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ANMUFUNUSTENI98U cylA AuTulndvesdu cylA veadaeumalsnanad Nandd
dgnugnuenanAaasTINundumalnnnssnvikasiseslsauaigsin

The Association Between cylA Gene and Its Phenotype in Enterococcus faecalis Isolated

from Failed Root Canal Treated Teeth with Periradicular Lesions

£ ¢

WUANT WARSYLAYT (Hataipath Wonghirandecha)! 1181 533UANTUTA (Kewalin Thammasitboon)?

U

51 10eslna1a (Rawee Teanpaisan)?
UNANED

nsAnwdTTngUszasdiens andu cyld srudensamillulndvesdudingn waensaaninig

LEMIPBNTDITY cylA upnanTAnwIANNFUNUSTEIBY oA Auillulndvesdiu o/lA veateleumelshenfd

Wpnda (Enterococcus faecalis) @newugNikenannaasssinuiiauivaiainnissnenaziseslsalaigsinain

]

HUae 11 5798 9103 49 aneiiug Inensiamdu oA euisegnlgnediuelsa AN1sLaneanYeEY c/lA ATIIAEY
35 real-time quantitative PCR uenanfiillulndansdu cylA as19deuaInnIsLosaaIgvpgaalinlfonLAIUY

9IMABUTRLUATIS T UANANEDN NANISANYINTIINUEY cylA 45 970 49 @i (Fovay 91.8) wasinsey

[ a

doyalaglvatifniadarefanuin AN1sLaA@BNYBIEY cylA VBTe E. faecalis MuansdnyMe band (Uuaziian

1 v

WINNINFUALANIEN YL band sounaznauliidu cyA egndidudAymeadifnssiunudetuiosas 95 (p=

a

0.000) @oAASBINULE E. faecalis NTEU cylA Nuansanume band WU 13 aeiug (Seeay 26.5) auisagos

¥
[ '

¢ & I~ v & a N . aaa = [ g raa
aanuwadiiindonunslaionun Tuvuelae E faecalis 188U cylA Nuansdnwue band seunaglifidusinan

s Y

36 anemiug (Govay 73.5) aglianunsndesaaisadilinidenuwnsld waglinseideyalneldadflaauainuii £

q

o

faecalis Aigu cylA Muanadnwale band Wuazinnuduiusiunsdesaaeiwadidinidonunodsitodifamis
anAnsEAuAILTeiusosay 95 (p=0.000) Fsiaadululanin 8u cplA wazilulndvesdursinionaiinany
Weadedlumsihlugnisinenielurasssinily uiegrlsfnunsiinsfnviiudulusodusasilulndves

a a A | Y A o v o A | v a v & v ' & .
Buaiinduq sauee wedudeyaisesfissdieliiAnanudiladessulunssuiunisnelsaveutio £ faecalis

3

Addsy Walewwelsreadd finda Bu /A nsdesaarawadidndonuas fiufidumarannssnumasasinilu
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Abstract

The aim of this study was to investigate the presence of cylA gene and its phenotype in
Enterococcus faecalis isolated from failed root canal treated teeth with periradicular lesions, as well as to
determine the mRNA expression of cylA. Moreover, the study aimed to evaluate the congruence between
cylA and its phenotype. Forty-nine E. faecalis strains were included in this study. Presence of cylA has
been analyzed by PCR. Real-time quantitative PCR has been used for determining expression of cylA.
Furthermore, hemolysin activity was tested on blood agar. The results showed that cylA was detected in
45/49 strains (91.8%). The mRNA expression of cylA showing strong band characteristics was significantly
higher than the cylA showing weak band characteristics and the absence of cylA (p=0.000, Kruskall-Wallis
test). Beta-hemolysis was detected in 13/49 strains (26.5%) with the cylA showing strong band
characteristics while non-hemolysis was detected in 36/49 strains (73.5%) with the cylA showing weak
band characteristics and the absence of cylA. There was significant association between presence of cylA
showing strong band features and beta-hemolysis (p=0.000, chi-square test). It is concluded that cylA and
its phenotype in E. faecalis may also play a role in contribution to persistent root canal infections.
However, further investigations are needed to examine other virulence genes and their phenotypes in E.

faecalis for better understanding pathogenicity.

Keywords: Enterococcus faecalis, CylA gene, Hemolysin activity, Failed root canal treated teeth with

periradicular lesions
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unin

awmandnveanauraItunsinyInaeesIniiu Ao mimag_jﬂumL%@IuﬁzwﬂaaﬁmﬁuLLazLﬁaL?ja
59U31n#lU (periradicular area) (Nair, Sjogren, Krey, Kahnberg, & Sundqvist, 1990) E‘imaﬁlﬁlﬁmmiam%avﬁﬂﬁ
AaeITINun1eu§In15§nen (secondary infection) nieni1sinilednite (persistent infection) daulng
wuafisefinvlufiudnusnuduinanudumar dsanududeiden (single species) ¥fiawnsuuINiligeu
pendiau Taslannsidie Enterococcus faecalis (E. faecalis) Wuﬂaﬂﬁqm franensAnesnenunuiovay 24-77
(Fouad, Zerella, Barry, & Spangberg, 2005; Hancock, Sigurdsson, Trope, & Moiseiwitsch, 2001; Molander,
Reit, Dahlen, & Kvist, 1998; Moller, 1966; Peciuliene, Balciuniene, Eriksen, & Haapasalo, 2000; Pinheiro et
al., 2003; Siqueira & Rocas, 2004; Sundqvist, Figdor, Persson, & Sjogren, 1998) L%a E. faecalis L"fJ‘LJLLUﬂﬁL%‘EJﬁﬁ
dnwairguhavannmanauuy wu 3Ul8 (ovoid), 1 (single), g (pairs) wazansdu (short chains) aansaisedin
aglanignuLeg waviiinsuaulunasssnilulaelddesondonuaiisosiindu (Moller, Fabricius, Dahlen,

Sundqvist, & Happonen, 2004) NUABANNLIAGNTIVIALAALBINITI du1TaunsnTuidng (invade) viotiloflu

(dentinal tubule) (Love, 2001) 5ﬂﬁgqé’am;mamwiaam‘wma”amﬁﬁmwmﬂu@mqn SeResosunaduslansenles
(calcium hydroxide) (Evans, Davies, Sundqvist, & Figdor, 2002) Fatunnsinuinasssniludieisiludende
msfdnnuaiSesiing (Molander et al,, 1998)

msfnwnAewniilAnuduveade £ faecalis finutoslupaossniluiiiade (nfected root canals) Tu
gelatinase gene (gelE), cytolysin activator gene (cylA), surface adhesins gene (esp), aggregation substance
gene (asa) wag collagen binding antigen gene (ace) WWudu (Kayaoglu & Orstavik, 2004) wailgusta 5 fudau

fiulnditddadenafotestunmsindenslunasssnily uasmssnaureailodoseutatssn visenaiina
Belvide £ faecalis anunsnuiusuagsssdinegldiuszosianuumendimisgaaaossinily

dmsumsineiiunldfnviiensuiu ola Faduduiifertestunmsassanslialnladu Tnedunum
annsadesdanawadifindonunsliuuemsdoatouuaiiSeyiianauden (blood agar) 3esuunillulndvoaie
E. faecalis \h 2 aneiiug fie aneiusiiannsadesamaiindonuns (hemolytic strains) uazaneiudilianinsn
govaaofinidonuns (non-hemolytic strains) @sanssananvaeliide £ faecalis a1u1saUsuiiiidinedlaly
anvlilfisoandiau (anaerobe) Taufindesonsadiurunsiuianwlunasssnity Swenafiuwalduiiezians
AondeLiuty (Kayaoglu & Orstavik, 2004) uaﬂmnﬁﬁswmuaﬁuaqudw o E faecalis maﬂ’uafﬁ&iaaammﬁm
BeaunsazhorosiTugldunninde £ faecalis aneitusiilsiannsndesameodindenuns Sniatanfildsy
{8 E. faecalis ameWusigosamedafonuasaziivnuidssonisdeTinaslussazina 3 dUaite 5 i
Lﬁ'am%auLﬁauﬁumjm@ﬂwﬁlﬁ%’uﬁa E. faecalis maﬁuﬁfﬁlﬂmmsaéaﬂamaLﬁmﬁamlm (Huycke, Spiegel, &
Gilmore, 1991)

ag9lsfiny nsAnwdu oA wasillulndvesdusndnvende £ faecalis anewusmanainiuenan
Pnaaesniluvesilufidumaiannisinvinas fiseslsauatesindaiinsinusuiulies saudmansinwil

AnuLanasiulaglddalaunainfie n15AnwIvee Barbosa-Ribeiro et al. (2016) laiwudu cylA Fensetnuiy
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N15AN®IVO9 Zhu, Wang, Zhang, Cheung, and Shen (2010) Wugiu cylA fissoraz 100 U9A1SANYY Reynaud af
Geijersstam et al. (2007) Anvuanizn1stosaasvenwadifindenwnriiiy Famuiiissdesas 9 wazuls
MsAne Endo MS (2015) asaanudu cyld Sesay 16.6 wilild@nwinisdesdanswadifindenuns uenainid
AMsANYIURY Saffari, Dalfardi, Mansouri, and Ahmadrajabi (2017) linuaudunussenindu c/lA funistes
danvosvadidindonuns ownasianu ola Sevay 63.6 winduldnwunstesaanoadilinionuns Faasiiu
11 msAnwdu o4 warilulndvesdusandnveade £ faecalis auiumInatnfueninainaasssnitures
Huidumannnmsinviuariiseslsauaesndaddoyaliifiome
é’faﬁ?umqQﬁ%’aﬁdﬁmmaﬂﬁ]ﬁ%ﬁﬂmﬁmﬁma’n Tne@nw1HIn15nsI9mBY o/lA LarnISuAnIeeNYes
furilail sudsdnwanuannsalumsdesaaewadidindonunidaduilulndvesdu oA uenanifnuin fu
oylA fuillulndvesdusinanuesde £ faecalis ssiimuduiudiundold eliananudiladosuluunum
vasdurelsanarilulnivssdusdraduszuvanniu sadadlalunszviumsnelsaldadety viiedued
ArmddiniunisfuniiBnislu uasimuansfiugadnilansamdanisindefiflanngunan £ faecalis 1§

9H1NTIYN TIHIETONNUN TS NITINgauiuiunaumalnnsshwviraesnnilunidseslsavatesinle

P
=

97U

hoY)}

o

ngUszaeA
1. flens19miu cyla veulle £ faecalis anpituiiuenanaassinituiiumarnnmsinyuasiises
TsAvanesn
2. enTramnsuanieanuediu o/lA Yoo E. faecalis eneviugnpGin
3. flamsremilulydvesdiu oA vede £ faecalis aneRugNAain

4. \iefnwiAnudunussenIguy cylA Auillulnlvesdudainanveaiie £ faecalis aneiugn1anadin

EERVAVRRERT
1. andrinernuildluemiAdy
e~ 5 @ o a Ada o v & ™
Wulnd : dnvaugmaiugnssuvedliinnusngiiulalaenisaiuauvesdy

2. MIveTIE5ITUMTIT UL WY

3
'

1A59n15398 LA uNIIAI1TU9Tes55uN1538Tunywd IInAMENITUN1993 8550 TuLYYE
AzstuRLNEAanS uvinendoasuatuaiuns salasen1s EC6210-041 WlaTuil 8 manAy 2562
3. WouuaiiSefldlunsing
Fe £ faecalis mewuginenaneaesnituiiduimaanmsinwussiiseslsaUanen $1uau 49 ane
itug FlasanmsideiidunsdnvdademnlasmsifedounthiFes arugnuesate £ faecalis Tuitufigumanan
ms¥nwraesniiuiiiiseslsaaesinda3s real-time quantitative PCR (GPCR) wazmzde dufiufessaname

VUAWNNEAERNS ITIVENSUATAIUASLNS IauTNn 49 meiug 9ndUae 11 918 Tnetusiagiiegaiuenlann
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AaesINIuIINEIABIUL Enterococcosel ™ agar 1 a%a Gaie E. faecalis I85unsidastlnensnaeudnuaslalad
AnaRe uarBudiuieds PCR Teldlnswesiidumedaite £ faecalis Fanguifielulassnisfinansuiuses
¥5unsshwinaassInilugn (nonsursical root canal retreatment) Lissannussdiumanadnuas/Mionmsadudamy
MISNEIRADIINTHUANLIYIAY
4. MINTINBU cylA ematia PCR
i £ faecalis aetusmsaatiniitusnyilu 10% skimmed milk senaingudufsiigumgfi 80 osm
waldea Usinms 5 llasans veauuewnsiasalevianauden Blood agar base; BBL™, BD Biosciences, Franklin
Lakes, France) v‘ﬁmmsmL%@U%qw’ﬁgﬁw?%ﬂﬁ%L%auummﬂgml,%a (Streak plate technique) Unida (Incubate)
Tigamgdl 37 esmniwaioa meldannzuelsta Wuna 24 92l ilearafiidiue (DNA extraction) feyaainfidue
(PureDireX DNA extraction kit; Bio-HELIX, keelung City, Taiwan) ﬁmmsﬁzumaummﬁﬁ’mémémmzﬁw MnumsIadn
mmﬁwﬁuﬁuaqﬁLSuLaGTaaEJNG’TwLﬂ%‘laﬁmmi@mnﬁul,l,m 3U Ultrospec 2100 (Spectrophotometer; Biochrom,
Cambridge, UK) finnuemeay 260 uluwng (A260) wazanuenay 280 unlulwns (A280) Usumududusudy
e ueieg iy 12,5 ulunsusalulasdng (ng/ul) damﬁmﬁ’mu@uddiﬂﬁ'wﬂﬁﬁ’%mqﬂiéﬁwaat.uaﬁa
MsnsInEuemaia PCR lunuideildaindlolndlnsmosfisune (hucleotide primers; Macrogen,
New York, USA) fa9151971 1 iteifinvSunaiu ola srenieuiindsuaiibue 3U 2720 (DNA thermal cycler;
Applied Biosystems, Thermo Fisher Scientific, Waltham, USA) Tne Uiz PCR T4an swavua 25 lulasans
Fauseneusae MeCl, 2 fadluans Usunnas 3 lulasans, 0.25U Taq DNA polymerase U3unas 0.5 lailasans, 10 Alnlu
a3 forward primer Wag reverse primer agn9ay 1 lulasans, Aduewaliuy 12.5 unluny, 2.5 fadluans dNTP
U311ms 1 TalAsans, 10X PCR buffer Usinas 2.5 lalasans wagthndulsaannidie Usines 14 lailasans Tneldans
afamduie 5 lulashns anide £ faecalis ATCC 19433 (cylA”) Junguaiuauuuuuan n131131u909 PCR
Usznousng mIuenaeldueindeigesnanniiu (denaturation) 71 95 ssrizales iuiia 5 urit awde 95 asm
waea Wunan 1 U9 $1uau 36 SeU MITUTRSNsBSTU /A AURLBUBMILU (annealing) dwdudle £, faecalis
THgaumgil 58 ssmuwaidea ium 1 wil msduenesinidueamelmiteaniniues extension) 7l 72 ssmizaldys
WU 217 waedl 72 esrniwaided u 8 Wil Lﬂu%umauqmﬁw (final step) A52988U PCR product MeLaadianing
11L5%4 (agarose gel electrophoresis; Bio-Rad Laboratories, Hercules, USA) Ingldanuitudu 1% aznilsdaiaa 7l 80
volts Tuansazany Tris-acetate-EDTA buffer §sazdauiaasanandag 0.5 pg/ml ethidium bromide {uaan 30 wii

watludeaneldnasdansiilows
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A5199 1 wansihndlolvalnsiwesnlaluns@nwinisnsiamsu oA

Twswas RIINIG Awd (bp) T, (°C) LONEN581994

cylAF  5’-GGTTATGCATCAGATCTCTCAA-3’ 81 58 (Gilmore et al., 1994)

cylAR  5’-CTGTATATAATCTAC CAGA
AGATAATTC-3

(cylAF: forward primer 84 cylA; cylAR: reverse primer 994 cylA; T..: melting temperature)

