the leukemia Jurkat cell line
(Uthaisang et al., 2004). To further characterize
whether the growth inhibitory activity of
M. spodocarpus compound in KKU-M156 and
KKU-100 cells was related to the induction of
apoptosis. We analyzed the cell morphology, nuclear
morphology and DNA fragmentation of treated and
untreated control cells. After treatment of the
compound, we observed the trypical morphological
characteristics of apoptosis, such as chromatin
condensation, formation of apoptotic bodies, and
DNA ladder formation. These results indicate that
the cytotoxic effect of this compound on
KKU-M156 and KKU-100 cells are associated
with induction of apoptosis.

The Bcl-2 family protein plays a crucial

role in apoptosis, an increase expression of
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Bax-alpha can induce apoptosis by

.The Bax-alpha :

suppressing
the activity of Bcl-2 Bcl-2
ratio, rather than Bcl-2 alone is important for the
survival of drug-induced apoptosis in leukemic cell
lines. Using real-time PCR analyses, we found
that M. spodocarpus compound significantly reduced
the levels of Bcl-2 and Birc 5 gene expressions
in both KKU-M156 and KKU-100 cells.
However, this compound increased the expression
of Bax-alpha in both KKU-M156 and
KKU-100 cells.

Taken together, the decreased expression
levels of Bcl-2 and Birc 5 genes but increased
expression level of Bax-alpha gene might
contribute to the induction of apoptosis in
M. spodocarpus compound treated KKU-M156
and KKU-1000 cells. We are now in the process
of studying the expressions of Bcl-2, Birc 5 and
Bax-alpha proteins of M. spodocarpus compound
treated KKU-M156 and KKU-100 cells. More
research on the application of M. spodocarpus

compound in cancer treatment in warranted.
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