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Mortality of Winged Pearl Oysters, Pteria penguin (Roding, 1798)

Caused by Nucleation and Rearing
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Abstract

Factors affecting mortality of Winged pearl oysters, Pteria penguin (Roding, 1798) were studied in order to
clarify the certain causes by rearing the 2,400 Winged pearl oysters in Sapam Bay Phuket 2007. Firstly, two effects of
the oysters’ nucleation were investigated: nucleus size and nucleus number. Comparing between nucleus sizes of
10 mm. and 18 mm., the mortality rates were 63.17% and 69.17% while obtained pearl productivity were 36.83%
and 30.83%, respectively. According to the inserted number of 10 mm. nuclei, the pearl oysters were nucleated
with 1, 2 (one for each shell side) and 4 nuclei (two for each side). The resulte showed that the mortality rates were
63.16%, 64.66% and 68.83% while pearl productivity were 36.83%, 70.60% and 124.62, respectively. Further effects
that caused the oysters’ death were rearing methods: the oyster suspension with strings and rearing in the iron tray.
The resulted mortality rates of the pearl oysters were 56.87%, 62.00% and 79.37% while pearl productivity were
86.87%, 70.62% and 41.25%, respectively. However, the nuclei diameters were not significantly different (P > 0.05)

Keywords : Winged pearl oysters, Pteria penguin (Roding, 1798) rearing, nucleation and mortality of Winged pearl oysters
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AW 7 viegmelutig 1-2 WeuksnudsaInfaunuyn

A3UNAN3IY
1. awvgnsanevemeeyniatamainnistawnuyn

1.1 mesyndatomiimeninmsldunuyniivuia
AnafuABYwIn 10 Ui, way 18 U, nuddnsinsaedu
63.17% uaz 69.17% wandnuniilsidu 36.83% waz 30.83%
AIUAIAU

1.2 viaEJﬂ,gm'?imamﬂmsaml,ﬂuzgmi’wmumqﬁ’uﬁa
AnLnunTIn 10 Wy, fIay 1 unu dag 2 wny @adag 1
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70.60% Way 124.62% H1UAGU
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vesnlaenIsuauvesn 5 f1 8 ¢ fMeden wandedu
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ARy (P > 0.05)
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#1579 4 ﬂmwuwm%’ugﬂf\nmmuyﬂ 10 uy. Ingfnunuan 1, 2 uaz 4 LNUABILUULAY 5 67 8§ wazidedlunyus
(£ S.D)
WY 5 A7 WY 8 A2 nTUL
1 uny 2 unu 4 uwnu 1uny 2 unu 4 unu 1uny 2 unu 4 unu
.. 50 | 10.29+0.13 | 10.58+0.08 | 10.36+0.16 | 10.73+0.12 | 10.57+0.09 | 10.18+0.12 | 10.78+0.62 | 10.71+0.38 | 10.35+0.08
n.8. 50 [ 10.60+0.10 | 10.75+0.19 | 10.63+0.18 | 10.75+0.11 | 10.7+0.21 [11.1704+0.47| 10.9+0.2 | 10.76+0.23 | 10.99+0.17
m.A. 50 | 11.09+0.33 | 11.10+0.35 | 10.88+0.11 | 10.88+0.23 | 10.97+0.12 | 11.21+0.29 | 11.08+0.34 | 10.97+0.23 | 11.22+0.30
.o, 50 | 11.19+0.19 | 11.43+0.11 | 11.18+0.39 | 10.95+0.26 | 11.15+0.23 | 11.42+0.37 | 11.63+0.32 | 11.03+0.34 | 11.25+0.24
§.Am. 50 | 11.32+0.14 | 11.82+0.22 | 11.55+0.31 | 11.17+0.13 | 11.36+0.37 | 11.57+0.42 | 11.75+0.53 | 11.28+0.27 | 11.40+0.40
1.A. 51 | 11.6040.11 | 11.85+0.13 | 11.62+0.29 [11.50040.25| 11.72+0.37 | 11.80+0.60 | 12.06+0.39 | 11.68+0.39 | 11.51+0.14
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WA, 51 | 12.3240.06 | 12.23+0.15 | 12.31+0.15 | 12.22+0.41 | 12.33+0.33 | 12.38+0.38 | 12.42+0.21 | 12.44+0.35 | 12.11+0.17
3.9. 51 | 12.39+0.08 | 12.3640.18 | 12.35+0.22 | 12.26+0.31 | 12.48+0.17 | 12.45+0.41 | 12.51+0.19 | 12.56+0.24 | 12.37+0.43
Apamunvesiusnlifiauuanegedideddmeaaiisesuaudostu 95% (P > 0.05)
#157997 5 mmmwm%uzgnmmmuyn 18wy, BBUULIL 5§ 8 1 wazEeslunzug (+ SD)
WYY 5 A2 WYY 8 A nYUY

@.ma. 50 18.84+0.08 18.44+0.13 18.45+0.06

n.8. 50 19.21+0.23 18.704+0.12 18.7140.28

#.A. 50 19.60+0.09 19.05+0.28 19.00+0.26

w.8. 50 19.714+0.06 19.2140.35 19.20+0.16

§.A. 50 19.83+0.09 19.4+0.51 19.50+0.16

i1.A. 51 19.89+0.22 19.5240.15 19.81+0.25

NN, 51 20.08+0.21 19.78+0.07 19.9340.26

i 51 20.26+0.12 19.87+0.13 20.2840.21

L3851 20.29+0.05 20.17+0.48 20.36+0.60

w.A. 51 20.32+0.08 20.22+0.74 20.55+0.26

{9, 51 20.4+0.20 20.39+0.48 20.78+0.77

o w

A1AELITRstuniifianuLanAegitud Ay eaifAnsEAuaALweiu 95% (P > 0.05)
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wa%aammLﬁusiamiuJﬁlwuﬂmﬂ%mm%aa‘lﬂi‘tuﬂvﬁﬂ (Portunus pelagicus) wadlefidlduannsznas
Effect of Salinity on Egg Volume of Ovigerous Female Blue Swimming Crab

(Portunus pelagicus Linnaeus, 1758)

WY AANINlWNT* Uag A9A G1UG
ANATVINTVANERT AULINGIAIENT WIS
Nongnud Tangkrock-olan* and Supang Champati

Department of Aquatic Science, Faculty of Science, Burapha University.

UNANED

vhnsfnwisavesanudusensiasuulasiinnsvedlvludimadlofflvuennseaesluszogeineg wuiilaysiily
szovaninevieltuntsdenuannsalunismuauaugaveniuardoauldfintldssevusnuielidou Tyihilsseziladu
fanuannsalunsauaunisidioanveshuardeouldffign foaunsaufumldfissduanuiudoue 20-40 foag
sesaanAe szoziinganuazifindanunsousudildfisefunnuiAn 25-35 fileay szerAdnILazUMagaTALamITa

Tunsmuaudiesnveniuazdesulatesfian Aeansausumildnsziuanuhy 30-35 fody

Ardndey : Ynededdliuennszaes Anufn Ysunsvedly

Abstract

Studies on effect of salinity on volume change in different stages of eggs of ovigerous female blue swimming
crabs. It has been found that late stage eggs had abilities to osmoregulate better than early stage eggs. Crab egg at
the heart-beating stage showed the best osmoregulator as they can osmoregulate and survive in salinity 20-40 psu.
Egg at the eyespot and pigmentation stages can osmoregulate and survive in salinity 25-35 psu. Egg at the cleavage

and blastula stages was the weakest osmoregulator as they can osmoregulate and survive in salinity 30-35 psu.

Keyword : blue swimming crab, Portunus pelagicus, ovigerous female, salinity, egg volume

*Corresponding author. E-mail: nongnud@buu.ac.th
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wazlliaudAYNINATYERALIN LTBIRN UBNNALYNULN
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lulnglindesawesle nillulasiiwes (micrometer) fnag
fLaudnn fan 0, 1, 3, 6, 9, 12, 24 way 48 H2lug 3Nt
AuIUINInsedlYy muisves Valdes et al. (1991)
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Tolneldeaaludimesfnaniannudsainiazsins wu
Tun1sinAeedluananvesdondaiiiineg Wudu sgls
fnnu dusudniidafmooududuisnisindooaluandn
oralsivmnyau danfumsincesalumaRlasnssanmsfing
manéiauuﬂaw%mm?quﬂﬁmé’umi‘%’lﬁaEmmmza:u
Tnenuinsidsuwasosaluadnvesliyfonafnule
Tagnssannsasunlaiinms SsenansahanSsuiiou
fudreealuananiinlasldesalufinesld uazisiignld
L%‘aamwﬁqﬂmﬂ’u W M3AnwMsUAsuLUaTiaslu
Viesuwas (Louis & Gainey, 1994) uaglulndfin (Fletcher,
1974) Wusiu

nnnaaesiluyiiuennszaesn 3 svey Ao
JregAiMATUAIENAT Srziinganuasided uavsvey
lawiu Yandfuanmiianudy 30 fleay Wuna 24
hlue wd i ifsesuanudata 10, 15, 20, 25, 30, 35
way 40 fieay ntuthaniavuiaduriugudnaisde
lulasimes finan 0, 1, 3, 6, 9, 12, 24 uay 48 4l
WiodunaUiunsvesliy annsmaasslduivaninlyyi
sedfurnain 30 feay (control) Wuman 24 alus Fady
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>~ 2 ' d' ! = ' 2 I a <
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uazszzIalau Anan 24 Flus AszauanuAutiaige

AYILLAY 3103 (gnuranlulasiuns)
JLEYARUAZUAARA szeziingamuwasilnd seeriilaLi
10 WLG?{Q 25.62+1.58* 34.37+1.29* 35.64+1.67*
15 WLBGQ 23.54+1.74* 28.80+1.44* 29.65+1.44*
20 ﬁLE]ﬁQ 20.27+1.45* 25.80+1.66* 28.34+1.76
25 ﬁLE]ﬁQ 15.05+1.31* 23.65+1.27 28.07+1.63
30 ﬁL@aQ 13.55+1.64 23.25+1.38 27.94+1.52
35 ‘ﬂLﬁJﬁg 13.05+1.36 22.44+1.47 28.04+1.83
40 fode 12.37+1.65* 21.73+1.16* 27.15+1.72

tﬂl A U L2 tdl L 3 = U 1 a W o W aa
BLGLNR  LATDINNNY * LEAANUAINULANANNAUNTEAUAIIULAL 30 N (ﬂ’sjllﬂ’JUﬂiJ) YN UYAIAYNNEDG (p < 0.05)
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WiguiiguiunguaiuauisEfiuaaLaY 30 fikede (control)
Famnsnadi 1

NMSANYIMATIUTULTIEU NUTITEUUNITAIVAY
aunavesinazdooululiyinszesainanasuaagaids
Lifimsaun Wuierfulaywdedu 1wy | Hemigrapsus
edwardsi, H. crenulatus, Heterozius rotundifron wag C.
lavauxi (Taylor & Seneviratna, 2005; Leelapiyanart, 1996)
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waevag azdnfulinazazunnesniilefinoenidud (EL-
Sherief, 1993)
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NIFANYIAIUKUITAUVDIIEAAINIUNITE8UANULNITIVININ (Acropora sp.) kwan1snuy:
nsalfnuluuTnaunizeny Jmdavays
Appropriate Material for Transplantation of Staghorn Coral (Acropora sp): A Case study at Koh

Kham, Chonburi Province

&1 o o & v 1,2
Usganu uadlnyad’ way duius newmyile” ™
MY TINeT AnyIveeansiasinalulad univendesivdgsnlimesdl
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Prasan Sangphaibool’ and Sampan Tongnunui'
1Department of Biology, Faculty of Science and Technology, Rambhai Barni Rajabhat University.
"“Division of Biological Science and Natural Resources Sciences (Conservation Biology Program), Mahidol University,

Kanchanaburi Campus.

UNANED

Anwiermnzauvesian 4 winfe viewdn vieegiidey liliuazvie®id levhunlfisfendmiunsugnuznse
W4 (Acropora sp) 1 Tndsmsdieugnnuin smsnissenmeuaznisisapivlavesuznfsiivgnlne Tanusazvie
faruuanssfusgneiitoddyd 0.05 fo demiunnmaansaiyidulauuiod Fldaan Tnefaueniadefifiuiu
07 10.2:2.8 WwuRlums uazlisnsn1ssonnuguaneeil 92% dwuian viewan vieegiiey wagliili Uznn3slianunsa
Windulalfinsztanis 3 via Smsynseunasinilivznifurnneduasgiunziauasdngneunseiuauznnisis

laaunsasadivlala

AdnARy : NsUNUEN13e Acropora sp. 1NMgUId ANARgILeEN

Abstract

Four kinds of material: metal pipe, aluminium pipe, bamboo and PVC pipe were used for transplantation of
Staghorn coral (Acropora sp) at Koh Kham, Chnburi province. One year after transplantation, growth and percent
survival of coral on PVC pipe were significantly higher than those on other materials (p<0.05). Coral which was gradual
growth on the PVC were at 10.2+2.8 cm per year in length, and its percent survival was 92% while corals those grew
on metal pipe, aluminium pipe and bamboo tubes were eroded and broken from sea water, the coral died from

sediment covered.

Keywords : coral rehabilitation, Acropora sp., Koh Kham, Eastern of Thailand

*Corresponding author. E-mail: sampan_02@hotmail.com
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Jagtunuivznisailanlasuanudsmenas
gnhangegsingideneliiinnisgadevesszuuiine
MianudAgduegiann (Wilkinson, 1998) wulgn3s
dunnegluan e oA TNEIHALIIINAINTTUVD I LE
WU AINTTUANSVIRUNEY ANSHAUIYIERE 1158519911150
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MIAAFEIIIUIR WU Wg NSARWIE ARY waENTEwAL)
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a o < & a YR Py o w
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(Wilkinson, 2000) a3ULAAINANTETNUABTEUULLIALUA
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gunedniiu Jminvays

HaN13338 IA5alNanazasUNaNITIY

NANIINAADN

Tana 4 ¥ila Minsneaslgniznifauiniig
a a o = v
Weusziliudnnmsseameluszeziet 1 U wuin ens1ng
FOANBLAZENTINITAIYLAULRVEIUZNITIINI9ETAI

o | A o v a 4 A o

wanFANAue1lted1AYEN 0.05 Ao BRIINITIDANIBTD
Yemianieivimsvanluveiiglansinissennieasan
89 92% warn1slsYLAUlATEALEILRABRIUENTY
mindulundazieegn 10.2£2.8 wudluns/U luven
I [ | a a ] [ 1
viowdn vieeglivlonwasldld Yznfauuiniisldaiunse
Wwigiulalureszeginan 1 U (m5199 1 uag 2)

v
7

dmsudnsinisseangvesuznideivgnludangis

4 yiauu Tugnssezian 3 WoulsnUyn13iaIunsansgy
wiulalduudaniy 4 aila lagaziinisadinilodouazadng
Axial corallite n39USHMEUUANETRIUENIFINRIQYLAULY

v
o

9N

q

4 ¥%in (N=52) TuuSnamnigey

AMUYNINIULNITIALTY (mean+SD) .41

\houn Viowdn (n=14) vioagilifley (n=14) 1ald (n=14) NN (n=14)
Busu 0 0 0 0

3 0.3+0.2 0.4+0.1 0.5+0.3 1.0+0.5

6 0 0 0 3.5+1.5

9 0 0 0 6.3+3.0

12 0 0 0 10.2+2.8

>~ = s 2 & a % v v 1Y
A19199 2 Wan1sAneUesItunnIsTenn1euesnaleniie (Acropora sp.) ann1sdteUgneelE

luuSnaunevn Swnedniiu daminvays

v
o

AV 4 ¥la (N=52)

q

AUYINIULNSIMANTY (Mean+SD) .41

WPoud viowan (n=14) vioagiiilluy (n=14) LTl (n=14) Vieoilld (n=14)
B 100 100 100 100

3 50 57.1 71.4 92

6 0 0 0 92

9 0 0 0 92

12 0 0 0 92
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Uui’aqﬁgq 4 ¥iin Imaﬁmmmua%ag}ﬁ 0.3+0.2, 0.4+0.1,
05+0.3 way 1.040.5 WUAWAT ANEIRU (il 2 a, b)
Aagmisivinassdiudanedufaeiinisaine Axal corallite
1§§1ninAssmsiidudatsanysal daudennfoiida
Umeanysaiiuariinisaine Axal corallite waniiloile uay
Tassaaiuyulfidaninusmisiidwuaneiin

29 2 a. Ugn13ana1e (Acropora sp.) 818 3 lAou uae

b. Buashs axial corallite \HWaide uaglaseaing
wuiuusnuduuatgiesdzniss
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dmsulugrananieud 6, 9 wavideouil 12 wui
Urmfsanunsaaiglfianztaniiluiedidwindy ami
3 4 LAy 5 Auainu dwluioudl 3 Ysm¥awnnsléity
¥ Axial corallite Tuuagiiiledifuinissennioogd
50%, 57.1%, 71.4% uaz 92% auddu lnefl luiioud
3 Yzn¥siiugniaetanviendn vieegiidon 1ifliuay
VoAt uIuAINISeRD 7, 4, 2 waz 1 A9 MU
warnwuITluioud 6, 9 waiioudl 12 Uzm%’aﬁs’haﬂqné’w
Janviowdn vieeglidounazldli laiawnsanigfiule
solulduarAsuensldmenasianuannis dmiudzniis
wnefigheUgndneaniidnunsmeiiios 1 As Tutas
Aouit 3 Wi ndsansluieud 6, 9 uasiieuit 12 luiwu
nsmevesisznfeiiiheugniediie

dmsunsiaiydvlnvesiznisiidrougniievie

v
N o

g Tudoudt 3 18iin1sadrs Axial corallite (oife waz
Tnaunssudnad@ulatsiwsssnsuassudng Tuioud
6 finuAiuTuLaTLANAILLIBE 9B D I9uT 1Y
Woudt 12 Yzmfeiidnuasfunsevindnaunazisiznnds
annsathluveneiudeiels (m3eil 1) wazanmsiiszs
wuieRIglaiinufAserlag fuhmziaiiogilugnis

2w 3 Ugn1saeny 6 Lieu
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2l 5 YemSeeny 12 e

ynsoukazyililgnisensenindesnuiinaiudsmela

Tuvuziviewmdnuazvioeglideniiufisemaaiifuimeaa
Ingasinduaiuuaziilugnisynsoudduiinnunmude

aglutvzia viewdnuazvieegfiilenasnsauwazinyinly

Uvmsaauaaawwawua m‘wﬂ,mlymswmaaaa‘lumami
aswmawaaauumwuammam ¥NOUNIIUYIRUEN5Y

Y

Liianunsniasaioldld dawliiliaznsounasyidosanasdl
nauldidounsia (Polychaetes) Wz gvilildllun
Yenfadaldanunsansyselamavazgniivanainngnau
‘vm&mé’wmﬁﬂzm%’ﬁmmsﬁumm ueninfleaniiznnis
Liaunsnatadodoiuiiefiasdainiefuaneman
veogiiflonuarliflile Tuvaziderfudznisauuiniig
amnsaaiadebonsuuniisesseszninaieiig sy
Ugnfaiterfinusadainigyinlivgnfaminadiingaeen
PNV

A7U1AzIN0INANTTNABDY
MsfnwIBmsUgnurnfavinanauas Yag i zas

wieflvzihunduisnisituguzmsduuinannisvnday

v ¢

3% asexual reproduction waztfun1sduiusuuy frag-

]
'
a

mentation UnAlnevialuudsluanmzsssumfidionsznss
fimsinuieunneenainyieut AR WU Wiy AL
Lazn1sMIeMTYesUauangy Ugnisduiivinesnun
fRansanigvladeluidesgluumasiimungay (High-
smith, 1982; Bak & Engel, 1979; Gilmore & Hall, 1976)
Toewauseluludnwuznisunnnislagianizlzniss
ﬂEjiJ Acroporidae #@na Acropora sp. (Highsmith, 1980;
Randall, 1973; Sheppard, 1981) uagnuinuzniieana
Acropora sp. finsUdegdigeusaniiieos wagnsauiug
IWUU fragmentation szum’lﬂﬁqﬂuﬂzm%’ﬂﬂqa Acropora
sp. (Highsmith, 1982) wazaenAdediu N15ANYIVEI Mang-
khornfar & Manthachitra (1992) wuin msugnugniSeuile
Acropora formosa finsmssenmesnniigaiiieiseuiiiou
fuvlla Pocillopora damicornis wag Montipora sp. ety
nsthAsesUsn¥siivinanammsinedu snugnadlusiedia

o

Jadumsinseuunasfiogerdeliuzndaliiinnumnzay

Faituduanmldiusruuinamamaa wszdnlnguds
AwznSafivnuasiinanudenieldaiunsansyiivia
seluld iesanaedingneunsedhuniiuouznss
nsugnugnFaananlaeideudeiniurioiis
wieldutanlitulznifadanzdnduisidanumzaud
Utz SEnsasgAulale wayvioRIddl

AuAukazaunsadnilavaaantlenSalunug

v
a

dlowSeuifieuiu viewan viesglilleuwazliili wenani
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T dadutanvianiefidanufsateadinusedriuves
uywd Wy vieUszun vedstdmsugulnauazuiina
duludrunsinisdesdniiy #38uardamanadnldgn
ianlluniseyuiadafinTedounalsuniziindny
og19n¥1979 Fedunslivietigunfutanugnuznifals
Liuginansznuseszuuinammea sgelsnauvieid
flfiduriadinaneanuiliionzdmiuiiuiedfuviady
nmsdnwuidsiidnilunguiug wu vesh wazznnss
giaduannsadunasydulauurieRidle

anAnssuUsENA
A3duveveuAuAMEIngIAtansiazinalulad
winendesadgilwnssdlunislfiniesdelunisdne
Aonarveveunn Udn dnAnwitieiiuieganasnau
ATedIS Az IvIUANINEAYIA  EMa Tidaziian
ATIATRYAMY GIS wazvevauUAMNATiEAINTIIINIMENS
mMenzauwaznsousnylunsatuayuurasyu
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n13nsdausinuasindundedausssunfsion-226 azateun ushinusuznaeays Tuseud 2545
A Quantitative Determination of a Natural Radioactive Dissolved “’Ra

in the Bangpakong Estuary in 2002

wBglua JualAsal* way euna yYsauusEiuImi
AATYFYANERT AUYINYIMART UINYIREYTNN
Pachoenchoke Jintasaeranee* and Anukul Buranapratheprat

Department of Aquatic Science, Faculty of Science, Burapha University.

UNANED

yhmsnsatavinuastuiunfadmusssunfinion-226 azaneih laglithgaduiduloezaianuusniaeoniys
UszAnSamgeindunsinssimaainigisanagnausia unuisenaeaysluseul 2545 nulUsunausiien-226
avaneiifntlufouniou wWasuulasludie 1.4720.26 ¢ 33.86+1.24 flnn3usioniledosdns iWoudquisulutag
0.32+0.12 1 19.39+0.93 Alnnfusiewnilsfosdng Wouduseulurig 0.25:0.11 fe 7.83£059 Alnnfusieniadordng
wagtiiousuAlugae 0.2120.10 f1 6.31+0.53 Alnnfusiondsiosdng TneUuagsganuluiieuuwioy Usuwd
prnialdaluifuimunuasgiuamnmiines wa. 2509 mieu-226 avasiuiinasnunauinuitiuazng
usuinunousarnuilsuiiens Tusenveseayilutagauds onvdwmaliinisazausieu-226 ludsdiTinuey
Auwnndeudintu msfnvifumiududsududelfdlangfnssuvesstudunsedmussammniasarstiluesays

Ardfiny : velsnaeays  aifen-226  WdleevasAnuusnifaeenled  ansduifunded  nisenezneusu

Abstract

This research was conducted for a quantitative determination on natural radioactive dissolved “Ra using a high
efficiency Manganese-Oxide acrylic fiber adsorbent and associated with a co-precipitation chemical analytical tech-
nique in the Bangpakong Estuary in 2002. Dissolved #Ra in surface water ranged between 1.47+0.26 and 33.86+1.24
pg/100-1 in April, 0.32+0.12 and 19.39+0.93 pg/100-l in June, 0.25+0.11 and 7.83+0.59 pg/100-l in September, and
0.21+0.10 and 6.31+0.53 pg/100-l in December. The highest quantity appears in April. These determinable values are
below the criterion of seawater qualities standard of Thailand published in 2006. A high quantity of “*Ra appearing in
the river mouth, lower part of the study area and the east coast of the estuary in dry season suggested a potential
for the enhancement of the accumulation of “*Ra in living organisms and adjacent environment. Additional studies

are the needs for better understanding the behavior of the natural radioactive dissolved materials in this estuary.