5. NSATIINITUAAIDDDNVDY MRNA V838U cylA AI83D quantitative real-time PCR

i £ faecalis aneitugyenatinanadinensiduie (RNA extraction) femaaiina1sidue (Purelink®
RNA mini kit; Thermo Fisher Scientific, Waltham, USA) mnaaw%mmLLaz@mﬂm‘uaqaﬁlﬁmaﬁmﬂwﬁw
Lﬂ%ﬁfﬂm’i@j@ﬂauuad Sq'u Ultrospec 2100 (Spectrophotometer; Biochrom, Cambridge, UK) finueandy
260 uTuiuns (A260) wazad1ue1Indy 280 uluins (A280) Uuanududuisuduveensiduiowinfu 20
Lulasniusedadans WieAnwiA1 mRNA vasBu cylA feiA3es Real Time PCR (CFX96 Touch System; Bio-Rad
Laboratories, Hercules, USA) Tnglnsiuadsimnzildnsinasusnsnad 1 uagldide £ faecalis ATCC 19433
(A Wunquaiunuuan s9ufieBul6s rRNA (forward primer: 5'-CCGAGTGCTTGCACTCAATTGG-3’ way
reverse prmer: 5’-CTCTTATGCCATGCGGCATAAAC-3") T8 JuBug1eds Ineufjisen quantitative real-time PCR
Tansoraun 20 lalasans Feusznousae 10 Alnluans forward primer wa reverse primer sgeay 1 lulasams,
Reverse transcriptase enzyme U311a5 0.125 lulasans, e1siduenainuu 20 lulasniudeliadans, e One-
Step Real-time gPCR USu1as 11.5 lulasans, RNase-free water USu1as 5.5 lulasdns n15vineauaes
quantitative real-time PCR 1{ud1uau 40 50U Us¥nousie hot start 95 asanaaided unan 2 undl n1suen
aefidueindeigesnainiu (denaturation) 7 95 ssmwaiea WWuian 20 Jurit Msduvesindiuesdu oy
fuRMSweulLUY (annealing) dmsuide £ faecalis Tdoamgdl 58 psmwa@ea Wual 20 3wil msdansiei
Mdueaelndsonnlnswes (extension) i 72 esrnwaded uu 25 3undl 11A1 threshold cycles (CT) w3asnzii
A1 MRNA 838U cylA Audnilaanans AACT = (CTu — CTigs anw) Sample A = (CTegnol = CTies na) Sample

O (Sample A: e E faecalis wiavargugn1Indting Sample O: e E faecalis ATCC 19433 (cylA?)) (Livak &

Schmittgen, 2001; Wang et al,, 2011) Fernisuanseenvasdiuazesnuidusiuauwi 2287

6. NIVAERUNSERUAANBYRLTAALAEaALAS (hemolysin activity)
¥ie E. faecalis iusummududuuszana 10° Fanysoiadans (ODgony, = 0.2) U103 5 lulasing
veAuUe SR suterianaudon ANUITuE e uSiag19ay 2 8 ﬂw’??aﬁqquﬁ 37 serwaldod [Wunan
24 $lus Tunwuzdadigaiiiouly Mntunsedeunstevaansvenadiindonuns ulsnasiensinaslaseu

1alatl (clear halo) nihutduliadiums Fan nd 1 Neaesuti 3 A
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29 1 kuuIaesnsinvunaetasaulala

anIAan umalaToulalail = (R1+R2) — (r1+r2)

2 2
- } 1) 1 s
o Rl ---- A9 WusiuAudnandluuuey
i
R2 -—-- AB wusimudnanslunuan
. B ] L
1 — fo wWuduAudnatsveslalailuwuuey
: x
2 — Ap wWuugudnanvaslalailusuan

7.MTIATERdeya

7.1. M3nsramiu o4 wazasramilulndeedu ola seududesazveate £ faecalis GRENMLVRN
Aafnfiny

7.2. vneslaseulalailumsgesanoveasadifiadenuas uazar mRNA ey oyl isaandeyad
nsuwanuadliund Ssenududsisegu Ageganazaringe

7.3, AuduiuSsEInea mRNA 1038u oA furuadaseulalailunisdevaaeisadidadenunsd
seumudesiufesas 95 19alA Spearman’s tho (esmndeyaimsuanuadlaiung uassuusidudessinm 2 i

7.4, MIUSIUTIEUAMULANAIITEWINNEU cylA LazA1 mRNA 038U cylA Lﬁaamﬂsﬁay‘aﬁmiLLﬁmLLﬁNlu'
Uni F9l4afi Kruskal-Wallis test A5 RAMULANANNTENTFIMYSITINGUUUIEDY 3 ndu A L8y Budou
wasBudy uazfnUnTsUSunm Ao A1 MRNA 838U /A fissduauderiudosay 95 mnnuANMLLANAIOE1ST
foddgmeada JauTouiisuanuuaninwesngudesudazgiiszduanudesiuiesay 95 lagldada Mann-
Whitney U test

7.5, auduiusseninadu oA fuillulndvesdu oa Wadf chissquare fissiuanuidesiudesay 95

\Wosandaudsiis 2 6 luduusdengu
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NANT3INY

1. NR29MBU cylA

KANSATIIMEL A 9830 E. faecalis anetusymsndiin S1umu 49 aneviug Tngldinada PCR uavoy
nlsaadidninglwisda wu £ faecalis ifiBu c/lA 45 910 49 aeiiug (Fevay 91.8) dunangnnuavediy

WU E. faecalis NTBU cylA 28iinulli band 619U A9 band 193 Lag band 88U AININA 2

Ci Cli C

2000 bp

S00 bp
| 400 bp
300 bp
| 200 bp
100 hp

AT 2 LansdnwaizANY band NRefiuYedEu cylA Yvede E faecalis @8WuiN9AATinaINN1INAAO UMY

wadaeynlsaaadianinsliisda (Yesil 1: band 8ou; ¥0991 2 WAy 3: band \Wi; Y097 4: ldnwudy cplA)
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N =13 (20.3%)
6000.0— c

5000.0—

4000.0—

RNA

3000.0—

AT m

32

2000.0— N=4 N

1000.0— A B

0 T T |

Absent  Weak band Strong band

cylA

A 3 A1 MRNA 2098 cylA vaie £ faecalis angWugnnepdtindiil (present: weak band; strong band) wag

o o @

1aidlBu cylA (absent) waz C>B>A agsiidudAgynsadansziuaudeiuiosas 95 (N: 91uUBIOU

wialshepfa Nandaaneiugnianddnluwiasngy)

2. MINTIININTLARIBBNVBITU CylA VBB E. faecalis aneiugn1anatin

E. faecalis maﬂ’uﬁ:ﬁﬁ@u cylA wansanuaie band LWHALTIANISEFIUVBINTHANIDBNYDIETU cylA 2169.9
(AAgn 1579.4 - Argean 5109.3) luwaedl £ faecalis 51HU cylA uansdnwae band souazdiAngiseguves
NSUANIBBNYBATU cylA 47.93 (A1FNAR O — Agegn 228.6) Wag E. faecalis ThaiTEu oyt axlinunisuanseen
vasfufnay Wenndeusiuadf Kruskal-Wallis test wu3n E. faecalis finansdnuay band cylA Wuagdainis
LANIDONYBITU cylA 1nnnInguiluansdnuny band seulazngulaififu cylA egsdidodfgymaadAfiszdumiy
\desiufesar 95 (p = 0.000) Fanwd 3

3. NNIUoEAAILVDITAT AT ALAY

W E. faecalis 13 anesiug (Fovaz 26.5) fanuanunsalunisdesaansiwadidadonuadls (amil 4)
fiAfsagu (median) wosvurmdlasouleladl 3.2 fiadiuns (A1 2.6 - ANgean 3.5) wazdn 36 anosus

($e8ay 73.5) llanunsadesaaswadisindanuwadld (nnd 4)
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(n) ()

N9 4 E. faecalis fanunsadesaanswastinidenuns (hemolytic) Uuownsidesdiorianauidon (n) uavyiln

lalanansadesaanswadidindonuna (non-hemolytic) ()

T8 E. faecalis 45 maﬂ’uﬁ:ﬁﬁﬁu oA szdupIY band e (Nl 2) avdenadasiunLEIINga
lunsdesamoiwadidaidonuns nanfle e £ faecalis fivosaaeiwadifindonundldiia 13 areusazuans
&nwauy band 1 Turaeidn 32 aneWus dsldarunsadosaaswadifinidonunivzianidnyne band sou
uanIINEIMU 14 4 aneius Sansaalamudu oA ldansnsodesameisadidindenuasldiduiu

dle3iAs e idieadf Kruskal-Wallis test Wu3n 1 E. faecalis finansdneaz band cyld Wuazl
anuasalunsdesaasimadiinidenundlduinniinguiinansdnune band souazngalaiiifu cylA agdl

v EIANTEAUANLRLIUIaYaE 95 (p = 0.000) AIAINY 5
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C
4.0 N = 13 (26.5%)
'
€ 3.0
1]
c
R 2.0
| -
1]
= A B
o
1.0
N =4(8.2%) N =32 (65.3%)
0 T T |

Absent Weak band  Strong band
cylA

Al 5 vumaslaseulaladlunisgesaarsisadidadenunivesie £ faecalis aeiugnanadniifl (present:

weak band; strong band) waglaifidu cylA (absent) waz C>B>A ag1sitsdAynaiffseauaIm

7

WerluFeuay 95 (N: 91UIUVBUYB £ faecalis aneiugn1pdinluuiazngy)

waNIINIULOTATI¥NAIARR Spearman’s rho SenuanuduiusseavadluiiAniafifuseninem

MRNA 2838u cylA furualaseulaladlunsdesaarsivadiindonunsves £ faecalis aewugniandin

N o [ 1Y

pg1allddAyIsEdAnszAuAMUTetUosay 95 (r,=0.748, p=0.000) AININV 6

6000
5000 - >

4000 e @

RNA

3000

2000

i

1000

Clear zone (mm)

NNT 6 LARIAUELWUETENINEAT MRNA 838U cylA furuimslaseulalailunisdesaanswadidaidenuna

o .:4'

& . o & aa ° o ea O v
UVDILAYD E. fOQCO(IS amwuﬁmwﬂauﬂ MUY 49 FNYNUTNTLAUANMULTDNUTDYAY 95

q
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4. ANUFNTUSTENINEU oA Aumsdeaaneiwadidindenuna
WoMATevimeand chi-square WuANMNANTUSSYNINEU cylA fuauaunsalunisdesaaneadidin

Ao

\doAuAS NaNIRe LiB £ faecalis MDY cylA Nuansanway band Wuagiinuamisalunisgesaaswadidin

'
o o =

Foauatldiia 13 aeitusodsilduddymeadnfissduanuieiiudosay 95 (p=0.000)
2AUTENANIITIAY

Ma1eNsANYINIIFUeNTIIMEBUSUIN E faecalis \WunuafiGeiinutesuniefesas 90 Tuilu
AUAIINNNSSIYIkariseslsavanasin (Foschi et al., 2005; Fouad et al., 2005; Gomes et al., 2008; Rdcas,
Jung, Lee, & Siqueira, 2004; Williams, Trope, Caplan, & Shugars, 2006) LLazﬁIamaWULLUﬂﬁLQi‘Wﬁﬂ‘ﬁuﬁuﬁ
%’mﬂﬂaaﬁmLLa”’JmmdeuﬁamL?gaﬂgmqﬁﬁﬁ 9 11 (Rogas, Siqueira, & Santos, 2004) Fuflyg1uin e
E. faecalis fianunsasssiinuazifiudunluiiufiniunssnveasssniiunds dunilsenaunandadevesdude

o
U o

Tsadsfiunumengliide £ faecalis Uiuiuazaseglunasssinituld Snitsdsdelfaunsonienendurolsaues
fredufuuniiderinun sofululdlein sudelsaswduledoniliiddaiionsnslhinmsindedadomely
ARBIIINTIY

wansAnwSsiin £, faecalis §8u cylA 45 aneviug (Gevas 91.8) aenadasiun1sfiny1ves Zhu et al.
(2010) Gswu E. faecalis §8u cylA Seway 100 useddlsiniu nsfnwidenandneian £ faecalis maﬁuﬁ:‘ﬁ'
WUNUIAIN 2 WWES AD ﬂfﬂa'1e’ﬁuENQﬂ’gsﬁé\’aq%’ﬂmﬂaaﬁmﬂwgqLLasLLsmmmﬂmamimﬁuﬁé’uLummwé’ﬂmi
$hw1 uenaNtinsAnyIvas Barbosa-Ribeiro et al. (2016) linudu cylA Famsdnwdsnanldsuunsuuuumg
fugnssuvende £ faecalis fusnunainaasssnilufidumandaeis Pulsed-field Gel Electrophoresis (PFGE)
WU udazaneiudazdanuannuangmatugnssueiann foradiuladenileivilinanisfnuuansieiu
wazfinnsdnwiwes Endo MS (2015) wuifiesdoras 16.6 Ssuandsansanisinwiaiel dufivgiuin o1aifaen
vnAnguFioes madudenveanguinetns Bmaifuedns Funeumsvasedluriesufifing iDusu dwsuna
nsfnwiinisdesanowadifindenunivanie £ faecalis wusiuau 13 aneus (Gosas 26.5) iaunsngos
aanowaddindenundlddimuinnnitnisfinuves Reynaud af Geijersstam et al. (2007) wulfles¥avay 9 faina
nsfnwiuandstudu oradesnaintadenisiudnvuzgfianans demnasudaeds Matrix-Assisted

o

Laser/Desorption/lonization Time-of-Flight Mass Spectrometry (MALDI-TOF MS) Taa3iasiziiiniinluiana

LUU"LWﬁLLﬁiasawﬁuﬁ:maqﬁ?a E. faecalis funarnidorfnnsfunyuy sULUY (profile) N19ugNT5uaziIAIY
uanenaiy onvdwmaliiflulnduvestuiiusngeenunsiuld venaniuansdnwiliaenadostunisinuves
Zhu et al. (2010) wazn3ANYI1WY Saffari et al. (2017) Fdlinunisgosaaewadifindenuns Inoiisteauin
E. faecalis anefugnsnddniuenuiainaaessiniludsannsadesaaswadisindonunslsaynutosniounull
Ny e?iamamﬁﬁﬂmﬁLLmfwiNﬁuﬁuaﬂam1ﬂ1nﬂa%’ammﬁmam% doud Yadeduemsiisuusemudunnsiedu

a1 o

] ] a & ey o a L
33%'37@ﬂ@3~|ﬂ33“ﬁ7ﬂ3 LLagigﬁJgsﬂaﬂﬂqimﬂLSUE]ﬂﬂJa?u%WQIMWIUVLVlUSU@QEJ‘ULLG]ﬂ(ﬂ'Nﬂu
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uanandinut Bu oA Auansdnuaz band Wutsunaziien mRNA 198U cylA geesaiudn waz
annsadesdanewadidadonualdran Jeenaaguled T E. faecalis 758U cylA uansdnvas band Wiass
anwduiusiumuannsalunsdesaanswadidnidenundld aenndafuteyasnlasinmsideneuntihiinuin
o E. faecalis frannsngosameeadifindonunssnulundguinegadifeinsianzdu v3aligUanavuesiva
sovun SuuneadsvesseslsaUaesnilu 6.2 fadluns feisenuatuayuin aslelaladuonafinnuiededty
nsnilenilfdedeiilasuumiunie phagocytic cells wds inflammatory mediators M TNF-L IL-1, IL-
8 LHud penusuauan SuduameliiAnnsnovauesdensdnauiiiulu Snits TNF-QL IL-1B agiunmun
Tunsnszfuiisuaruidn (nociceptors) dawalifionn1sniandiinauan 1w Uan w13y (Cunha et al, 2005;
Ferreira, Lorenzetti, Bristow, & Poole, 1988) sauis0naiianuiendaddunisiinseslsaveaiioidosoutaissin
flu (Sedgley, 2017) Snvianslelnladuaninsadesaans neutrophil uas macrophage 1¢ whasiidudeluns
VAUTANTEUUTANTUYDI319NIY (immune evasion) (Miyazaki et al., 1993) uddwalvilinarmainnsalunis
§ﬂimuﬁﬂﬂé’w%nmﬁm?jaiﬁ (Coburn & Gilmore, 2003) 3so1aidululgin WeiRanisadreanslalnladuiintuf
szmitgnhliilvunnvesseslsasoudanssniiulngtu wiegslsinuasiinisinvuiiuduiolssdiusndnn

luvaugi@e £. faecalis #18U cylA uansdnuiy band seunaylidiiu cyl4 agldaunsndevaansvadidiniion

v
U v

waald nnsdeyaainlasinsiduneuntimudl e £ faecalis filiannsagosaatsisadifinidonunaznulungy

o

Yegeiiflennisianzidu wiedligUanwmueslnafissiesas 12,5 uazflauiaedsvesseslsavatesinilu 3.9

a a v

fadiuns aenndediun1sfnyi1ved ke, Hashimoto, and Clewell (1984) wud1 nuilasuiisieumelsnonda
fimdaaneiusnliausodosaarswaddadonuns nudnadidinson luvaeivyildsuideaieiug hemolytic
szmeniglu 4-5 Filus sedunisinndenanisaduayui arstelaladueraduladeninnuguussionisiiialse
o = o ¢ | o & & LAy v a a ° E
wananiliinisfnuludninaasinuii aneusveae £ faecalis Mldasrslelnladuasiinnisvianeilieide