Keyword : Bangpakong Estuary, Ra-226, Manganese-Oxide acrylic fibers, radioisotopes, co-precipitation

*Corresponding author. E-mail: pachoenc@buu.ac.th
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umin

guuthunsUrnanseurquituiivans §anin iy ways
andams Uniuyd uaenduniu Wus Anduiuiiussun
18500 ns1eAlawns quihiifuundunzidosuazunes
oyunadn fihiddymansugiavesssmalne (Bordalo
et al., 2001) lnglamzusnauagnaeays (il 1) B
L‘fluLma'awaLgsmﬁ'lé’maﬁwi’@ﬁmaﬁquamﬂmi’uaaﬂ
foyansnsrataguniniuinausUsnaeayuasreil
nziananzSussnaasavatsuansuudliumnudenlnsy
VYBAUBAYT Lﬁ'mﬁauﬁuammwﬁﬂuaam (Bordalo et al., 2001;
ame yane uagAng, 2550) Budunalleanannisvened
yosguyufifuurliuiuuinduuazoranonansznusde
Aundounaziasughavessznsiilivsslomianduii
wimhenuiiieadeduiiuifinisianuninudeuntas
wagrmaanmuaminnaeayiiegiweiios uegndlsfia
nsnsaniafananiyaussasdiierhsefanisiasuntas
AATNETNIBAT 19U gamMgit uazAmnTimMINLAT

Wy ansenmsfienaneliAnnsundeveuiuas ianalde
fenseiassdn i waluunensdmniansusuades
wu Tavzndn @a15fiy wiearsiuTunssd azaroifiufiy
asgundai uifasiviuatiosfenaneliiindgyuide
danndouuazfuslaald mnusnnisihseTuaznns
CRRe N
arsfudundedniusssumfainnsagnyzdisuas
ATA19ANNRIAY LLazgﬂﬁqaqgil,amg%‘t,t,azmaim&f (Wang
& Willis, 1965; Seymour, 1971, Dulaiova et al., 2006)
wasnUluUSunafisnunnlutie 1-40 Mansusenisdosdns
(pg/100-0) (Wifesh AurAn wasAade, 2531; Moore, 1969;
Moore & Reid, 1973; Hancock & Murray, 1996; Nozaki
et al., 2001) AeuslusssurfasiUsuiumiuin uwians
fusundadaraneinanunsnazanlungneu (Clulow et al.,
1998) uazddidinvaiivnazdnild (Shannon & Cherry,
1971; Lee & Kim, 2006; Lauria et aL,2009)§ﬁﬂﬁﬂﬁﬁ
ansusiuniedfiazanludedl@in anunsadenendigsienie

100°48' E 100°54"

13°30°N

13°24'

1318

100°48' E

100°54°

pakong
river

st

et

13°30° N

estuary

1318

inner Gulf
of Thailand

101°00'

>~ ° ' Y I S a N o ' =
AN 1 ALRUIEDIULNUNIDYNN 23 daud U'inmmd‘dzmwaﬂ(lﬁ (AALUAIININATINAEATUNEUN Www.google.co.th)
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duslaalaniuiaclge nis (IAEA, 1990) lasianizans
fusfumedmusssuriisien-226 tu wuindinsavanly
nszgnuewywd (Hallden et al., 1963) warilwwildunalv
\inlsauzi3s (Mays et al., 1985; USEPA, 1996)
meieiifumsasainuiuausiien-226 avaneth
elulweonasiazideninsisnaranenin) vsnauislzng
wanilagldiinsenduluesasanuusnidasanlan
UszAnsnmgesaudunsiianeilagiBanaznousiu @
Duadusniidnmsasmaavsnausienazareiluuinad
waztfunmsnsiainluseul deyansmsrainanunsaldsnsda
LLazLU%'EJULﬁsmﬁuﬁmummmsgm@mmwﬁmxLa Faudu
Usalmjﬁ@iamwmuﬁLﬁaa%aqﬁ’umsmaﬁmmmwﬁw
mhonuiansdaunaden sufuilnasely

o

Tanaunsnluazisnisidey
3BN1sANY

iudegrasiisuazatsnn wazasiaine1ain
(Salinity) Tumizefiteay (psu) (AoluaziFaninaruiay)
ﬁﬂmﬂwﬁﬂuﬁmﬁéwﬁuqqqm naadifiudiegauiiim
vngnaeays 23 aonil (1wl 1) $wou a4 addduseud
Tufuil 5-7 Wwgw, 15-16 dguiegw, 14-15 Augieu uay
13-14 Sumaa n.6. 2565 fiusheghasiieuazaneilaedini
Mnusiaran1lusslddalndiedaudiumg 20 das udnses
auusslduasuduleezasdnuusnitasanles e
MnO, AF-2 (agylon  JualAsal, 2551) wiin 5 NSy ﬁUiﬁq
TuriananafnnsnssuenidurIuAuEnans 1.27 wuRiuns
8717 20 WwuAluAT 1neAIuANnIINges 500 fdadansdeuni
(it 2) uwinhnduludesziuSinasienazatstidae
Wnsanaznausmsauatley waglya  Jusasal (2551)
anetauSunansifsnazareinlufegeiieiniosinid
waaw1vile gas flow proportional counter B9ie
Berthold ju LB770 uwuy 10 channel Low-Level counter
AsFwuUSInansiey avarediluniae pg/100-1
(@3 1) aadSues afiug) nuadail (2523) Aaudadlag
wiglua  Juaidsdl (2551) asraiaAianuifulagly
idosTanuuvanEiey (multi-probe) Btie YSI §u 6820

200 =1.6284 | Dom ™ B om (1)

cs

he D, Ao Uiinausidien-226 Tudeegs wingduauiy
#9UNY (counts per minute; cpm)

B, f® wuasivawiiegs wieg cpm

C #o duUszansiaifadas (chemical yield)
YDIFIDYN ATUIUMINENNTT C = 2.9421 w
go w o fetmimeneuvesshethimdimsnnezneusay
nuwlaansy (uIglva Jusasel, 2551)

S e duuszaniuszdniaimnisasiataded
iesanmisganduludiesvesdiene Audmmuauns
S = 27.9636 T

ANAZNIUTIN NUIERABNTUADAITINYURALAT (Teylya

Wa T A9 AUNUIYR9RENBUNAINIT

uaLAsH, 2551)

filter column

. Manganese-oxide
' Acrylic fiber

a2 2 amdeszuunsesihdlilumaifiuiegasie
-226 lunsinwasil Uszneusedwssaiedng
hu3ums 20 ans 1AIAIVANBATINITNTD
wazyanseuTIsgadudileazasanusania-

ponlynlsednsning
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NaN1SITELAZ TN
NAN1SANEN

USunanstisuaratetiuaraanaidy (ans1edl 1
warnnd 3) luieuwey nudsuudadhugag 1.4740.26
04 33.86+1.24 pg/100-| taz 25.43 09 29.88 psu Ay
isiienUiinugeaniiannd 1 wazUSuumgaiiannd o,
Wouliguisuluyie 0.32+0.12 §i1 19.39+0.93 pg/100-1
uaz 6.8 fis 27.86 psu lnenuisidsnUnageaniiand 15
LLazU%mmﬁ’lqmﬁamﬁ 10, weunug1eulugie 0.25+0.11
19 7.83+0.59 pg/100-l waz 0.02 §3 18.95 psu ey
ssnUTINagsaadiannd 21 wazUuusmaadiannd s,
wazthousuANluYe 0.21+0.10 83 6.31+0.53 pg/100-l
uaz 20.92 711 32.60 psu TnewuisiAeaUinaigeandiand 12
wazUSinashaniianiil 7 uar 8 weenuhisfeuavaneiuas
audsUAsuudadluseuUlugig 0.2140.10 §3 33.8621.24
pg/100-L war 0.02 3 32.60 psu lnen1siUAsuuUaUGIN
wiiedluwhouwisuazliguigulivianinanitluihou
AugguLazRoUsUIIAL

NMINTEAIBANUALLALISIREN-226 (A9 4) WU
LﬁLﬁamasmaﬁﬂuﬂ%mmqwm feUszuI 34 pg/100-1
vsnanuithuisnsduideouamey uenaniidomy
sienazanst Ui nusnaeliufinmieves
Laamﬁ'iﬂé'mﬂl,mﬁ’] Usantl 1 89 3 uazauiianyiueen

Usnnanll 13, 14 uay 19 TnefiAtegluyisussanns 20-30
pg/100-l dnuuinafivdonunisnszaneusifisuazais
firnegluraaszana 10-16 pg/L00-L whiiu sniuusmantil
9, 16 uaz 18 inuniinisazatesann SaUsyano 6 pg/100-1
(il da) Lﬁ‘auﬁqmauwudwﬂ%mmmﬁauazmaﬁw%nm
Unnusithsamieuinudiuiinag usenveeanifined
YSmnaugenduanas LwiwuLiLﬁauazawaﬁwﬁmmqmizmm
10-20 pg/100-1 LHuuinananniuUinanouna1es
waysuazmauiAng SueenuIMEnnll 8, 9, 12-15 uag 20
asoUnauiuidlnaueseay (i ab) ludeutuensy
wuinAsuarareinuinaunuithiiuiinuss s
Usannd 2-6 pg/100- whifu wasmunszaenieuaiiase
AsouAqUTTseaYyT sniuuinuand 21 Favuuiinag
mnnuinadudntes Tnefialng 8 pe/100-l (nwil
ac) @rluidousunaunudnuvazninszaelagily
wudsriulieudiueey wasnuuinaEad 21 Jaaeny
Usinaugafiadszanas 8 pe/100-L ndufiuTunassasnegdi
Useanas 4 pg/100-l asafudnafuusnnannd 12 Jufud
inasnduiivsinaniiatuanlng 8 pe/100- (it 4d)
F30lNaNANE

ToYaINNIIATIVIN (M37971 1) WUV
azareihuinauisUsnaeayiluseud 2545 Sarsindy
AMuALIAS AN NEYEZIE MNUTENAANENTTINT

#13799 1 Foyavnnsildsuulasuiunansifen-226 azaneun (pg/100-) warAuAu (psu) UshaunsUznaeays luseud

2545, fuamasgIuAMAINUIMTE, USinausifen-226 axanediusnandmsseedns’ wazioayiou’

oy ISHRE1-226 avanetin=10 (pg/100-) ALAN (psu)
SO 1.47+0.26 - 33.86+1.24 25.43 - 29.88
ﬁqmau 0.32+0.12 - 19.39+0.93 6.8 - 27.86
APERED 0.25+0.11 - 7.83+0.59 0.02 - 18.95
SunAu 0.21+0.10 - 6.31+0.53 20.92 - 32.60

(Nozaki et al., 2001)

24.24 pg/100-| (Lee & Kim, 2006)

' AudiumansedTiunean TiAu 0.1 lwateeisadedns MInsvialildisnnagnousiy
(co-precipitation) (3193 U1, 2550) (0.1 LuALAasasedns AnduAUszuna 270 pg/100-)
? Bifen-226 azaneihuinadnszeneaysisuniatlugag 5.63 83 11.71 pg/100-

? Biien-226 azaneihusnaseaysiUdsuwdatiuyie 1.7 (Hancock & Murray, 1996) fis
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Abstract

The carbon nanotubes-chitosan (CNT-CS) composite provides a suitable biosensing matrix due to its high
stability, good biocompatibility, and good conductivity. Development of a sensitive and selective biosensor was pro-
posed by entrapping laccase enzyme into the composite film for detection of oxygen reduction. The nano-composite
of CNT-CS could be conveniently cast on the glassy carbon (GC) electrode surfaces. With the aid of the CNT-CS com-
posite and bovine serum albumin (BSA), laccase was then immobilized on the nanostructure film to form an oxygen
sensor. Electrochemical reduction of oxygen was studied at the developed biosensor using cyclic voltammetry (CV).
The GC/CNT-CS/laccase/BSA electrode was used as a working electrode, Ag/AgCl as a reference electrode and Pt
wire as a counter electrode. Cyclic votammograms of oxygen were measured in a 0.1 M citrate buffer pH 5.0. The

reduction wave was observed at -0.35 V (Vs Ag/AgCl). The stability was also studied.

Keywords : laccase, chitosan, carbon nanotubes, oxygen reduction
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unu

lulewulees (Biosensor) Lugunsaiiifmuniy
Wiansiadiasisiasiedaldagisaniziatzes uasld
avaaTziansine levannvanewin nevlululowuses
Usznaumegunsnl 2 diufediulatdygin uasansdinim
AMuTnzvealulawuwesiJunauiannainusiinig
vadluledivned MdlunisAnufAzeenieseninsansi
Ap9IN1TIATIER (analyze) Aululeswines vilmAnnis
WasuwUasaudBnemeninuaz/mievnaadl Wy nswan
losau, B18NATOY, WAALATAINUSDY, Annsasundas
1na vieautRvesdvidenas Ssnnsiasundananiianunsa
asraialddedulasdyqyin (transducer) fivangas
Fadunmsantuneuiigsenuazanainififedilunsinses
(ann naudums, 2001; Rasooly et al., 2009)

ASUBUUILUAIU (carbon nanotubes) filAseasns
Usznausnemfueusin sp® Weudeduludnuusiduuniu
Feanunsadsriudidnnseuluss f-electron 1 fautfngne
whdlave ansnednt wazsthBsenn (ljima, et al., 1993;
Gong, et al., 2005; Popov, 2004) a1ursaurlufi1las
ﬁﬂﬁuﬁﬁ’agﬁwﬁ&wmaﬂm—ma warA1NTouaalanun
(Gong, et al., 2005) flsuideiiharueuuluiiavunly
Tunswaunlulowwwes Tnsdrofivaudilunisouds
SidnaseuLarsiuUszansnnveseulyivanealunis
SeUFAsensResRnFuresinfiethluuszgndlfidulule
welnaluwadi@omadnnm (biofuel cell) (Popov, 2004;
Kaempgen, et al., 2008; Zheng, et al., 2008; Tan, et al.,
2009)

lalng1u (chitosan) @ulndwesiivsznouludae
Mﬂ?ﬂ%aﬂa—ﬂqiﬂmﬁu [poly (D-glucosamine] Haui®
azanglanlunsadunsduasiivszqduuin danumies la
aﬁazmEllﬂimsmummm%ugﬂiﬁwmEJLLUU Tl Jufivsie
FaiTinwazdovaanslinusssueid (biodeeradable) 34
mMsanUsegndlianuiuingg Wy manuns 01 dme
MSUNNE 81 13911 Iﬁumﬁmmi@mmwﬁﬂ (Rinaudo,
2006; Klotzbach, et al., 2006) wazfsaunsailalagnu
wSuulRauRfatulaensuausuTandy Wy oules
Ifﬂaﬁmﬂ'Laﬁumaﬂﬂim’m%mmsa%'uﬁ’uuyjuaaﬁaﬁuaq
wulwslle (Rinaudo, 2006) ¥ilaunsadndueulsilam
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wanwad (laccase) uauledllunguvateandlasanme
(oxidoreductase) vihmthillunisisalAzernisiadeudie
azmoulglaslaunisoendiau wiodlannsou nNa1sUsENaU
wildluaansusenoudu Slusiuludiuusenaundnuass
langrauwes 4 svmauaglulassadne lanvasUivaslu
Tassasauwvseonidu 3 viia loun type-1 (T1) fpsuilos
1 ozaoy, type-2 (T2) AaUlUes 1 ozmou Wway type-3
(T3 uag T3") fireUiles 2 vzmeu (Zheng, et al., 2008;
Solomon, et al.,, 1992) Ns¥UIUNTIUHATEIANTULD
sondinuveueuleduanaaisutuiisumis T1 Fadu
Fumts active site nsdufvansitiving 1RaUfAzen
Induresnoues s T1 wardsihudidnaseulush
FunUe T2/T3 LLazaaﬂ%mmﬁmﬁﬁ%aﬁé’ﬂsﬁ’ﬂﬂLﬂuﬁw
(Solomon, et al., 1992) danvpenisitioulvivaniaa
Jusisaivilonindausefideredunds Iun eudumy
1294 (selectivity) wardnsinsinufizengs ladduiiy
firuanansalunsavanetn @wnsavien (repeatability)
19 Ugisenialanieldaniiznismeass wu Weyaas
asazaty gamgl wazauduilisunss wazaiunsa
AAN8AIANITIN N (Stolarczyk, et al., 2008; Fernandez-
Sanchez, et al., 2002)

v
v

mATedTalnguszasdifomunlulewueesluns
nrataufisenidnduveseendiau Aanmla (sensitivity)
AT UNIZLANZ (selectivity) wazAuLanes (stability)
a9 lnwendenisnsaoulsduamnaluiandausenouves
msuouuluind-lalasny (CNT-CS) Faunvindilanda
e aansathunsiaululowuwesld arsuouunlufiog
Previlfannsosiueuleiuanaaldluuimaidunndy
dulalpgudedian i Avasdlauanaldd Savang
fiunldeumvdiuieulesduaaina vinliasnsaiaun
Tulawuwesiludinsaineandiautazaiunsauszendly

Wululewaneluwaddamadsdinin

TanaunInluazisn1sivy
1. gunsal
iwdosilouargunsaiimianltlunsasainmandini
TuanAdeiusenaude nseslmmuiloanm JU EA 161,
e-Corder §u 210 (U3¥n eDAQ, Australia) s¥uU 3 Ll



fetaliiivianu (working electrode) wllananadndueu
(undurUALINa1e 3 Tadung), Sl 3 9Tanes-
Fanesnanlsd (Ag/AcCl) wazdalwiingae (auxiliary
electrode) viinalaunantu (Pt) (USEnN CH Instruments,
USA) fiwasingnsnisiuavadunia gu RK 1200 (flow meter,
0-100 faddnsnaundl, UsEn Kofloc; Japan)
2. @15l

wulssiuanwad (Laccase, EC 1.10.3.2) 310 Tramestes
Versicolor 22.4U/mg (Sigma-Aldrich) m15uauuluial
(Carbon nanotubes; CNT, ‘U%Ej‘wé 95%), (NanolLab),
Tawganesunulud (DMF), (Fluka) lalaenu (Chitosan;
CS, medium molecular weight, 75-85% deacetylated)
(Sigma-Aldrich), Tuiuasugayiiu (Bovine Serum Albumin;
BSA, non acetylated), (Sigma-Aldrich), FnsaUnines
wisnndRnuadalululawse wazlaluneudingm
3. MsmsENansAdl

A158¥aNULAALAAANNINTY 4 Tadnsurelagans
wisulpeduoulsduaniea ¢ Jadnsu ldluvinvuin 2
Jadans Ywmansazane 0.1 luans Tnsainines Ao 5.0
USums 1.00 fadans ldadluvin dhansazareluwese
vertex mixer Usedng 5 U

asazangluIngsudayiiuanududy 1% wieulay
ValuIudsudayiiuan 100 lulasdns ldlunainusuns
9u1n 10 §adans YSuUsinasauisdingeii

a15arangA1suauUNluitUANUNTY 3 Jadnsy
flolladans WIsulagWmUI9INIGU0S J. Wang Lag M.
Musameh (Wang & Musameh, 2004) Tnedaansuouunluiing
3.0 fiadansu ldluvinwuin 5 Gadans Yiunansazane
ToSarasunuinendsunng 1.00 Sadans laasluvin 1ld
sonicate ﬁaam%iaa ultrasonic sonicator tHunan 3 ‘fjbﬂm

a1sazarelalawuAuduy 1% wisulangwmun
9MN38U09 T. Tangkuaram WagAuMe (Tangkuaram, et al.,
2007) Taedslalagu 0.10 n3u ldluvinawin 25 Hadans
UUANIADETRNAMULUTY 2% USUms 10.00 Hadans
Telun dlunaugie magnetic stirrer Wuwan 2 $2lus

asazatevediandelssnaualsuauulluiny-
lalnw1u wlsulneliUnansazatsmisuauunluiavaing
Wudu 3 fadnsureladans wazdrsavanelalneiuniny
Wt 1% W1eg19ag 500 lulasans laluvinaunn 2 Jaddns

wanlidnfudeeses vertex mixer Ussanas 5 wndl
e ldidusazanglunisiniouansiad

Huduseannlossy

4. mawdeutalniia
Aeuthdrlniinanadansueulsauusidudali

wilafneg awthalnihanvhauazern Tnedainives

Hlildonsergiuduindnuan  Tnglinsezgiiuioun

1.0, 0.3 wag 0.05 lupAseu muddu ntmdnsliagzenndie

v |
1Y

1ndu 1l sonicate Tutidunan 2 wd waasn T
4.1 92WA1 GC/laccase
neaasaragulrllanAaANLLTY 4 Tadnsy

I a

sofiadans Vsuns 40 lulasdns slilvuviafiguuaiivios
arlgdalninanadarsuouiifaudsareteuluduanina
(GC/\accase)

4.2 Halwii GC/CNT

neAENTaTaNsAISUOULIUAIUANNINTY 3 aansu
sefladans vuialwihnanadeniueu 20 lulasans Ael3le
wisfigamndvesaglddaluds dalwilnaradanueud
FanUsAIEASUBUUILLAIY (GC/CNT)

4.3 43l GC/CNT-CS

nunasavaevesiandausznauasuauulufiav-
1alngnu vudsliiinana@ansuau 20 Tulasans Asl3lous
flguungiviosagldtalud drlainanadensuauiinauys
meTandausznauansusuwiluii-lalagu (GC/CNT-CS)
5. nsnssaulwiuannduazaisazaneluiududayaliu
vutaliih GC/CNT-CS

sl GC/ONT-CS Aldannswieslude 4.3
11939 Leulwilanenisveaeuleduaningainududu 4
faanfusiefiadans Ysuns 40 lulasanshelSlduied
gaungiivies LazveaasazateluIugTudayiuaududy
19 USuns 5 lilashes Adliliusedignmniives aglédn
Iwihnanadansueuiidauusietanideusznaumiueuunly
U-lalegnu eulssinaana warluugsudayiiu (GC/CNT-
CS/\accase/BSA)
6. N1INTIVIAUIUIUDDNTIAU

Anwufisen3anduveseandusiemaiialeadn
Taunuams3 (cyclic voltemmetry) lnglfindaslnnudloann
warszuy 3 b Wi lwihnaradaniveu (GO) wie
FluTewumesimmuntun Hudalwivhe Taonsl
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dngliinlugng 0.0 89 -0.6 Taadt iuudalniigreds Tun
Fluiva Tuansararsvesdmsadmledaududy
0.1 Tuans Mo 5.0 Usums 10 Nadans
mneasdluannziilifufaeendiau szihasazans
FsadmnosUsuins 10 faddnsfisudidsuianisnou
(Ar) mvhmsiamewmadaleadnlimuuniniglaussennia
wiaensneu dwluannsiifleandnuaziharsazaisdmsn
TnlasU3unas 10 fiadns idufmeuidoandiau u1vinis
naassnelasnsinislraveseandiau 40 Sadansneuy

NAN15IVLLAZIATAINA
nsAnwvesrUsznauiivanzauveslulowuwes

AsAnwImesRUszneufimunzauvedlulewuimes
Tawlduamaalun1svinli dioxygen (O,) 1An electro-
enzymatic reduction 1wt (H,0) %ﬁﬂ‘w’m’mﬁﬂﬂﬁﬁ%ﬂﬁ
drlasinits 5 vin (a-e) Wun a: 9 lwinanageansuen (GO),
b: lunaradaisusuiisauusioaisazarsreulyy
warAa (GC/laccase), ¢: rlnlihnanadmdueuiisaulsee
ansazansaduauunluiiog (GC/ONT), d: 42lninanad
ArfusuiidaLUsiefaneusznouasuauuluiag-
Talaenu (GC/CNT-CS) wae e: 4rlvifinanadnndueudisnuys
medandalsznaumsusuwiluiny-lalagu eulsivaana
wagluIugudayiiu (GC/CNT-CS/laccase/ BSA) HaN5nnaes
Fanmii 1

40
a) GC 40 b) GCllaccase
201 20
g 3
s 0 AR ——— =
: 80
E .
3
3 20- © 20-
—eee A -- Ar
40 - O? 40 ) ) '0_,'
0.8 08 0.4 0.2 0.0 ‘0.8 06 o4 02 0.0
Potential (V. vs. Ag/AgCl) Potential (V, vs. Ag/AgCI)
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150+ 150 150+
100 _ 1004 __ 100/
§ 804 o caaas e 1 50 e " 3 8y e
‘ - / ~ . - = J - i . ]
: Y y o E 0 J g Y e I
g 50 Joremmemeam e 5§ 50 fiossasscee g E  s0 £-
3 100! o © 100 © 100!
! Ar - Ar | - Ar
450 . ] o {
5. o 150 0. 1801 0o
200 +—— ' ] -200+ : ; -200 + - . -
0 0.8 04 0.2 0.0 0.8 0.6 0.4 0.2 0.0 0.8 0.6 04 0.2 0.0
Potential (V, vs. Ag/AgCl) Potential (V, vs. Ag/AgCl) Potential (V, vs. Ag/AgCl)

2mi 1 lerdnhauwnuluunsuves @) 9l 6C Tuanmeilifdufaeandiau (dulsy) warluanneifeondau (Fuiv),
(b) 9 GC/accase, (c) Tlnin GC/CNT, (d) Talufin GC/CNT-CS wag (e) 33NHIGC/CNT-CS/laccase/
BSA Tuaisazaredidninsladdmsatimnesanududu 0.1 Tua1s Wev 5.0 (Bnsinistuavesesndauinils

asavanendu 40 Naddnssouni)

wuUiiSe3induneseendiauindidndliingeniy
0.6 V ol GC uay GC/laccase Wil uilelddh
GC/CNT, $2GC/CNT-CS uawdh GC/CNT-CS/laccase/BSA
uda i ldenuuiasesdnduiaddn sl vszana
0.3 §4 -0.4 V 91nRan15vaaes (nndl 1 ¢, d way e)
WUIANNTELATY (background current; B) Y039 loidl

a4

GC/CNT Qqﬁqmmuﬁw GC/CNT-CS LLﬁz%ﬂlWﬁw GC/
CNT-CS/laccase/BSA mudndu ilefiansaniidaluih G/
CNT-CS/laccase/BSA wualndyeyrad (Signal; S) a1nA1
nszuasintuveteandauiioaudeAnssuaiy (S/B)
Viﬁmmnﬁqm LLam’j’lﬁamwhgqﬁqm warliimdndiisandia
(Ep) ANl -0.35 V wansinfisesintureseandiou



U q

gnisssneUszavamgeiian iliosnnautivosnisueu
ulufindffinuiiingeuasinlinldd wazaut@fidtu
lafuanstanmeedlalagudsiliaunsansaeuledlis
wazdnaiunsvinuveselsl Snviedsatduayudaeluiu
F3udayiuiivaelioulsdivssansnmlunshaumniy
dwalimnszualiannniian uenanifmui dalwih oo/
CNT-CS/laccase/BSA fwseuldfdnuagmenoniniladios
foidlodsmeindunourhnmsiaazliviliAenisvaasou
yossaraeiitnadnuUsiiiantihasdalih
nsAnwimnfitevvasaisazarsdidninsladiionyud
RVHGERHT

2l GC/ONT-CS/laccase/BSA aggninlumsng
TauAsen3anduveseandiauluaisazatedmsntnmas
Aududu 0.1 Tuans fifitew 4.0, 4.5, 5.0, 5.5, 6.0, 6.5
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27 2 AnudNRussEnieAInseuaanUisensandu
YoseanTau fumiiiey vesasavatedianinslas
0.1 Twans Fnsndmivles

wudtaudunsa-wavesasavateinanons
vhaowwoseulssl Aifitey 5.0 lAnszuaiiaefian wansin
wulvilaawnainulanluasazangdianinslad Aoy 5.0
ADARABINUNANISVNAABIUBY B. Haghighi (Haghighi, et al.,
2003) ilag M. Portaccio (Portaccio, et al., 2006) Feldioulaa]
waaaglun1saw lulewuwesdmsuinansusenauilludn
(phenolic compounds) waznuineulglianLAaaINIse
vihaldAnaadifies 5.0

dofufiiovwesasaransliigeiuanszuaiildanas
FDARRDINUNUITEURY S. K. Lee LavAue Lay R. Santucci
warAy (Lee et al., 2002; Santucci et al., 1998) Fawuan
Tu%y’umaumnéwﬁﬁ%m%ﬁn%’maqaaﬂ%mu"l,ﬂLﬂuﬂéwaa
waalAgd Nsinssndureteandauiisiumus T2 waz T3
lemsendauaslenlusamsadudinisinlusuresesndou
fumaUiasfisunus T2 uas T3 veaeulvsiuanaals vl
wannaagyideanUAnisludusaujisen Anssuaisana
idlefewvosansazanenfinty

FrunuAdedsadeniier 5.0 Huilewwesansazans
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nsAneUiunansusuunlufindfimunzanluwvinduas
Taalisusznauarsuauunluiiav-lalaguaeulngn

Tun1s@nwrmuSunauasusuuluinvluumsndues
FanBsUsznaumivouuluind-lalnsuivengay awwSen
lulawuwes GC/CNT-CS/laccase/BSA lagldarsazangvas
Asvauuluiig 1.0, 2.0, 3.0, 4.0 wag 5.0 adnsuraliadans
naufvasazatelalawuauudy 1.0% waveauSuin
Asuauwluiilnenisnsiainufisensanduretoendiau
WanIsInIndl 3
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ansueuunluintunniui wiildaunsandaevlellduiniy
Ansruarildfeiiaiivgedu utihUiinmvesensuouulufing
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1.25 waz 1.5% luAsuauunluiiny 3 Jadnsuseladans
NANISNAADILAAIAINING 4

40

330

g

S 20. Sl —

o * J

e |t

o

S 10!

=3

°

@

""o.‘..,‘.A,.
0.0 03 0.6 0.9 1.2 1.5

Concentration of chitosan (%)

27 4 AnudNRuSIEnieAInsEuaInUisensandu
Ye0nTaU Auanududureslalaguluming
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46
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Tunsissesdaludin GC/CNT-CS/laccase/BSA
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wananasazaneluIudsudayiiuddmdislunisvieuves
oulwyl ganndsiuuITeves J. Kulys (Kulys et al. 2002)
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ANNSTLESINTUTRIBBNTUATAUNUSA USRI INS e
YosuRaeondauiitiuiunuuidudunss (2 = 0.9996,
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dewssuiisuiuainuiadeseesdalaia a1n
U3T8Ue H. L. Pang (Pang, et al., 2010) Fafnwinlain
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asazanemsvouuluinUAtvyfleitudu 1-aminopyrene
(CNT-AP) wazmssueuleiuanmalaglingandanlandu
e (GC/CNT-AP/laccase) Bsnurndafiuliidunan 7 5u
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Abstract

In this study, chloride penetration profile, and corrosion of embedded steel bars in concrete containing fly
ash in marine environment were investigated. Control concretes were designed using Portland cement type | and V
with water to binder ratios (W/B) of 0.65. The Mae Moh fly ash was used to replace Portland cement type I and V at
the percentages of 0, 15, 25, 35 and 50 by weight of binder at the same W/B ratios of the control concretes. The 200
mm concrete cube specimens were cast and steel bar with 12 mm in diameter and 50 mm in length was embed-
ded at the covering depths of 10, 20, 50 and 75 mm at the corner of concrete cube specimen. Concrete specimens
were cured in fresh water for 28 days, then were placed at the tidal zone of sea water at Chonburi Province. The
specimens were tested for chloride penetration and corrosion of embedded steel bars after being exposed to the
tidal zone of sea water for 3 years. The results showed that concretes containing fly ash have a better resistance to
chloride penetration than that of Portland cement type V and type | concretes. An increase of fly ash replacement
in concrete could reduce the chloride penetration and steel corrosion in concrete. In addition, the use of fly ash in

Portland cement type V concrete had more seawater corrosion resistance than in Portland cement type .

Keywords : durability of concrete, chloride penetration, steel corrosion, fly ash, marine environment
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Abstracts

The objective of the present study was to investigate the adsorption/biological treatment for 0.1 mM methyl
red. Results showed that the adsorption process using activated carbon was capable of removing color intensity of
methyl red (from score 0 to score 8) and reducing COD by 49.19%. COD of the filtrate from the adsorption treatment
was 1,095+45 mg/L and was used for further studied for biodegradation by aerobic and aerobic denitrifying activated
sludges. Results showed that two cultures were not able to reduce COD but increased the COD values within 10 days
of the experiment. Results concluded that it is relatively effective in removal of 0.1 mM methyl red by adsorption
treatment. In contrast, two biological treatments in this study showed no efficiency for COD removal of the filtrate. At
the end of the experiment, two cultures were able to slightly reduce the suspended solids. Furthermore, dissolved
solids value also declined but it was still higher than 200 mg/L. The pH level decreased from 6.72-6.73 to 5.49 under
aerobic and to 5.96 under aerobic denitrifying treatments, respectively. Under acclimated aerobic denitrifying cultures,
nitrate and nitrite values were relatively slight fluctuation along the course of experiment. As a consequence, the

adsorption/biological treatment showed no efficiency for 0.1 mM methyl red removal.

Keywords : methyl red, adsorption, aerobic, aerobic denitrification
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103-105 sruwaidea Wunan 1 dalus felibululoga
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way 10 WusgAuiaududiian (alufid)
5. Bmsvssdiuna/duanzidaya
HaN1INAaewINMsIUIguLiguaIe Ularans1e
wazAIMUSsusunsadiivesteyalaelinisinsiey
AMULUTUTIU Lagdd Duncan’ multiple rank test Iagla

TUsunsu SPSS 10.0 Wienaaeuasuaneefisefuiioddny
(P-value = 0.05)

NAN1SIFBLATIAING
NAN1SNAABY
PMNHANTNAABINUIEUANTUATANNETalUNS
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Effect of Curcuminoids from Curcuma longa Linn. on Cellular Morphology and Viability of

Helicobacter pylori

'
a a

L) Useivgfiad war wesinn ASuiuna*

Y

AATIFATIINGT AMLINGIANERT UMINGIFYTN

Sangousa Praditsin and Punnipa Siripermpool*

Department of Microbiology, Faculty of Science, Burapha University

UNANED

maﬁﬂmﬁﬁi’mqﬂizaaﬁLﬁaﬁﬂmmaﬁuaama%@ﬁuawﬁmﬂsufu%’wiamimﬁsJuLLlJaqgiJi'wLLaxﬁT'lmusuaaLaﬁimlfumm%
nlals (Helicobacter pylori) Tnsnismadeutszansnimuesasiafussdlunissudsdosalanuamesinlals s1um 5
lolaian #2833 agar dilution nuiepsaiuesfanIndudinmsaiyues walawuawesinlalsis 5 Telwiavld Tasden
arududuiaafiannsagudinmaniglduifufionhiu 50 lulasniusefiadans WeduAnwinavenaesadussdsonis

a 3

WasuuUasdnuasuazinuuvesadlawuawesinlals vuneay 2 nuinaesafivesdanududy 50 lulasniusedadang

waztAesaduoadluszAuAUudumnIIANudduiganansaduduteld (25 lulasniudeliafansuay 3.125
llasnfusefiaddng) awnsavibi@efsugusnanveuldsluiduvioudu unan wazaanglusunseiumzideluldluiign
muszEznaNlisuAesaliuo AT NITY

AEnATY @ H. pylori  LAesaiueen  Ulut

*Corresponding author. E-mail: punnipa@buu.ac.th
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Abstract

To investigate the effect of curcuminoids from Curcuma longa Linn. on the viability and morphology of He-
licobacter pylori, antimicrobial activity of curcuminoids was determined by standard agar dilution method against 5
clinical isolates of H. pylori. Our results indicated that the curcuminoids could inhibit growth of all isolates of H. pylori
with a minimum inhibitory concentration (MIC) of 50 pg/ml. In addition, the effect of curcuminoids on the morphol-
ogy of one clinical isolate was also determined. Our results showed that the curcuminoids at the MIC level and at
sub-inhibitory concentrations (25 pg/ml and 3.125 pg/ml) could irreversible transverse cellular morphology of H.
pylori No. 2 from spiral shape to short rod, coccoid and cell debris, respectively. Finally, H. pylori turn to noncultur-
able state. The conversion of H. pylori from spiral form to coccoid form and cell debris was progressively changed

depend on increasing curcuminoids exposure time.

Keywords : H. pylori, curcuminoids, Curcuma longa Linn.
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Helicobacter pylori L‘fJ“LJLLUﬂﬁL%‘EJLmiua‘ugﬂﬁwﬂu
vioulAwie (curved rod) auauszan 2.5 84 5.0 lulAsiuns
wazganunsadsudusunan (coccoid) Iéiileagluanim
windoudliimunzauty luanieiifivsuiueendiau
Whussenaund waransfiviaueauasewns duded
LﬂﬁaugﬂiwlﬂLfluLLUUﬂamLLé’aﬁ"LaJmmmwazLﬁyaﬂﬁﬁﬁzy
15(Berry etal., 1995; Kusters et al., 1997; Eaton et al., 1995 )
H. pylori Judeiifesnseendiuusinaieslunsaiy
ﬁﬁmﬂumju microaerophilic bacteria waziduide
anupradlsaunalunszimizemisuaraldidn saui
1ei5ansEnnze1ms (Forman et al., 1991; Nomura et al.,
1991: Parsonnet et al., 1991.) n1s5nwndsvilalaenisle
EJWUQ%’JH%LGUIU clarithromycin, amoxicillin 58 metronida-
zole $rfugnsunsndsnsangs H,- blockers (1u raniti-
dine) uaz bismuth salt Wuszesnaiu 2 §Unsiiu Sam
fmannuatnadeavesnislien wu enniseduld e1deu
auliFatvgaenesiliennslsasiuiunin venainid
Fefifgmannidones ufiiughaanungudananndiedu
(Boyanova, et al., 2002., Mollison, et al., 2000., Rimbara,
et al, 2005) fmnsidenldelmifiinatrafosioonie
msusnomuurslmilunisdnde H. pylor Suthidsiu
waztdudsylomilunisinuiln

afludu (Curcuma longa Linn.) \Judiwayulns
sianilsvosingifiassnaniunissniay sroauuusaly
N3ENIZIMT (ETINUANENTINNITNITANSITUGULATIY,
2542) Faduenisiimuldannsinde H. pylor wenani
mﬁu%’ué’ﬂﬁqw%{ﬁma%aaaizLLasé’humﬁq%ﬂﬁaa 95N
%amwé’anénﬁﬁmmmi curcuminoids (AENITUAIT
WIASIRAIUEN, 2549) %uﬂumﬂumju phenolic compound
Namdodu WULﬂudquﬂizﬂauagﬂumfu%'uﬂsxmm 3-6%
curcurinoids Usgnausieansndniidnday 3 viade cur-
cumin WHuansivliidmvdesdu ldazareth uwiavaneldn
Tu dimethyl sulfoxide (DMSO) oz@launazioniuea wuls
TutSinaunniignfe 70-75% sesasnléiun demethoxycur-
cumin wuldl 15-20% way bisdemethoxycurcumin wula
3% (Bhavani & Sreenivasa, 1979) ﬁdﬁgumﬂ curcuminoids
mamaé’uégqmm%igsuam%aw%ammmLﬂﬁauLLﬂaqgﬂéwwm
Weluduwuuitliaunsamsidosdfonasduwumsln

lunsidenldansiiiiendanisiniie H. pylori Tun13de
AstiAslaAnwIfawauas curcuminoids Tunsdudenisiasey
waznswWasuuwlasgusaves H. pylor

[

TanaUnInluazisn1ivy

1. asilélunismaaay ¥un Curcuminoids
(29ANTSLNFVNTTU NFAVHUNIUAT)

2. méfﬂuqa%w lAuA Gentamicin (Liwinner Phar-
maceutical Ltd., Usewmalng)

3. wuadiSeildluntsnagey 1Hud 3.1) Helico-
bacter pylori 37U 5 isolates Fawanlgan gastric bi-
opsy vesfflheifunalunszinnzenms uazdhiunissnwm
a saneuIaduAansEUsHINN o A3 Janiavays
Lﬁ?gfaﬁy’wmﬁé’mLwﬂLLazﬁqﬂﬁmﬁmmu@mamﬁa%qmﬁLLax
NsAnALNTN (Gram negative bacilli waadvuinlanlAse)
wigyleawgluan1ey microaerobic lullasgyluaniag aerobic
TnauInfanIsvngeaU catalase, oxidase W@y urease test
Tasteen cephalothin vwa 30 lulasn$u/disc Restaen nali-
dixic acid vun 30 lalasnsu/disc wag 3.2) Staphylococcus
aureus ATCC 29213 LﬂuL%amUﬂmmimaaummhsiam

4. arsmaraududunigaues curcuminoids
1umis°fu€1’gﬁmim%mu°ua\1 H. pylori (Minimum inhibitory
concentration; MIC) Tag35 agar dilution (Piccolomini
et al., 1997) ynnsnadaulagiiaagansazany curcuminoids
(Puuty 1,000 Wlasnsu/diadans Tudwiazate 50%
ovuea) Tuewns Mueller-Hinton agar + 5% human blood
Tunsndan 1 : 19 (@15a¥ans curcuminoids : 91MSHR84T0)
TAududugnyneuas curcuminoids Wy 50, 25 wax
12.5 lulasnsu/Nadans w3uu91u positive control
(Mueller-Hinton agar FalalAu curcuminoids) kagaU
diluent control (Mueller-Hinton agar + 50% Lavn1usa
WNUEITAZAIY curcuminoids) awnﬁ?u spot L%awmaau
Y3uas 10 lulasdas awumummiﬂ%mmﬁyaqmﬁwEJ
Usgana 1-5 x 10° CFU/spot (¥msvageu 3 1) 1191
ownsviavAlUUniigamgll 37 esmuwadea luanmy mi
croaerobic g4 microaerophilice gas pack (Mitsubishi®)
w1y 3 Ju srunarududusiigaves curcuminoids
annsadudininasyreadeld LLawmaam%ammmzw
NIVAEBUIAT MIC laenis spot L%a S. aureus ATCC 29213

T



UsinaudieUsvanas 10° CFU/spot aduue s Mueller -
Hinton agar finaue gentamicin ﬂ’)mﬁf@ﬁﬁu@ﬂﬁ’m 1.0,
0.5, 0.25 way 0.125 lulasnsu/Aadans ﬁmﬁqmwgﬁ 37
ssmwadoa ussemaUnAdunan 18-24 dalus euna
anududusanveseflannsadudenisaiyrentels
(Fhnsnageu 3 91)

5. nsAnwdnuursuitagaduazdiuiuiie
H. pylori \iial#3u curcuminoids Aaududiumigg

mnmsduidenidle H. pylori vaneiay 2 (Usnaido
gavhedszana 107 CFU/TIaddng) wnudluemns Muel-
ler — Hinton broth + 10% fetal bovine serum (GIBGO®)
Anauansazay curcuminoids ANMITUARTILYNAY
50, 25 way 3.125 way 0 lasnsu/dadans ﬁqquﬁ 37
DIANWATYE @N1E microaerobic LﬁaﬂSUL’Jm 0, 2, 6, 24
way 48 Hlus quiieg19a1nudazyAnITMAaBI 10
lulasdns dendunsunuudautas (laeld 0.3% carbol
fuchsin Wy Safranin O) A5IQFUTN ANwazwad I1WI
100 wasd wazdudiog1aUsuing 10 lulasdns luusag
Fraazdedietusunialailagisnng drop plate
a9uu blood agar (Waeu microaerophilic gaspak Tl
nnasmdmndudedndluudazdiaag)

NAN1SIVLLAZIATAINA
1. @1 Minimum Inhibitory Concentration (MIC)

984 curcuminoids #2875 agar dilution

21AN111AT MIC U9 curcuminoids A1838 agar
dilution Tagldieniueamrinududuiesas 50 1Judn
agatenuinAl MIC 93 curcuminoids 69 H. pylori
W 5 isolates fAwiiudowindy 50 lulasnia/fadans

v
°

MIEUTIVOINITNAADY WAZLONIUDATUSEAUAMNITNTY

Qe

Lﬁmﬁuﬁi%ﬂué’aﬁﬂaxawaiﬂﬁqméﬁué‘?a N91R30YVes H. pylori
1713& 5isolates ﬁg\‘iﬁm MIC 18981 gentamicin sim%a S. aureus
ATCC 29213 Tun1snageusiegds agar dilution diaglugas
0.25-0.5 lulasniu/Aladans AsanuinaueiunsgIuiifvun
lag NCCLS, 1992

2. dnwazguirawaduazduauie H. pylori
Jial#%u curcuminoids Aadutiusings

domzdsadefiwadieduanysaiduilueims-
wafinas curcuminoids AUNTUgAYINe 50 25
waz 3.125 lulasnfu/idaddng (1x MIC 1/2x MIC uag
1/16x MIC) wuddeduuliinlumsdsuguiaanvieulds
Widuieudu sunay wazamslulufigamuszesinand
Wintundslé¥u curcuminoids Tnedlels curcuminoids
aradudu 50 lalasniu/fadans (LMIC) Wellnaideu
sUirsnvieuldsldifusuvioudu sunau wazenuead
0619390132 nandengluna 2 Pluslinuwadsuvieulds
waeegdnias (nwdi1) luvaugild curcuminoids lusedu
dnhamnuditutioraniiansndudadeldie 25 lulasniu/

faddns way 3.125 lulasniu/fadans (1/2x MIC uag 1/16x
MIC) Weaziasugussnviouldsluidusuvioudu sunax

100

4

=a)
o

vandadvia vida o n:
=g
=3

o o o O o S

\
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\
\
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\
\
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§

wanEiuag

B50ug/ml
25 ugfml

B3.125ug/mil

o o e G
(=S S T S [ S]]

BPositive control

Amil 1 SevavvedwadzuvieulAses H. pylor Mmdenaalasyu curcuminoids ANKNTUAY
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40
a5
3
H 30
25
. 0 B50ug/ml
2
15 25 ugfmil
m3.125ug/ml
10 ue/
OPositive control
0
o z § 24 4B
e i

a £y s . a UV Yo . . Y v
A 2 Sewavveswadunauves H. pylori Vs INGMaalAsu curcuminoids Anandudusingg

wazmnwaduuuAssifudeslunusseznariiindy v Slemnsiwadeduianysalfind luewnsmaa il
1#%u curcuminoids Tasnely 24 $alussasmuiiwad  curcuminoids wudni@einisufuiandiuauasszann
sUieuldsegdnninfenay 80 uaznuwadsunaudszana 2 log, CFU/Aladans Tuszaznan 2 daluausn udhdadi
Hounindosar 10 (nndl 1 waramndl 2) dnwarns  Swautuegnedng ludiluedl 6 uaz 24 vesmsmzdes
Wasuuasguimweawad@oiield$u curcuminoids Tu  ddlussey nardinanisndiwadguviouldsegnifesay
sgiumMMduRsInIA MIC uansdanmdl 3 90 fiwaddutioniduzusioudu uandlonariuly a8 #alus

(G)] ©)

amil 3 dnwairnsasuwlasguinmeseadideillalasu curcuminoids Tusydumnududuiiainiidn MIC (n. wad
BusugUvieulAy; . wadsuvioudy; A. wadsunaw; ¢ B1Nwad)
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wiewadgusraduvieuldsegifissiosar 65 dumadfivie
"Lé’mﬁammaaﬂmaLﬂugﬂﬁauﬁy’u JUNAY wazNWAdEINA
Wldanmnsamnzideadolhasalaludalue 48 Tuvnued
wagdunziandliluenmamariidu curcuminoids 50
lulasn3u/Aadans Tddsusuheluduieudunarsunay

quviun Talannsamnzidesl@sndauadalued 2 nddudaans
widloananududures curcuminoids Wy 25 waz 3.125
lulasndu/dadans Semsaunsamizolfiadeylddaus
Haluedl 2 Aedaluedl 24 Tuwnlihnferiugnauauitlifa
curcuminoids (AWl 4)

12

10

dwamaa log CFU/mI

B 50 ug/ml
B25ugz/ml
Il D2.125wg/ml

O Positive control

24 48

R ETETT

A 4 e H. pylori Masld3U curcuminoids ANUNTUAT

3salNanITITY

Tunsdnwiadsiinudn curcuminoids anansaduds
nMswSayeate H. pylor IdlaeiiAn MIC Wiy 50 Talasnday
fedans TndlAseiunan1sAnwues Mahady et al. (2002)
finnapuhansafnanreuiuseenusauazas curcumin
wmagouUszansamwlumsiudaie H. pylori wueensata
MNRITRUNAZANS curcumin awnsadudade H. pylor
Tneslen MIC agluting 6.25 fa 50 lailasnsu/dadans damn
Wisuiteuaniildannisaneadsiifunsinunsug e
wanmansaInvayulnslusssuwd wu Fven nswiiey
Wioldsnwnisenide H. pylor wudansatmanfiesienan
waniifenanudutusaniiannsadudimaniyeadeld
agflurig 0.064-12.5 fadiniu/fladans (Adeniyi et al. 2004,
Li, et al., 2005; O’ Gara, et al., 2000; Suk et al. 2010; Zaidi
et al., 2009) Fanninan MIC Y89 curcuminoids Uszanad
1.28-250 i uansliiiiuan curcuminoids e1asluguasdulul
fdnenmlunissnulsednide H. pylori

Hagtufinisthediufusmdnsmelusuuuuualge
Tiuusgmuiiousaimenisiesdn ioufle gnideauiu

wiouuwnalunseinize1nis uwiazuaugausEnauale
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curcuminoids 0.024 n3u Sudsevutuay 4 ads afsas
2 uavea 59UUSHIN curcuminoids 0.2 AfusaTY WA
1199910 curcuminoids (Huansiigngaduldlfgnly
SEUUMIUAUBINIT UI189IUTINTIANUTEAU curcumin
lunszuaidenauiiiss 0.006+0.005 lulasnsu/dadans
melunan 1 Fluawmdenduuseniu curcumin Usinas 2
n3u (Anand et al. 2007) Fyiuitonaduguslunissnuilse

v
N va o

F9e1adedld curcuminoids $aiveUTINE Fevauziliive

B
i
SdsfnunaSugmasening curcuminoids fugnUfdue
vedialumsdudvainge H. pylori luvasanaaes
mfmwﬁﬂmmiwﬁauwaagﬂéwLLazﬁwuaumaaL%a
loduiatu curcuminoids IngviwadiFuduiauysoisud
Faemundsuiaduoulds Tudsduemamaiiiuan cur-
cuminoids ANUINTY 50 25 uag 3.125 lulasniu/diadans
(1x MIC 1/2x MIC wag 1/16x MIC aaiddiv) Fanuineadlel
Lﬂéaugﬂiﬁw’mﬁaﬂﬁqnmaL‘?;Jugﬂﬂaml,awmmaa‘ WAy
Lifinsasuuiasguianduluifusuifuldsniasusiazan
U3uae curcuminoids wdewiies 1/16x MIC udafinu
wandliifiudinisesngnives curcuminoids Huiduwuy

bactericidal ta¢ dose-dependent ﬁammqmm‘uaﬂmi



Waguwasduiuslaensafuanuiduduvesansdendeiu
Msfnwues Horii et al. (2002) AlF@nwinavesUfTuy
Mﬂﬁjm B-lactamase inhibitors (clavulanate, sulbactam
way tazobactam) GiamsLﬁaguazmim?{auLLangﬂs'N
v03 H. pylori wuielunguiainanivinlvideansiuiuas
TnsBufuanudutuvess lfwadidsugusisludu
filament §ueq T spheroplast wazaaeluluiigaiuiu
warAdefuNSAnEves Sorberg et al. (1998) fifnwinis
Lﬂﬁauwaagﬂéwwm H. pylori uaglomafinnishosnmends
175U amoxicillin, clarithromycin Wag metronidazole &7
wudidlelsion amoxicillin mnsidudugs (0.25 lalasnu/
fadans) fﬂzﬁﬂﬁvﬁaLﬂﬁaugﬂiﬂﬂﬂLﬂu spheroplast Aglu
nan 21 Falus dauen clarithromycin i8¢ metronidazole
tuagninilideudsuguisluduuunanldnnelu
nan 68 Hlug way 21 $2lua (mwdidu) wazlainunng
ndunaigyldlnddnvendeiiudswbuuvunanuda
Wudeatu usainnnsAnuiluadsinudn curcuminoids
Tusgdu 1x MIC (50 lulasnfu/iadans) vilviwadgy
vieuldsiamuadsuliduzuduldmnnigluna 2 Halus
wansliifiudn curcuminoids eangusldidaning1uftug
yiafldduendnwmsindouiing

#3UNaN1339Y

PnnsAnymaiuaadliifiuin 1) curcuminoids
Duansfiaansadudnisasyuente H pylor ilaedia
MIC wiriu 50 Tulasnsu/dadans 2) curcuminoids vl
wadvas H. pylori L‘Ufﬂ"auLLangﬂéwmﬂﬁau‘lé’ﬂﬂLﬂugﬂﬂam
wazgInwadedesinigy way 3) nisesngniiduuuu
bactericidal Wy dose-dependent Foudsenanarilidn
curcuminoids hasnduansifdnenmlunissnelsainite

H. pylori

nnANssNUITTAA
VOUDUANBIANIIAFYNTTU NTUVNUNIUATY N1lal
TiAuewAsIe9 curcuminoids Weldlun1sAnwiasall
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ANMENITUNMTULTIAAIUEN. (2549). Tgderamayulns
WA 2549, NTUNN: TS RURYNULANNTAINTNYAT
unsUszinelng.

d11UNUANLNTIUNITANTANGITUFVYAFIU. (2542).
grayulnslusrugisisaguyagi (ninsail 2).
NFANN: DIANTITAUATIEEVIVNTRIUAN.

Adeniyi, B. A. & Anyiam, F. M. (2004). In vitro anti-
Helicobacter pylori potential of methanol extract
of Allium ascalonicum Linn. (Liliaceae) leaf:
susceptibility and effect on urease activity.
Phytotherapy Research, 18, 358-361.

Anand, P., Kunnumakkara, A. B., Newman, R. A., & Aggarwal,
B. B. (2007). Bioavailability of curcumin: problems
and promises. Molecular Pharmaceutics, 4,807-818.

Berry, V., Jenings, K., & Woodnutt, G. (1995). Bactericidal
and morphological effects of amoxycillin on
Helicobacter pylori. Antimicrobial Agents and
Chemotherapy, 39, 1859-1861.

Bhavani, S. B., & Sreenivasa, M. S. (1979). Effect of turmeric
(Curcuma longa) fractions on the growth of some
intestinal pathogenic bacteria in vitro. Indian
Journal Experimental Biology, 17, 1363-1366.

Boyanova, L., Mentis, A., Gubina, M., Rozynek, E., Gosciniak,
G., Kalenic, S., Goral, V., Kupcinskas, L., Kantarceken,
B., Aydin, A., Archimandritis, A,. Dzierzanowska,
D., Vcev, A, Ivanova, K., Marina, M., Mitov, |, Petrov,
P., Ozden, A.,, & Popova, M. (2002). The status of
antimicrobial resistance of Helicobacter pylori in
eastern Europe. Clinical Microbiology and Infection,
8, 388-396.

Eaton, K. A, Catrenich, C. E., Makin, K. M., & Krakowa,
S. (1995). Virulence of coccoid and bacillary forms
of Helicobacter pylori in gnotobiotic piglets. The
Journal of Infectious Diseases, 171, 459-462.

81



Forman, D., Newell, D. G., Fullerton, F., Yarnell, J. W,,
Stacey, A. R., Wald, N., & Sitas., F. (1991). Association
between infection with Helicobacter pylori and risk
of gastric cancer : evidence from a prospective
investigation. British Medical Journal, 302,
1302-1305.

Horii, T., Mase, K., Suzuki, Y., Kimura, T., Ohta, M.,
Maekawa, M., Kanno, T., & Kobayashi, M. (2002).
Antibacterial activities of p-lactamase inhibitors
associated with morphological changes of cell wall
in Helicobacter pylori. Helicobacter, 7, 39-45.