US1Iuaem (retinal) Ueensounuluiia TuvagiReanudie £ faecalis Naselalnladuaziinnisvianeiliolioqe

'
a

aluszauiidn (deep layen) sadanszAuliiansndsansdniinissniau (inflammatory mediator) {uguau

winnladefiuinidu wagrlnlefinwas (phagocytic cells) fuduanngliinujAsen1ssnauiguuss

v
v o =

waziinnsvhanesilaeniuun (ett, Jensen, Nordquist, & Gilmore, 1992) fstiuisativaywii a1slelaladuens
frnudetesivanugulsslunsielsa

saax

wBNINUNANIIANWIASTILEINUTI E. faecalis @aneiugiidu cylA uansdnwne band seuazliaiunsn
govaaawadidndonundld Miluwwuiilululdan Bu ollL” ey cylls” egneuenwadifiefinssaudaiulu
sUlUsfudedeuarlianunsndesanoadifinidenuwasld 8nnsUsunames cils” Ndevmeragnsusniyadayd

teeninszaudaiu (threshold) Felaifideyayaudsludalusiiu cylrR2 Fadulusuaruauusznnduds (repressor)

'
a

negnreluwad vinli o/lR2 deduriu P promoter wazliauisamieniliiinnisuansesnves a/l operon
FeadumgliiAnnisuanseentes ol operon lusedui serilildinisuanseenvesduiay uayliaiuse
a51easlalaladuls dwwalsi £ faecalis ldanunsadesaarswadifinidonuns (Van Tyne, Martin, & Gilmore,

2013) uanantilin1sfnwives Saffari et al. (2017) dulivguin nszviunsndnaisielaladuneliiinnisdey
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aanowaddndonunsiy fnnusidudeededuiifoatonts 5 du %nagjmﬂu cyl operon Fal Bu oyl way
olLS Wuasieulunsuananslelaladu u o Suhiigauladusiiunendainmsdunsizeianslelnladu
(posttranslational modifications) u cylB Tunuvlunisvudsanslalaladu uag cylA iwhillunisnszdu
TolnladuliiAnnsvinanswaditvane Tufidae nmsdevaaawadisindenuns (Eaton & Gasson, 2001) Faiivians
nsAnwInuI el ol operon AsUT 5 Bu avdwaldide £ faecalis amnsadosaasivadidadenundld
(Hallgren et al., 2009; Poeta, Costa, Klibi, Rodrigues, & Torres, 2006, Semedo et al., 2003) weog1alsAniy
miﬁﬂmﬁé’%ﬁﬂﬂé’ﬁﬂm cyl operon ﬂsunﬂguﬁﬁL‘i‘]ul,ﬁmmsmﬂmiail,vhﬁu

T

dunSunanisfnudiinue £ faecalis 31wy 4 areiug (Geeay 8.2) Nliidu o4 wagliiinis

a A

wanseenvasdusingn suddiansadesaarasadidndonunsldtududdionauiulei tu ola feduiui
ﬁﬁzﬁwﬁﬁﬁﬂhEJﬂizéjuiﬁaWié?aéfwEmlszﬂmla%uaq”lu‘gﬂw%’aw‘mm (eylL,”, cylls’”) uazarunsagseaaiuigag
dadeaundld dufuanuanisanuiasiuldin arslelaladuensiidiwieitedunisdueasalide £ faecalis
finrwannsalumsielsadiniu usogslsinuemsiinsfinuifiaiusely Weswnnsdnuniidufionisine
TuresufiRmsuiiiu
ﬁm%’ugﬂuwmiﬂssLﬁummmamaiumssiaaammamaaﬁﬁmLé‘amummnmsﬁﬂmﬁazl,l,mﬂmamﬂ
nsAnwdue lnenatenisfnwinnaaouanihdaseulalaiifieturiell fedmbutoyadennnin Reynaud af
Geijersstam et al., 2007; Saffari et al, 2017; Zhu et al, 2010; Zoletti et al, 2011) luvazfin1s@nuivesiide
fuasUssfiunalnsmsinvuiavesalaseulalad Sedndu semi-quantitative Woannsnindeyaussuifioy

activity vesusiazateiugnIendin wasinundnwmanuduiusivladeduq 16 enviedadudeyailouiiie

iluld@nwselusuian udegrelsiniunismageusinanidesiinfe nsafiie £ faecalis a1unsatdosaans

¢ @ A v Y 1 a v v '
waaadenunalatoazliaunsausadiulamenuan

daluauuy

- < ¥ o 1 ] ! Y a 14 & v S ! = 6| S = v

waludeyairsesiagdrglmfnanuditatewuluunuimvesdunelsawasilulndvesdu sudadila
N3vUIUNIRlIAYBTR £ faecalis luaaessniluiiduwalnnmsinwuasiiseslsalaesinuingadu 39a0s
= P a 4 a a ! 8 &= v o e & a v o o
Anwdunelsayladuiiudu 1 gelf, esp, asal wag ace nvsAnwIANANTUSURIEUNs 4 slladuilulndves
Busana WieliAnmudlafisnalnnismusunisuansesnvesdunelsrograduszuuanndu wazaunsaedung
Usngnisainnee iRgawu Jay3deridsiniiunsideifesiuisesinely uenainddedussdnnuidmiunis
AUATILAEHAIANTIUATNTAN15ANIANSARTNTaWANIN E faecalis looennssgauasiussdnsnin
wnPu Wldgnisnanunisshwiuanzauduiuiaumainnnssnweaessnituniseslsavatesn wielinig

ShwnaessInflugfidnsinudnsaiigatu
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Abstract

The objectives of this research was to (1) investigate the ability of cell wall extract of (CWE) of
Enterococcus faecalis (E. faecalis) on the stimulation of IL-8 expression in periodontal ligament cells (PDL
cells) compared with lipoteichoic acid (LTA), (2) evaluate IL-8 expression in PDL cells stimulated with CWE
of E. faecalis isolated from root canals compared with reference strain, and (3) evaluate IL-8 expression in
PDL cells stimulated with CWE of E. faecalis hemolytic group and non-hemolytic group. mRNA expression
of IL-8 was investigated by real-time quantitative polymerase chain reation, and data was compared by
Mann-Whitney U test at a significant level of p = 0.05. The results showed that (1) CWE of E. faecalis had
the ability to stimulate IL-8 expression in PDL cells same as LTA did, 2) IL-8 expression in PDL cells

stimulated with CWE of all strains of E. faecalis isolated from root canals was significantly higher

compared with the reference strain (p = 0.002), and (3) IL-8 expression in PDL cells stimulated with CWE

of E. faecalis hemolytic group was significantly higher compared with non-hemolytic group (p < 0.001).

Keywords: E. faecalis, Hemolytic, Non-hemolytic, Cell wall extract, IL-8
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Uivusvosmuifignnssdusiensalalulalada enududu 10 pe/ml uazdedeieumelsnanda fianda ATCC
29212 aneuumsgiu Wuan 24 Hlus axlinsaina I8 gendnguauau egafidedfaymaaia nnsdnu
wianil wandlifiuineadisuBaUituivesyudanunsognnssfusesuszneulundieadvouunaiiGounsuun
ylitinsevauemsgiduiu Suilugnmasniauwasyhaededoseuaennity

dooumelsnenda flanda veeiusausnaduansaaedindenuas (hemolysin) Ssenafinuduiius
fuaruuussreds uazaruasalumsdnumudesUfFaugaeade n1sfnwves Huycke wagAe (1991)
senuimuideeumelsnenda fimaa siaaaedindenuns fovay 44.7 lusegrudenvesfinedau 190 51
fianvindelunsvuaidon Tnsfidemarisngunusosauniludu (centamycin) LLawTﬂﬁﬁgﬂ’gsJﬁﬂmm?iﬂﬂu
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unumvendaiou-melsnenda fianda wiazvisalunininseslsasoutaesinily wareatllugnisiamug
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IngUszaIAnIIdY
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2. flefnwmauansoontes IL-8 luwadiduBauiviuifignnasdudemsataniusadvendeioumals-
noAfa Timda aeiudfiuonanaasssnity Wisuifisuivaneiugunsgu
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nsfnwiléideioumelsnenda fanda ATCC 19433 anerfuguinsgiu S 1 anewug uasaewusii
wenanAaesIINilufidmainnmsdnuuasiseslsnsouuaesinitu S1uau 6 aneiug Sulszneudeionagud

oAl

aaneidinidonuns $1uIU 3 aneiug (H-1 H-2 wag H-3) waznguiiliaatewdadonuns $1u9u 3 aneiug (NH-1 NH-
2 way NH-3) Faldsuanmsfinsvessinsum Uslnans (2562)

Bideroumelsnenda fianda fd1adieiu Mdeduemsidsateuuumaiviausy ense duiiadu
(Brain heart infusion broth) 20 ml sUsflgamgii 37 eseiwaidoa Wua 24 $2lus auldvimmdewindu 10°
CFU/ml wvinnnsafnansafanausaduaniediedsnsiunendiudugidudu (Differential centrifugation)
sreandunsilunisinuves Krisanaprakornkit wazmay (2000) antuinaududuveslusiuluasaiands
wanseyn InUIualusiu ey J8ie (Pierce® BCA Protein Assay kit) wagtUSuanuidudulyilaniudainis

2. MsasBAwadLIUdaUSIUA

Juwadildanmsmsdsaiedesuiausiuduinadsunamediinniiy mndflunsuresoraaing
fUnefifiguainudauss uagliflsnusedrd Funfuuimsasuilunuuni u rddndasmanivesuin aazviun-
wnneeans univendasaiuasuns (Wfuniseydfannauenssunisasesssuluuywd ansiuawnveaans
uninerdeaswaiuaiund sWalaseinns EC6210-040) FsdeluilaziSandt “wadiudausiiug” neflinasinng
Anidendilu fio fidsudiluauysel liflsessuas Tanysaruusaily dnsafesniluadoauysal uazlsifines-
anwilnquesefenzUsviug dwiuinaminisdaditueen fe ailuiililignifvesnamnzay viodudituiliannsa

Thumnzidsadaidoduiausiusianislunan 24 dalus

¥ '
= = a

nswnzideailoloduBauiiud Suanihdiluasuiigniivegnislunasavaaesiivsiaainiie 34
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psisugadviinneandudidy Aliflusaisa (MEM O with phenol red) waz@suiisosay 10 u1d19sae
ansavareveamlnUiwlosyndu (Phosphate buffer saline) naneqass udildfinrdnyaueniiadadudausiiud
INVINAUNDUNANVOIRITINAULIIINITWIzIa8 sl UABUgaaTUIA 35 mm (PYREX®, Fisher Scientific,

§ a

Thermo Fisher Scientific, Canada) Tusivsiasawaasinaatualn luanie diia dwiey (Dulbecco’s modified

U

v v

eagle medium) iuszneude@sutifosas 10 wddadu 100 units/ml wenlnine3du 9 0.25 pHo/ml Tnguuil
goungfl 37 ssreailia Anududiinsiosay 95 worliviinuaniuaulasonlufiosar 5 wuwadisuadyeonin
MnBuite ndmneadiiusulissnadesar 80 vesmundsad lhhnmsveesiuueadlnenisteas
vumudissadlu (subculture) Seuifumadiuil 1 dwuiwadillilunsfnudandumadluiud 3 fa s

3. msfnwArmEITIvasEsEiakTaradvaadaoumelsnaada fanda Tunsnssdulieadisy
Bausiudiinisuanseanvas mRNA 229 IL-8 Wisuifisuiunsalalulalada evinisusduie 0 6 48 uas
72 galus

¥msinedsasadiuinuiiuiadunudsasadein 6 #au (Corning Costar® TC-Treated Multiple

Well Plates, Sigma-Aldrich®, Merck, Germany) wiagvauilUSunaugadvauay 5x10° wad Uniigaumgil 37 aaen-

874



N15UILYUEUDNAIUIFYILAVYIA UN1INB188FLU1E5ITNIFI1Y ATIN 10
The 10" STOU National Research Conference

waldea anududuindosar 95 wasriiviinueiveulaeenleddosar 5 1Hunan 3 Ju Tnewdlefarumunuy
vosSinausadieray 70 fv 80 TesnrunAsared Fnhumeaeuivasatantasadvontoounelsronda A
Ada ATCC 19433 anefusunasgiu Wisuifisuiunsalalulalada (Sigma-Aldrich®, St Louis, MO, USA) Gy
nguAIUANUIN (positive control) Tasldmmdudu 10 pe/ml Uuflgauvindl 37 ssauwalfea ndsanuuasumiy
fmunveusazaaIa1ud Tigadiuila (conditioned media) Tesusnznquesn uaztneadidudnyiviudi
wineagluusazyquinaia RNA meyaaniasuyinsn (innuPREP® DNA/RNA Mini Kit, Analytik Jena AG, Germany)
InHul1 RNA U3ana 2 e 3 pg wvhnnsdaiaed cONA feaaiaiiiedaion (RevertAid® First Strand cDNA
Synthesis Kit, Thermo Scientific, Lithuania) 11 cDNA il§un5193nsefu mRNA w84 IL-8 fredsnisiiuuuna
arsiugnssuluanimaseiigy jisegnlglndiueisa (realtime quantitative polymerase chain reaction %3e
real time PCR) WagfAnAuna9Inn1sAng SYBR-Green 34l4f cONA Uunas 5 pl sio fiseifisuTunniansiugnssy
a shuvisvesiufianla uasldlnsesdumzdmiviudngnn s 1) vhmsvaaesaends neldieadiduda
Usviusndituresitheeiioriu wasvhmavageulutunou real-time PCR fagnsazaasdn MuamU3anmnig

a I3

WAnI9aNUBY MRNA felusunsudnsaguvenniaasealngd Ade1s Awndu dawiiu (CFX96 Touch Real-Time

[

PCR System, BIO-RAD®, USA) 1ng91989n1an15Anwu8d Gao wagame (2015) et

AACt = (Ct target gene Ct housekeeping gene) treatment - (Ct target gene™ Ct housekeeping gehe) control

Fold of induction = 228%

[

Wiguieudsunanisuanieenves IL-8 luwadidudausviudsmeadnuuy nild o iszauteddy p =

0.05 \Wipsannisnaaesiiiidiuiudiegrsroudntes waztoyalilaiidnuaensuanuaswuuuni

A15799 1 InsiasamneAlgluns@neinisianiaanuas mRNA 189 IL-8 kag GADPH 91489011n1SANEIUD4

Krisanaprakornkit Wwagmauy (2000)

Name Sequence Amplicon size (bp)

F5-TTT CTG ATG GAG AGA GCT CTG TCT GG -3
IL-8 598
R 5- AGT GGA ACA AGA CTT GTG GAT CCT GG -3

F 5- ACC ACA GTC CAT GCC ATC ACT GC -3
GADPH 452
R5-TCCACCACCCTGTTIGCTG TAG C -3

4. M3AN¥INSUENIBBNYBY MRNA 98¢ IL-8 Tuiwadidunusiudfignnssdudleasafaniiaad
vaudaeu-wmalsnenda Handa anududy 100 pg/ml Wisuisuduaududy 10 pg/ml Wavinisus
\huraan 24 48 waz 72 dlue

esenisfinyives gums wivuwi (2562) wuimsnssdumadiduiaUiiudseamsatamluvadues

Woloumelsneafa HiAda ATCC 19433 aneiuduinsgiu ANuudy 10 pg/ml vlfivsununswanseanves
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IL-8 ladumna19arnAudady 100 pg/ml Wevinsuudunan 24 $alue fdalu nsmeaesilagiunisidSeudisu
USunaunsuansennues IL-8 luwadoudnu3viud ssninsnisnszduisansaianduvadiioleumelsnonda fan-
a1 ATCC 19433 anemiuguinsgiu anududy 10 ug/ml waz 100 pe/ml Tngvinisundunanduna 24 48 uay

72 Flug vimsmnvidsaradidudausviud LarUseiliunisuanseanuas mRNA 984 IL-8 [ulRenfun1SNAaes

- Y]

P13 Wisuisuuiinanswanteenves IL-8 luwadudausviudieatfwuu nild g Asedudvdfey p =
0.05 iflasannismeassiifisiuaudiogiliintn wardeyaliléfnunenisuanuasuuuund nansmaaeamy
ansatanlasaduentoieumnelsnonda finda finan aadudu 100 uy/ml Yufumadidudausiuddunan
a8 $lus v liwadidudnuiudiivsununisuansesnyes IL-8 gegaedsiltudfynisada (p = 0.029) Faiin
anududuasaiudinaalulilunismeassiely (Mmaassddnfudunouniswosnisfine uslsild
fnqusvasdmside Swenanlavasulilussfouititufiesssmanavesnsldansatantusaduentooume-
Tsneada fianda avududu 100 pg/ml waziavu 48 $2lus Tunsneassdely)

5. N15ANYINTSUAAIDBNYDY MRNA 181 IL-8 Tulwadidudausviudiignnszdudeansafaniaead
voudfatou-nelsnanda HAda sewusiiuenatnasasnnily Wisuiisufumsafandavaduaadaiounals
AaAfa WAda ATCC 19433 aenugannsgiu

smamsiisasadiduiauiviudifiethumeaeuivansatantueadussiteeunelsnoada fianda
fusnanaaesnitu $1um 6 anewus Ussneumeilenquiisaiedindenuns uaznduiliaaedaidonuns ndu
av 3 aneiug Wisuifsufumsnszduieansanuiieaduestoioumelsronda flaida ATCC 19433 anesitug
19351 Fadunguaruauuan (positive control) Tngldanududuvesansatnatiawad 100 pg/ml Unfulwad
BuBausvudidunat 48 Falus ndanuuasunufinuainaiuds Jsadn RNA wazduns1zd cONA iioUssidiu
N1TUARIDBNTBY MRNA 284 IL-8 faeAsn1sdanandsdu vhnismeassanuads Inslfisadisubauivudandity
Vo ie ey uazyhnsnaaouluduney real-time PCR fiogsaransdn wWisuifisuUinmmauaniaen
294 IL-8 Tuadidudausviug seviamanssuiiansafandusaduonideoumnelsnenda fanda aneusiiuen

1% '3

INARBITINAUY Uaga1enuguInsgIu warsenilamsnsedumeaisaianlaivadvesioioumelsnenda fianda

= LYY

nauitaanefinidenuns wasngudiliaatsidindenuns Meadfuuy Indd y Aseiudsdfy p = 0.05 Weawinns

kYl

neaediliidnnuiietvreutney uavdayaldlafidnwarnsuanuasuuung

WNaN15398

1. AnuENNITavNENsEiaNTuYasvaaumalsaaadd AA1da Tunsnszdulfiwadiduday3iug

v 14

fin15uwan9@anvas MRNA w84 IL-8 Wisuisuiunisnszdudlensalalulalada weavinnisuuiduwian 0 6 48

uaz 72 ¥alug
nsnsefuwadidudauiviuddmeansadaniisadvesdereumelsnenda finda ATCC 19433 aneiiug

W3 WWwaan 48 4alus il uSunanisuan0enve9 mRNA 984 IL-8 geaned1efivedAyvisada

WalUSuiiguiutiaaiaug (p = 0.029) Balusununisuandeeniagndeuszann 76 Wi Wguiunguaiuny
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Tuvasiimansiudonsnlalulalage VilriuTinunsuanses mRNA 489 IL-8 ifingedumunadiiutu (time
dependent) InefiUsnansuanseengsgaegsidoddymisadfilonszdudunan 72 93lua (p = 0.029) Fal
UhinaunsuanseentasiadeUszana 6 wh ileufunguaiuay wenainid nanseduisadidudauiviudidunan 48
uay 72 Halus vlsiUTImnsLaneanves mRNA 09 IL-8 Liugeiuogadmauilendsuiieuiuiina o uay
6 Halus Ineflansadantagadvondeioumslsnenda fianda ATCC 19433 aeviuguinsgiu wlHiusunmnis

o w

WAn408NUBY MRNA 781 IL-8 gendtnisnserusensatalulalada sgalitedfyniead (p = 0.029) (1wl 1)

. [ JLTA 10 ug/mt
100.001 C A cWE 10 ug/ml

10.007

*
1.007] ¥

Oor5r 1
. b
0.00——F22
0 6

Incubation time (h)
Error Bars: 95% ClI

Fold change of IL-8 mRNA expression
relative to the control of each time

48 72

2 1 anuanIavesansaianiugad (CWE) veadeieumnalsnenfa landa ATCC 19433 angiudunnigu
Tunsnszfumaddudausviudlilinnsuanioanves mRNA ve1 IL-8 Wisuiieuiunsalalulalada (LTA)

o o a

(Frdnusnmwdinguaniiuaneaeiu Lansdernuuanasesditudfynieada (p < 0.05) die
Wisuiguseniniaiannmelungy LTA ddnwsmudaingulvgiuand1aiu wansdeninuunnsineeeng
TedAtyneada (p < 0.05) WallSsuWisuseniniaiainslungy CWE wardiydnual * Lanideninu

wAnsinseE e litud AN 19Edn (p < 0.05) WialUTeuWeuTenIaNINseRuse CWE uay LTA Tuusiay

1290281)
2. N1TUANIDBNVBY MRNA va4 IL-8 Tuiwadidudausiudignnssdudleasananiiuganvasiie

uals-naAfRs WANdd arewugiuenainaaassnily Wisuisuiunsnsedualeaisananiagaduasiye

uwals-Aandd WATEd ATCC 19433 d18WuguInIgIy
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nansefueadiSuBauituifmeamsatantugadvsadoioumelsrenda fanda aofusiinenainaaes
snitu anguitaaneidiaifenuns waznguilliaaieiindonuns vilFiuumunisuanseantes mRNA 184 IL-8
ganhnsnsgumeansainuiugaiveaeiuiuinsgudina17eg19dnan USuunsuanteanved mRNA 184
IL-8 fiA1UseNs 398 445 wag 978 dmSuanenug H-1 H-2 uay H-3 mud1iu waslimuseuna 187 258 uag
379 dw¥uaeius NH-1 NH-2 wag NH-3 snudsy Tuvasianeiiug ATCC 19433 shilsiivSinaunsuansoonves
mRNA 984 IL-8 Tnglaisuszanm 115 wh dieufunguaiuay 91nnisinszinuhansatnuiieadvesideiou-
wielsreada fienda fusninaaessnituimnatsiug viliduTinaniuansesnyes mRNA 499 IL-8 ganinns
nIgRumeaTananlueadvesaIeiuguInsgIu (ATCC 19433) agreiitdedAaynieadi (p = 0.002) UonINEGa
w1 mansduadliuBauiiudeasataniuradvosnduiiaaradiaidenuns viliiuimanisuanioanyes

MRNA 281 IL-8 ganinnsnsedumeansndantiagadvenguiiliaaedndenins sgsdveddymeda (p < 0.001)

(W 2 uag 3)

1,000.007 =

Fold change of IL-8 mRNA expression
relative to the control

ATCC NH-1 NH-2  NH-3 H-1 H-2 H-3
19433

E. faecalis
Error Bars: 95% CI

AT 2 MIUANBNUBI MRNA 81 IL-8 Tuwadidudauiviug NignnssAuisarsataniusaduen
\Wolouwals-AoAfd TANad aneiuguenaNAaas Ny (NH- way H-) lWisuieuivanenug
MU (ATCC 19433) (Fyanwal * wanatianuuane e siteddgyvneads (p < 0.05)

- = = & v & A A ' v & o I
daSeuilsussniadaloumnelsnenda fanda Nuennaasssniluusiazaneiug duaneiug

1MW)
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ATCC 19433 Non-hemolytic  Hemolytic group
group

E. faecalis

Al 3 MILARIEBNTBY MRNA 183 IL-8 Tuwadidunusviug Ngnnsvsduiasainniuvadvenionunals-
Aaafd nnda LWSsuflsuszrinsnguiliaanafinidenuas (non-hemolytic group) wazngudisanain

\deauas (hemolytic sroup) (FagnwIN1¥BINaulngNuANE1iY Lantarulanssed1eiitedAgy

M3Edn (p < 0.05) WewSsuisussminnguitldaanedinidonuns uazngudisasidadonuns)

aNUTENANTTIAY

1. musEsnsnvasasaianteadvaataumelsneada fiands lunsnssdulhisadiSuBausviud
finnsuansaanvas mRNA ¥4 IL-8 Wisuiisuiunisnszdudaensalalulalada wavinisuuduian 0 6 48
waz 72 4alua

anmsAnwiwuhasatantiradvestoleunelsnenda fanda darwannsolunsnsdulieadisu
faudrudfinisuansoonves IL-8 Idufsiunsalalulaladaiidunguniuauuin Taefiian 48 uas 72 Falu

vy o o 3

JrnuIwaddudnUsiudvignnsyAuimeasataniusadivsnnaniswanseenves IL-8 ganin1snszsusensnla

U q

@ a

Winlndrogrstnauuaziivedfyniada iWunstuduinaauifivesesdusznouneluniugaduasiuaiisoun
suvndianusanszduliiinsnevaussveswadidudausviug sullanuisrtosiunszuiunisdnaunazyhaiy
Wede Tuvaein1sfnyves gums Wi (2562) wuitansanariaead Anand anududu 10 ug/mlvinliwad

WudaUsiuaiivsnansuanseantes IL-8 gandnguatuaNegdnau wiliwnndsnnsnssduiaensalalulalade

]

dievinnsunduiaan 24 93lus wenanll wan13fn®1ved Zhang uasamy (2015) nuingaddunUsviudig
nszAumensalalulalada mnududy 10 pg/ml asfivsunmnisaing IL-8 gandnguaiuaegeitduddgyniseada

q

witlilumnansanmsnssswedelumelsrenda Hianda Ngniilimesieannuiou 60 esmnwalded WWuna 60 Wil

879



N15UILYUEUDNAIUIFYILAVYIA UN1INB188FLU1E5ITNIFI1Y ATIN 10
The 10" STOU National Research Conference

devinisunluauiianan 24 dalus TasUszifiunisadne I8 seufnieneulesiduyluneaiad (Enzyme-linked
immunosorbent assays #3e ELISA) nan1sAnuiiwansneiy erasfiunaanndiaiausadiunadivansietu 35073
UsziliutFun IL-8 Aupndnafu vieorafunannanudeudivihliAnnisidenanmussesduszneunglund
wadueataeumelsnenda fimda SuhlmAsnmuaudilunisnssfuradidulauiviug nsflasatauiasadihls
fivsuaunsuaneanves IL-8 TluwadlduBausviug gininisnseiumensalalulalada Wunsaduayunisng
984 Kengatharan wagauy (1998) n1s@nwnues Middelveld ag Alving (2000) Wazn15ANEIUDY Ray LagAE
(2013) finainesrusznedurlunsadvesuniiSeunsuuinenavminfisusunsalalulaleda Tumsmieaily
Aansnszuiumssniausasinaeidoude

2. MIUAAIDBNTDI MRNA 184 IL-8 TuigadiBuauiiudiignnszduieasafaninvadvaaitioioy
wols-Aondd AAda dreWusiiuenanaaasnily Wisuifisuiunisnszsfudeasafantavasvosdoou
wals-Aaafs WA1EE ATCC 19433 @18WUUINTFIY

amsAnw MU asatandusadvendeeumelsnenda fianda fusninaaessnituiemnanesiug vh

WfluTuunsuanseanves IL-8 gandnansaianduvadvesdolouwnelsnonda Aa1da ATCC 19433 angwug

v ¥
o ]

wpsgruiidungumuguuin esgrsdifvddymeada daiu Wemewudiuenaneasssniiusenafinnuanunsn
TunsnsgfuliAnnszuiunssniauuasimeitiodelfnnniugomeiusiinsgiu uagnsmouauomonsadiu
Snuituddearsafantseaduonte finonanaassmnituenafinulndidsstuaniaeniendinuinniidae
Tneduivgiuin Wodlusnanesessnilufiiegldsunissne oradanisimuaeiusldienuannsolunis
@i’ﬁas?ﬁmagﬂuamwﬁﬁuml,l,ﬂaummi %&LLmﬂ(ﬂ'NmﬂL%aamﬁuﬁ:mmgmﬁgmwwL?:aﬂuﬁawﬁﬂami Jeoradu
avgiivilfiAnauuanasesnsnevaewessadiSudnuituddatulunanisfinunil eehlsfnnn delid
nsfnwlelutiagiufiviouiisunansnsefueadduiauiiud ssrhadeoumelsneada fianda aeiusiiuen
IINARDIIIN-TU UagaeRugUInTFIY

MsAnwIHaNIDUALDITRNTARISUBAYTTILS WisuiTleussmimanssduieasananineadues 1de
luwmslinonfd NAad ﬂdmﬁaaﬂaLﬁmLﬁamLm (hemolytic group) LLazmjmﬁhjamEJLﬁm?iamLm (non-hemolytic
group) Wuhasafnndasadvenguiiaarsifindonuns il usinanisuanseonves IL-8 gendnansafnwds
wadvosnguilliaaodindenuns ogrediduddymeadn dedu Weioumelsronda fianda nquiiaareuinden
uns SsonafieruannsolunsnssduliiAanszuaumssniauuasrhaeidadelfnnninguiiliaaodndenuns
eauayunan1sinuves ke uazane (1984) fivsnuindeieumelsnonda fada fannsoaisansaaodn
{doauns (hemolysin) axfimuannsalunisnelsaganindoioumelsneada fienda Aliauisoadisarsdandn
Ifegneditfuddy osminnuindvesUinuasililaenssiudninaaswdvilidninaaemielusesas 50
Yassuudn Maaowiavaa (LD50) mawgﬁﬁmiamLs’ﬁuashwmimﬁaa (intraperitoneal infection) fedaoume
Tsnonda Annda vialiaaisdadenins asgeniiardndnvessinanisidiaidenuasiedumia uenaind
AMsAnwITeY Huycke uazAmy (1991) wuindesas 91.2 veudsloumelsnanda fn1da fiauaiunsalunis