Kusters, J. G., Gerrits, M. M., Van Strijp, J. A. G, &
Vandenbroucke-Grauls, C. M. J. E. (1997). Coccoid
forms of Helicobacter pylori are the morphologic
manifestation of cell death. Infection and Immu-
nity, 65, 3672-3679.

Li, Y., Xu, C,, Zhang, Q., Liu, J. Y., & Tan, R. X. (2005). In
vitro anti-Helicobacter pylori action of 30 Chinese
herbal medicines used to treat ulcer diseases.
Journal of Ethnopharmacology, 98, 329-333.

Mahady, G. B., Pendland, S. L., Yun, G., & Lu, Z. Z. (2002).
Turmeric (Curcuma longa) and curcumin inhibit
the growth of Helicobacter pylori, a group 1
carcinogen. Anticancer Research, 22, 4179-4181.

Mollison, L. C., Stingemore, N., Wake, R. A,, Cullen, D. J,,
& McGechie, D. B. (2000). Antibiotic resistance in
Helicobacter pylori. The Medical Journal of
Australia, 173, 521-523.

National Committee for Clinical Laboratory Standards.
(1992). Methods for determining bactericidal
activity of antimicrobial agents: tentative guideline
M26-T. Villanova, PA: NCCLS.

Nomura, A., Stemmermann, G. N., Chyou, P. H., Kato, .,
Perez-Perez, G. I., &Blaser, M. J. (1991). Helicobacter
pylori infection and gastric carcinoma among
Japanese Americans in Hawaii. The New England

Journal of Medicine, 325, 1132-1136.

82

O’Gara, E. A, Hill, D. J., & Maslin, D. J. (2000). Activities
of garlic oil, garlic powder, and their diallyl
constituents against Helicobacter pylori. Applied
and Environmental Microbiology, 66, 2269-2273.

Parsonnet, J., Friedman, G. D., Vandersteen, D. P., Chang,
Y., Vogelman, J. H., Orentreich, N., & Sibley, R. K.
(1991). Helicobacter pyloriinfection and the risk of
gastric carcinoma. The New England Journal of
Medicine, 325, 1127-1131.

Piccolomini, R., Bonaventura, G., Catamo, G., Carbone, F. &
Neri, M. (1997). Comparative evaluation of the E test,
agar dilution, and broth microdilution for testing
susceptibilities of Helicobacter pylori strain to 20
antimicrobial agents. Journal of Clinical Microbio-
logy 35, 1842-1846.

Rimbara, E., Niguchi, N., Tanabe, M., Kawai, T., Matsumoto,
Y., & Sasatsu, M. (2005). Susceptibilities to clarithro-
mycin, amoxicillin and metronidazole of Helico-
bacter pyloriisolates from the antrum and corpus
in Tokyo, Japan, 1995-2001. Clinical Microbiology
and Infection, 11, 307-311.

Sorberg, M., Hanberger, H., Nilsson, M., Bjorkman, A, &
Nilsson, L. E. (1998). Risk of development of in
vitro resistance to amoxicillin, clarithromycin, and
metronidazole in Helicobacter pylori. Antimicrobial
Agents and Chemotherapy, 42, 1222-1228.

Suk, K. T., Kim, H. S., Kim, M. Y., Kim, J. W., Uh, Y., Jang,
l. H., Kim, S. K., Choi, E. H., Kim, M. J., Joo, J. S., &
Baik, S. K. (2010). In vitro antibacterial and
morphological effects of the Urushiol component
of the sap of the Korean lacquer tree (Rhus vernic-
ifera Stokes) on Helicobacter pylori. Journal of
Korean Medical Science, 25, 399-404.

Zaidi, S. F. H., Yamada, K., Kadowaki, M., Usmanghani, K.
& Sugiyama, T. (2009) Bactericidal activity of
medicinal plants, employed for the treatment
of gastrointestinal ailments, against Helicobacter

pylori. Journal of Ethnopharmacology, 121, 286-291.



‘U g‘ %3
gVsdudenIInndunalaginesaavatasainanndegnluwasg Caco-2

Inhibitory Effect of Banana Extract on Cholesterol Absorption in Caco-2 Cells
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nuATeiidnguszasdiiefnumgusvesansadandisilSeuiisuiudeanseauludu ezetimibe Aani1sgadu

N

cholesterol 1denl¥ndas 3 wfinflunnsneiu fe ndwld ndreven wazndrethin Wethuweieuasatade fe
gastric juice wasde gastric juice iU intestinal juice Wvansasandefinuidudu 100, 500 way 1000 pg/ml nEeuse
cholesterol micelle Yusaufumadinziass Caco-2 naveen1sth cholesterol micelle Whwad Jaldarnusina (1o,
20(n)-H] cholesterol Fuduasiusiunfsd wannnsfnwmuitansadandeynviafiaududu 1000 pg/ml awnsa
aAN13AATY cholesterol voswad Caco-2

ANEATY : NAIY  N13AATY cholesterol  Wwad Caco-2

Abstract

The present study aimed to investigate the effects of banana extracts compared with lipid lowering drug,
ezetimibe on cholesterol absorption. Three varieties of banana (Musa sapientum L.); Kluai khai, Kluai hom and Kluai
namwa were used to prepare as water extract, gastric juice extract and gastric juice-intestinal juice extract. Together
with cholesterol micelle, the banana extracts at concentration 100, 500 &z 1000 pg/ml were added to Caco-2
cell cultures. The cholesterol uptakes by Caco-2 cells were investigated by measuring the level of radioactive [1a,
2a(n)-"H] cholesterol. The result showed that all banana extracts at concentration 1000 pg/ml can reduce the

cholesterol uptake into Caco-2 cells.

Keywords : Musa sapientum L., cholesterol absorption, Caco-2 cells
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umin

Aznaendenuds (atherosclerosis) tluameg
draguesnisilulsaiilaviaiden (ischemic heart dis-
ease) wavlsnnannlaanluauey (cerebrovascular disease)
amevaenidenuduiniuiosniinisdmwesluiuuinm
wifsvaemden lusiuiiadulngjeglugy cholesterol msan
sefu cholesterol Tunszuaidendadutvnenilslunis
Jostunmaiinnmevaeadenuds endifiqnianszdu cho-
lesterol flagnanengu Adoulddusnfesingy statins
Faoanguslavlududanisdaasizs cholesterol sy
pnauidueniifdussansnminazaeuinaaonselumsly
agslsinnu nsldeingy statins Tuvwings e19viliiin
fusaiuLaziinon1siianduiiie (Garg et al, 2007;
Bhatnagar et al., 2008) UoNNE MU HUrguangy
lanavaussrenisidoniissviiaies wiaglilusuinas
wdfinny ilsdeddennnnimiaie Seninisldewun
combination drug therapy 1 mﬂ%&nﬂfju statins S2uAU
gInguTioangrsannIsgads cholesterol Tuvmaifiuemis
Forvosnsliendifinalnniseenguiaetusauiu fe naiasu
quidatuuasiu ilfaunsoanvuindifedduazeinissu
laifisUsyasrvesenusazviin (Garg et al., 2007; Pollex et al.,
2008)

uonwilonnnsTdenitoansedu cholesterol udn
nsusuasunginssalunsdniudin Suldun wofnssu
lumsSuusemuemsuazniseeniiasnie Aldutladedy
lunsaunusesu cholesterol Tuldan N33uusznueIms
ffiUsuna cholesterol, nsnlusfudusa way trans-fat @
sffuemnsfiiuiinaninle, plant sterols uag nalusi
Town-3 (WU eicosapentaenoic acid way docosahexae-
noic acid) a4 Hxalun1stieansedu cholesterol luiden
(Garg et al., 2007) Ugwide nwaLﬂﬁauLLanwqaﬂiWﬂ15
uslnAvesuywdiilaliietn audiulngliaunsaniuay
nssulsEnuevIAiisedu cholesterol dnldfoensainase
wazsteondunauu Snvlsdoyafertunannuiinues
o sTilfosEAU cholesterol AfslaifinisAnwiognsaTed
91fELiEeN 1Ly ILLALUTEEUAINA MY 1en1TInAT
cholesterol Tusnane a ganaAne whily

anizfidedaulafias@nvnaveansiuusemunalsl

o

Aaseauves cholesterol lnwilauyigiuiUasiudn Knvse
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walfursviadiquisudaioannisgadiu cholesterol iila
Sutusgmunfouivemisluiuge auzdidedenndiedu
walsfdunuulunisfne iesanndedunalifiaulne
fousuuseniu TlAsudseniunasnl wazdisiailias
nénefidoinenmansin Musa sapientum L. 1Sufialued
Musaceae Fondnie nda81u131 (Kluai namwa) dau
ndely (Kluai khai) waz naleney (Kluai hom) wiild
Foinermansifioddu wislanuunnssluBessusisuay
sav1f Uselowuraanisiulseniundlsfa (1) n1slasy
iloemns eiegaduluiu wagdieszuie (2) mslasu
arsnguiudualsfiu 3nfiud way Indud Faduans
Fuoyyadasy HruanAuldsivesnisiinniizvasn
Fengadiu waz (3) nMsldsuussigisnduseluunuead
99991908 (Aurore, et al., 2009) Usnanilundredaiians
Suydy (inulin) Fadlegneense Lactobacillus Tudllua)
agldnsanandin (lactic acid) nsandaladn (glycolic acid)
uay nsndaiesn (butyric acid) dwalinelualdianiny
Junse ldwmunzdmsunismigdvinvewuaiideiidy
ANNAYD98INIY09939 (Pompei, et al., 2008) d3uN13
AnvnAeafugrivesndaelunisansedu cholesterol wu

1Y

WigaITenUsenagUy T189UIINaIeauIsnanTeRu

A
cholesterol luidenvasmunaass lnudslaifin1sfinuiin
aalﬂﬁma"l,ﬂmiaaﬂqwé (Horigome et al., 1992)
Agfideidenvaaouansatnainndaean aneu
LagndsuNIEUINNISEes Wedeuuuuaniizlusnanie
lngdnanInszuIunIstosamisiuiesuiAn1sauisees
Cabariero wavaniz (2004) Mnihasatnildlufnuwa
son19gada cholesterol luiwadinizides Caco-2 dudu
wadngidpaiifeylfideAnunisvudiansvienisgadu
arsludlddn (e nwad Caco-2 fiduduilauiain
human colon adenocarcinoma Lﬁamwuﬁymué’ammsa
Wasuanmduwadfifisuiaazmsinudsunuuiead
enterocyte vosaldlan (Sambuy et al., 2005) Tofv04
AINAgeUAILas Caco-2 Aediunsalivaasualsana

Tovanevia Tunandusins) waslinandedals

o/ ¢ ad a v
Yanaunsnluasisn1side
1. nMswssNaTaiandesn

1.1 mswseuansainegivendlean



Fandre uwdndndndudinims 2 wh Suldiduie
Wenfudaeiosduuiu 10 Jundl nsesihuivniuiade
wennineen WdnveanaiildluiTliuisnedinisvuis
\Honud (freeze-drying)

12 niswIsuansafandsanigesdny gastric
juice

faulasn1a1nidsees Cabanero Lagamy (2004)
Hande udufu gastric juice (0.6% w/v pepsin, 0.15 M
NaCl, 0.01 M HC) U315 2 wih Suliifuilewmensude
wsestiuun 10 Fudt wdnilutaly water bath figamgdl
37 °C w1u 4 2l dedaesanmgnisteslunssimize1ms
ntudldud 100 °C w10 wndl ditevhaneroula
nseeufiuIue wdnhvesnad il luvliuisdeisnis
Murdonuds

13 masdsuansatinainndiegnildesde gastric
juice W@ intestinal juice

wisumudunounsindsuasatandsanides
fe gastric juice wANdIINEIUNISUL 4 Falueuda T
asnaNuusu pH WHu 6.8 ududu intestinal juice (1.5%
w/v pancreatin, 0.15% w/v bile extract, 0.15 M NaCl)
TuUsunsiiwifu gastric juice ¥hluuuly water bath
flgaumgdl 37 °C uu 4 Hlue fledrassaniiznsdesly
$1l& nthuhlugud 100 °C w10 Wit Wlevhaneloules]
nseeufiuIue wdnhvesmadfildluvlduisdieisnis
Mursdonuds
2. MSWNZIEBAYRE Caco-2

Lgaqmaa‘ Caco-2 NUIHN American Type Cul-
ture Collection (ATCC) Tu erlenmayer flask wu1a 75 ml
o wns DMEM/F12 (Sigma) Mifis 10% FBS (Gibco) wag
1% penicillin—streptomycin (Gibco) Uuﬁqmmﬁ 37°Cuay
5% CO, 91Nt subculture VN 3-4 U 9ENWAGIINNITUL
14y 0.25% Trypsin/EDTA (Gibco) wadnltiilon1snasou
asﬂu passage #i 20-40
3. N1INAFIUNAYRIAITANAIINNAIBENTTARINY 6D
N159859AVRLAE

VAFOUNTOYTENYRAULAR (cell viability) #1875
3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyl tetrazolium
bromide assay (MTT assay) (Mosmann, 1983) Tneidoawad
Caco-2 Tu 96-well microplate 97U 10,000 cells/well

Wunan 1 Tu mﬂﬁuLgmé’qaawmaﬁlﬁumiaﬁmﬁwqﬂ
AR Fiaududu 100, 500 war 1000 pg/ml W 2
Flug wihdafuansazany MTT (Amresco) Anusdudu 5
me/ml $1uau 10 pl Yustedn 2 $9lus themsideusadesn
WaLAL DMSO:ethanol (1:1 v/v) 200 pl ¥1lddmAinng
AAnduLAsTinImNEIAAY 595 nm MeAdes microplate
autoreader (Multimode detector DTX 880, Beckmann
Coulter) uslaznmsnagouri 3 41
4. n15m388 cholesterol micelles

1#357RnuUau191n3I3v09 Yamanashi uwavam
(2007) Taep3eu stock solution 989 phosphatidylcholine
(Sigma), cholesterol (Sigma) wae [1a,2a(n)-3H] cholesterol
(GE Healthcare) Tu chloroform wag stock solution w89
sodium taurocholate (Sigma) Tu methanol Unuwaiu
Tunasaunililanududuniudesnisie Usenauniey
4 mM sodium taurocholate, 100 uM phosphatidylcholine,
2 uM cholesterol wag 2 uCi/ml [1a,20Un)-3H] cholesterol
PlulFidaemsihdenigldasoy mnduildazas
T DMEM/F12 #ilaifl FBS ud sonicate Juan 1 Falus
anvheviliusmndelagnsestiu membrane fiflzuunn
2 um uansazaneiildlifigamai 4 °C
5. naadaunsiudananadu cholesterol Tuiagdnld
waéﬂwaamsaﬁ'ﬂmﬂné”majmjﬁmhq61

Feawad Caco-2 lu 24-well microplate 31UU
50,000 cells/well Lﬂﬁaummﬂgamaénﬂ 2-3 Ju Junan
14-21 Fu ifielfwadivasundasguirsuazyimihfinde
enterocytes ndtantu wWasululdoms doaadiines
asananaleanvinmien fimududu 100, 500 waz 1,000
pe/ml d@rungueiunuld ezetimibe (Scherling-Plough)
fenududu 100 uM Yul3A 37 °C Wunan 1 $lue Hin
cholesterol micelles 100 pl (0.2 pCi) waruNAedn 3
1l gromsidsasadonn Suwaddeoamaiinles
wiiBu 2 ade vldwaduandaeansavans Triton-X 100
(Thermo Scientific) gy 0.19% v/ fitfisl NaOH 1lét
Aududuantine 0.2 N uus cell lysate 1l 2 dau dauusn
ihluinusunalusiulaely BCA protein assay kit (Pierce)
Sﬂdﬁu%ﬁﬂlﬁu scintillation cocktail (MicroScint™-20;
PerkinElmer) ud11lu¥nen radioactivity fheip3es Packard
B-counter (Topcount NXTTM) ugiazn1snaasuyin 3 8
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#1 cholesterol uptake Wag % cholesterol uptake

v
=1

Wieuiunguaiuay fwaldanaunisi (1) wae (2) f

Cholesterol uptake = Radioactivity (uCi)

Protein amount (pg) (1)

% Cholesterol uptake = Cholesterol uptake of sample x 100
Cholesterol uptake of control (p)

6. mswIsuiiisudoyateain
NMIVAABUANLLANGNYB AR T INGNY LAY
19 one-way ANOVA a8 post hoc multiple comparison
tests (Tukey HSD #3e Games-Howell test) Tngld Levene’s
test for homogeneity of variances [Wuifivun post hoc
multiple comparison tests 74 neld Tukey HSD test
Tunsdifi variances lsnetu uagld Games-Howell test
Tunsdifi variances sy e P < 0.05 dodiiduddey
n19adf nsasrzvivisadfvinlaeldlusunsu SPSS for
Windows (version 17.0: SPSS Inc., Chicago, IL, USA)

HANTTILUAZIANTAING

ndwan 3 ¥iin léun ndaeld ndreven uazndaerini
Ifnaneansineiies fwdafiwalan annsdedmin
ndaw 10 wa ldadmiinedsveadendiedena iy
39.49, 111.07 way 60.65 NTu AINAIAU Hay %yield
Ypsansafingerwiiy 3.9, 4.1 4ay 3.3 %w/w AUANU
Wransafiafiléiunsi TLC fingerprint way HPLC fingerprint
donfuliidutoyaiiugiu @oyalsllduandl)

msnaaeunseEsonvesadiJunsvaaeuiiogHa
vosmsatandeanilonauasluemadsisadfiaududy
100, 500 wag 1,000 pg/ml Mianuduiiusewas Caco-2
vdelsl nan1edey nud asatasetvesndiean (H,0)
asafandganildesde gastric juice (G) way a1sadn
ﬂﬁ?ﬂ?jﬂﬁ&iaaﬁ’m gastric juice wag intestinal juice (1)
v0endawly (KK) ndaemen (KH) uazndaetnin (KNwW)
Lifanuduiivsewad lnefiA1Sesaznisedsonveead
Caco-2 aglutag 83.00-117.43% (nwdl 1) usndaees
Gusmnsuaziianudasadogs udnsvaaeull vhiuidle
Tudlahanzunndeslunsveaeuiiinnumneausens
ogjsenvensad newihnismasauiusiely
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<, : B KK (H20)
nana'la (KK) S
> 150 O KK ()
] 100
S
3 50
o
® 0
control 100 500
Concentration (ug/ml)
nanaviau (KH) B KH (H20)
BKH @)
> 150 D KH ()
| 100
S
3 50
(8]
X0
control 100 500 1000
Concentration (ug/ml)
naaeniria (KNW) B KNW (H20)
B KNW (G)
> 150 2 KNW (1)
8 100 T T T
> o e o kY
3 50 . - o e
o . - o )
2 0 ) i ] I
control 100 500 1000
Concentration (ug/ml)
NI 1 HANAABUNITBETBAYDYAT Caco-2 TlAuans

annaInnaIEgn 3 vile finnududy 100, 500
ez 1000 pe/ml adluomsimziass Tng KK
nunede nawly, KH viwnefa nateviey, KNW
VangRa nanetnt, (H20) vaneiia asataene
haeandiegn, (G) mneds asafandieani
go8siy gastric juice, (I) vinede ansananalgan
ﬁ&iaaﬁ’m gastric juice Wag intestinal juice,

ASINLABZLVIGLARNIAT mean+SD

wagnmsliansatiandefirnudutu 100, 500 was
1000 pg/ml Sy cholesterol wunsTwansainnded
anmdadu 100 pg/ml felsivanswanisdudsnnsgada
cholesterol Wiauiiuasanandeanluuiuiugsdu Judy
winltiinwad Caco-2 Fuudsunlandu enterocyte 313
gndu cholesterol Wwadanas lethdesafilsnSeuidiou
FaeABnnsneadn ssdiuinansadaiilinadudanisgady



Effects of banana extract on cholesterol uptake

180
O 100 pgimi
160 4 @ 500 pg/mi
M 1000 pg/mi
3 140 4 I
-g 0 dH 0
O 128 O Ezetimibe
<] - Pepper
8/ =] Ppe
£ 100 8
o [* * §
= N - |
= At | T
o 804 V] &
g P 7 |
3 A |
= % &
‘5 60 4 % §
: 1|
2 7 B
S 40- A |
A |
A |
20 A |
A |
A |
0+ 7z A
KK KK KK KH  KH KH KNW  KNW KNW dH,0 Ezetimibe Pepper
(H,0) (G) U] (H;0) (G) U] (H;0) (G) U]

NN 2

HAN138UgINNIRATH cholesterol Tuiad Caco-2 YesansarinaInndiegnis 3 viln Nnnmiudu 100, 500 uag 1000

ug/ml Tae KK sianedia ndael, KH vanedia ndenen, KNW wineds ndaeindn, (H,0) wunefis asadnsisiives

naegn, (G) vianedle ansanandleaniigesnie gastric juice, (1) nuneds ansafanalegniitossie gastric juice

wag intestinal juice, * P < 0.05 WallSeuiiisuiunguilasuansainainndlegniiaududy 100 pg/ml a3

WSsueunliinauIn fe &1 ezetimibe waza1sanansnlng, ns vlufasuyianansdl mean+SD

cholesterol agnedniau ldun asafndetvendaeled
pududu 500 way 1000 pe/ml, ansatandelaiigesse
gastric juice Wag intestinal juice Ferududu 1000 pg/ml,
ansafagetvendreveniinudud 1000 ug/ml uas
ansafafehuendeifiaududy 1000 ug/ml
nsw3suiiisunavesansannannnalslunuided
donld ezetimibe finaududu 100 pM 18u positive
control &3 ezetimibe Hiusnanszduluiuluendiliog
nalnnisesngsAoannisgadu cholesterol uagoyius
lungu phytosterol uananilfsvhmsiieudiivugrives
a1safinarnndlefuaisataainndnlnes ioidunis
Wisuifisugniseninsansadaainsssuvfdiefuies
ansatansnlvediiléifuarsadagie 95% methanol
pududuiildvingu 100 pe/ml Wesaindseauiiagns
afawsnlnesfinrududusangrn dqusannisin choles-
terol |Wwaa (Duangjai et al., 2011) WUI@1s@ARINNAIL
fiqnsdudanisgadu cholesterol Idfiflauwiniy ezetimibe

wavansaianinined lnennsiuguuillowinndieliaviing
anN159A3u cholesterol IeAndndreeindu Teiinany
ihaulafiagyinisdnuluddniefunalnniseengn’
ypsansafandaenely dwiinsildluaudded dedndu
Fnsreaeutfesduiiuszaniain awisaldnsaeaoy
arsataldvatevdn lunaidusing wazlinafidedels
naanendel WunsafuayuuuAnFesnisuilaawals
Ing eUsglonilunisairaaiuguamn

d3UNaN33Y

ansafingoth fe gastric juice Wa¥MA1Y gastric
juice U intestinal fluid waendawaniia 3 ¥ila ldun
n&awly ndaeven uavndrenni fienududu 100, 500
wayr 1000 pg/ml Lifusunsresowadaldiniziaos
Caco-2 wandlaliidauiu cholesterol aunsndfudinisgndy
cholesterol ngiwag Caco-2 16 Tneaneiinnudiudu 500
waE 1000 pe/ml HaaNeuATedlidiuin n1sfuusenu
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ndwanwieudvamsidluiugs awnsatiuann1snady
cholesterol Lﬁﬁjﬁdi’lﬂmdéj

nnANssNUITAA
ANEEIT8VBVRUANILATINTG Thai Fruits-Functional
Fruits va4 @na. Mlin1satuayumuide
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UNANED

agtumlaniaslvimuaulaifedfugnsenu Staphylococcus aureus MdpsipesTadu (methicillin-resistant

'
a

S. aureus : MRSA) aghaunn msfunimanseilalminiessmsimififiussansamlunissudadesnamn Slnnudind
Tumsudlatlgmnisiesnvende msdnnilfiaauszasditenaaoumgvssiuiuresasuwoanussinaiu (alpha-mangostin)
Augnlsnnidensatsnaiueauniiodu (sentamicin) Tunsudanisaiaues MRSA s1uau 16 lelean uay Staphylo-
coccus aureus Tilarpenuddadu (methicillin-susceptible S. aureus : MSSA) $1uau 1 leloan nan1svaaaunUIIAIAY
Wadusinan (Minimum inhibitory concentration : MIC) wasansuoavusslnafuuazeaunSodudeidonaaoy e
6.25-12.5 pg/ml wag 0.25-256 pg/ml AIUaIU Ansia SnUszansamsaY (fractional inhibitory concentration index
: FIC) vasansweanuusinafiusiuivenaunideduse MRSA nnlelgan wag MSSA Winiu 0.625-1.0 uag 0.5 ANa1AU
nMeeiqrssuiuesasnaeiadlefioutuasiismiaifien nuimansduds MRSA Wuwuuldunnsrsannnisld
asiufer wandenamouiu MSSA wuhiigriuuuaiuty nanisAnwadstasailugmaimuilunisiharssialsl
inldsufusdiiusiomdsnwlsafifnannsinide MRSA Tuewien

v
a

AdAgy : ansuearudalnaiy  e1uenliedu S aureus esipesTaRY  AlYInUsEANSANI I

*Corresponding author. E-mail: umaporn@buu.ac.th
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Abstract

The antimicrobial activity towards methicillin-resistant Staphylococcus aureus (MRSA) is becoming worldwide
interest. Searching for new bioactive compounds or other approaches which will effectively inhibit these bacteria is
therefore crucial for solving drug resistance. This study aimed to test synergistic effect of alpha-mangostin isolated
from mangosteen pericarp and gentamicin against 16 isolates of MRSA and 1 isolate of MSSA (methicillin-susceptible
S. aureus). The results showed that minimum inhibitory concentrations (MICs) of alpha-mangostin and gentamicin
against all bacterial isolates were 6.26 to 12.5 pg/ml and 0.25 to 256 pg/ml, respectively. The fractional inhibitory
concentration index (FICI) of alpha-mangostin/gentamicin combination against all MRSA isolates and MSSA isolate
were 0.625 to 1.0 and 0.5, respectively. Synergistic analysis between combination and individual drug were at indif-
ference for MRSA, however synergism was found in MSSA. The results obtained here could lead to the development

of new combination of antimicrobial agent with antibiotic against MRSA infection in the future.