Aunusee1aunludu (gentamycin) azausaasasaansliaidonuasld uagnuingUlieninnsindely
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nszuaidion (bacteremia) feitaleumelsnenda fianda faunsnaiansaasdiadonunuaziumutesiau
pladu axdanudsdunadedinngluaudlamidisluiiviheh dewieudsutuiaeiifndelunssuadon
Fudeleunelsaoada fiada fliaunsnaisensaaodindeaunsdainlosiaunludu wufesunmsine
949 ke WarAmy (1987) finuiudoiumelsnenda fada vinamodiadonuns Suenldnitaeiifinnzinde
HuN1vaenLden (parenteral infection) azanunsadumug Uithugldfeiesas 90 WoiFsuisuiuvialil
aanodadenunsiidrumuenuiiugldifiesdosar 19 nsdnvivariuandiifiui arsaarediaidenunsd
wuefiFeadstuenafimufedestunnuuusswedsn wagnadumusesuiTusveaie egndlsfioy 63l
nmsnwlafieurenalnvesasaaneidaideaunsiiasnnuuadfiFefotunszuaunsielsamegluuyed uagd
LifinmsAnwfieudisunansnssfusandidulnsviug ssuiadoloumelsnenda fianda nquiiaaieidaidon
una uaznguiiliaaneiiaidonuns

dloRsandeyamendiinvesthousazsefundeeumelsaoada fianda léanaasssnity delésy
MnnsAnIres fsuu Uszlndnd (2562) nuindenguitaansdiadonuns azuenldanaasssinituvesiiuid
gMsuanInadinegednau fie a1y d5danues (sinus opening) wazfivuadurugudnalwesseslsn
seuUamesnilulagiads 6.2 fiadiuns snuaioiug H-3 Aldaniluiiseslsasoudatssinvuin 2 fadiuns
Tusnziidonduilliamediaifonuas azusnlfanaassmnituresituiilifionnsuanamsnain uaziouadusi
gudnansvesseslsaseutmesnitulagiadeUssua 3.9 faduing sniiuaeiug NH-3 AldaniluiidsUanues
mnfinsansmfuansnovaueaTadiulaUsuiinuhasatauineadvestonnasiuslunguitaais
dindenuns Filisaddulausiudiiviinunsuanisenves IL-8 gandnsnsviuseasatandagaduoadenn
aeiuglunduitlianedndonuas Afleuaenadestumsiitnwuidenduiiaansiindeaunslunassnitures
flufilornisuansnsaddinednadaiau dwsuaneiug NH-3 Auenldanaasssinituvesiiuifiglavues Awuind
USimumsuansoantes IL-8 Indifesiuidenduilaaneudindonunafiotiuiu (@ewus H-1 uaz H-2) :ndoya
fananail lkduivguhenuannsovesdeeunelsneada fianda lunsnsedulfisadidudausiudinig
LanIBeNYed IL-8 o1aflauisadosiumnusulsweseInisuansnsadin wievuinvesseslsaseutaesnity
Fsmsfnwes Bendre wazAniy (2003) 1891ui1 IL-8 namideninszuiumsaaeadivimihiivhatonszgn
wiowadeoailonanas (osteoclastogenesis) wazanunsawmieatinisvvtfivesadsnasie sgdlsfniy
Padudugenaiinareninisuaninendin warawiavesseslsaseutatssinily Wy IuLaqa%ﬁmgmﬁL?{wﬁaaﬁ’u
nssnauLazvhareodeseutanesinily L%amﬁﬂﬁuﬂ s?}aa’ma@:maiuﬂamﬁﬂﬁuﬁLLEmL%@Lauma‘liﬂaﬂﬁa
flen-da umimsfin anuannsolunsrevausmeiduiuvestheudaze man esnsansfnymui
aneiug H-3 i lAluIuMnsLaneenvad IL-8 a3an LﬁaLU%EJ‘ULﬁEJUﬁ’uL%amaﬁuﬁfﬁuqﬁuaﬂmnﬂaaﬁmﬁu Wl
ndulallfinanasssniluvesiiuiifoinsmendiniidaiau

nsAnwil ﬁwmﬁmaadmﬂ%ﬁamﬂﬂaamﬂﬁuﬁwmummaﬁuﬁ: esndedrisludosszznainis
UjuRanu ‘Uizﬂauﬁ’ui'ﬁmima%ﬂuLaqaLLasmiwaL?ﬁyaﬂLﬁaL?jaﬁﬁawﬁNasLﬁamﬁiauuazLﬁmﬁﬁaﬁﬂwmmiﬁdw

iiAndednintunisiideaguvemanisveaedld inszidunan siisuiisuvesdenguilgasdaiionuns
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uaznguiiaaneiinidonuas nauavauaetugivintu egndlsfiony nansAnunifiannsouandifiuanuuans
Yo9n13uandeanted IL-8 luwadiduinuiviug seviumansefuiedeeunelsronda fianda nauiiaaisie
Foauns uaznguitliaaadindenuns Fuasdudeyaifesiulidmiunsnuifufusely

fafu Fsagunanisnulédn (1) asafandagadvendooumelsaenda fiaida fanuamisalunis
nsrAuliwadidudnUiviudnovauewieuaneanves IL-8 lwudeadunsalaldlalade (2) arsafanidaeadues
\dereumelsneada fienda meiugiuenaineaessinitu aunsonszdulAnnsnevaussfandnldunnniiang
fusansgu uay (3) asatantavadveadeioumelsnonda fianda nduilaaodnideauns anmsonszdulian

nsnevauewInaaliunnInguiliaaaidedenuns

RIGIGIIE

Inwan1sAnwfinuidooumnelsnenda fanaa vlaaarodndonuns Auonainaasisinily
feuannsolunisnsgduliAnnsnovauswessadiliuBauiiiuidonisuanseonyes IL-8 Idunnninvdaitll
aanofinidenuns 3 1L-8 Wuansnensenavrdendsiiisitedunsruiumssnauuasyinas Wedesoulans
s7n#lu Uszneudunsaneniiuanfisienuiiansaanodaidenun i @eeumelsaonda fanaa a3193uena
Aeadesiuarmuussedsn wagntsiumusosifauy fedu mandeoumelsnenda fieda sliafiaans
dindonuns Fsldarnpasssiniiufidumainnnsiom uhnisAnnsaniueildlussuninanssnwnasssniu
Yhendrananssnity wieisnsinefilddmsuiinidelunasssnity eUsvliunmsiesvieauaunsalunsi
FAmsenunnszviumsmidaide wialleAnduasiidufinnsedusadidthuiumeisuiidarudumnefu
safUsznevluntfuwadvoniooumelsnenda Hada o19liuanisnaassiiduuselovidmnsunisiau
nszurunsinerasssniivlunsdififianudumaiannnisinnitinnuisadestu Wetoumelsnenda flanaa

= & o Yo N N v ! v < °o w v o
Fudugennulavesaalunsdifanan wazdmalulagmdAgremissnwaassinitululagiu

1aNA1581484

sivsuu Usglnavis. (2562). mwgnveadaloumelsnenda fintaa luituiidumarainmssnwinaessinity ilsee
Isauae5797iu #2833 real-time quantitative PCR (GPCR) 4azn1siwiziagasds (mendinususayan
AINEERSUINUUTR). UANINYIFYFVANUATUNS, devan.

s Wi, (2562). Avwansalunsdainizead msdhgivas veadeioumelsnends finida dotsas
iowdloly wadiudausiug uasiwasdoyiavasn uasmsnssdupisusudeasainnnaueasves

9
=

Waloumalsnensa fin1da areniguInTgId (ATCC 19433) gaswaaioudau3iug (neninususyan
INYFEASUINUUTR). UNINYIPYFIVATUASUNS, FaVan.
Stuart CH, Schwartz SA, Beeson TJ, Owatz CB. Enterococcus faecalis: its role in root canal treatment failure and

current concepts in retreatment. Journal of endodontics. 2006;32(2):93-8.
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The Study of Health Impact from Alcohol Consumption in Phrae Province
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Abstract

This survey research aimed to study the factors of alcohol consumption and the health effects of alcohol
consumption in Phrae province. The samples consisted of 400 people aged 15 years and over who live in Phrae
Province by multi-stage random sampling. Data were collected by questionnaires. Data were analyzed with
percentage, average and standard deviation. Results revealed that 43.0% of the subjects had regular
smoking, which was associated with regular drinking of alcohol. The subjects would drink alcoholic
beverages in important festivals such as Songkran festivals, wedding and housewarming at 98.3%, 92.0%
and 90.5% respectively. Parents, brethren and close friends of subject drink alcohol 98.7%, 66.3% and
99.0% respectively and drink alcohol as social purpose 69.2%. The subject drink white alcoholic beverages
regularly 49.5%. The effects to the accident was showed that the accident from drunk driving was 17.7%.

Iliness with high blood pressure, gastritis and diabetes were 19.3%, 8.5% and 7.3% respectively.

Keywords: Alcoholic beverage, Consumption behavior, Health effects
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Abstract

The objective of this study was to determine and compare effects of 4-7-8 breathing control
pattern on blood pressure and autonomic nervous system function in subjects with and without sleep
deprivation. Healthy subjects aged 18-25 years were enrolled and divided into 2 groups consisting of 18
adequate sleep subjects and 18 sleep deprivation subjects. All subjects were examined outcomes before
and immediately after the 4-7-8 breathing control. The results showed that subjects in both groups had
significantly decreased in heart rate, systolic blood pressure, pulse pressure, rate-pressure product, and
mean arterial pressure values. Moreover, the 4-7-8 breathing control also improved autonomic nervous
system function by significant reducing LF and LF/HF ratio values and increasing HF value compared to
baseline values. The results of this study suggested that the 4-7-8 breathing control pattern may improve
autonomic nervous system function in healthy subjects both with and without sleep deprivation by

decreasing sympathetic nervous activity and increasing parasympathetic nervous activity.

Keywords: Breathing control, Autonomic nervous system, Sleep deprivation, Heart rate variability
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Winmsueuvduliliegades 10 §alus Yogu 9-10 Falusuay fflug) 7-8 2l Fswuidanugnueanisueundy
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2018) ﬂmﬁwﬁumaamié’ﬂLaumaiui'mma (Ferrie, Kumari, Salo, Singh-Manoux, & Kivimaki, 2011) mmﬁwﬁu
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%]aﬂmuﬁu?gﬁu (Insulin resistance) (De Bernardi Rodrigues et al., 2016; Nedeltcheva, Kessler, Imperial, &
Penev, 2009) Maanldonuaands (Atherosclerosis) Jaduidsanarigrudmasnonsiamunluidulsalanazvasn
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aeALden Wvurilad 2 wavliinuseansninnisvinauresszuumela (Bhimani, Kulkarni, Kowale, & Salvi,
2011; Jerath, Edry, Barnes, & Jerath, 2006; Sharma et al., 2013)
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o¥vrzniely Shsninamatguasin warsvogatlumsuouiiasu (maned 1) dewisudsuteyaiiugiy
sERINguuUBUndUisanauasnguuounauliiiesns fagadif Independent t-test Wudﬁagaﬁugmﬁuaaﬂg& 2
nau lufiauuaneanaaia

neun1smuaunsmeglanudl dnsnisiiuresinla (Heart rate) avusuladinvazialadus (Systolic
blood pressure) anudiulainvaziilananssa (Diastolic blood pressure) AMuLANANUBIANUAULARA (Pulse
pressure) 11UV891%21a (Rate-pressure product) wazauiulunaondenwauads (Mean arterial pressure)
Tunnssfumsadifnslunduueunduliifiomenay ueundulilifiome (el 2)

nandainnsmugumsmelanuy 4-7-8 uandiiiufisnsasuuvassasnisiiuresidla Ay
Tafinuazuvesilalunguenanadasiiveunduiiismeuaz usunduliifiome (11997 2) Inewuisasnissu

wo9iala (4.1 + 4.2, p< 0.05) Anuauladnvazialadusi (3.1 + 3.4, p<0.05) ANULANFAINVBIAINAL
Tadin (2 + 3.8, p< 0.05) 971428930 (645 + 581.3, p< 0.05) WazAIAIURLEenLALAZY (1.8 + 3.3, p<0.05)
ﬁummmaﬁmﬁgmma:umwé’qmimuqumﬁmalauﬁﬁwamaaaﬂwaﬁﬁaﬁﬁmmmﬁa deiSsuiisuiuneuniun
nsmela uideFouiisumadsuntassninangy nuitbifanuuaneistu Wuiihadladiinsauegunis

glakuu 4-7-8 @111508A8MIINSHAUYBIILD ANuaUlaRs warauvasiila
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{IaawunsUsan)
AULANANVDIAUAUTATR 37.9 + 5.7 36.5 + 6.3 38 +£59 351+53"
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NUYDINla 7805.2 + 1007 6942.8 + 894.7" 7385 + 1428.2 6834.1 + 1299.4"
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Foyayraunanudioh 32.8 = 13.7 178+72" 38.3 + 16.7 35.3 + 15.2"
(normal unit)
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Fanu deveunduliifeane Wunaliiinnsiudsuwlawes Sympathetic tone dawansliiituainnisin HRV
wuiinsifindunes LF uaznisanases HE waadlifuiansiiutuves Sympathetic tone LazN1TAAAIVDY
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Abstract

The objective of this research was to reconstruct palaeo-climate of the late Oligocene to early
Miocene of Northern Thailand using fossil spores and pollen retrieved from Ban Pa Kha subbasin, Li basin,
Lamphun Province. Fossil spores and pollen were extracted from sediments taken from the interburden
layer of the subbasin using hydrochloric acid, hydrofluoric acid, acetolysis, and zinc bromide, and then
examined with both LM and SEM. A total of 1,587 spores and pollen grains were counted and identified.
The results showed that 43 spore and pollen species belonging to plants which are (1) temperate,
(2) subtropical, and (3) tropical elements were observed. Alnus and Quercus pollen were found in very high
numbers. Based on Képpen signatures of their modern analogues, subtropical climate seems likely for this

region at that time.

Keywords: Ban Pa Kha Subbasin, Fossil pollen, Lamphun Province, Palaeo-climate, Palynology
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Introduction

In Northern Thailand, 42 sedimentary deposits have been recognized. Many basins are identified
as Tertiary deposits, including Fang, Mae Chaem, Mae Moh, Mae Lai, Mae Teep, Mae Than, Chiang Mai,
Chiang Muan, Pong, Phrae, and Li basins (Morley & Racey, 2011). Li basin is located in Lamphun Province,
corresponding to the Oligocene to Miocene (Songtham et al., 2003; Morley & Racey, 2011). This basin can
be geomorphologically divided into four subbasins, i.e., Ban Pu, Ban Pa Kha, Na Sai, and Mae Long
(Sawangchote et al.,, 2009; 2010). Palynofloras from the late Oligocene to early Miocene suggest warm
temperate environments, while those from the Middle Miocene indicate tropical settings (Songtham et al.,
2003; Sepulchre et al.,, 2010).

The Ban Pa Kha subbasin is located in the eastern part of the Li basin, consisting of four units, the
lower coal seam, interburden, upper coal seam, and overburden (Songtham et al., 2003). The sedimentary
formations contained lacustrine deposits, including coals, oil shales, and marls, lying upon coarse fan
sediments (Songtham et al., 2003; Sawangchote et al.,, 2009; Morley & Racey, 2011). Palynomorph fossils
were mainly recovered from the interburden layer. The age of this subbasin is the late Oligocene to early
Miocene (Songtham et al., 2003; Morley & Racey, 2011). The Ban Pa Kha subbasin also provided valuable
fossil evidence indicating changes in palaeo-vegetation in Northern Thailand caused by the Oligocene-
Miocene climatic shift due to Southeast Asia landmass movement, as well as the monsoon linked to
Himalayan-Tibetan Plateau uplift (Morley, 1998; Songtham et al., 2003; Sepulchre et al., 2010).

Based on the macrofossil evidence found in the Ban Pa Kha subbasin, mixed evergreen-deciduous,
swamp, and riverine communities were suggested (Nichols & Uttamo, 2005; Sawangchote et al., 2009; 2010;
Grote, 2015). The late Oligocene to early Miocene palynofloras from Ban Pa Kha subbasin were also
examined by Ratanasthien (1984) and Songtham et al. (2003; 2005). A total of 29 sporomorph species were
observed and characterized by the diverse spectrum of warm temperate pollen assemblages. However, in
our preliminary study, approximately 40 fossil sporomorph taxa were recognized from this subbasin.
Therefore, it would be possible that the number of pollen species recovered from Ban Pa Kha subbasin
shown in previous studies was underestimated, possibly due to a classical technique used. In addition,
pollen analysis (pollen counting) was not employed by those studies. Such low taxonomic resolution of
palynological record, as well as the lack of a quantitative analysis, can lead to misinterpretation of palaeo-
climates and environments. As shown in many studies (Grimmson et al.,, 2011a; b; 2015; 2016; 2020), by
combining LM and SEM, fossil spores and pollen were identified more accurately. A light microscope (LM)
appears to provide details of shape, aperture, and exine thickening, while fine characteristics of exine
ornamentation can be obtained using a scanning electron microscope (SEM) (Ferguson et al., 2007). A pollen

counting is one of the most important methods for estimating pollen assemblages produced by plants
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presenting in the past. Therefore, retrieved fossil spores and pollen of theirs would provide us images of
palaeo—environments where they occupied.

Even though there are a number of studies on spore and pollen fossils from the Mid-Tertiary in
Northern Thailand, attention has only been paid to the indicative sporomorphs of climate change, while
some other palynomorph taxa have been underestimated due to techniques used. The present study is
aimed to re-examine fossil spores and pollen from Ban Pa Kha subbasin, Li basin, Lamphun Province, using
a combined LM and SEM analysis together with a pollen counting technique to obtain a higher degree of
quantitative compositional fidelity for more accurate interpretation of palaeo-climate of Northern Thailand

during the late Oligocene to early Miocene.