Keywords : alpha-mangostin, gentamicin, methicillin-resistant Staphylococcus aureus, fractional inhibitory concentration
index (FICI)
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uni

Staphylococcus aureus Dudeuuaiidedelsaild
unumddymeiunsunndidusdranndaduaivai
shlmAnmsRadeluszuuine vessame wu eylnseila
dntau (endocarditis) lsAUBABNLEU (pneumonia) nMsRnde
Tunszuaidon (septicemia) en1sdenfiinannansiiu (toxic
shock syndrome) LLaxmiﬁmL%aﬁuaaﬂizgml,azﬂéﬁmﬁa
(osteomyelitis) tJusu (nsde  Ashdu, 2549) wenani
S. aureus \HunuafiFefiaunsounsnsenelditeuay
mﬁl‘wuL%aﬁﬁnmiwmmdﬂﬂixmm%aaax 40-50 VoA
auamd wagdanuldlumuianaweaywd (Lee et al,
2008) 5. aureus Wudefiiaruausalunsususlinese
g1ugadnldegssoilos luatenousalifioufiiuegd
Wlumsinelsaindedunlisnsinismeannisinde
S. aureus lunszuaidengs seunlul w.e. 2483 In15unen
wildadu 3 wldlumsshwdehlisamnismesnnisinide
S. aureus anaadupgaInug S. aureus Busin1susudli
ananToReRoENAIURLAAKTA WU WETAGY wnTuFeny
uawi3en S. aureus aneusiinedesnguUR ALY
methicillin-resistant S. aureus (MRSA) (WS5auANE PRIHH
2543) 48NN MRSA iOREEINAUIUAILAAUNLLEY
Faflprumuihannsaesesndudug liende wu wns-
londuy, oziilulnalaled, raousuiniines, Waeelsailulay
wazwualaslad (Sahin et al,, 2003) JaqUu MRSA Hude
relsafifiauddislulsmenuiauazeusu Fovulivilan
Wunanunnin 20 Yuan LLazﬁqﬁamiaiﬁgq%uﬁiam (Lowy,
1998) waznuin MRSA fmsimuuazususliiinsiesn
naneyiaundslunazyiliifalsafndefiiinanugunss
Fadudgmiilanlfarudday é’aamaﬁﬁﬂéfﬁmiﬁﬂm
Fuatmansiugadnedalusiietuildlunisinuilse
finnnnishnidesing

Garcinia mangostana M%aﬁiﬁﬂﬁuiﬂaﬁﬁlﬂdﬁ dann
fnenunuhasatandentadsnadvidudinansey
YN S. aureus, Staphylococcus epidermidis, Pseudomo-
nas aeruginosa, Salmonella Typhimurium, Enterococcus
spp., Mycobacterium tuberculosis Wa¥ Propionibacterium
acnes 16 (Torrungruang et al., 2007) uaﬂmnﬁé’qﬁqwé
Tunsdunissniau (antiinflammatory) wazaansaduda
mssyivlnveswanuzisel (Pothitirat & Gritsanapan,

2008) 21nN1sANwIBIRUIENRUNILATvaRUdonualnn
wuhdnlngiduansieglunguusulnu fegradu woan-

saa

LUSLNERY LUALUSNARY wazwNULIWUbNaRY N1t

=

Tolowuslnadiu 1Hudu (Mahabusarakam et al., 1987) T

a

fisrsanuinansueariuasinafufignidugadnlifdan
(Torrungruang et al., 2007)
nslfansafinansssueadedumadennilslunis
ihinllunsdnulsafndeuazaninsniluuszgndlilae
frufugrdiugadnussiaiieduninasugnitu et
nsfnuiluafeilfahnsdnvgnisiutuvesaisueari-
wualnafuiiafaldainiudennainaiueaunfeduly
nstfuds S, aureus finorosdTadu Feeaumiedy
Wuenguezilulnalalediifsiaignuazlusdninely
Snwudedld eflsdunmslunishaisafadendn
thuamndugninnlsa viedlUlisuiueiegldnm
s. aureus Iduazismgn WelilunssnuilsaiiAnainnis

Anenidnsnnisheengwioll

TanaUnInluazisn1ivy
1. deitldnagou

loun S. aureus ATCC 43300 (MRSA), S. aureus ATCC
25923 (MSSA) wag MRSA fuenldainauldlulsmeuia
wszunsealimy Sainanyd S1uau 15 leloan B9l
Fmsnadeuiusunishesusiadu §ae3s Disc diffusion
Taene oxacillin disc 1 pg asuuRIUEenAaoULsay
Telwian thluduiigama 35 °C 1uan 18-24 Halus udin
YUAYRY inhibition zone @1 MRSA Tgiifin inhibition zone
v oxacillin disc 1 ug @1 MSSA LAa inhibition zone
vaduhugudnatsiiug 12-26 fadluns
2. A15%¥1A1 Minimum Inhibitory Concentration (MIC)
Yasarsuaanuuslnafunazeaunsiedu 1neds agar
dilution (Hausler et al., 1991)

21 mMswssudenngeu

W ENAFEUAIUNEIMTIABNde Nutrient agar
Uuflgaumadl 35 °C Wuian 18-24 2l Mnduide
TeladiienUseana 4-6 laladl Tdaslu Tryptic soy broth
Unilgunnd 35 °C Wunan 4-6 dlas anduanfiey
AralYNU McFarland standard wad 0.5 (%eUszana
1.5 x 10° cfu/ml) ud2anideassie 0.85% Normal Saline
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Solution (NSS) lilésuruidelneusunauvinfu 1.0 x 10°
cfu/ml

22 MSsRENIMSIALTeHANENINAGEU

13991981 UM T ULaraIsheanuuslnafuA Y
thnduuseanideuuy two-fold dilution HaNasVA@eY
WAaLANUUTUAU Mueller-Hinton agar naeuinailu
Sasdn 1 19 ml 9ndumasuuaumzdoasldany
Wntuaanevedeauntleduingu 256, 128, 64, 32, 16,
8,4,2,1,0.5,0.25 uag 0.125 pg/ml druasuoanuuslnafiu
WINAY 2,000, 1,000, 500, 250, 125, 62.5 wag 31.25 pg/ml

2.3 |AINAEDU

woaonadauieIenliUsuins 10 ul (1.0 x 10°
cfu/men) asuueIMSIABTeRnSLld wdthaumnzEde
luunilgamgd 35 °C WHunan 18-24 Falus 9ndugius
mmLﬁu%uﬁﬁwﬁqmﬁmmmé’ug’aﬂwnﬁaﬂauﬁdg@iﬁ (MIC)
3. MsnAdauUsEaNsANvRsEIsuRanILNslnaAUsINAY
g1AUMLBTU 1ne3S checkerboard agar dilution (Lorian,
2005)

3.1 mswRsudenadey

nsviuieatute 2.1 Wldsuudelneussana
WU 1.0 x 10° cfu/ml

3.2 MswsLeNsAsITeNaNasLearhuulnaRy
TIMAVYNIUANBTU

NANEITHNENTEUIN@ITLeanwLslnafulLaz el
wumsdu Wldanudutuanievesansusagddaus
2xMIC 818 1/8xMIC Tnednsidiuvesaisuaanuuslnanu
FuLAUANIBTULEE Mueller-Hinton agar windu 1:1: 18
TpefiU3unTTImwindu 20 ml Lazln3eu negative control
Tnanas 80% Lonuea U Mueller-Hinton agar Tugnsiau
1:19 ml

3.3 /MINAEDU

wenennaeuTiwIosliluusues 10 pl (1.0 x 10°
cfu/men) asuueIMSiABTeRnsLld wdthaumnzEde
luunilgamgd 35 °C WHunan 18-24 Falus 9ndugius
mutiduidfanvesansuearusslnafuuaz e fiug
Lﬂumﬁa%uﬁmmsaé’u&“ju’mfﬁt,ﬁavﬁuau%alé' (MIC)

3.4 ‘UﬁzLﬁu‘dsxﬁw%ﬂmesLa%uqmémaaawiLLaaWw—
unslnaRuuazeaunsiodu mosuitinfiendn fractional

inhibitory concentration index (FICI) 914g#5
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A1 FICI = FIC(A) + FIC(B)
[AY/MIC(A) + [BYMIC(B)

[A] @B A1 MIC 999815 A TuansnausenIngans A

uazans B
[B] fo A1 MIC ¥89a15 B luanswausewineens A
uazans B
MIC(A) A A1 MIC V093 A
MIC(B) Aim A1 MIC U913 B
nsulawa FICI : < 0.5 = Lﬁ%quéﬁu (synergy),
0.5 < FICI < 4.0 = gyildusndrsainnisidansdaiien
(indifference), > 4.0 = qwéﬁmﬁ’u (antagonism) (Lorian,
2005)

NANT5IVBUAZIATAINE
1. A1 MIC vasgnaunsidusioidenaday
Pnmsnageuatlvesdenngeusesaunledy
1935 acar dilution method likafmnsedi 1 wuine MIC
YDIHNAUALBTUAD S. aureus ATCC 25923 wag S. aureus
ATCC 43300 JANAU 0.25 haz 16 pg/ml MUaIau Lazal
MIC veseiaunsTedusie MRSA fiuenldaineuldsiuiy 15
Telwian fldaglutng 32256 pg/ml siisruau 5 lelwian
fifien MIC Winfu 128 pe/ml (33.3%) waz 5 lolewan fifen
MIC iU 64 pg/ml (33.3%) dau 4 lolsian da1 MIC
Wiy 256 pg/ml (26.7%) Fawandlidiuin MRSA fildlu
nsinundsiineresuniiedu Wewn S, aureus fine
ARYNAUAINBTUILABIEIAT MIC 2 16 ug/ml (Murray et al,
2003) ARanIIadeUTRiuiteaunTedudaduen
nauerilulnalaleslalannsntninulsafinaide MRSA 1¢
amnfAeensideaundedulunissnendmasidsaniu
gIngudug Mo wu elunguiuduanuny Tnalawulng
Wusu (Kim et al., 2007; Vincent et al., 2006) Fams
soenguerilulnalaleduesdoifinnnvaienaln wu ms
WasuwaseiRnsdndenansinudngiwad nsaiaeules]
W UAsunUadlasiadiawede waznsdsunad binding
site veseuulslulan Tnenalnnismesezilulnalaledves
staphylococci finutesiinannmsadiseulesiundisuuas
Tnssadrwessdwalionlianunsaoengniviareidels
wulasifiddayléiud acetyltranferase (AAC), adenylyltrans-
ferase (ANT) %38 phosphotranferase (APH) Favoulail



AAC azldiAsundamyeriluvosen dutoulsl ANT nie
APH %LﬂﬁauLLUaawglaﬂﬁaﬂ%amaqm dlolassadrvesen
Wasuwlasluwhlieldannsadusulsluleuls vl
llansadudansatrslusauvesdeld (Paulsen et al, 1997)
yenaniifaisneauinnisaesauntedunaznisnesn
wumdeBunsoniuenuTdsdulaznudeTuuss staphy-
lococci Wnann1TnIusINiuvaauledl AACE) wag
APH(2") (Ubukata et al., 1984; Matsumara et al., 1884)
Homiiddiususunimesmsldeufineduise
msneen dudulymiluivengluiilan msfideuuaiide
Aansnesnaneq siadiinantudmaiilinisinulse
Aadaianuenauinlunsinuunniy egrslsfinunisld
ol lumafifauasllunisineilsaindoluysunaiun
Al dealvidenuafidelusssumadifauinisuasiilug

micf'ﬁyaml,ﬁumwﬁu (Barrett et al., 1968; Lowy, 1998;
Parker & Hewitt, 1970) MRSA unuafiGefidusunsiounn
LLazLﬂuﬂmmﬁﬁé’zymaﬂmwéLﬁadmmﬂm%aﬁﬁﬂﬁlﬁm
seRndeuasdedfinismosmansuinildlunisinusndae
Hagtuldfins@nuduaimarsainsssueaiieldlunis
Fudude MRSA Wusuauan waviinisthansdananuly
Huenitednwnisindeann s. aureus Faduiymiialan
Tauaula (Tsuji & Rybak, 2005)
2. @1 MIC wesansusanuaslnafudeenagou
nansnaaeuaLhvesdereanswoanuudlnaiy
LAASRINNTIT 1 Fawudna MIC vesansusanuuslnadiu
§10 S. qureus ATCC 25923 Way S. aureus ATCC 43300 AU
12.5 pg/ml waza1 MIC vesasihoanuuslnafuse MRSA
$1unu 15 leleam flenoglu 924 6.25-12.5 pg/ml aiidruau

= ' o o a &
#1519 1 A1 MIC 90snussisfulazarsioanuuslnafudeliennasu

WWovnsau MIC (ug/mU)
RUANEYUY woanwuslnaRu
S. aureus ATCC 25923 0.25 12.5
S. aureus ATCC 43300 16 12.5
MRSA No. 1 256 12.5
MRSA No. 2 256 6.25
MRSA No. 3 256 6.25
MRSA No. 4 64 6.25
MRSA No. 5 64 6.25
MRSA No. 6 128 6.25
MRSA No. 7 128 6.25
MRSA No. 8 128 6.25
MRSA No. 9 64 6.25
MRSA No. 10 64 6.25
MRSA No. 11 128 6.25
MRSA No. 12 128 6.25
MRSA No. 13 32 6.25
MRSA No. 14 256 6.25
MRSA No. 15 64 12.5
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13 Telawan 7iflen MIC Wiy 6.25 pe/ml (86.7%) warduan
2 lelawan 7ifien MIC wiriu 12.5 pe/ml (13.3%) Faen MIC
vpsansueanuuslnaiulunisanumadedinnuaenados
AUTIB91UY09 Sakagami et al. (2005) wuransuaanaln-
ahuannsadudenisiasyues MRSA talaailen MIC daus
6.25-12.5 pg/ml LLazwud']mmmé’us“?mwsm%ayumLfga
Enterococci spp. finosoewnlaiodu (vancomycin-resis-
tant Enterococci spp. : VRE) lagnae Tagilan MIC Wiy
6.25 ug/ml WazaNA1SANYIVBY linuma et al. (1996) Wui
msu,aamLLmIﬂaaummmé’ugaﬂﬁl,ﬁayuaa MRSA &
Tnedin MIC aglutag 1.57-12.5 pg/ml usnanilansuoanii-
waslnafudsanunsadu égQﬂmﬁm;uaq Pseudomonas aerugi-
nosa, Bacillus subtilis Waz Salmonella Typhimurium ¢
(Torrungruang et al., 2007) Tamausaduddanielsn
& Wy Candida albicans \Judu (Kaomongkolgit et al.,
2009)
3. Msnadaulszansnnvesasuaanuuslnafusuiu
gaUnNePY 1ne35 checkerboard agar dilution
dlothansueanuudlnafuiissiuanudududau
2xMIC 9 1/8xMIC 1nsaudusnaunsfedudisssuainy
Waudusaus 2xMIC B9 1/8xMIC umaaeUUsEANEAm
‘Lumié’ué'jy’dmm%ayum S. aureus ATCC 25923, S. aureus
ATCC 43300 waz MRSA finenldainauld sau 15
laloian nu31A1 MIC vasa1sweanLualna@ulazen
wuadeduluansuaune S. aureus ATCC 25923 fAnanad
4 whidlewSeudisuiua MIC vesansnsesniiosudnifien
wagnudnA1 MIC vesenunteduluaisuause S. aureus
ATCC 43300 waz MRSA fuenlsauldanandy 2-8 wih
dlawSeuiisuiuan MIC vaseaumdeduiiosedaieon
druan MIC vasansueanuualnaiuluasnause S. aureus
ATCC 43300 uaz MRSA fusnldnuldanaafivadntosde
anas 2 whidlawSeudiuiuan MIC vesansiiesudinifien
Feuanadanisnedt 1 way 2 waziilermuarnAiydita
Usgdnsnmsan (FIC) wesarsuaanuuslnafusiuiuen
wumsiedu wuthan FIC dedeneasunnlelsian fideg
59319 0.5-1.0 Tngen FICI o S. aureus ATCC 25923 iy
MSSA fiFinfu 0.5 et rssiuiuvesasueani-
wuslnafuuazeUfFruzaundeduduluuiadugniiu
e FICI s S. aureus ATCC 43300 30y MRSA way
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MRSA fiuenldangtaennleluian fldwnnit 05 Fasne
anuidigusiuiuvesasuoavhuaslnafiuuareUjiug
wusfedudunuuliunndeannislifaisiuionr daan
$1891UY89 Sakagami et al. (2005) wuinguETImTUves
ansuaariuudlnafufugiaunfedulunisduds MRSA
F1uu 9 leloan WuwvuiaSunydiuuisdin el FIC)
Wiy 0.667 dugdsiufuvesarsueariuusinafuiu
swilasoiudunuuaugrity dedid FIC Wity 0.441
(Sakagami et al., 2005) wenanisainsAnuusyavsnm
svesansiadusuenaumifedulunistiuds MRSA wui
@15 myristylamine s'mﬁumﬂﬁ%’mxmumﬁa%uﬁqwé
wuuduiy dugrdfiniuveseudeduiuans 20-hy-
droxyecdysone Faenldansnves Achyranthes japon-
ica Nakai LLazqwéiauﬁ’maqmmumﬁa%uﬁ’umi galangin
Fauenldanyinun (Alpinia officinarum) WukuuLEsui
(Eun Sook et al., 2009; Lee et al., 2008) INNNANTANE
Tunsiluandlfifiuiasuearuusnafusufueiaumn-
Teduoraliannsaluldlunissnulsefinde MRSA 16
Feifumsaziinsmeaeuguisiufuvesasvdaduiiuenls
naulnsnedutuenaumifedulunissudinisaioues
MRSA Tudusioly

#3UNaN1339Y
PMnNIIneaEaUUTzANSAmvasashoarnuslnafiu
ﬁLL&JﬂléfmﬂLﬂﬁaﬂwaﬁaamLLazmmmmﬁa%ulumsé’uégami
9300784 S. qureus LA S. aureus ATCC 43300 (MRSA),
S. qureus ATCC 25923 (MSSA) uag MRSA fuenléainauld
Fuau 15 lolgian laedd agar dilution WuinA1 MIC vo9a1s
weavuudlnadusieenaaeuiafaug 6.25-12.5 pg/ml
waAn MIC vaseaundedusteifonagouidus 0.25-256
ug/ml NN1IMAdUgVSTIfuvasasLoarusinafuify
prauntedulunisiiuds MRSA 10638 checkerboard agar
dilution wudigydifuuvuldunnsrsannisTdasdadien
usiilennaouiu MSSA nuhilgridunuuiadugnisu

nnANssNUTTNA

YOUBUAMNIATYIFATITINGT AMLINGIAIENS
wAngndoysmn Alinsaduayuniside veveunmany
ndvmans uvingrdeudedadumsniesi Al



#1599 2 A1 MIC way FICI Yasansueaniiklnafusuiveaunisdunsitionadou

\Wevaday MIC (aswau) (ug/ml) FICI wlawa*
RUATEIY waanuuslnadiu

S. aureus ATCC 25923 0.0625 3.125 0.50 synergy

S. aureus ATCC 43300 8 6.25 1.0 indifference
MRSA No. 1 64 6.25 0.75 indifference
MRSA No. 2 32 3.125 0.625 indifference
MRSA No. 3 64 3.125 0.75 indifference
MRSA No. 4 32 3.125 1.0 indifference
MRSA No. 5 16 3.125 0.75 indifference
MRSA No. 6 64 3.125 1.0 indifference
MRSA No. 7 32 3.125 0.75 indifference
MRSA No. 8 64 3.125 1.0 indifference
MRSA No. 9 8 3.125 0.625 indifference
MRSA No. 10 32 3.125 1.0 indifference
MRSA No. 11 32 3.125 0.75 indifference
MRSA No. 12 64 3.125 1.0 indifference
MRSA No. 13 8 3.125 0.75 indifference
MRSA No. 14 64 3.125 0.75 indifference
MRSA No. 15 32 6.25 1.0 indifference

¢
S o

RUBWe : * vaneds FIC : < 0.5 = @Sugw
(indifference), > 4.0 = gySAUAU (antagonism)

Sfu (synergy), 0.5 < FICI < 4.0 = gudldunndnsannisidansiufen
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AUTTOULVDIV8IUITUUUTZEMLUU Multi-Layer Perceptron iag Radial Basis Function
dmiuununiAUANAMANIANEAUUS
Performance of Neural Networks, Multi-Layer Perceptron and Radial Basis Function,

for Multivariate Quality Control Charts

WANT WENITN ude ANNANT a@resy*
AMAIPIANAFIANT ALTINYIANENT UNTINYIRBYTN

Jatupat Mekparyup and Kidakan Saithanu*
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UNANED

unerArnsiifesmsuandliifuionsUssgndldtenussuulssamidaninenssnielasadsvesisny
J2UUUsZaMRE198LUY Multi-Layer Perceptron (MLP) LLazImaa%'NﬂJawhmmaxwﬂixmw%uqmw Radial Basis
Function (RBF) dwiun1saununsyuiunsideaifivesnisaiuauasnatediuls lnslassasnavestieaussuuussam
fageuuudauunssodoauyifandnvundnuamiesdinsuanuasnivaefudsuazddlfnsasadununis
WasuwUaswesrnadsdmiunudnvaz Banunmldfliiinisivasuudasuesdedsdnivandnvusdnunmag s
vnadnudelowalvg Sniduandlifiuinnislitenussuulsvamiilasaistugauoy RBF dufiaussouslunis
ATfuNUNTEUILNINAR LA udulAssaseg1sieuy MLP Saussouzsesniununiaunsilamiaosnazungd
AUAN MEWMA 6'?}&LﬂuLLmuQﬁmU@mwuﬁy’uam

ANEATY ©  UNUIAIUANANATIMIANEAINUT U8UTEUUUTEEMKUU Multi-Layer Perceptron (MLP) ahea1uszuuyszam
WUU Radial Basis Function (RBF)  $1uiuninsiusilagiade

Abstract

This article is purposed to show how to apply Neural Networks, Multi-Layer Perceptron (MLP) which is a simple
architecture and Radial Basis Funciton (RBF) which is an advanced neural network architecture, for Statistical Process
Control (SPC) of Multivariate Quality Control. Both types of Neural Network Architecture provides the robustness to
normality assumption for quality characteristics and good performance in detecting both small shift and large shift.
Furthermore, RBF provides the better performance in detecting in case of MLP cannot outperform the traditional

Control Charts, Chi-square Control Chart and Multivariate Exponentially Weighted Moving Average Control Chart.

Keywords : Multivariate Quality Control Charts, Multi-Layer perceptron Neural Network (MLP), Radial Basis Function
Neural Network (RBF) Average Run Length (ARL)
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unii

NIATUANNTTUIUNTSITENRA (Statistical Process
Control : SPC) {UNTEUIUNITAIUANAMAINYDINTZUIUNIS
nanlidulumuunsgiuiidimualy Tnsaiunsaniuay
ANANWMLIIAMAIN (Quality characteristics) 13
FuUseUTI (Quantity variable) uagfuUsiRaRNN
(Quality variable) GstlagiiunismuaunszuILNTBIARA
Tdandunumdrdgiuausiugaainnssuiduegiauin
\desnnszuiumandndtoglumsaiunuduaylsindn fosi
(Product) AAunmmssnnuamsg Uil iasnan ot
Ao nfiduedudfydasenifitisairedeldiuiou
yagsRafiinsudstudeutnegduned

uwunfinauay (Control charts) Aldluntsaiuau
AU MYDINTEUIUNISHARTuTTaLnuniAUANEI Ty
wiesuUs (Control charts for univariate) UATLHUNIAIUAL
d1nsuratesiwls (Control charts for multivariate)
Tuﬁﬁﬁ]waﬂénﬁqLquQﬁmmuﬁm%’uwm&Jéhu,ﬂi WNUI
muqué’m%’uwmaé’f’;LLﬂi‘ﬁLﬂuﬁﬁﬁlﬂ%ﬁum’mﬁy’q@u 917U
wnunialuaulafindeass (Chi-square Control Chart)
uazuruniAIuAN MEWMA (Multivariate Exponentially
Weighted Moving Average Control Chart) LLﬁLﬁ@lﬂmumﬁ
imMdgladnaninisviauvesseuuUsyam (Neural systems)
\Weuszgndldiunisauaunszuiunsidsadfndedud
Sindulutie “dneauszuvyszam (Neural networks ¥ise
Neural nets)” uazan1Unenssu (Architecture) ¥3elATaasng
vosteMuIrUUUszamiuiianeuwuuiiansnsonUssnd
lgaIuANNsEUIUNITRETRFIMTUANAN YU TIRUAIN
vanedaudsld unardvinstiienanidesadisveste
UTTUUUSEAMLUU Multi-Layer Perceptron (MLP) Wag
1A598319909U1891UUUUEAMLUY Radial Basis Function
(RBF) lagaggjaiiudnufisaussouy (Performance) 909
Tasvadevastneuszuulssaniaae Ly gy
dmsunismuaunszuuNsHaNTEiavIalil tnednlaain
Amesiundnfusilagadeiviinsnradunyldieuiias
fwundndudivesdeyametwnneguenindiinaiunu
(Average Run Length : ARL)
41891uszuUUszam (Neural Networks)

PeuszuvUszamduiuudiass (Model) n1

o

a s al awv a v 1% ad
ﬂmmﬂ’lamiwumf\]EJu&JﬂGU'iJisuaamaGUE);Jua IWS@JWUEWU
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UIINNITEHURUUNITIUTDITEUUUTEANVDIU Y WE
dusun1siduiteainsuseyndldvisnussuudszam
a?m%’uﬂﬁmmumzmuﬂﬁ@aaaaﬁu’qwaﬁqéfummaz
LUUNANfILUT Hwarng iag Hubele (1993a, 1993b) wag

Ya a

Cheng (1997) Wug5isulunisinvisaussuuysesamin
UszgndldnunsauaunssuIunsdeada dmsulassasng
wseanUnenssutienuszuulsyami Lippmann (1987)
el 6 wuu @il (1) Hopfield (2) Hamming (3)
Carpenter/Grossberg Classifier (4) Perceptron (5) MLP lag
(6) Kohonen Self-Organinzing Feature Maps #9171 Hwarng
way Hubele (1993a, 1993b) Llay Zorriassatine LLag Tannock
(1998) 1auslassainsvestnenuszuulsramdaduiizdnly
6 wuu sieil (1) Multi-Layer perceptron (MLP), (2) Radial
Basis Function (RBF), (3) Learning Vector Quantization
(LVQ), (4) Adaptive Resonance Theory (ART), (5) Auto-As-
soiative NNs e (6) Kohonen Self-Organising Maps (SOM)
Faitldnanuudadnadu unaradnisisdnviane
1A99A59VRIVIBUITUUUTZTAMIUU MLP Wag RBF
1A39831909991891U52UUUsTEMBUY Multi-Layer Per-
ceptron (MLP) wag Radial Basis Function (RBF)

TasvadswestrsaussuuUsyamuuy MLP Sy
IAs9as1wesnsusruUlsamegteineiadulaseadng
lsdgesnuazdudoureglidadiidelinnuauladnu
fﬁ’umﬂﬁgaLmugﬁmuQmﬁ’m%’wﬁaﬁmﬂmawmsn?hLLﬂi
dAusulAT9as 190 N8UTEUUUTEAMLUY MLP dndu
wrugfiaruauniafiuusigauladnun 81y Pugh
(1989, 1991), Guo way Dooley (1992), Smith (1994) way
Stutzle (1995) @ulATIATINVDIVIBIIUTZUUYTZANUUY
MLP d1nsuununiimuaunaiefinls agans (2552)
Iawanisvinaures MLP w1liegedanu wazdaligauls
Anw1dnu1n 1%l Zorriassatine way Tannock (1998),
Anns waz USensmi (2551) Wudu

dm3ulaseadwenenusTUUUsEa MUY RBF 1
Hulassadsvestsnusruutszamiugaiadulasasd
geonuazduteutumnzdmivilfnuniofuidanisis
mnuivdernudinaRnturiisnuszuudszam el
Filidufiunsnarsuninduitsuiulaseadiavesney
syuulszamuuu MLP usndefiinideliauauladnw
DIV A9NT wag An1n1s (2552)



NMSANIVILNUITUVUIZAMLUYU MLP Uay RBF 9%
fsanauadesieluil (1) aatinenssy (Architecture)
vielnseasna (2) silavesnisiessia (Type of connection)
(3) eridunisnsedu (Activation function) w3eflanduns
d3m@ (Transfer function) (4) Hendun15adwinu (Combination
function) uae (5) Tunouda (Algorithm)

1. aanUawunssu (Archetecture) #3alas9a3ng

Msisauan dnenssuniolassasnevenienu
syuuUszamiuazuenfiansanausderl

1.1 $1uautu (Number of layers)

$nnutuvedlasiadiwestissusyuudssamlann
(1) FuBumm (nput layer) $1u7u 1 91 (2) Sudeu (Hidden
layer) fosfioghation 1 fusou waw (3) Suionminm (Output
layer) 9717u 1 u

1.2 §ruanudugeu (Number of hidden layers)

Guo wa Dooley (1992) N@191N1INNUATIUIU
FugeuiimnzaudniulasiadiwemisnussuuUsyam
tulsifingunasinduey wiseyliinrsdesiitudoustiaon
1

v
o

SIGHE!