Objective
1. Toreconstruct the palaeo-climate of the late Oligocene to early Miocene of Northern Thailand
using fossil spores and pollen recovered from the interburden layer of Ban Pa Kha subbasin, Li basin,

Lamphun Province

Research Methodology

This study is the experimental research. Sampling site. — The late Oligocene to early Miocene
sediment samples (sample number SUT 809, 893, and 1386) were collected from lacustrine deposits in the
interburden layer of Ban Pa Kha subbasin in Northern Thailand (Figure. 1). The stratigraphy of the subbasin
was examined by Songtham et al. (2003) and Sawangchote et al. (2009; 2010). Spore and pollen
extraction. — Each sample was scraped with a paper cutting blade on the surface and rinsed with distilled
water to remove modern spores and pollen possibly contaminating fossil samples. All samples were ground,

put into a glass
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Figure 1. The geographical map showing the location of Ban Pa Kha subbasin (asterisk), Li basin, Li District

(highlighted in blue colour), Lamphun Province

beaker, and boiled with 150 ml of 37% hydrochloric acid (HCU) for five to ten minutes to dissolve calcium
carbonate (CaCOs). After removing the HCL, the remaining sediment was transferred into a five-liter plastic
jar and combined with 48% hydrofluoric acid (HF) to dissolve silica for three to seven days. The plastic jar
was then filled with water. The liquid was decanted, and the remaining substance was moved to plastic
tube, to which 37% HCl was added. This mixture was boiled for five to ten minutes and washed with
distilled water. The remaining sediment was then treated with 99.8% glacial acetic acid, centrifuged, and
decanted. The remaining sediment was chlorinated, acetolysed, and washed with distilled water (Erdtman,
1960). The palynomorphs were separated from inorganic matter using heavy liquid separation (zinc
bromide). The final organic material was mixed with pure glycerol and smeared onto a slide. Palynomorph
analysis. — Fossil spores and pollen were sorted, picked, and photographed with both LM (BX43, Olympus)
and SEM (FEI Quanta 400) using the single grain technique (Zetter, 1989) until it was ensured that all fossil
spore and pollen taxa were obtained. The observed fossil sporomorphs were identified by comparison with
illustrations and descriptions of pollen and spores in the literature (Grimsson et al. 2011a; 2011b; 2015;
2016, 2020). At least 500 spores and pollen were counted and identified per each sample. The palynomorph
percentage was then calculated. The palaeo—climate of the study site was reconstructed using the Képpen

signatures (climate-vegetation types) described by Denk et al. (2013) and Grimmson et al. (2016; 2020).
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Results

A total of 43 spore and pollen species belonging to 3 pteridophytes, 6 gymnosperms, and 34
angiosperms were observed using both LM and SEM (Table 1, Figure 2 and 3). Based on the main climatic
preferences of potential modern analogues (Kdppen signatures) of the fossils from the interburden layer of
Ban Pa Kha subbasin, fossil palynomorph assemblages can be divided into three main groups, including (1)
nemoral (temperate), (2) meridio-nemoral and semihumid-meridional (subtropical), and (3) tropical and
tropical-meridional (tropical) elements (a summary of the climatic niche occupied by modern plants related
to recovered fossil spores and pollen provided in Grimmson et al. (2016; 2020) (supplementary materials)
and the ClimGrim database). The temperate elements consisted of pollen from Alnus, Corylus,
Juglandaceae (Pterocarya or Juglans), Pinus subg. Pinus, Quercus Group Ilex, Tsuga, Salix, and Ulmus,
whereas the subtropical components comprised of Abies, Diospyros, Hamamelidaceae (Distylium or
Parrotia), llex, Liquidambar, Myricaceae (Myrica or Morella), Pinus subg. Strobus, Quercus Group Quercus,
Rehderodrendon, Styrax, and Viburnum. Tropical elements composed of Adinandra, Araliaceae (Aralia,
Polyscias, or Schefflera), Castaneoideae (Castanopsis or Lithocarpus), Cupressaceae (Taiwania, Taxodium,
or Sequiea), Ligustrum, Sapotaceae, and Symplocos.

The 1,587 spores and pollen grains in total were counted and classified. Quercus pollen were found
in high numbers, 78.54% (SUT 809) and 68.95% (SUT 893), while high numbers of Alnus pollen were
observed in the sample No. SUT 1386 (61.76%). Pinus pollen was found in low numbers, from between
5.00 to 13.00%. Sporomorphs from other plant species were found at less than 5.00% from all sediment

samples (Table 1).

Table 1. Percentages of palynomorphs recovered from each study site and numbers of the observed spore

and pollen taxa

Palynomorph taxa SUT 809 SUT 893 SUT 1386 Number of
morphotaxa
Polypodiaceae 0.61 0.00 1.15 3
Cupressaceae gen. et spec. indet. 0.81 0.88 2.49 1
Abies sp. 0.61 1.58 0.57 1
Pinus sp. 6.48 12.98 4.97 2
Tsuga sp. 1.01 2.63 0.00 2
Liquidambar sp. 1.62 4.04 0.19 1
Viburnum sp. 0.20 0.18 4.21 1
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llex sp. 0.20 0.35 0.76 1
Araliaceae gen. et spec. indet. 0.81 0.00 0.38 1
Alnus sp. 0.81 1.58 61.76 a4
Betula sp. 0.00 0.18 0.00 1
Corylus sp. 1.01 0.00 0.00 1
Diospyros sp. 0.00 0.70 0.00 1
Adinandra sp. 0.00 0.18 0.38 1
Castaneoideae gen. et spec. indet. 0.20 0.35 0.76 2
Quercus sp. 78.54 68.95 15.49 7
Rehderodendron sp. 1.82 0.53 0.57 1
Styrax sp. 0.61 0.70 0.00 1
Hamamelidaceae gen. et spec. indet. 0.20 0.35 0.38 1
Ligustrum sp. 0.00 0.00 0.38 1
Juglandaceae gen. et spec. indet. 0.81 1.05 1.15 2
Myricaceae gen. et spec. indet. 1.82 0.53 2.87 1
Poaceae gen. et spec. indet. 1.01 1.05 0.00 1
Salix sp. 0.40 0.35 1.15 1
Sapotaceae gen. et spec. indet. 0.00 0.18 0.00 1
Symplocos sp. 0.20 0.35 0.38 1
Ulmus sp. 0.00 0.35 0.00 1
Indetermined taxon 1 0.20 0.00 0.00 1

Total 100.00 100.00 100.00 43
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Figure 2. Light microscopy (A, D, G, J, M) and scanning electron microscopy (B, C, E, F, H, I, K, L, N, O)
micrographs of dispersed fossil pollen. A-C. Cupressaceae gen. et spec. indet. (Taiwania, Taxodium, vel

Sequiea). D-F. Pinus subgenus Pinus sp. G-I. Pinus subgenus Strobus sp. J-L. Tsuga sp. M-0. Alnus sp.

920



N15USEYUEUBNAUIIETLAVYIA U1 INY1F8FLUNEsITUITINY AN 10

The 10" STOU National Research Conference

Figure 3. Light microscopy (A, D, G, J, M) and scanning electron microscopy (B, C, E, F, H, I, K, L, N, O)
micrographs of dispersed fossil pollen. A-C. Castaneoideae gen. et spec. indet. (Castanopsis vel
Lithocarpus). D-F. Quercus Group Ilex sp. G-I. Quercus Group Quercus sp. J-L. Myricaceae gen. et spec.

indet. (Morella vel Myrica). M=O. Rehderodendron sp.
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Discussion

Most of the fossil spores and pollen found in this present study represent palynomorphs that were
commonly observed in the late Oligocene to early Miocene reported in previous studies (Ratanasthien,
1984; Songtham et al,, 2003; 2005), including pollen from Alnus, Cupressaceae, llex, Juglandaceae,
Liquidambar, Myricaceae, Pinus, Quercus, Salix, Tsuga, and Ulmus. On the other hand, there are a number
of fossil pollen species that have never been found before from Ban Pa Kha subbasin, e.g., Abies, Adinandra,
Araliaceae, Castaneoideae (Castanopsis or Lithocarpus), Corylus, Diospyros, Hamamelidaceae, Ligustrum,
Rehderodrendon, Sapotaceae, Styrax, Symplocos, and Viburnum. Moreover, some pollen types that could
be assigned into only one genus can be divided into subgenera or morphotaxa; for example, Pinus sp. can
be separated into Pinus subgenus Pinus sp. and Pinus subgenus Strobus sp., and Quercus sp. can be
classified into 7 morphotaxa. Since the single grain technique invented by Zetter (1989) was employed in
this present study, a higher taxonomic resolution of fossil palynomorphs was obtained. As this technique
allows spores or pollen grains to be manipulated into various positions under LM, their significant characters
can be investigated and photographed. Moreover, the same grains of those examined spores or pollen can
be transferred onto a stub and analyzed with SEM. The increase in numbers of fossil sporomorph taxa due
to the single grain technique was also reported by Grimmson et al. (2011a; b; 2015; 2016; 2020). This permits
more accurate interpretation of fossil records.

Based on Kdppen signatures of plant species related to the fossil spores and pollen recovered in
this present study (Grimmson et al., 2016; 2020), subtropical climate seems likely for this area during the
late Oligocene to early Miocene. It is evident that a number of palynomorph taxa, for which the climatic
preference of their analogues is subtropical, were retrieved from the interburden layer of the subbasin. This
includes Quercus Group Quercus, the pollen of which appeared to be observed in the highest numbers
from samples No. SUT 809 and 893. Even though the temperate elements can also occur in recovered
palynomorph assemblages, a climate of this region cannot be interpreted as temperate because fossil
pollen from Adinandra and Castaneoideae (Castanopsis or Lithocarpus), which are tropical elements that
cannot extend to temperate zone, can also be found in the fossil record. However, all observed tropical
species can occur in subtropical regions. Conversely, the distributions of Alnus, Corylus, Juglandaceae
(Pterocarya or Juglans), Quercus Group llex, Tsuga, Salix, and Ulmus, are restricted in temperate and/or
subtropical zones. Due to the modern distribution pattern, they are predominantly thriving in an upper
montane zone under subtropical and temperate settings (Fang et al.,, 1999; Li & Skvortsov, 1999; Fu et al,,
2003; Zhang et al.,, 2003; Farjon, 2010). It is possible that their pollen was transported from an upper
montane zone to the subbasin. Moreover, the results from pollen counting showed that Alnus and Quercus,

with temperate and subtropical main climatic preferences, were dominant. This confirms that tropical
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climate seems unlikely for this part of Thailand at that time. However, according to the previous
interpretations on the climatic phenomenon in the northern region of Thailand by Songtham et al. (2003;
2005), it was assumed that the late Oligocene to early Miocene climate of Ban Pa Kha subbasin was warm
temperate due to the presence of fossil pollen from Piceaepollenites, Pinuspollenites, Tsugaepollenites
ieniculus, Taxodiaceaepollenites, Alnipollenites verus, Caryapollenites simplex, Faguspollenites,
llexpollenites iliacus, Juglanspollenites, Liquidambarpollenites stigmosus, Loniceraepollenites, Momipites
coryloides, Pterocaryapollenites, Quercoidites, and Ulmipollenites. Songtham et al. (2005) also proposed
that the climate of Northern Thailand was shifted from temperate to tropical in the mid—early Miocene. It
was summarized that the temperate elements were found from the late Oligocene to early Miocene of Ban
Pu, Ban Pa Kha, Mae Lamao, Mae Tun, Nong Ya Plong, and Na Hong basins, whereas the tropical components
were discovered from the middle Miocene of Chiang Muan, Fang, Mae Moh, Mae Long, Mae Sot, and Na Sai
basins (Songtham et al., 2003; 2005; Sepulchre et al., 2010). These differences in the interpretation appeared
to be caused by the different techniques used for sorting, picking, photographing, and counting fossil spores
and pollen, as well as the climate classification system employed to analyze climate—vegetation interaction.
It should be noted that this study was based only on three sediment samples. More samples are needed

to obtain more accurate interpretations.

Recommendations

Since the Oligocene—-Miocene climatic transformation of Northern Thailand is still controversial, our
findings appear to be the first evidence suggesting that subtropical climate seems likely for the northern
region of Thailand during the late Oligocene to early Miocene, although Grote (2015) concluded a possible
temperate or subtropical climate. Therefore, in order to obtain the precise reconstruction, such new
evidence should be taken into account when examining the palaeo-climate of this region. For further
research, it should also be ensured that appropriate methods for preparing and analyzing fossil spore and
pollen samples are used. Also, as fossil palynomorphs can be influenced by various taphonomic factors,
for instance pollen production, transportation, and preservation, such variables should be considered when

interpreting fossil records.
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Abstract

The purpose of this qualitative research is to study elements for pandemic management of
airport. This study analyzed and synthesized 15 documents including guidelines, measures, rules,
regulations, standards and recommendations issued by public health organizations and civil aviation
organizations. The results of this study showed that there are 4 main components of pandemic disease
control management in the airport including Airport pandemic management planning, Equipment,
Personnel and training, and Communication. Moreover, the public health and Civil Aviation Organization in
Thailand had different recommendations from international organization such as the requirement of
passenger locator, the closure of airport, and the rejection of suspicious flight. However, the result of this
research will be conceptual framework of empirical research, in order to prove the findings, and to share
the important information. This information can be used to setting policy that will protect and control

the pandemic diseases.

Keywords: Managing pandemic, Airports, Public Health, Aviation Industry
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The Opinion Level of Using the Service of Private Environmental Analytical

Laboratory for the Entrepreneur of Type a Building in Bangkok
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Abstract

The objectives of this survey research were: (1) to study opinion levels for choosing private
environmental analysis laboratory services, (2) to compare the level of opinion on the selection of private
environmental analysis laboratory services. The population of the study were 680 type A Building in Bangkok
area. Sample group of 252 building was obtained from the Taro Yamane sampling questionnaire was used
as tool with a precision of 0.70 data was analyzed by frequency distributing, percentage, mean, and standard
deviation The research results found : (1) the overall opinion level in choosing the service was at the agree
level with the most opinion is the product, Followed by the person , promotion aspects, price ,Process
respectively, (2) in comparing the level of opinions in choosing the service of type A building , There are 4
different aspects to choose from. The promotion process in choosing the service is no different.

Keywords: Comment level, Service selection, Analysis laboratory
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Abstract

The objectives of this research were: (1) to review air quality management policy and measures,
(2) estimate the amount of pollutant and greenhouse gases emissions from vehicles exhaust implementing air
quality management from road transportation in Bangkok. Then, amount of air pollutants and greenhouse gases
emission from 2010 to 2050 were forecasted by using the Long-Range Energy Alternatives Planning System (LEAP)
model according to vehicle emission control measures. The results found (1) measures to improve air quality that
the 3 scenario, which designated the transition of vehicle emission measures frorm EURO4 to EUROS standards for
passenger cars, pickups, and vans or private trucks by 2023, was the most effective scenario in reducing Black Carbon
(BC) and vehicle emission measures and greenhouse gases mitigation the 4" scenario, which designated the
transition of vehicle emission measures from EUROS5 to EURO6 standards for passenger cars, pickups, and vans or
private trucks by 2026, was the most effective scenario in reducing Nitrous oxide (N,O). (2) Ventilation of air pollution
of Black Carbon (BC) the most effective in reducing by 69.20% as compared to Business as usual (BAU). When
considering the mitigation of GHG emission from vihicles, was the most effective scenario in reducing N,O by 29.66%
as compared to Business as usual (BAU), thus, resulting in Global Warming Potential (GWP) being reduced by 0.13%.

The research results indicated that, the vehicle emission policies and measures in fuel and engine
improvements are more effective in mitigating air pollution than that of greenhouse gases. The measures in limiting
the number of vehicles on the roads and promoting electric vehicles are suitable air quality management measures

recommended for implementation in Bangkok.