A 5UlATIE5 19009189 1UTTUUUTZAMLUU MLP
sriidurududeusdnelios 1 du widmiulasadnewes
FenusTULUsEaTLUY RBF axisuiutugoudiios 1 fu
Wit

1.3 97u7uluun (Number of nodes)

TuusiazduazUsznaudelnun (Node) drnsulnun
TutudunmaziFendt “Imundudumm (nput layer node)”
dulunludugeuszGenin “Inuatugey (Hidden layer
node)” warlnundiegluduieninnazidondn “Inunduy
L@1¥inm (Output layer node)”

13.1 Srurnlnuadudvny zdsruauluua
wihrudwauduusdunm (Input variable)

1.3.2 ai’mauiwumﬁi?wdau Guo kay Dooley
(1992) nanlufinginaueiwiueudmsun1simuaIIuI
Tnuadudoudlinagonndosfunanisiseves Hwarng
wag Hubele (1993b) way Cheng (1997)

1.3.3 Sruaulnuaduioniny %uaaﬂiﬁugﬂuuu
(Pattern) wadduUsOWINN (Output variable) Afoansae
Anudsardosduiudiuriavedlassadiaveienusyuy
Useam

2. wfiavasn1siausa (Type of connection)

Msdeureszwinalviun wuadu 3 939 Toun

21 nsideudeszvinsluuatudunnuazinun
Fusgou Fan i 1 (n)

22 nsdeudeszwinslnuatugeutaslnuatugeu
(@msunsaififidudounnnnin 1 fudeu) fnnd 1 ()

23 nsi@eudeszninelnuntudeunaslnundy
Winw Fannd 1 ()

yinvasns@oude wuiady 2 Uszan dud
1. mseuseuwuuledludramih (Feed-forward connection)
Fanndi 2 (n) waz 2 () Faudadu 2 Uszandes laun

1.1 nsfeusewuulasludreaiuuuabe (Fully-
connected feed-forward connection)

1.2 mseussnuulesluinaminuisdiu (Partial

connected feed-forward connection)
2. nsdeusewuulesdeundu (Feedback connection e
Recurrent) §an1wl 2 (p) towimmannluunazgndsnduidian
Filvuaduiieltidutouadunn Tasnszuiunsezdniuly
Bovq quniazlddeyateing Jsuvadu 2 Yssiandos
Toun

2.1 msdeusesuulesdoundunuuriate (Fully-
connected feedback connection)

22 msdeursuuulpsdounduuisdiu (Partial-
connected feedback connection)

Pugh (1991) way Chang wag Aw (1996) L@usin
asazldnisideusdeainluundunmlidmng Inuaves
wazdudunuulosludrmeuuushis Ssavsilddioany
sruUUszamiinisgiin (Convergence)

3. Wedun1snsedu (Activation function) uiaenidu
n13d9si@ (Transfer function)

Zorriassatine wag Tannock (1998) lauwusilandu
nsnszdunseilndunsdsiadu 4 Ussuamlaun (1) flafdu
\FaLdu (Linear function) (2) feAduliddadu (Non-linear
function) (3) WeAduanu1Ins (Symmetrical function)
waz (4) Hendulaiauuins (Non-symmetrical function)
Areg19vesilandunisnsedu 817wy Hard limit, Sym-
metric hard limit, Sigmoid, Positive linear, Radial basis,
Saturating linear, Symmetric saturating linear, Softmax,

Hyperbolic tangent, Triangular basis Wudu 91nn53de
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(n) szndeuunduaunnuasiniadudey

O OO

1 1 ¢
PUBOU FHIDINNN

@) seninalnuadutaulazlnuagudals

(A) szndiiusdudaunasinuadulaning

AWM 1 NSTRUADTENININUA

(n) Single Layer Feed-forward

N9 2 BUAUINSOURD

Anumuiinsairasuginiuaulaelitisaussuy
Usvamtudnilugjaglifladdunsnssduliidadu daudeye
LW (Output data) Aldutusgifunmsidenliilaitunis
nazeu e dudenldileridu Sigmoid Wuilsrdunisnszsu
Ao winnitldazdaoglutaseming 0 s 1 il 3 ()
e ndenlaiendulaimesluanumuiaud (Hyperbolic tan-
gent) WuilsAtunisnszdu Anewinnitliaziidroglurag
sewing -1 fa 1 dsamdl 3 (2) viedudenldilaidu Radial
Basis uilaidunisnszdu anewinnitldasdaegszmning
0 fla 1 fanwdt 3 (2) s

100

(21) Multi-Layer Feed-forward

(m) Multi-Layer Feedback or

Recurrent

Cheng (1997) uwansliiiuindeldilsidulames-
Tuanunuaudiduilandunisnsydudmdulaseasiaes
Yg1UTTUUUTEAIMLUY MLP fzliauaudivesniiny
TiluUsiUdeuresfiana (Directional invariance) Wudeolidn
ﬁhLaﬁmammé’ﬂwm@aammw X;i=12 .,p a9
Wasuulas ‘w%aﬂ'wLaﬁamaqqmé’ﬂwmw’?ﬁmmmwﬁa P
audnuvaziUAsuLamioutuarlivivli ARL Wasuulas
uidleldflaridunanszdu Sigmoid Aulassaiisvesiieny
sEUVUTEE@MUUY MLP Saithanu (2007) wansliiiiungna
TALAUINATIATNVDIVI8INUTZUUUITZEMULUU MLP Qg



A A A
+1 +1 | e +1

/
» 0 » 0 — 50
—1 —1 —1

0 0 0

(n) Warfdunenazsu

Hard limit

(2) Heridunisnazeu

Symmetric hard limit

(A) Waridunansedu

Sigmoid

T

0 +1

() Heridunisnsvsu
Positive linear

d’ & o vV =) [ 1 1
NN 3 ﬁ\?ﬂ?ﬁuﬂ’]iﬂi&ﬁﬁlu%i@‘ﬂﬂﬂslﬁm’]iaﬂm’e]

Lifinasaudfdnan dmsulaswaiwesiisnusyuuussam
WUU RBF ﬁ?u%ﬂ%’ﬁqﬁ%’umﬁmzﬁu Softmax
4. Wangfun1sdeniy (Combination function)
flardunisnszduiionsinmud (Argument) 5o
“flafdunisdeingg fasdunisdeiuildlulaseadwes
FeusTULUsEEMLUY MLP tussldmsdmiuuuuBady
(Linear combination) Iagdlsndunisnsziumnseofleidy
NNSEIRMBLUY Sigmoid MIelamesluaninuaus wag1eeu
syuvUszamuuu RBF agldnisdsinunuuliauninsyda
Radial Basis lagiiflsidunisnsedunseilandunisdssenuy
Softmax
5. Yumauds (Algorithm)
Suneuisilddmiulasaimemisnussuudsyam
fivanetunews eriwu (1) Sumersuuu Backpropagation
DutunouituuuindnnisGeuiuvuiifaou (Supervised
learning rule) ilasannauiateyadunnuaztoyaewing
s?jd Pugh (1989, 1991), Guo &z Dooley (1992), Smith (1994)
waz Stutzle (1995) L@URINVIBIUTTUVUTEAMLUY MLP
msldunewisuuy Backpropagation (2) Funewizuuy
Genetic ua¥ (3) Fumenisuuy Levenberg-Marquardt 1Ju

(7) Waridunanazs

TanafTUANUNLLAUE

(2) Heridunansesu

Radial Basis

FumeuiaildlanilaseadrwewisusruuUssamuuy
MLP uaz RBF Liesainazsiiliinsnussuulszaminigg
CRIGHG!
nswSeuifisuanssauslunsasiadununisidsundas
YDINTZUIUNTTHEAR

An1n1s wag Usenseu (2551) Lauslassasneves
Y1891usruLUsEAmMUUU MLP 13 4 wuulaun MLP2(3)
MLP2(5) MLP6(3) uaz MLP6(5) Rau1aning uagin1ng
(2552) \@uslaseds1evesisnussuulssamuuy RBF 13
4 wuuunu lewn RBF2(3) RBF2(5) RBF6(3) way RBF6(5)
e 2 eAtedisuilatufnuanssouglunissaduny
M3AsuLameInTTUINNSHARAERISAN1N

1. A1 ARL Lﬁamzmummamaaﬂuaﬂnﬁmuqu
dlommunuy3nganuwdsusiusay (Covariance matrix)
syminadnvasdanuain faidatosuariiniungs
Weuunumdyanual =

2. aula (sensitive) ¥8IN1TATITAUNUNS
\WAsULUAINITZUIUNISHAR (Detecting process shift) e
AadsvenudnuaziBinuamiinisidsunas Mont-
gomery (2005) i@weIAIsRasanInuIAnIsUasuLUa
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[ &

(Shift size) fiFondn “wniimeslidaudnana (Noncentrality
parameten)” udeuunudiedydnual 8 Adevesinins
waz USe3mil (2551) uazaning wazininis (2552) wan
T uanssauzedlAsIas 19U 8UTZUUUSZAMLUU MLP
uay RBF Inefinnsanuuamsidasuudas o &l (1) §1 6 = 0
MNEANNI NrUIUMSHAneglun1sAIuAN (2) 61 6 = 1
VUEAINTY NTEUIUNISHENBDNUBANITAIUAN Lagdn1g
WasuuUasvesradsdmivaudnvuidananindiy
AN (small shift) wag (3) 61 6 = 3 MUBANNIINTLUI
nswanoonuenImuAY Tasfinsidsuulasesriads
dsuRuan YL BIRMNNIBIWIA Y (large shift)

lofmuauEndenuudsusiusiuseinnadnune
Benaunmiiiadosuazinn wazimuavuinnsasu-
wasesanadsdviunudnuudgunwliivuindn
(6 = 1) uazaelvg) (0 = 3) Wefiansane ARL iensguau
NSHANBBNUBNNITAIUAL I1NIIUTIBVBIINANT LA
Amns (2552) Iddeasusieil

1. dwiulassaiwestnesussuuUssamiiszney
TuFesuaulnundudunm 2 Tnuauassunuluatudeu
3 Tvun (Fanwdt 4)

NUINATIATNVRIYIBNUTTUUUTEAMUUU RBF 4
anssauzlumsnmafumumsasuuamesnssuIunsHaEn
ANIIATIATNVRIBNUTEUUUTEAMUUU MLP YnnTel

v
[

2. dwulassaevesisnuszuulszamiisznoy
TuFesualvuadudunm 2 Tnusuassruulruatudeu
5 Tvun (Fanmdi 5)

NUINATIATNVDIVIBIUTTUUUTEAMUUY MLP 3
aussauzlunINIIIRUNUNNTUABULUABINTEUIANS
HARANILATIAS 190U IBUTTUUUTEANKUY RBF 9nNnsel

3. dwiulnsansessnuszuulszamiivsznoy
TuFesualuatudunm 6 Tnuauazsuuluatudeu
3 Tvun (e 6)

NUINATIATNVDVIBIUTTUUUTEAMUUY MLP 3
aussauzlunINsIvRUNUNNTUABLULUAINTEUIANG
HARANILATIAS 19D IBUTTUUUTEANKUY RBF 9nNnsel

a. dwulassaevesisnuszuudszamiivsznoy
TuFesualvuadudunm 6 Tuuauazsuuluatudeu
5 Tvun (Fanmdi 7)

NUINATIATNVDIVIBUTTUUUTEAMUUY MLP 3
aussaurlunsnsafumumsIUAsuLUAe N SEUIUNNSHER
ANIIATIATIVDIUIBNUTEUUUTEAMLUY RBF LRauynnsel
gnifuiissnsdideafensdiiumindanuulsusiusudien
tosuaznisildsunlasvesaiadsdmivaudnunzid
aunmivuiaidn dusunsdlilasaiisveniisnuszuy
Usganvuuu RBF azdlaussauglumsasiadumunisivae-
WUANUBINTLUIUNMTNARANT

(n) Wnﬁﬁuﬂ’]iﬂizﬁzum@\ﬂmi\m?ﬁw’m\i’]ui:uuﬂizmwLL‘uu MLP2(3)

H, =1 /l1+ exp(—{wy; +wy 1% +wy % P
H, = 1/[1+ exp(—{wpy + WX + WX, 1]

Hy =1 /l1+ exp(—{wy3 + wi3X + w3 X, 1]

(1) Wﬁﬁumim:rﬁummim\izﬁ%wﬁﬂmm:uuﬂim’mLL'1_|‘1_| RBF2(3)

Hy = eXP(—ng [F =)+ —wy)? D)
H, = exp(_Wgz[()_ﬁ —wip)” + (% =)’ )

Hy = exp(—nwis[(F =wi3)” + (% —wy3)? D)

amil 4 pssasivesienuszuulssamididivutudunm 2 nuauasiduutudeu 3 nuaidiflsidunisdaminudu
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(n) WnrﬁuﬂWim:rﬁju"um‘ﬂmm%wﬁmﬁuixwﬂizmmmu MLP2(5)

H, =1/[1 +exp({wy; + w1 X +wy % 1]
H,=1/[1+ exp(—{wpy + WX + wyn X, 1]
Hy =1/[1+ exp(—{wys + w3 % +wy3% D]
H, =1 /1 +exp(—{wos + W4 X, + WX, ]
Hs =1 /1 +exp(—{wps + wysX + wysx, 1]

() 17\1\1rﬁ?umiﬂizs’jummiﬂNm%’wﬂwmmwuﬂizmwLl;uu RBF2(5)

H, = eXP(—ng [(x — w11)2 +(x, - W21)2])

X
|

= eXP(_Wgz [()_61 W )2 + ()_52 — Wy )2 ])
Hy = exp(=wos [ (% —wi3)” + (& —wy3)° )

H, = exP(_W§4 [ —wyy )’ + (% —wyy )*])

Hs = exp(—wg5 (% — w15)2 +(x, — Wzs)z D

=

(n) Aaridunisnszsuaesiaseaiteineuszuulszamuuy MLP6(3)
bias
H =1 /[1+ exp(—{wy; + w1 X +wy Xy et we X 1]

Hy =1/[1+exp(—{wpy + WiaX; + WXy +.0t Wy g }]

Hy=1 /[1+ exp(—{wy3 + Wi3X, + Wy X+ F WX 1]

(1) ﬁqrﬁumiﬂi:rﬁ’jumm‘ﬂmqmﬁ?’mﬂjwmmwuﬂi:mwLL'1_|'1_| RBF6(3)

2 — 2 — 2 — 2
H; =exp(=wy [(5) —w; )" + (5 —wy) "+ o+ (G —we) D)

2 /= 2 — 2 — 2
H, =exp(—wp [(x] —wp)" + (X, —wyy )"+ o+ (X —wep) D)

2 — 2 — 2 — 2
Hy = exp(—wy;[(3] —wy3)" + (X, —wy)" .o+ (3 —we3) ™ D)

amil 6 lassasnavesienuszuuUssamididivutudunm 6 nuauasidruiutudeu 3 nuandiflsidunisdaminuu
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(n) Warfdunsnsziuaaslassairstinesuszunlszanuuy MLP6(5)
H =1/[1+ exp(—{wy; + w1 X +wy X ..o+ wg X D]
H, =1/[1 +exp({Wpy + WX + WXy .o+ W X )]
Hy=1 /[1+ exp(—{wo3 T Wi3X + Wy X, +. o+ WX 1]
H, =1 /[1+ exp(—{woq + W4 X +Wos Xy .o wes X 1]
Hs=1 /[1+ exp(—{wps T WysX + WwysXy ...+ wesXe 1]

(1) WerifunisnszsurealasaaiietnesussuuLlsza iUy RBF6(5)

2 r/— 2 — 2 — 2
Hy =exp(—wy, [(x; —wy )" + (X, —wy )"+ o+ (X —wey) "D
2 — 2 — 2 — 2
H, = exp(—wp [(F —wpp)" + (X —wy) +.o i+ (5 —weo) D
2 r/— 2 — 2 — 2
Hy = exp(—wys[(3) —wy3)" + (3 —wy3) "+ o+ (X —wez) D)
2 — 2 — 2 — 2
H, = exp(—wy [(x —=wyg)” + (3 —=wyy )" o c+ (B —weg) D

\ | Hy = exp(—wis[(%, —wys)* + () —wys)* +...+ (% —wgs)* 1)

v
o

amidl 7 lpssasnavesienuszuulssamididivutudunm 6 nuauazidruiutudeu 5 nuaidiflsidunisdaminuu

& o a
[ nsiaenldunugiacuay J

A\ 4 A\ 4 \4 A\ 4
wwanld RBF6(5) wwenld MLP6(5) wwanld MLP6(5) wwenld MLP6(3)

—
—

»(
V\I‘

[ Augaiansasdanliunugiaauawn ]

amil 8 madenliunuginiun
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15999 1 N5USeUMgulASIES 199U 891usEUUUSTEMLUU MLP way RBF

Taseadrsvesdnganussuulseam

29AUsZNOU
MLP RBF
1. aondnenssunislaseasng
11 §awoutu
(1) $rutudumm 1% 1%
(2) $utuou aghatlen 1 9u 1 4
(3) Srurutueinm 14 1%

1.2 uluun

o
U a

(1) UIUAUATUDN NN

q

whiuduimuusuny (2 un uag 6 num)

o

(2) IuURUATUTDU

3 19UA way 5 lus

(3) uulnuAtULWINmT

Fuagiugunuurasiulsiominm (1 Iwun)

3. YUAUDINSTOUAD

wuulesldamTuuiaga

4. erdumsnseiunse
andunisnsaene

anguuY Sigmoid %3
Handulawesluanunuaus

FaNTULUYU  Softmax

5. Handunsaeeinu

ANTAI UL

Asaesiunuldlanunsyie
Radial Basis

6. VUNDUID

Levenberg-Marquardt

Levenberg-Marquardt

LY

nsaielasaseveUiausTUUUTEAKUY MLP
WAz RBF d@msuussgnaliniununszuiun1sliadfdmsy
AndnuuRuATef LTI oaneasU AR 9197 1

n1sidenlilasiainevesingussuulssanuuy
MLP uay RBF dwiunisnsiafununisivasunasues
nsrvIun1TannIndadevenunindainuwlsusiusiy
seninsnudnuaziBigun LAz TN SIUAsuL AU
AuadsdmiunadnuasBinunm eranesgUldfaning 8

anldeeuszUUUsEaMdmT UL TAUANAMA I
vaneAudsudiazdanssausfifniuauginiuguuuy
ﬁy’ﬂLamﬁuﬁaLquQﬁmuaﬂﬂﬁﬂé’aLLazLLmugﬁmmm MEWMA
lunnnsd lag RBF6(5) daussnugAnimunugiaiugy
1 %9 MLP
flaussousiivosnindanandy andns uay Anns (2552)

MEWMA @1uSunsiin = detseuay & =

wazaRANg (2552)

Ualauauue
AsUsEynaldUngaussuuUseamdmiuunugl
AIvAuAMAINUaIsfILUsEIniunsdiiiAadsves
nszurumsiimsasuudandudnvardu enfitu Wy
35U (pattern) (Juuuilidy (trend) w3ea13uszandliiiv
Yaymnsduun (classification problem) Wugu

L@N&E1581989

Ann1s anesy waz Uendel wiagdssal. (2551). s
UseU1UU09TATIAAAIUANYBITTUI8TUTE UL
U3gamMdnIUNITAIUANANANLUUNAEAILYS.
13IITIMENmanTyYsw atudl 2 T 13 nsngan
2551 - 5137A3 2551, 57-65.

WS I (2552). unuiiauauaunmvaeiLys
MIETENUTTUUUSTAMAMIUNSAIUANNTTUIUNTS
Faafin. 2155753 ne1mans ve. avui 4 U7 37
NSNNIAY 2552 - 5121AL 2552, 386-397.
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NN WA ke AnnT sy (2552). Msuszendld
NBNUTLUUUTEANEMTUUNUYTAIUANALANIUY
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Abstract

In this paper, the construction of control Lyapunov functions (CLFs) for nonlinear systems is reviewed. A CLF
approach is restated to solve the infinite-time optimal control problem. The Hamilton-Jacobi-Bellman (HJB) partial
differential equation is illustrated and suboptimal solutions can be found by the use of CLFs. Further, the application
of the generalization of Sontag’s formula to design an optimal feedback stabilizing controller is briefly summarized.
The construction of CLFs for several special classes of nonlinear systems including feedback linearization and inte-
grator backstepping is explained with simplified expressions of developed theories. Examples are also presented to

illustrate Lyapunov-based controller design techniques using a CLF.
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Introduction

Lyapunov functions are used to show a sufficient
condition for proving the stability of a dynamical system
(for a reference see (Khalil, 1992 ; Hahn, 1967 ; Rouche
et al., 1977)). This energy-like function must always be
a positive-definite function of the state, and it must be
decreasing along trajectories of the state. Unfortunately,
the Lyapunov functions prove stability for closed-loop
systems, where the control law is already known. To har-
ness the power of this theory for the purpose of control
synthesis, Lyapunov’s second method was extended to
dynamical systems with inputs by Artstein (Artstein, 1983)
and Sontag (Sontag, 1983) with the introduction of control
Lyapunov functions (CLFs). Similar to Lyapunov stability
theorem the existence of a CFL is also a necessary and
sufficient condition for the stabilizability of nonlinear
systems with controlinputs. For nonlinear optimal control
problem, it has shown that a standard dynamic program-
ming approach reduces the problem to the HIB partial
differential equation. In other word, to solve optimal
control problems is equivalent to solve the HJB equation.
However, it is very complicate to solve the HJB equation
for nonlinear dynamic systems. Hence suboptimal solu-
tions obtained by using the CLF concept are considered.
In contrast with traditional Lyapunov functions, a CLF can
be defined for a system with inputs without specifying a
particular feedback function. Sontag (Sontag, 1989) has
shown that, if a CLF is known for a nonlinear system, then
the CLF and the system equations can be used to find a
controller that makes the system asymptotically stable.
Freeman and Kokotovi (Freeman & Kokotovi, 1996) have
shown that every CLF solves the HJB equation associated
with a meaningful cost. In other words, if a CLF exists for a
nonlinear system, we can compute the resulting optimal
control law without solving the HJB equation.

Finding a CLF for a general nonlinear system is an
open problem. For several special classes of nonlinear
systems, CLFs can be founded. Feedback linearization

(Lin & Sontag,1991; Malisoff & Sontag, 1997) can be used
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to construct a CLF when the system dynamics can be
transformed into a linear structure. Likewise, integra-
tor backstepping (Sepulchre et al., 1997; Krstic et al.,
1975; Krstic & Li, 1998) will generate a CLF whenever
the system can be put into a cascade structure. In this
paper we summarize the application of a CLF to design
an optimal feedback stabilizing controller and review
the construction of CLFs for special classes of nonlinear
systems. Furthermore, we give discussions of subsequent
researches involving CLFs that may be performed in the

future.

Problem Formation

Consider the following optimal control problem
min [[g(x) +u’ Jdr (1)
0
dx
== +
st = F @) +gou 2

where x(¢) € R" denotes the state, u(r) e R represents
the control and f(x) e R" is a sufficiently smooth func-
tion of the state vector x(f), and x(0) is the initial con-
dition of the process. g(x) is continuously differentia-
ble, symmetric positive definite and (f, q) is zero-detect-
able.

The aim is to determine the control signal u to
solve the system (2) and minimize the performance
index (1). Next the procedure to derive the HJB equa-
tion presented by Primbs and his co-researchers (Primbs
et al., 1999) is restated.

Using a standard dynamic programming argument,

the HJB equation for the above problem can be written

as
Vif =3V 88"V +4(x)=0 3)

where V' = v s s v . V" is the minimum cost
ox, ox,,

to go from the current state x(¢), i.e.,



V' (x(0) = in [lg(x(0) +u* (0)1dT (@)

If a continuously differentiable, positive solution to the
HJB equation (3) exists, then the optimal control input
is given by

u* :—%V;g(x) (5)
At this stage, the HJB equation (3) solves the optimal
control problem for every initial condition all at once.
Hence, it is a global approach in this sense and offers a
closed-loop feedback formula for the optimal controller.
However, the HJB equation is extremely difficult to solve
analytically. We alternatively seek a suboptimal solution.
Thus, the basic concepts of a CLF (Primbs et al., 1999) to

obtain a suboptimal solution are also given below.

Definition 1 (Primbs et al,, 1999): A continuously dif-
ferentiable positive definite function WV(x) is called a
Control Lyapunov Function (CLF) for system (2) if for
xeRY and x=0, V,g=0=V,f <0.
We assume that W(x) is a CLF for the system (2) and
V(x) possesses the same shape level curves as those
of the value function V*. This implies a relationship be-
tween the gradients of V* and V. In such a circumstance,
there exists a scalar function A(x) such that V* = A(x)V,
for every x. Thus the optimal controller (5) can also be
rewritten as
= —%Vx*g(X) = —%ng(x)- ©
In addition, substituting ¥*,= A(x)V, into the HJB equation
(3), Mx) can be determined by
1 20 oo Ty T ()
AV, f —Z(E(X)) V.88V +q(x)=0.
Solving (7) and taking only the positive square root,

yields

Vof 1V ) +qlVigs V1] ()

A(x)=2
V.gg'V!

Substituting (8) into (6), then the controller u* becomes

[ Vef 1V + a0V, 88"V YT
V.ge'v!