Keywords: Air pollution, Greenhouse gases, Vehicles, Road transportation
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UA 1: AnwrANINIsNANNILTUIDIAINY

Foanislondsnudmsuniseudsmisun

o

Ui 2: Yafumsuadeeansuaiiwainte

delaringsounssan

U 3: MITEUILLawlazUauigFounszan

AAUANTATUILUY Tier 2

JUN 1 Jumeudsniside

1. FMuiansssuneaiuarinesaunszananlodesagus
JUN 1 NISANWIAINANTTUAMUTUTUVBIANUABINT IINSINUF U UNSVUEIN19Un TEITN5UsELRU

wUU Bottom-Up approach (Goel & Guttikunda, 2015) faeaunis Ene’; = NV, 'x VKT,x PV, x EF;; 108 Ene';; Ao
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waruTomdasszan j Aldlueummue | WA, WV Aesiuueumnuzaamzdewdsuan | Wl t (vehicle),
VKT, fio svasvnaadevessnunimuzUssin i (vehiclekilometers), PV, fi® Fndunsldidomdsdniudomas
Useian j vesgrunvusUseian |, £F; Ao AuAuUdendowacUssiam j U9YNUNINUUTELAN |
(liters/vehicle-kilometers) o | e Ussiamenumnuzuay j mnetedadomnddily

$uit 2 ArtlasemsUdesasuaivainledeuazindeunsansin AnaanAdulssansnsssueleds
wagA1wsounszan laun PM,s, CO, NO, NMVOCs CO,, CH, hag N,O 81983210 PCD-AIT emission inventory
database (Pollution Control Department & Asian Institute of Technology, 2019) IPCC Guidelines for National
Greenhouse gas Inventories (2006) S mugildnaunsonnes segmenaAunsayay 819850 AW
nsal Daunud (2555) Tnaldaunis Eit) =NViit) x VKTit) x EFiit) o E, () fin nsuaosuaiusinvssmaiuwlseinm j
Tuliguiidnm t WV, ) Ao SruaugumvugUssin | Wdgui@nw t VKT Ae ssesnansifunsazaslaondsly
1 UvegnuwmuzUseian i £F; Ao Andulsvavsmssruneleduasimidounszan Usuam | vesenuw g Ussa |

Suit 3. mssznenaivwazUsosinaEaunsyan fvusnseuauUL Tier 2 Aiudianssuuazartadoms
Uaosiflanuanizianyasiuusunituiidne deaunis A/GHG(,ij) = Enelt,ij).Ejt) e A/GHG(t,i) Aip waansanleide
visofadaunszanUssnm | filgesanenumme | Wi t, Enelti) fe ndarmudomdssznm | fdluemmme i lu
Ui tuaz 5O fe mriadunsudesansuafivainlodewasiedeunsyansiu Useia j vesenumviuslssnm i

2. msmansainIssTuIsNafivkarieSounsyananladenioseus

TfuvudtaosrunIvdonnasuluszeze1 (Long range Energy Alteratives Planning Systern; LEAP)
(Heaps, 2020) Fafuuuusiassildlumsinseiulounend souaznisussdunsussmnaanssnuannnsuasuslas
anmgiioma lagfadudugunsssuesaiviasdosimi3eunszan Baseline emission) lunsdlfdilaléing
sfunlounsuwazansnis (Business-as-usal, BAU) 52913090 w.a. 2553 - W, 2555 waw 11msnsiussndld sewined
WA, 2556 - W.A. 2569 i eviuensUdesasuaivanledeuarieideunszan sewined wa. 2561 W, 2593
FasmundusSinansuassfwidounszanainnisaiiulasens (Project emission) §1uau 5 e Szeziianly
MIVIMNTEIN U WA, 2553 - WAl 2593 591 40 U

3. MIIAUTLANTNINTDINTANTUNITUINTAT

Uinaunmsszuneuaivanledolasfiedounsaniiduainannuinsnsinmanunimeinia axiouiieu
AUNTANTANEUNUANUNG (BAU) 908N 1sUTE a1 naUssnsnmsneannsseunguaasuasigiseunsyan (%) =
100% - [(USanunsseuneaaivannlaidelasingiSaunsyannstaniduinnsnis x 100) / Usunanisseungsaiueain

lodenarieisounsyan ASENSARUNUALUNG BAU]
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NAN15398
1. MURNENSAIANNTAINSSYUNENaENS N laIE AL AYE BUNTEANANNENUINTUY
UINTFIUNMTANNTILUEUANHVBINUNAUE D mmgwuﬁqﬂw‘??aL:waqu,azLﬂ%"awuﬁmuawmwsgkﬂ s
Jomarnny] ileaduamamemsvimneAnssrnesaasanleEsuayinedeunsrananegunmue Téiamn 5 nmang

TpgdnUsznnnmanemuYlawes aseus anTaseus warylaundudawma Ny feseaspenlumsiem 1

MTNT 1 AIMRUANINTANIA NRBITsIUNITaALaRYIINLNEIAILTAINETUNIAUY

4IMNIN3 S19aZ1DYANINTNTT

AMRNe (1) 503NeLUR N13TEVIBLANEN0INIAINEIUN UL UNUTNTUMNUNIUAT TILUNATY
Usztangunvuglul 2562 AvuanIgIuMIsEUIgasiaisaneunivue

10 gl33 Usudu glsd vessadnseueus

AMANY (2) S08UARLLA N335 U8UANEN9BINIAINTUN U TURUNNFINNUNIUAT F1UUNATN
YA lng) Uszineruniviug 1wl 2572 AMUALIAIUNITIZUNEASNAT AN TUN UL

910 gl33 Ysudu glsd vessaussynuassalaeans

MY (3) ILUALUTY 11338 VIBNATRYNI0INAINEUN ULl URUNNTUNNUNIUAT TIUUNAY
wazsnsuARgaTIadn  Ussiavenunmue Tl 2566 fmuaNInsgIunIssEuIgansuaivang vy
910 glsd USuiduglss vessnsudtsdmyanaliiiu 7 aw, sneudtsdiuyanaiiy

7 AU UaEIEVIOTAUTINAILYAAS

MY (4) ILUAUUTY N1T3EVIBNATYNI0INAINEUN ULl URUANTUNNUNIUAT TIUUNAY
&l =3 = o a

LA INYUARLIRYUIALGN Usziangnuniviug 1wl 2569 AMMUALINIFIUNITIZUNEAISNAT AN TUN UL

910 gls5 Uiuiduglss vesasudtsdmyanalidiiu 7 aw, saeuddediuyanaiiy

7 AU LaEIEVIOIAUTINAILYAAS

AR (5) AMITINVREIUANTAL ANAY 1 D9 4

2. Wlsvguaginasmsdnmananme malaznmasiensvinemsszesaasanlede

Uspnalnglifinnsdesiuliinmsgumsssnissafivaessun s uazannsputtudemdseuannin
glsU (nsugsfiandsnu dinaunmiidudomas, 2552) Tngléfimetauninasinasgiudnarilifiauduon
wndudieliaonndesiuaninwindouuasinuasuafiviignUdesssnunmudiinaumsldidemas Tilé3ende
wRsgIumE LS FUTes st unpanIn iUl andeyaunsgiunsIEUIsNaRvTasEIUN U YRINTY
AuAATY WU sosudtiduyaeafliituuuiuesiiufios IEutwuldnesgunsssuisansuadiy
Mnsasufirdessuiuuiulmiuasfisavesylsa R 2556 uasdmiusnussnuualngyiléhiudemas

Awa lasudsdulduinsgunisssueansuafivansosudiesoseudnynseiadedsemelnvuneivg)inivesylss
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AIUAT WAl 2552 518a8LBEARIN1TIN 2 TlaLAzUIRTEIUNITTEUIENATBYRIEuNIUE Tagldfinununsgu

N3IEUIBLARBUBILTUNIMULUTELANASY AauatasUianidunsAne w.e. 2553 — w.a. 2593 (Huduly

M15191 2 LWIUMEULIATNITIANIIAMNINGINIAIINTVUENNUNANNY IO ULAZITUANTUNATNNT

JUNAUUTLNNVBAYDNGIRALUINTFIUNTTEUIHUAT WU UNI VU

UseNNuag
YIUNINUY

fiunsal Baseline

(=)

WA

1. sagudiusdIY
yaaalifiy 7 Ay
(PC)

- Y ALTBLNES

2553

2554

2555

2556

2557

2558
2559
2560
2561
2562
2563
2564
2565
2566
2567
2568
2569
>2570

LUUTU+ALE-+LPG+CNG+ i +hybrid

- ABUANSATUA

AIMINIT

gls3

glsd

- WIAIFIUNS
JEUIEITNANY
NTOYUA

\RDsEURULTY

Twaad

gls3

glsd glss gls6

- ANSAYUA

a@nunIsal

2. sngudtedIu
yARaLiY 7 Ay
(PU)

- YlALTBLNES

ANRY 3 Uay 4 Ay 143 AMNY
1+4

WUTU+AIA-+LPG+CNG+ I +hybrid

- ABUANSATUA

AIMINIT

gls3

glsd

- UIMTFIUNIS
TEUgansany
AnnsaeuAlnanly
= sal
LASDBUARLYA

<
YUIALAN

gls3

glsd gls5 gls6

- ANSAUUA

#anunsal

3. sagvsesnsud

ussnauynna

awane 3 ey 4 awang 1+3 nanY
1+4

955



N15UTLYULEUDNAIUIFYITAVYIA UN1INY188FLU1ETITUITINY AT

v

10
The 10" STOU National Research Conference
Uszanvag U e
o ~ . wn wn wn wn wn n n \O O O O \O O \O \O O \O n
nunsiBaseline | Q| §| Q| Q| Q| Q| Q] Q| Q| Q] Q| Q| Q] Q| Q| Q| Q|

(Van)

- laLABINEY

VUL U+AILA+LPG+CNG+Isn

- ABUNTIANUA

HUIMNINTT

gls3

glsd

- 1IMTFIUNT
JeUBaNTNaNY
PNTRYUR N

LAS DI URLUUTY

gls3

glsd gls5 gls6

A1SAUA

a@nunisal

4. 509n58ULUR
(MC)

- laLBINEY

NINY 3 Wy 4

ANRY 143 ATNRY

1+4

LB+

- ABUNTIIATUA

HUIMNINTT

gls3

- 1IMSTIUNTS
FEUNYENTUANHAIN

sanseTUEUA Y

gls3

glsd

- ANSAYUA

anunIsal

5. 5aUTINN
(Truck)

- Y ALTBLNES

= o = .
AFNITALLUNUUNG

WUTU+AWA-+LPG+CNG

Ay 1

- ABUANSATUA

AIMINIT

gls3

- UATIUNTS
JEUNLATUAN YN
sosudvLelvgi

THiedoseuiuuugn

selnmeUsemela

gls3

glsd

- ANSAUUA

Ul

6. saladns (Bus)

a o a a
NIUNIANUUNUUNR
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Usznnuag U e
v oo o || i8] @] @] 8| B A B 8| R 8| 8| ¥ 8| K| 8| 8| W
nunsal Baseline N N 8] N 8] 8] N 8] 8] 8] 8] & 8] N N| 8 «f A
- FTlALTBINAS LUUBU+ALYA +LPG+CNG+ i
- flaunsMvuA gls3
1IMNNS
- 1NAIFIUNTS gls3
SYUEENTHAREAN
I3 1 <
SOOURYUIAEY Z
Ps!
lesewusiuuuan
selnmeUsemela
o a o a a
- NSMNUA asalmsAROUUNR <
] o
NSl X
Pre)
C
[
£
[
[~

3. AANISAIUSHIUNNTIE U ENaTiYwAN laEULAaE ANUIS BUNTEINIINSTUNIAUY
3.1 mansadUSinanssrunetanewanlede

Nafmm'ﬁﬂmmiiﬁmiszmwaﬁwwmmmaqmuwmuﬂuﬁuﬁm;ﬂmwwmm 1wl w.a. 2553 WU ﬁ?uﬁ
nyawmuvnuAsTimsszUesaiuiid iy e msueuseusnlust (CO) sonleduadlulaziou (NO,) Huarossunaliiifu
25 luaseu (PM,) Usetnnasdunigszimedngluussennid Non-methane volatile organic compounds (NMVOCs)
UsznnAnsuau (BO) kavUszinnasuaudunsd (00) Usvanm 68.24 Alasusad, 27.57 Mlasusey, 0.90 Aladused,
6.89 Alasunal, 0.70 Nladusnaluay 0.12 Aladunel muainu ﬁu’qﬁﬁmummmmi@hm Tu 4 awane Tueanisalnng
SyUNATEINIDINADIE NI WA, 2553 — WAl 2593 Wu31 ATanedl 3 wazamaed 4 ves BC aunsaannis
srneuafislfuniian Tnefnisszunesuaiislud we. 2593 Ussiamandueu (BC) wideiies 0.21 Aladured uay 0.22
Alastusiot dlodoudutd we. 2593 lunsdinmsidunudnd (BAU) Anlutesas 69.20 uas 68.98 sudndu Wtinaan
ns@nsedunssIaNASMsYesEnUMIalg 4 nwane luniwany 5 ssiulddaduvesnsseuneuafivmeenne
fuwnlduanasegadiulddadiodisutunsdinssuiuaulnd BAU) Tneglud w.e. 2593 fnsszueuais CO, NO,,
PM, s, NMVOCs, BC ay OC Wigg 36.89, 19.79, 0.23, 4.99, 0.13 ay 0.05 Aladusal a1uaisu vinlinisvsauly
1193MSTUNTITUNIBLATEN D INIANEUW UL IUSEAYD Nnanunsaannsseueuaiy CO, NO,, PM, 5, NMVOCs,
BC war OC ¢ Anllusesay Wusnivununsnsle 45.93, 28.22, 74.93, 27.60, 81.04 wag 61.30 MUSIFU Fauandli

A5199 3
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A5199 3 UsEansnInn1sann1sseunguaiun1seInie anuleuigkazinsn1snvsauly

AINRY asuaiy (Alanusad) U52anSn1NN15annIsIEUNENaNY
199107 (%) lagAue

AsAHUUUNG (BAU) = 0 %

@) 3 S A G RN @] 3 < J 2 =
o © = o) @ O o © = o) @ o
[al > o >

= =

nsAlUNG 68.24 2757 090 6.89 070 0.12 0.00 0.00 0.00 0.00 0.00 0.00
AU
Uni (BAU)
anaie 1l 6438 26.88 087 549 069 0.09 564 2.49 356 2028 077 1895

aMwane 2 66.04 2331 079 651 062 0.11 323 1543 1286 561 11.29 10.33

aMwang 3 3895 2647 038 678 021 0.09 4292 400 5743 171 6920 27.15

aMwane 4 39.09 2472 037 678 0.22 0.08 4271 1031 5851 1.71 6898 32.03

aMwane 5 36.89 1979 023 499 0.13 0.05 4593 2823 7493 2760 81.04 61.30

3.2 ﬂ%uwmmissmaﬁwﬁaummﬂ’l,uﬁuﬁngqmwumuﬂﬂuamﬂm

HaNMIAAUSEANANSIR B sunsranvewunmugluiuiingaymamuasiul e, 2553
WU ‘Wyuﬁﬂqamwmmumﬁﬂ%mmmiﬂdaaﬁwﬁaumzﬂﬂﬁﬁwﬁ@ laun Armasueulasenlan (CO,), Anwdinu (CH,)
wazinelunsasanlen (NO) Usyane 11,350, 3,550 wag 220 Alasunet muaisnu LLazLﬁaoﬁ’wLﬁummmi@mq Waa
awaneisuAulul we. 2593 Tunsdlmsaliunuung (BAU) dusuusunianisuaesineisunszanussian CO,
WaE CH, WU 11MsNIsIe 4 namane SuualdunsudesuSiainaieunszanasi uinuin CO,veanmaned 3 i
msUdesiiiuiy deawsudulul we. 2503 lunsdinssdunuund (BAU) way YSunanisddeseidounsyan
Ussinnfneluntasonled N,O wudn nmaned 4 aunsoasiinanisudesfimizeunszanlduniign Tnglud w.e.
2593 finmsUaesUSnaimuininnduiesas 20.66 Aladusied Witinasnnsnsainnsaladnennlunsviliiian
Aglandeu (GWP) veInsivuanmaied 1 - 4 fdadiuUszans nwanasis 0%, -0.03%, -0.07% waz 0.16%
PudTU wazidl ot nsnisuazasMsIs i uansaanadnenmlunsyilmnaanizlansou (GWP) adlads

0.13% srauanslumsed a
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5199 4 UszavsnnnsanUSanamsuaseinuisaunsyan anuleunguwasannsnsnuanuly