V.g#0

X °

0 , V

which is known as Sontag's formula (Sontag, 1989).
Note that u* is bounded when V,g g¢oes to zero. Under
this control input it can be found that
. (10)
V=V.(f()+g(xu)

Substituting u* into (10), we obtain

. (11
V==V /)2 + a0V, 88" VY.
Obviously, V <0 is ensured and one can conclude that

this controller yields global asymptotic stability.

Construction of CLFs for a linear system
In this section we review a method to construct
a CLF for a linear system
X=Ax+Bu (12)
where x e R" denotes the state, u € R represents the
control, AeR™" is a constant matrix and BeR" de-
notes a constant vector.
Freeman and Primbs (Freeman and Primbs, 1996)
showed that a CLF for the system (12) is
V=x"Px (13)
where P = P"> 0 is the unique solution of the Riccati
equation
PA+ATP+Q-PBB ' P=0 (14)
with any given Q= Q"> 0 and ¢(x) =x" Qx. It implies the
feedback
(15)
By the feedback above the closed-loop system be-

u=-B"Px

comes
i=(A-BB' P)x (16)
With (13), the time derivative of V'is
vV =x" (A" P+ PA-2PBB P)x (17)

We now show that the quadratic Lyapunov function (13)
is a CLF for the system (12). With the condition V.g=V.B

=0, one obtains
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BT Px=0, x#0 (18)
Substituting (18) into (17), we obtain
A" (ATP+PAX=V_f <0 (19)

Therefore, we obtain ¥V f<0 whenever V,g=0. Thus, the
quadratic Lyapunov function (13) is a CLF for the system
(12). After obtaining a CLF for the system (12) the Sontag's

formula can be used to design a stabilizing control law

T PAx +J(x" PAY)? +4(x" PB)*

- . x'PB#0
x PB

0 , x'PB=0.

(20)

For linear systems, the unique solution P results in
the optimal value function ¥ However, in general, this

relation does not hold for nonlinear systems.

Construction of CLFs for feedback linearizable

systems
In this section, we summarize a method to find
a CLF for feedback linearizable systems by using of the
linear transformation technique. Feedback linearization
is a significant method to nonlinear control design. The
main idea of this scheme is to find a state transformation
z=®(x) and an input transformation u =u(x, v) so that the
nonlinear system dynamics is transformed into equivalent
linear time-invariant systems. After obtaining the form
z=Az+ Bv, then linear control technique can be ap-
plied.
The most convenient structure for a static state
feedback control is of the form
u=a(x)+ pxy (21)
where v is the external reference input. In fact the com-
position of this control with a system of a form
x=f(x)+g(xu
y=h(x)

yields a closed-loop characterized by the similar struc-

(22)

ture
x = f(x)+ g(x)a(x)+ g(x) B(x)v
y = h(x).

(23)
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Consider a nonlinear system having relative degree
r=n, i.e. exactly equal to the dimension of the state
space. The change of coordinates required to construct

to normal form is given exactly by

@ (x) h(x)

0:(0)|_| L)

O(x) = (24)

,(x) Lj." h(x)
Note that the Lie derivative of A(x) with respect to fix)

Oh(x)
ox

notations are often used to simplify expressions

T
is denoted by th:{ } f(x). The following

involving iterated Lie derivatives,

T
AL, hx) AL h(x))
Lih= {g—x} fxyand Lsh {fT f(x).

No extra functions are needed to complete the
transformation. We obtain new coordinates as

z=¢,(x)=L;h(x), i=1,...n (25)

Letting z =[zl,zz,...,zn ", the system is now described

by equation
z=Az+ Bv, (26)
where
0 1 0 ... 0] 0]
00 0 0
A= Do s B= (27)
0 00 0
00 0 ... 0] |1
and
y=h(®@(2)). (28)

We refer to this as input-state linearization. We
are also interested in feedback laws that linearize input/
output maps while leaving the state equations partially
linearized. When a system is transformed to the form
(26), the method in Section 3, can be used to determine
a CLF.



Construction of CLFs by using the integrator

backstepping technique
In this section a CLF for a more general class of
nonlinear systems with the integrator backstepping tech-
nique is reviewed. Consider the system in control affine
form with an integrator at the input
i =F(x)+G(x)E
E=u

where xeR",£eR are the states, and ueR is the

(29)

control input. We want to design a feedback controller
to stabilize the origin (x=0, £ =0).

The system can be seen as the cascaded connec-
tion of two components. Suppose that the first compo-
nent can be stabilized by a feedback law & = a(x) with
a(0) = 0, so that the origin of

x=F(x)+G(x)a(x) (30)
is asymptotically stable.
Suppose that we know a CLF F(x) that satisfies
%
V=—-IFXx)+G <-W
- [F@+Gat] W 1)

where W(x) is a positive definite function. Adding and
subtracting G(x)a(x) on the right hand side of (30), we
obtain
%= [F(x)+ G(x)a(x)]+G)[é - a(x)]
E=u. (32)
Letting w = &€ - a(x) and substituting this into (32), we
obtain
x=[F(x)+G(x)ax)]+Gxw
O=u-—da. (33)
Note that w represents the difference between the input

& and the desired input a(x). The derivative of a can be

computed using
=22 [Fr+ Gl
ox

Taking v=u—¢ reduces the system to

=[F(x0) + G(na(0)]+ G(x)w

X
0=V

which is similar to the system from which we began,
except that now the first component is asymptotically
stable when the input is zero.

A Lyapunov function candidate can be chosen

as

V.(x) =V(x)+%a)2.

(36)
The first time derivative of V., is
Vv, = v [F(x) + G(x)a(x)]+ Y G+
X ox
(37)

< W)+ Y 6w+ ar.
ox

Selecting v:—aa—VG(x)—ka), k>0 and substituting
X

this into (37), we obtain
V, <-W(x)—ko®. (38)
Clearly, VC is negative definite, so the origin x = 0
is asymptotically stable. Using a(0) = 0 we can conclude
that the origin x = 0, £ = 0 is also asymptotically stable.
This leads to the conclusion of a CLF. Hence, it can be
seen that the Lyapunov function ¥V, defined in (36) is a
CLF for the system (29).
Examples
We present examples which illustrate constructions
of CLFs for a feedback linearizable system and a system
with an integrator at the input.
Example |
Consider
X; = asin(x,)
Xy = —X{ +u (39)
y =X
where a is a constant. Suppose that we want to find a

CLF for the system above. We begin by finding

h(x) =y=Xx
and
Zl =)C1
2 = Lph(x)= 6’;3) fx)=[1 O]{asm(f2 )} =asin(x,) = X,
M

(40)
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This generates the transformed state system
Z.l =2
(41)

and the nonlinearity may now be cancelled by the

2y = acos(xy )(—xi +u)

control
2 1

_—.
acos(x,) (42)

Now this particular transformation is invertible for

T T .
—E<x2 <E and we can express x; and x, in terms of

z, and z, as follows,

N =4
X, = sin”! (Z—Z). (43)
a
Substituting (43) into (41) yields
Z.l =2y
44
2y = acos(sin” (Z—Z))(—zl2 +u) (44)
a
where
2 1
u=xi +——v
acos(x,)
1
2
R (45)
a cos(sin_l (Z—z))
a
Inserting (45) into the transformed system yields,
=2
=V, (46)

which is completely linearized. To find a CLF, the system

is now described by equation

z=Az+Bv (47)
where
0 1 0
= A= , B=|| (@8
re 0 0 1
Therefore, using (13) a CLF for the above system is
V=z"Pz (49)

where P = PT> 0 is the unique solution of the Riccati
equation

PA+A"P+Q-PBB P=0. (50)

112

Note that when we obtain a CLF, the Sontag's formula
can be used to design a stabilizing control law.
Example I
Consider the system
X =X x4
(51)

and now suppose that in the first component x, is viewed

Xy =u

as an input. A feedback controller x, = a(x,) is designed
to stabilize x, = 0.

With the following feedback

X, =a(x)=—xt —x, (52)
we cancel the nonlinear term x12 to obtain
).Cl = _xl —x13
(53)
1
and V(x) =5x12 satisfies
Vz—xlz—)cl4 S—xlz, (54)

so that x, = 0 is globally exponentially stable.
To apply the integrator backstepping technique, we use

the change of variables

2o =X — (X)) =Xy + X, + X (55)
to transform the system into the form
X ==X, =X +2,
2y =u+(142x)(—x, — X} +2,) (56)

Consider the augmented control Lyapunov function

I o 15
V.(x)==x{ +=2,.
c( ) 2 1 222 (57)
Differentiating ¥, gives
V. =—xi —x + 2,0 +(14+2x,)(~x; — X} +2,) +1) (58)
Taking u =—x; —(1+2x)(—x, —x13 +2,) — 2z, gives
Vo=—x —x' —23 (59)

Hence the origin is globally asymptotically stable and we
obtain ¥, defined in (57) as a CLF for the system (51).

Discussions on the main limitation and future

researches of the CLF approach



The difficulty of the CLF scheme is to find a CLF
because theory developed to find a CLF for a general
nonlinear system has not appeared, but feedback linear-
ization can be used to construct a CLF when the system
dynamics can be transformed into a linear structure.
Similarly, the integrator backstepping technique can be
applied to generate a CLF whenever the system can be
put into a cascade structure. However, practical system
designs of general applications are normally involved
with various classes of nonlinear systems. This is the
reason why the CLF approach is not popular to be used
in real-life applications. We believe that the future stud-
ies regarding the CLF approach will focus on the theory
development to find a CLF for other classes of nonlinear
systems. Once a CLF can be found for a general class of
nonlinear systems, researches on practical applications
of this method to design feedback stabilizing control laws

will be later conducted.

Conclusion

In this paper reviews of synthesizing state feedback
controller using the CLF method and the construction
of CLFs for some special classes of nonlinear systems
have been proposed. For practical implementation it is
always difficult to find a CLF specifically for each nonlinear
system. Due to the limitation of this method, it is rarely
applied to design suboptimal controllers for practical
nonlinear systems. Examples are presented to demon-
strate the construction of CLFs for a feedback linearizable

system and a system with integrator backstepping.
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Molluscs in Mangrove Ecosystems in the Gulf of Thailand: Diversity and Adaptation
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Abstract

The objective of this article is to review previous studies and researches of mangrove molluscs in the Gulf of
Thailand. Microhabitats within mangrove ecosystems are very diverse, which reflect the diversity of Thai molluscs
and accordingly effects the distribution in the candidate habitats. The lower number of visible bivalve species in
mangrove reflects their inability to adapt to such an environment in comparison to the gastropods, which constitute
the major group of molluscs in this ecosystem. However, mollusc diversity and their capacity of adaptation in such an
environment is apparently due to camouflage options. The organisms also can disguise and survive under increased
thermal conditions. Moreover, efficient adaptation of molluscs in intertidal zones between sea margin and land in

estuary is related to anerobic and high acidic sediment.

Keyword : diversity, adaptation, mangrove molluscs, Gulf of Thailand
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ssuvinavimoauluseavlaniinisAnwiiog1eninauing
(Macnae, 1968; Sasekumar, 1974; Morton & Morton, 1983;
Plaziat, 1984; Wells, 1983, 1990, Hogarth, 1999) L‘ﬁlm@f’m
veadafdunguiadanudumizuagnuinldludnaine,
Unreiau @ msunisanwiueasaniussuuinaUimeiau
vossmilne Fuiimsinwidudoyandusndudd aa. 1974
Tne Brandt AM. (1974) ymsinwsinvesusadaniiiny
Tuunaathiililundsidslulsemelngsiuauisay 431
¥ila annsadwunduvesiifes 323 vila wasvevdadsh
108 %0 Tngduniafuveadadinuluumaniingosudnm
Unaneiausilng 56 viia AeuniinsAnwiAuvainvane
yosupadaniuszuuinalimeauuinasninefiufiuuas
soifies wul1 weadardfinszanslutwsauuinasilne
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wuvidEy 78 wiin Wumesruien 55 via war vevde 23
¥iin Tneunans i ineneuuus s riansaaanddmin
AYNTAIATINNY WU 65 ¥iln anansosuunfunosr e
47 win wazviesdsIl 18 i (Sanpanich et al., 2004;
Printrakoon, 2008; Printrakoon, et al., 2008; Printrakoon
& Témkin, 2008; Reid et al., 2008; Tan, 2008) wazlu
gnlnmouarsudTaniomeays aundsdmiadanid
WY 59 wia @wnsaswundunesdiien 47 vin
Laznea@adll 12 ¥ (Swennen et al, 2001; Sri-aroon
et al., 2005; Printrakoon, 2010) usaaanbus1Ibne
Usznaumeewd el (Gastropod) Tuad (family) As-
simineidae Amphibolidae Hamioeidae Iravadiidae Lit-
torinidae Muricidae Nassariidae Onchidiidae Ellobiidae
Neritidae Potamidiadae Stenothyridae wag Thiaridae
Yauriivevasd (bivalve) Usznausie 13d (family) Arcidae
Anomiidae Corbiculidae Glauconomidae Isognomonidae
Lucinidae Mactridae Mytilidae Noetiidae Ostreidae Tell-
inidae Teredinidae Wkaz Veneridae
AMRaINRaevasNeadatludivieauiuaniniy
adution
Auvatnuatgvesueasaniudigisautduna
ANAVIIAINMaNETeIEn i Ledugay (microhabitat)
Tuthwelaudsusgnevlumeuinainuiugliviasieg
(vegetated zone) fifidruddu As 1w Tu warsnuuusngg
wazwalinuiugldidumealaawduuinauuinds (non-
vegetated zone) WU USamznauMIAlAaU wialaaulu
V518 VioRansTimeIaviuEs (Berry, 1963; Plaziat, 1984;
Printrakoon, 2008; Printrakoon et al., 2008) lng amwzﬁu
afedosdimaliAnnisnsearefinuiddonismseding
waneneiuly Fsaunsasuunidu 3 Ussnmie Epifauna,
Infauna waz Arboreal waazdszianiarginnaiiulae
Tood (2001) 5¥1y31 Epifauna fio ueadarioguuafutudns
019DEULAZNBUAY pguuTu MzaviamieTiunaqu
fududnadie Infauna Ao weadardfioglfuuafududig
lngdsnsynasil viiewisatlu uag Arboreal fia weadan
flogwilonuAutudlagliduiinneiatuingmionu
wu snlsl dulsl nduidanunsoindeudlasunvununiu
Fusrade luvinatoauusnaenineueadaniiiu
Infauna e L‘T;Ju‘maaJaaamﬁmmsaﬁqmaﬂﬂiﬂﬂau Yol



woadaimiu Epifauna wavun Junesruiienfiannse
wasuTild uaz Arboreal dalnglunesdfeitanunse
wdeuilunuisld saludmesaeafinnedudl (Printrak-
oon, 2008; Printrakoon, et al., 2008) (mwﬁ 2)
Waweuisuluseduaniniuendedes wualdu
wuinuinaiwuRugldviafiag (vegetated zone) u
g lnezdaurainnatereILeaaanluUIvIBLEaULINNI
wazaldnuiuslidumelaauduuinanuinii (non-
vegetated zone) (Printrakoon, 2008; Printrakoon et al.,
2008) Wudeatunisanulutveiauainundedug Tu
dulanUadneziumnn (Sasekumar, 1974; Henriques, 1980;
Wells & Slack-Smith, 1981; Wells, 1983, 1984, 19863,
1986b; Sasekumar & Chong, 1998; Macintosh et al.,
2002) ileshedusingg veaiugliifuunasafeiiddy
vowweadar vt duiuudslvingy Arboreal Usziam
nosdoH WU 29 Anomiidae Isognomonidae %3829
vesuaau Mytilidae fiinAlunadvosusass uag Ostreidae

a '

WenAesuesy faduiviiawdigliingegiuiuuunis

(Printrakoon & Témkin, 2008, Printrakoon et al., 2008)
dungu Arboreal Uszinyviegnifigaanansainizindoud
LUUAUAAY YaRuamsensoasBunIsTiAniuTINe N
wuuanee 16 wagUsvaunadusaldiduuvamavdound
Ha1ld (Peterson, 1991) wu 24 Littorinidae wag Neriti-
dae lunmssiuduvesrifeIla1iesd Muricidae a@1ansn
Aumaupdeuiuveskigvuiadn vienesaosinieg
fimzuunaliile Tneliluusgan (radula) Sadunguitudidng
Fnunniviauadedvludesangvqudenvesiinn
Juwmbeldwuiu (Printrakoon & Témkin, 2008; Printrak-
oon et al., 2008) uaﬂmﬂfuﬁuﬂﬂuﬂwmwmauﬁuﬂmmfﬂ'q
91fuveINguoanlUsEIANTeeazld (ship worms)
saniesinatulsl Tuasd Teredinidae Pholadidae wasz
Spaeromatidae 8n¢ie TagamsanumuiavldUieiay
swiiafimeuazyislasnisdesaansves uwiegidlsfinm
AMLUIAUYBIAUaINaBuRadanAeTul g eLaul

v v

ANULANANITETUNEAND L WAE AT UTR TR IlATIAT1aUN

oo v ' =

Tngdunfdudnnuazivdanugldndudouninesiaiy

N9 2 mwamﬂ’1'iﬂizmaﬁaﬁuamaaé’aﬁmmﬁéfamiagjmﬁa (habitat) Tuszuuinaliweauluanilng a) infaunal

species b) epifuanal species Wag ¢) arboreal species
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NANNNAYVDIFRINTIAUBUIA LAY UINATT LWSI1ZALAR
wiasomsuazidunwnamauiofiunnuasdudeunii (Sase-
kumar & Chong, 1998; Hutchings, 1999; Macintosh et al.,
2002; Printrakoon, 2008)
WeRiarsaunafursdifiaudidgyuiniigasiu
Anumanuansdsusuusnluthmeauressilng drudu
nourLAY? agjf[,uﬂma Gastropoda Fall Ellobiidae mu
F1uauwda (number of species) wnfign fe 12 wiln
ANUNIRIY Potamidiadae WU 10 ¥fia wag Littorinidae
way Neritidae WU 13fag 7 Ay auasu (nndi 3) Tnglamz
296 Ellobiidae wag4d Potamididae 1Jurediaunazny
Tnevhlumuiefuimeauuadug luwaludulaudin
fzdunn (Macnae, 1968; Morton & Morton, 1983; Ng &
Sivasothi, 1999) aswudiulruvesrilauinidunaniain
Anudsalunsmssdindeanunsaususilimunzaunanis
anfeludmean Tuifuiivinudth (estuary) Afusesse

sprhadufumnrsatuuuusuiu wevegluwntiiuiies
(intertidal) (Macnae, 1968; Wells, 1993)
mMsusuinudidanvesueasaniutivieiausialne
ueadanynudaiieglulivisiaudnisuiudisu
Awden Tnsdrudenduuenan (periostacum) Trinasundu
fuuvdaiiegiionsisianunasanldfinn Fednlngjazd
Avena wardiimady wiloudulaau wWisnvessanld
vialulslusssumd (nmil 4) fedudedeseondonisdans
pganIeazuaadiuls (Swennen et al, 2001)
nsUSuRveINaadanfanidzuneandlauLaza1adu
nsageluAuvasinaliveiausilne
AIUNAINNaIEYeIDsae R inulut g eLa
vosUszmdalneiidesnimesdniion dsoradumsizais
USusredenndsy MAnAueIndIuInaen1sasedin
Wi Azneendiau wavandtdunsaludu (Vermeij,
1974) danndeniuthmeaaunisueniiuuiliueglunie

N9 3

MweENvardugIvINeweLUianveeadan wANdlaudAgIInfgasuaNaInraIeEsuduLInly

vsnalveaunenalng 294 Ellobiidae favgrau (a) Ellobium aurisjudae (Linnaeus, 1758) (b) Cassidula

mustelina (Deshayes, 1830) wag (c) Lemodonta punctatostriata (H. and A Aadam 1853) 236 Potamididae

9813 (d) Cerithidea cingulata (Gmelin, 1790) (e) Cerithidea obtusa (Lamarck, 1822) wag (f) Telescopium

telescopium (Linnaeus, 1758) 13# Neritidae @a9g131%u (g) Neritina violacea (Gmelin, 1790) waz (h) Nerita

chamaeleon Linnaeus, 1758 29 Littorinidae @aoeaau (i) Littoraria carinifera wag () (k) Littoraria

pallescens
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2wl 4 msvTudmuddenvesmeadadiulivisausiaieg Wnaunduduwrasiiogiiens1ediangan (gnas fe

Fuvafinuteadan) ved A) nesumin nesnied Neritidae (UU) wag NguVRELAAY Isognomon ephip-

pium vewasdl 1WA Isognomoidae (819) 1zAniuIINldlnInN1e B) nesdidiou viesrfenvin Teloscopium

teloscopium n3¥wREUURY C) MBe{uUAs Cerithidea obtusa MBENWALIIA Potamididae (§18) uax

vouHAgINa 1A Muricidae (¥37) unsnanusesvessinld D) ninwdey Onchidiidae sp. nanuuedlsl

Tutneau

11neendunaziidinnudunsags suidunauiainnis
viunuvessnfisuazulifindauiuufininyilfazax
lelasiaudalus (H,9) lufugs (alin  Snwsuia, 2542
Macnae, 1968; Hogarth, 1999) amaghunsauiiduilaym
Tidenduuengaunsouldinszreliinnsaaisives
unaBesmsusiunieenifuiUdensearaiiles TasuaaiGes
ndenvesweadanazgninunldusslevilaenisvinau
vaanuafiFeigosdaosluin dunalddisuinudans
gangnuesiUden (apex) iusumsiinumsynsousnniian
(Hogarth, 1999; Vermeij, 1974) Tngtanignulungy Epi-
fauna fedulldenvesweadadiioguuumaiiozinng
Usuiaadenduuanga fanumunmnndmesdingly
undedug Fudiudaluied Potamidiadae veoinaia

Cheewarat Printrakoon / Burapha Sci. J. 16 (2011) 2 : 114-124

Gastropoda Iﬂ&JLQW’]:ﬁaqa (genus) Teloscopium W&z
Terebralia fifiiUdonnsansaevunalug 8123nde 19 s
waruu Seilinguanaiisumsluinmeiauvesslne
waznuvhlUluwndulauudiindne (Plaziat, 1984) (il 5)

Yadunzrinesndinuuazirmnnudunsngslufu
fnalvingy infauna veassdIngliaunsailadaly
ngneuRlianyhlsimndudluajgniriafiendelioguina
wialaau viemalaaudunseveuthmeiaudiiniunsia
(seaward fringe) unninilaiegldfululiveau (Vermei,
1974; Berry, 1963) 8nKiungy infauna Mlanansailauden
adufuiitimnudunsngeegaasananiinmsususiliiidon
wuarlugjun avdiuladanu luana Geloina (Vermeij,

v

1974) N3InAudluiienesnen wienesiululssmalng
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AM 5 9@ Potamidiadae v03AaNd Gastropoda n1susummenzaunsalutvieiau lnsasraudonduuen

avududdinanas st fegana Terebralia (A) way Telescopium (B) (aina 1 wufiums)

Ao A & . . Aa d'
NuUaaNIUNaNe (prismatic layer) NUaTUTELANLARLTYY
3 < ¢ N &
AU lusAUsEnay YuIIN (N 6) wananinis
A Ao lo N 9 ]
fdennanuvuiiaylvgdaiiusglevidiedesiunisean
VoA lABRNIENFUATANTTEUBNMY FauATIazdung
WiusesunavaIn1sviuvesnguasansiieuusnasuien

Angusn (Plaziat, 1984)
N15USUATIYBINRARENGIUNITINYIINADTEAUUILALIEAY
gauuiivasinededadsurvuiiasluiinativeay
nagd g lulrvrsiauaiusauudalvegly
danaaeunianzuwislugdisiaidiadasiinisusudali

arusamelaluussennials viesuarsvinvesisd El-
lobiidae ilunesruisafiniontis 2 Fu fn1sangUuas
annsadinsuaniUasunialaenisiUasunlauduaudia
(mantle) fiunaquisuaieazniely (visceral mass)
Tivhmihiindrevsamilownesun (Pulmonate snail) Tag
wHuuia suduwiuliiindousuiia (mantle cavity)
wazneluiinsazauvaaal (Plaziat, 1984, Ng & Sivasothi,
1999; Martin, 2007) (2wl 7)
fhwaﬂmLﬁmmﬁm‘ﬁ'aEUJLLmﬁmsJEjagammsﬁUﬁﬂmﬂs]
wu nidalued Littorinidae a1dsuuduliinasAumaiy

27 6 vewapslnand Bivalvia luana Geloina MUdenrununn (ana 1 wuiluns) (A) iiensusudninisiladdenas

Tunmghunfinnudunings uazdusslovivredesiunisavesdda (8)
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L v “‘r‘ J
e — ”

amil 7 msusumlviegdanindeunnizuisveinesnd Ellobiidae nmsuwanivdsuuialasnisiudeundausuimuia

imihieaneden dunnainisiUavesven (pneumatophore-pnp) USIMLHUWG (3nAT) (A) vBs ana

Cassidula way Yapnvaauuiiia (mantle collar) (B) ManssiuunistaziunvesUan (pneumostomal area-pa)

(ana 1 adues) (Martins, 2007)

BYUUIINBINAUUUAI faudnalnnisdnuaugatily
sumeealiviaulaegrafivses@ninm weanunsausud
ogfluiiufifinnneuiadunannug nefinseiadiluly
WaenudUaUawden (operculum) fiutuifieannis
ixmsﬁuaaﬁgﬂaaﬂmm,ﬂﬁaﬂiﬁﬁi"wﬁqm (a1 6) Fenaln
Fananadinansenusenissrfausunaniswanideunia
Sndae Feusraniesndudesmelanuulildoandiou
(anaerobic respiration) Iuszi’mnmguﬂlﬁ (Macnae, 1968)
aglsAmumnuannsaveniedeioniuiinudeniuseu
waznisinwthaeluineueadainnuiadegogiadaite
Fefuidiogumgiludunedeminiu voadadluding
Unetauddiianisnisususaungfnssuliunzas
adeadsiy Tasfineneusaungueglésuanlsd wu vinw
UL vdesnlsl endnidssaudounasnisgaden
(Hogarth, 1999) @‘Taﬁ?mxmmmwwaaé’aﬁ%ﬁmm6]
ausualuthmeay Hraiadunanansuiiiloinadeu
(m‘wﬁ 6)

v WAE9A Littorinidae fiondamIudIus1eg
vasduliivmeiauazilasuuasiiogauuuiszduaiy
qw%asﬁ aunsiUasuulaswessfutTutina (Reid,
1986; Blanco & Cantera, 1999) viosnauiilallddudanu
Duvdn fehudcdsndudesdiudonmunusazinnsudusn
Tidenunadieliivhainuuazanansofunaiunudau

s1eq vowulildgetu uasiiteniinnganguy (Hogarth,
1999) mMsiivinvesden (aperture) finay v1e Sy
fufinzuaznisiiionmiervemesnguilfivsslond
iethelunisdanigislfvarluldilddunaiuiug (nwi
8) uenaniienvesnesdiidsiiarunainuaie
YA JUNTI UarddU (Reid, 1986; Sanpanich et al., 2004)
nauiifiludendeen 1Wu Fivdes wazideseu Yuauieu
nesefinglatesnindly wszvinlisdunigluden
flgamgiiinndt 1.5 ssrniwaifea (Cook & Freeman, 1986)
wavddundendsiululilusssuwadl voswila L. pallescens
uaz L. melanostoma (nwil 8) 1Y ens1sihaniarvia
uq muiige Wu un (Hogarth, 1999)

ungasy
dninquueadaniedndunqudninisoynsuisiu
(Texon) Awuldilunaz@unisludainguisudaiaig
Funzluszvuinavivieiauvesenlinewaziniunain
sllvosmeadaniinuisay 78 wia Wunesruiie 55 ¥dn
LarnegdaIrn 23 ¥ lAsAUNAINNANEYDINDANEN U
syuulinavmiegauusnueingenananlanianuduius
fupnuanusalunsususlimnsaufuiiufiondes e
Wy MsUsusegnaiussansnmilensvausredundoy
MINEANAIUAG) 1 Qmmqﬁﬁﬁmﬁu ngnauRulILaY
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AW 8 A Littorinidae fnalnifieannissemeineanainsnnie InisyadadnlululdenuarUarUadenuiu

¥ '
v A A

feena Littoraria melanostomata (A) (@08 1 wuiuas) wag Msiunden Anay U9 Iwmnziuiumne

wazedvaglilnldifiendnidesauieunaznisgydeun Wisnuiuininuidisiedeunlagedissenld

fets fie Littoraria palesecence (B)

Afuunlueglunnzvineendaunaziainnudunsngs
paonauliusiegluntinduiias sesdoseninsdndy
funuamsiuAluiud wasunudthldR Ssaudildanms
Anwianuvainvanguazinaive1vesteadaniussuuiie
Uneiauunaslnediagfudoyaiugiurenisiine
ANUNAINTAIEYeINadanlussuuinaUIgIglaues
Usznalyneluniumigg vesueaaan Wy A1uITmuinig

¥
(% N

fuiugeans wazdug Judy aasnsududeyaiiugiu

Y
€ 1

famnsodronealudsfaulaieiduuselovidesunis
Anwduinaineriheay senguindeu dnfinw way
nsvieafisndeding Suihlugnisoydnduaznisdanis
ninensUiweaulueuianld

AnRnssuUsENIA

AWyuvevauAn nednuatuayuni1sivey (and.)
lasan1sUSeyeynennigyauifen 4B, MU/4d/M.1 1Jug
faativayunsfinmanuvainvaievewmeslulimeau
svozBuduUinuiuiiniananuaznianzTusen vedign
YoUDUARM A3. IS @33Ny Inantuivemansnimeia
dwudeyavies 394 Littorinidae Tudsemelng way 5703,
WwNdnwal  I9TIWNA 1NAIAIPITINYT AMLINGIFNENT
winendeuding fldlenta lunisdnvineadadly
Unmeauveslne
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Abstract

Cigarette smoking has enormous deleterious effects on healthcare and economic consequence and is the
leading cause of various tobacco-specific respiratory diseases and premature death in the nation. Therefore, smoking
cessation via experimental-based studies is crucially important for smoking control programs. Nicotine in cigarette is
not a direct cause of most tobacco-related diseases, but the addictiveness of nicotine is the cause of the continuing
use of tobacco products thus continued exposing to deleterious bioactive and carcinogenic compounds contained
in cigarettes. Cigarette-derived nicotine is mainly metabolized by the liver specific cytochrome P450 2A6, CYP2A6,
enzyme to nontoxic compounds before excretion from the body. In addition, some of deficient CYP2A6 allele
smokers that drastically decrease in CYP2A6 activity tended to smoke few cigarettes per day and are low-risk of
nicotine dependence compared to normal allele smokers. Thus, co-medication of smoking cessation therapy with
specific CYP2A6 inhibitor could possibly aid in blood-nicotine level maintenance and reduce number of cigarette
smoke, diminish chemical compounds exposure and health effect from cigarette smoke in both smokers and passive

smokers.

Keyword : Cigarette smokimg, Nicotine, Human cytochrome P450, CYP2A6, inhibitors
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e Nortriptyline uaz Clonidine fifinathadssiuglden

127



eI .
Prefreenal \ nlm!h\lu‘hnilw&? wwhaywi wienfahiduane: | ; 3
corfex
( e W |
am{ummu uv(ﬂ-mni q&n’; \ i bl o " \‘ quini '
e ,."'.' ‘ ) o=
anoui v ot o e / I
Nuacleus B X — " ) edfuiindunai 1
accummbens TR o ! Wt )
anos v \nﬂullmmnl-l ' CY¥Pias ' I
Asgplals wren Mu mp duillnfinn indim v ANy
i oo 8 filnduoon
‘l"l"' nwdaan:

NN 1

quywi

wHLNNNTERNENENsTULUSEamvesilafunauewaznalnvesenililunissnwnmsguuriludagtu (nwil 14)

Hlafunddanesavlunseiunmmdvedalfivluates iliiAnenisiandniilafiu dawalvigguyuvsiiensun

<, = ] Hoa X ] 6 Yo a i o Aa Y
Juaw ananuasensne aduazguyvsiiindu (nwil 18) nalnveseniilisnunsiandnynslutagtuifinenaln

Tunsugsduiussuilafuluaues lvannisiandalasnsidmdudinistesaatsfiladu tensseauidlafuly

nszuadonvinliauyritosa

TfuanisvinliiAneinisusuldndu Yinuwis Teduunas
UneSue deumnde duw mnudulaiings viseviliiAnents
91d8u waztni mszgrdveseluiinasenisvhiuves
fmaaﬁLﬁu@uéﬂmamié’amusuaﬁ'wma (Carrozzi et al.,
2008)
toulwsl Cytochrome P450 2A6 (CYP2A6) funnseasdane
lafu
flafuainnsguyniasiingssuumaiumelauas
SEUUNLAUDIINS shumammm%mﬁmaa‘lﬁaqmﬂﬂLLaz

H

v rlu"
H

Mormicolme

I M3 } CYP2AG
PRl e

Nicotine 1'-N-oxide Nicotine

/[.’t':TI Ad
UIGT LA

Macodine 'nd-l_lhl.ﬂll'ﬂl'lidl,'

’
A SRR
¢ Llf CHy

Cirlinine N-glecusonicde

Wodedandaiiuin Tnefiusvanadosas 80-90 vosdlafiu
firgirensaziinufisersendiadu (Oxidation) lne
oulwsl cYP2a6 lusuiiniduaisusegnoulaiiiiu (Coti-
nine) flaziinUfie hydroxylation LLasgﬂLﬁumﬁﬂma
(Glucuronation) agnsseriies Iluaisusznausman W
trans-3’-hydroxycotinine, trans-3’-hydroxycotinine O-
glucuronide, Cotinine N-glucuronide, Cotinine 1’-N-oxide
kg Nornicotine (m‘wﬁ' 2) Viﬁ]sgﬂ“ﬁ’uaaﬂmaﬂaa’nz (Huk-

kanen et al., 2005; Yamanaka et al., 2004 )

S G

Marcatininge

{Mmmn. I-N-omide

\( ‘n'l".?.-'l.r:/

H
' »0OH
CYP2AG H\(_R
r;: 0 — W S0
Mﬁ. CHa CIH:;.
Cotinine Trans3-hydroxyootinime
/ \,
A 0G
50K
|
CHy
Trans- V-hydronyeotining

Crplucuronide

amii 2 nalalunsidedladvluau dunshanusutuveseulss CYP2A6 iy Flavin-containing monooxygenase
ag UDP-glucuronosyltransferase 1A4 gy 1A9 (UGT1A4 oz UGT1A9) (#is: Yaranaka et al., 2004)

128

NINAA @15NEA / NTATINGIANFRTYIN. 16 (2554) 2 : 125-134



cyp2A6 Hueulwilungulelalasuil 450 (cyto-
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(Di et al., 2009; Hukkanen et al., 2005) uanwtiallain
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Franunsanseduansnensi3a Nitrosamine luyw3 wu
Nicotine-derived nitrosamine ketone %38 NNK
[4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone] (Pat-
ten et al., 1996) vibiAnuzSslunynaaes (Hecht, 1998)
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fansnelsAugLS e

NNIANYINUIIAIUNAINNAIENIHUTNTTUVD
fu CYP2A6 Mnonsviaduoules] CYP2a6 Tusywe (CYP2A6
Polymorphism) i 37 Sadariu (http://www.cypalleles,
ki.se/cyp2a6.htm; Di et al., 2009; Kamataki et al., 2005)
funumsesesuiladuluidoauazngingsunisguynives
favyvd Tasannsoutadunaguldded 1) ndueuiiddada
¥99 CYP2A6 UNRNINNINE0YR (CYPZAG*IX2A 38

CYP2A6*1X2B) Tifin1svirauveseulesl CYP2A6 find
Uniun (Ultrarapid Metabolizer; UM) 2) ﬂajuﬂuﬁﬁﬁaaa
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(Extensive Metabolizer; EM) Gﬁqﬂuiuﬁgmmﬂa:mﬁwudw
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50 CYP2A6*1B/*4C Wise CYP2A6*1A/*7 ivo CYP2A6*1A/*8
30 CYP2A6*1A/*9 30 CYP2A6*1A/*10 ive CYP2A6*1B/*7
50 CYP2A6*1B/*8 ¥ise CYP2A6*1B/*9 iae CYP2A6*1B/%10)
Fazdnsvhauveseulys CYP2A6 Heuniund (nterme-
diate Metabolizer; IM) uay 4) ngueufisinguauiiisada
209 CYP2A6 Buq fifimsveuveseulesd CYP2A6 anas
ansyavidenilyasiuiudada CYP2A6*AC ATuves CYP2AG
el (CYP2A6*7/%9 3o CYP2A6*7/*10 ise CYP2A6*9/%10
V38 CYP2AG*AC/*9) viseiidada CYP2A6*AC #iBuvas CYP2A6
meluaan (CYP2A6*4C/*4C) iisinsvihauveseulesd
CYP2A6 dindrunidsnnuseliifiias (Poor Metabolizer; PM)
(Di et al.,, 2009; Lynch & Price., 2007) lngaungy PM
fwuinedeameilafutn fdnsnisguynisetu momudss
Tunsiandndlafiutaznisdunzifeentosningguynd
il sudadnguynsldioningguymaaiinsihnuves
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nszeiivasdadalunguuszyinsnuinlssvinsined
AMudluNITNsZITefveadaund (CYP2A6*1A was

129



CYP2A6*1B) sawfuiefesay 69.3 uazilauilunis
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Wieesoeay 9.3 Li/i’]ﬁu (Mahavorasirikul et al., 2009; Peam-
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wihegdadesiinsfnwifiufuimnuigdemiounum
YBIAMUNANNAIYNHUFNTTUVOI CYP2A6 dadas1eg
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e e

annslauansnouzsluyriidanlusnaniels
n1sfudenisyineruvesieules CYP2A6 §aeaisann
53310
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nsguyvisseluldlueuian 1wy nsthansudandu Men-
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Tunseuadeslufguymsindsld (MacDougall et al., 2003)
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warans 6°,7 -dihydroxybergamottin (DHB) U%@méﬁagj’lu
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et al., 1994; Tassaneeyakul et al., 2000) ¥ilsnnstd
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Interaction: HDI) FatuFssniudesseTnansznuse
guanlunisinluldese wudeduaisainaindu Kava
(Piper methysticum) Mdufitlungundnlneuazanslungs
Kavalactone fianansadudenisyhauveseulssi CYP3Ad
way CYP2C9 ladnineoulwl CYP2A6 (Mathews et al.,
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Fanansadudsmsvhauveseulsl CYP2A6 Tiuuu Mecha-
nism-based inhibition wagilifisieanuisauduniglunig
Ui (Yoo et al., 2007) annmsAnedosiunandiifiuin
fuasnalilusssumaiasiiamnsadudinisriauves
wulesd CYP2a6 I fisudifosiinsAnmduaifiuiy
femnusmnglunsiuduasnadiafosineg enaintu
(Xi et al., 2009) LLazmsﬁwﬁmmsquw?ﬁasﬁ%‘miguﬂ
srudunsldldudnduarniivuaznaliannsssueif
Finuhiiszansnmlumsiudensvianueseulas CYP2A6
agnssumglaglifnatrafewarlidufiviosnane Uifiee
\Junddluuuamadeniiddgylunisdostunisandaymi
dioannmzmaialsemaiumelailudauyniuasdlndde
Hauyisiely
nsAnwguslunsudaaulas CYP2A6 vasiivasulwauaz
waldlneiianisianidlunisannisguyvisesneaensie
\esheuszmalnedifivayulwsuasnalifduselov
soguan AlouliFuUsTmuiefunsTolaz i EuAIm
ogunIne nzlinuAmiaeigs anansanuldvialuuas
Yanduniesuusznuldie liuenmilelunnnisiita
Snwfleannisguymimesnilafunaununios1dug ui
Tutagtuussmalnedsdndndadiviayulnsvsasnoy
ayulnsaniivayulng wu wginenyd Wl yzauma
auelny wazuzu wlddmivannisguyrienaneuns
(Wongwiwatthananukit et al., 2009) lagu1AnaNgIUTBISY
madgnisisnalauazanulasadslunisiiunldannis

quyrdvasiivayulnamand feowmndnisdnwigniluns
fuduaulusd CYP2A6 vasfiwayulnssngg fldanmsguyni
Tutlgdu Swdumsnvuiufniiefumiivayulnsuay
waldflnevialudg Aaunsadufinisriiauesoules
cvp2a6 ldagnsdnmglaglisudanisviinurosioules
PA50 9 Aunummanlunstesameyuazansiantaoy
euanuauled CYP3A4 wag CYP2CY ragyinlila
GﬁaaﬂaLﬁaqé]’uﬁﬁwé’mﬁﬁi’wLﬂuﬁ’m%’umimqLmeﬂumiﬁ']
fayulnsuaznaliiineuldsumiuisnmstidansguyvious
Isiegrevanndy wazanunsaldliluifiedesiusunmean
yisserguumiuazlnddasgiedsdu nfadumsifingadi
vaawdnfueinivayulng Anuasnaliilnednae

GEIL

Jaynilsaszvumaiumelawagnisgayidenia
isugRasulonnannsgus Wudamdduesusyme
AAnnamznsianfoyni Suinainniseengriiisyuu
Uszamdunanwesansiandadlafuluyvi é’aamsﬁms
anmsihauveseulul CYP2A6 Tusiufivimihiivanlunns
govaarsilafulvinisgesaareilafudrasdaenisldny
alnsuaznaliilng elseduilafuludonnseglduuiu
wazannsguyvisas sadudnmislunuimeiddy fies
sldlunisdrsannisguyninaznisianniladuly
Hauyvdsiuiuisnisasmsianuvesaduszamluanes
Avmhiilunsndsansdedssamlaunfiunazisnisunde
nsguyviskuudug 18 ednslsfimuuuimaiidinsdoting
Anwduaiifiududeausunglumsiuduasnatnies
faq flenuinty ielvanunsalifvayulnsuazualiine
Tunnsdrwanmisguyndldediavasads Favzifunisan
wa¥1eineg 9nansusenoutdufivluynifisiiadudy
sumevesiguyvisnazilnddeasioly

AnAnssuUsENA
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Abstract

We apply interior-point method to find infeasibility and unboundedness certifies. We study dual path-following
interior-point method and compare it to primal-dual method. Both methods are able to find certifies. However, there

are differences in the theories due the less of complexity of the universal barrier function.
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uni (Introduction)

Bsmudunwean1glu (path-following interior
points method)(Gonzaga, 1992) Huduneudsildidums
Quéﬂmn (central path)6[.umimﬁm@m7‘im1mu (optimal
solution) (Ye, 1997) dwiulgunismuuanisidadulay
Haymnisimuanislada (Conic programming) Wagnn3i
%ﬁLﬁumuquéﬂaNﬁy’u Ygymanuaz Uggvvian-Usymamau
ﬁ?uaxéfmﬁﬁmauﬁLﬂuiﬂiéﬂmml,ﬁ (strictly feasible solution)
uannil Todd (2008) IXuanamualunslidunevisngn
AU iﬁdﬂ%umauﬁ%'ﬁslﬁ%lﬁumqQuéﬂaquuﬂwswwﬁﬂmau
finzauvesdamdie (auxiliary problem) filduansdis
nslaifidmeuiidulliliuazanulifveuan (infeasibil-
ity and unboundedness) vaslaymizusiu (Todd, 2004)
wldvinisAnwansdild ﬁﬁu’umaui%'mimmﬁumqgimu
(dual path-following algorithms) wazlanuinngfnssunia
nufianuiandisluanntuneuinisaudunimdn-
AU

N84 (D) max bTy

Aly+s=c
s=0

P) minc’ x
Ax =b,
x>0

Tnefl A Jumvisnduunn mxn wariusid m uay ¢, x uay
s Wunnweslu R”, b wey y unnwesly R”
wssruadlaluil (D) sredisennelugaiud
Lﬂué’f’;ashﬂumiﬁﬂﬂﬁﬁugﬂLL‘UUfJQJWma'ﬁ‘ﬂ WU Suneu
T/NIAUEUNAAIUVDY Renegar (Renegar, 1988), dual
affine-scaling method ¥84 Adler et al. (Adler et al., 1989)
ez dual potential-reduction algorithms 98¢ Benson, Ye,
waz Zhang (Benson et al., 2000) Tullgyminisninuanis
semidefinite
fusdesnisfivzasiageunuldiidimeuidulule
LLazmvaaJﬁ?JauL°nma&J'Nﬁﬂixﬁw%ﬂWwiu%umauﬁ%'ﬁimu
aedpaiinageuiterdurnetu venandveualumsil
Udlunsitensan (D) Tuffe Tfaiduvnaiu idddedeu

(complexity value) fifosnia n Une
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Frognamilwesilef¥unansiy Ae universal barrier
dwsu L,-ball Tu R” ey Gller (Gliler, 1996) figuiian
flarduvnetuiililannsefiesiuanldogniivszansnm
agnslsfiny dvSuaufnwdianniuarfiansaniteidu
mw“?ummgm ~In(s) dmsu R wazilasduraneiu
fiaenadas ~In(c- A y) dwsu (D) el In(v) Junnmes
‘17‘iLﬂuwasqmaqaam%ﬁmgmﬁﬁmwﬁmaqeﬁquﬂssﬂamaq
v wagiildnanunfdushegnefiawnsadilaldegisdelunis
i waglunisuiluwIeudieuduisndn-aau (Nesterov
et al., 1993)

’Lumuu’fﬂmmua‘”ﬂLLasﬂmmwé’ﬂ—ﬂ@m@mmﬁa
faglgmmauiimnzanty axldndneuiildduasiiaias
DYUUVBY uazdiouttymi ashnafaiteddurnty
lluilsidugauszasdiilefiazudtymiinlvismeuild
tfuaguumey

ﬁmimﬂmmmwﬁy’u (barrier problem)

8D, max by + uIn( s)
Aly+s=c,
s>0

8P, min ¢’ x — pIn( x)
Ax = b,
x>0

n
Taefl nb = D In x; uaw u anauing 0 waz s >0
i=1

esannin i s guvovveswnvesdmeuiidululiaglsi
In(s) gingaueiiud

finsudoulvanumngaugn (optimality con-
dition) ¥84 (BDu) way (BPu) quiaulmmmmmzauq@
Judeuluiivadin favdosaenadosiumneurastlymnis
AruAN1swady 11asdseynalidinuainsiud (lagrange
multiplier) TumsmFeuluiimngauiian 519zSentouly
ﬁdﬂ Karush-Kuhn-Tucker condition (KKT)

soluagiansanilsntuainsiud dmsulynindn-
Jymemu

Llx v, s) = bTy+,uZ]n(sl.)—xT(ATy+s—c) (1.1

VyLsz—xTAT =0 (1.2)



VL=A"y+s-c=0 (1.3)
oL u
F_HE =0
8Si s, i (1.4)
970 (1.2) 2glaan
Ax=b (1.5)
270 (1.3) 2zlaan
Aly+s=c (1.6)
waza1n (1.4) aglain
x's=u (1.7)

v
v o

fauuan (1.5), (1.6) wag (1.7) aglanaulumuanuwiangay
gadmiu (BDw) tufe 1 xeR" &
A'y+s=c, 5>0
Ax=>b,
x's=u
fatuaglain x = us”' >0
Asanianduainsuddmsulamnan

L(x,y)= ch—uzln( x)=y (b—Ax) (19

V,L=b-Ax=0 (1.10)
a_L:ci_ﬁ_yiA:o (1.11)
ox, X
Tagfinsnsgii V Aensmeysiussudunds
LALANUA LA
-
X (1.12)
970 (1.10) 9glen
Ax=b
(1.13)
70 (1.11) 3glen
Aly+s=c
Y (1.14)
waza1n (1.12) aglaan
T J—
rS=H (1.15)

Feiuann (1.13), (1.14) waz (1.15) azlddeuluany

wigaugadmiu (BPu) tufe 1 (, € R™ xR™ @9

ATy+s =c,
Ax = b, x>0 (1.16)
sz=,u

v P T

fatiuaglein X s=+u>0
%Lﬁmf']Lﬁaulsummmmzauqmaa (BDu) uwag

(BPu) tuauyaiu JeaunsadeulieglugUauunnsld Ae

Aly+s=c, s>0

(1.17)
A)CZb, x>0
XSe = ue

ne?l X uay S Juavdndnuesy uaz ee R" 1y
nnwesdaudndunia

x, 0 - 0 s; 0 -« 0
0 x, - 0 0 s, - 0
X=1. . . SS= . . .
0 0 - «x, 0 0 - s,

way e = [1 1... 177 wazaziSunszuvaunis (1.17) i
AunNSEUMeAUEna1e ((primal dual) central path equa-
tion)
NQURUN 1. Nguiaun1guUEnas (central path theo-
rem)

auudld (P) waz (D) fdmeuiidululalaeus
x>0, s > 0) udelaimn u> 0 spuvauMsigaLdumg
AUENAEAMUTEANALY (x(w), V(W) S(1)) Haza
u> 0 (30 smooth path) way u—> 0 azlein x(u) waz (/(w),
s(u)) ngﬁ']@ﬁmauﬁmmsamm (P) waz (D) muaiau
Seluninduaglg amng w > 0 alad x(u) way (V(w),
s(w) Juneuaieives (BPu) way (BDu) mudisu

Wsasyuvanns (1.17) %Lﬁudwaumiqmﬁwﬁy’u
LiJuaunis@adu Sehldnismeneuvesssuvaunisi
Buldldenn dufusazmdmeulasazdszgndliisues
Tasudnluluiznmsvig o, y, ) lgfi x > 0 uag x > 0
Fraznanlutedell wararldndHEnsvie x waz () s)
Juldla (feasible) Tu (P) wag (D) smudsu agSenindu

137



aﬁimm&ﬂuﬁlf]u‘lﬂ‘lﬁ (feasible interior point methods)
widnlaifidmeuidululd (infeasible) wazBenindu 33
qm:wwiuﬁﬂulﬂiﬂﬁ (infeasible interior point methods:
[IPM)

TusAneiisaulefiaz@nuilunsdi (D) fifney
Hullelaeud (s > 0) (Wazdiduniagudnans) way
(P) fdmeuidululalldlneudt (x > 0) Faduasldin (D)
Liflveun) Tuiewideanisiiavasiadeu pawlidemey
Adululdvestymmanuas awlidveumvestiymman
-Jaymgmav Tneazldnadnsanundedelui
Unea 2. (Farkas Lemma)

(@) (P
Wululd Fdewde Fuie (v, s) Haenrdody ATy + 0,
s>0,b"y>0

(i) (D) 1Fouly (A
Adululs Saedle Jure x fidenndesiv 47 = 0,
x>0 c'x<0

15921590 (3, 8) aeanasiv (i) 1Ty fadsuenia

Ty +5=c, 5>0)9elsifimmou

anulsifidnauiiidululduazaalifiveunn (infeasibil-
ity-unboundedness certifies)

(Todd et al.,,
nan-Jgymamivwazdgyvinanlunisnsiaaeunm A
lsifemevindululduase1uliiveviwnve sty ningn-
Jamgaav Tasfidneuitldfe fusuendsmnulaiiifney

2004) leinamdsmsly IPM Aullgm

Aduldlpnwazanuliivouws fAansan

(D)

AX+b( = Ax,,

x=0

aziiudn (D) Sideuletafuiiaenadosninuiu
primal infeasibility LLazWaﬁ%’umﬂismﬁﬁu %uagiﬁ’u X,
ﬁLﬂuﬂwsﬁw%ﬁuﬁuLLavmm iﬁmiﬁwéfl X, ¥, §) dmsu
(P) waz (D) tu 2iisnsvie (x { y, s) m‘m‘u
(P) uaz (D) 1579838nN5YE I nsTingRanan
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WGouly (Ax = b, x > 0) sluidmmauii

(original iterate) WAENNSYE1L (shadow iterate) Ay
LLazmnﬁmaugaW ., s) Wumneuidulldlaewd
dwsu (D) way x Juseeuifuldlililnewidmiu (P)
J1A3M59en X ¥ ) wilunsvienatiuagléin (y,5)
war (x,0)

yuaineumdululalasuvidimdu (P) (Fre819.9u

Wummeulneusesunandululddmiu (D)

lunsalfin1syigiensudy ¥ = x, waz £ =0) warly

(Todd et al., 2004) leUSsuiisunanianainnsyingsaan
LAYNISNELAN Fasagnaniumdesely

Ugynaudnans (The centering problem)
Tudetisnlafienn natural centering problem
d1m3un1sm primal infeasibility-dual unboundedness
certificates wardoulviidnduuazifisamelunismdnaey
Inewsnazauydli (P) figmouidululalaeud arnunds
94 Farkas 9¢lé1 81 (3,5) fiaenndaariy
A"y+5=0, b'y=1,520
Avuali (v,8) =A(y,5)+(0,¢) = (Ay,As +¢)

lnefl A Wudpaiiluradifidunnegiaiisme waz ¢

Dueasitla azléan
A'y+s = AT(Ay)+(A5 +c¢)
AMA'y+5)+c

=c e ATy+5=0

awldih ATy +5 =c, 50 Feaenndosiudeuluiiduves

(D) vlilédn (D) demeuidululalneudt (s > 0)

wag flesnn BTy =b" (Ay)=Ab"y =1 (b y=1)

tufe &1 A — 0 agviliilsddugeuszasdues (D) e

dndeudme (b'y — o Hufide (D) Lifveun
farsandayaudnans

(cp) max \n( S )

A"y +5=0

b'y =

s2>0
mnaufiinzauveslywnil (618 Ade analytic cen-

ter YBWRVDY primal infeasibility-dual unboundedness



certificates TunsmAnsuisagfiansaniteylaisniy
wazLitsanedimiudgmi Tnsvsegndldieuainsiud
Tunsmidouly dail
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