Usunaunisuanenneiseunssan Uszdvs mnnisanusunainsuasenmisounsyan
(Alasumat x 1,000) (%) Tnemvun Msandunuund (BAU) = 0 %
AINaNY
o,
N,O CH, GWP o, N,O CHq GWP
ASMNNS 11.35 0.22 3.55 11.61 0.00 0.00 0.00 0.00
ANTUNUUNG
(BAU)
Amane 1 1135 0.22 355 1161 0.00 0.00 0.00 0.00
Awany 2 1135 023 355  11.62 0.00 5.63 0.00 -0.03
AMaNE 3 1135 0.25 355  11.62 0.01 11.52 0.00 0.07
Amany 4 1135 0.15 355  11.59 0.00 29.66 0.00 0.16
AN 5 11.35 0.17 3.55 11.60 0.00 24.03 0.00 0.13
anUsena

v v

ATITLATILIINITANYINITAINAITAINITIZUIBUARENINIANYTUNINUE LAINITTaDIENIUNTA]
meldnsddunnnsnsmsdanisiunafivlunianisvudmsunidil elfidudoyaiddylunisianispanin
pIMARENaUsEleTUIINAIUAITANNISUAREATTOUNTEIN NATINNNTAIAUTENIUNITTEUIERTSBUNTEINVDS
grummuzluiiufingannumuasainmsieseilaglduuudians LEAP aguldsil

Hlofiansann15sEUIBNa R BN INIAS LN UUSTLAYIVDIIUN LY NUTINITITUIBNaR BN
299 CO, BC, OC warfwiiounszanuss CO,, N,0, CH4ehuim,ju’mﬂiaauﬁﬁ'ad’mqﬂﬂahjlﬁu 7 AU LagN1s
ILUNBUANYNNBINIAVDS PM, 5 a'aulmjuwmﬂiaauﬁﬁqahuqﬂﬂaLﬁu 7 AU @IUN1TITVIIUANEN 1O INIAVDS
NMVOCs waz NO, wutdlngunainsalasaisuazsadnseueus wasiilefnssimuauinsnisaieg Tu 4 am
27 Tuﬁuﬁﬂgqmwwmm WA, 2553 — WA, 2593 WU AMaNeTi 3 e BC dN1N50annsIsuslaiensennie
meﬁqmﬁa 69.20 waznwaed 4 vesinalunSasenlas N,O @wnsaannisUSinanmsudesiudeunssantdun
fgndis 29.66 wazillewasunsaduldnmsgiuainglss ldusasgiugls 5 uazansgiuglss Muansnnsi
Muua dawalinafieniseiniranas

Tneanadnaninlumsyiliinanizlaniou (GWP) a8an1siuuainsnsi 1 - 4 Sdndudszansamn
Anada 0.00%, -0.03%, -0.07% Waz 0.16% ANEIFU LazliipthuInInIsLAayInTAISUNSINAUEILIS0an GWP

askang 0.13% satulunisiasiziinisAnwinsead wuinludrandst w.e. 2566 Adsiinnsususldsunisvasuly
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1ATFIUNTTEUBNA RN INIAIN BTN MU iR ualnsiuazamsnisnisdanaiuldsnsud (Eco car)
namfe sasuddsdinyanaliiiy 7 au, saeuddsdmyanaiiu 7 au uazsaduiesaussndiuyana msiing
Usuwasumstadultinasgiunsszuiansuafivannieiessudannglsa Tuiduglss Tl we. 2566 wazifisluiluglss
T we. 2569 uazsadnseueud essimsteduliinpspunaspumsszsasiaivanisdoswudainglss il .
2553 Tiduglsa Wl wa. 2562 wagmstimstsduldinmsgiuanmsgunsssuigasiafiivaned eseudvessnussmn
wawsalaeans 9ngls 3lut e, 2555 Tdugls 4 Wl we 2572 Feuitu ssdmnfimsusudsuunasgunsssug
ansuafiwanglss Ty glse Wisndniumuumsmsiivusliazdwalsiaunsouilot gmuaivmsenali
5Ty wazdiwanUSinaumssruigasiaiuvnes Ui Ussnama e viliuSnanmsuanlaesufad eunsyan
anadluszezeile

dmudsewmelne 9u3deves (Chunark et al, 2015) Anwidnanmnisannisuassaisueulaeanlen
Wiguinaninsvudaniaun vasusenelneg sendned 2010-2050 31nASAMIENNT 3 1105015 AR 1) fuel
switching, 2) advanced technology and 3) modal shift to reduce energy consumption and CO, emissions
IngimuaA Average GDP (2010-2050) 3.4% Laz Average Population (2010-2050) 0.5% WU11 A1UABINITLY
wdsrilunsvudadisduduaasi udinmsmsdnanansaUssvianslindsnuld fevas 5.2 luvmedfiannis

Yassasuaulneanlemieunin l9sesas 14.6 Tut 2050 WswSsuiisuiuaniunisal BAU

dalsuauuy

naInNFIseiuandiifiuin mssnfuannsnisaanssruistafivnise nauaranUiuunTUdes
fadeunszananeunvug Widnadudauasiiuseaninm asinisfiasunfsisenidnnisldsngudiinia
HMSFIUNTIPUIAN TR BN TBURAS DI UTEIANA9Y BN NIy ULTLEmsauLlfE TNty o Hagiiu
uenniinsideulessEnininismuauuafivnsenawazulsuendanuianuddgudomnmslindsnuu
HafuddniiaelunsiliAnuafivmeinieuasnisudesfiedounszan fdunsiulsyangammslindany
wazmsanmsnindidemdmleadalnssumnuy uazdsuriadomdadundsnulii Tnesosudlil iy
Bsfagtwannisszuisuaiulilagns

filanansaldatuayunmsiuedeuulsvneamsazmatesiuudlusafivnmemawayannsudesiwidon
nszanamsasniunisldneniu uarldesdanudmivlilun sweunsfeairanissensuvesuszvmly
NFUNNLUNIUATABULIUIBUAZUINTNITAUNG N A1SVUET UAZMITIANTUATYNIIINMAYEINTATT Tuliiuleuny
masglinarlumsfiadmiddlumsannisudesfiredounssanangrunusiteUuusnanmermelumidios

Tngf vy
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Abstract

This research was research and development to study project development models and
evaluate the implementation of physical activity promotion projects, and to study ways to promote
exercise using art and culture in Isaan. The research was carried out by organizing activities to develop
knowledge and operational skills. Data were collected using questionnaires, interviews, and a satisfaction
survey. The results of the study found that (1) the development model of the project to promote
physical activities by local Thai arts and culture of the Nong Muang Song community consisted of four
parts, namely part 1 working group with knowledge, understanding, and physical activity design skills, Part
Il Plans and Agreements for the Conduct of Physical Activities, Part 3 Implementation of Plan Activities
and Continuous Performance Monitoring, and Part 4 Members’ engagement in activities on a continuous
and regular basis. (2) The results of the performance of the physical activity promotion project of the
community during the development phase of the physical activity promotion project revealed the
academic mentoring team had the knowledge and skills to apply the knowledge that was used at the
highest level of all aspects. After the training, the community health team had a statistically significant
increase in knowledge and skills in developing a physical activity promotion program. As for the follow-up
period, most community health team working groups were found to have very good knowledge and
understanding were strong, able to carry out activities according to agreements, and follow up and carry
out projects efficiently. Besides, the knowledge and activities used in the training were useful in the work
of the community health team, which could be used to plan and implement a physical activity
promotion program. Data on exercise behavior of members who participated in the project found that the
average score after the implementation of the project to promote physical activity by dancing Isaan was

significantly higher than before the project implementation (p-value <0.05).

Keywords: Physical activity, Thai culture, Community health
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Evaluation of Luciferase-based Reduction Neutralization Test for the Measurement

of Neutralizing Antibody in DENV - infected Patient Sera

Pornsiri Somasal, Jiraphan Junjhon?*, Peeraya Ekchariyawat?, Chakrit Hirunpetcharat®, Kriangsak Ruchusatsawat?,

Chunya Puttikhunt®’, Sutha Sangiambut®’, Nopporn Sittisombut®
Abstract

Virus reporter-based neutralization assays have been established to provide a feasible tools for the
detection of neutralizing antibody against flavivirus. The luciferase-based reduction neutralization test (LRNT) was
developed and evaluated previously using a set of well-characterized flavivirus and dengue virus (DENV)-2 specific
monoclonal antibodies (MADbs). In this study, we further examined the performance of LRNT and its applicability in
human serum comparatively to the reference method by employing various group of patient sera infected with
DENV and other flavivirus. The specificity of LRNT was demonstrated by no neutralizing activity measurable at
reciprocal dilution of 10 in all non-dengue infected sera. Among 10 Japanese encephalitis virus (JEV) infected sera,
4 serum samples showed no neutralizing activity against DENV-2, while 6 serum samples with previous exposed to
DENV infection displayed degrees of neutralization. LRNT highlighted well agreement of neutralizing activity
detected in all DENV-2 infected sera 0.994 (95% Cl, 0.987 to 0.997%) and JEV-infected sera 0.996 (95% Cl, 0.984 to
0.999%) compared to the reference method. Therefore, our study suggested that LRNT could be used as an
alternative assay to detect DENV neutralizing antibody in suspected DENV-infected human serum.

Keywords: Antibody detection, DENV, Luciferase, Neutralization assay, Reporter virus
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Introduction

Dengue is spread in many countries around the world, especially in tropical and sub-tropical areas.
It is estimated that 390 million DENV infections occur annually in the world, of which 96 million cases were
clinically apparent (Bhatt et al., 2013). Moreover, 3.6 billion people live in area at risk of DENV transmission
(Bhatt et al,, 2013). Neutralizing antibody response plays a major role against DENV infection (Rothman,
2011; Wahala & Silva, 2011). The neutralization occurs when antibodies bind to the virus, then prevent the
infection of the susceptible host cells. The major target DENV neutralizing antibody is the envelope (E)
protein. Generally, E protein consists of three beta-barrel domains included E domains | (EDI), Il (EDII) and Il
(EDII. The EDIIl is a major target for neutralization by strongly neutralizing MAbs (Rothman, 2011).

Currently, the laboratory diagnosis of DENV infection is primarily through the detection of DENV
RNA or antibodies against DENV proteins (WHO, 2009; CDC, 2020). The detection of DENV RNA is highly
sensitive and specific, but the viral genome can be detected in serum at 4-5 days onset of illness, limiting
the utility of DENV RNA assays (WHO, 2009). Most DENV infections are diagnosed serologically using an
enzyme-linked immunosorbent assay (ELISA) and haemagglutination inhibition test (HI) (Gubler, 1998; Guzman
& Kouri, 1996; Vorndam & Kuno, 1997; WHO, 2009). The greatest confidence in diagnosis may be gained by
using the neutralization assays such as plaque reduction neutralization test (PRNT). The PRNT was firstly
developed by Russel and Nisalak in 1967 (Russell, Nisalak, Sukhavachana & Vivona, 1967). This assay is
considered the “gold standard” for measuring the neutralizing antibody against DENV infection. However,
the detection of plaque number is restrictively for viruses that can generate plaque, thereby limiting the
test for non-plaque producing virus strains.

A large-scale alternative assays which can be performed in 96-well plates, would be preferred to
improve the performance of neutralizing antibody detection. Focus reduction neutralization test (FRNT) is
employed to determine the neutralizing potential of antibodies. The sensitivity of the FRNT is sufficiently
high for detecting seroconversion (Borisevich et al., 2008; Watanabe, Hirokawa, Kon, Tamura & Nishikawa,
2008). FRNT could determine the neutralization potential of human sera with broadly reactivity across the
dengue serocomplex (Dejnirattisai et al., 2015). However, detection of neutralizing titer in specimen by FRNT
can cause an operator-error prone manual readout. Therefore, this assay requires the specialized expertise.

Various forms of DENV reporters have been made to improve the detection system for
neutralization assays. Our study carried out an alternative form of DENV reporter, luciferase-secreting single-
round infectious particle reporter (SIP*9) in detecting neutralizing antibody against DENV-2
(Junjhon et al., unpublished results). This test is relied on the detection of reduced amount of secreted

Lucia luciferase derived by SIP*"“ replication when it is neutralized by antibodies. The presence of Lucia
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luciferase gene in the viral genome improves the reading of neutralizing antibody assay since the luciferase

signal was detected by luminometer instead of doing enumeration of infectious virus by eyes.

Purpose
This study aimed to profile the neutralizing activity on acute and convalescent DENV-2 infected
sera for further applied in dengue disease diagnosis and to expand the performance testing of LRNT in non-

DENV and Japanese encephalitis virus (JEV) infected sera.

Research Methodology

Clinical samples. Human serum samples with previous diagnosed of non-dengue, dengue and JEV
infections were used to test the performance of LRNT. All human serum samples were secondarily provided
by the Arbovirus section, National Institute of Health of Thailand, Department of Medical Science, Ministry
of Public Health, Thailand. Among 35 DENV-2 infected patient sera, 14 sets of pair serums (acute and
convalescent serums) and 7 convalescent sera were used as dengue positive group. Thirty-five non-dengue
and ten JEV infected sera were tested for the specificity of LRNT. Neutralizing activity detected from 35
positive DENV-2 and JEV infected sera were used to analyze the agreement between LRNT and FRNT.

The positive and negative dengue patient sera were previously diagnosed by three approaches: 1)
virus isolation in C6/36 cell line 2) RT-PCR employing primers specific to each of the four DENV serotypes
(Yenchitsomanus et al.,, 1996) and 3) in-house antibody capture ELISA assay (Innis et al,, 1989) for the
detection of anti-DENV IgM and anti-DENV IgG antibodies, respectively. The detection unit of antibody levels
is expressed in binding index (BI) (Innis et al., 1989). The minimal detection unit of 40 and 100 for anti-
dengue IgM and anti-dengue IgG, respectively was interpreted as positive. The serum sample positive from
a minimum two of three approaches is diagnosed as DENV infection. The JEV-infected serum samples were
previously confirmed by using JEV-IgM in-house ELISA.

Cells. The African green monkey kidney (Vero) cell line (Yasumura & Kawakita, 1963) was used in
the FRNT and LRNT assays. The cells were cultured in Minimum Essential Medium (MEM) (Gibco BRL,
Waltham, USA) supplemented with 10% (v/v) heat-inactivated fetal bovine serum (FBS) (Gibco BRL,
Waltham, USA), 2 mM L-glutamine (Gibco BRL, Waltham, USA), 100 units/ml penicillin-streptomycin (Gibco
BRL, Waltham, USA) at 37°C in the presence of 5% CO,. The Vero cells were propagated in T-25 or T-75
tissue culture flask (Corning Costar Corporation, Cambridge, MA, USA) at 37°C in the presence of 5% CO,.
Following a three-or four-day growth period with approximately 90-100% confluence of cell density, they
were detached enzymatically by using 0.25% trypsin-EDTA solution (Gibco BRL, Thermo scientific, Waltham,
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USA). The cell number of 4.5x10° and 1x10° cells were further used for passaging in T-25 and T-75 tissue
culture flask, respectively.

The capsid (C)-expressing mosquito cell line and the mosquito (C6/36) cell were cultured in
Leibovitz’s (L-15) medium (Gibco BRL, Waltham, USA) supplemented with 10% (v/v) FBS (Gibco BRL,
Waltham, USA), 2mM L-glutamine (Gibco BRL, Waltham, USA), 0.26% (v/V) tryptose phosphate broth (Sigma-
Aldrich, St Louis, USA) and 100 units/ml penicillin-streptomycin (Gibco BRL, Waltham, USA) at 29°C. After
four-day growth period, the cells were mechanically detached from the T-25 tissue culture flask by using a
plastic cell scraper and resuspended in the L-15 medium containing 10% (v/v) FBS. About 1:20 of the cells
were used for the passage in T-25 tissue culture flask.

Antibody. 4G2 is an anti-flavivirus E protein murine monoclonal antibody (MAb) with the 1gG2a
isotype (Henchal, Gentry, McCown & Brandt, 1982). The 4G2 binds to a conserved epitope on the E protein
of the flavivirus family. It has been shown to recognize DENV, West Nile virus (WNV), JEV and Zika Virus
(Henchal et al., 1982). It binds to the fusion loop at the extremity of EDII of E protein and prevents syncytia
formation (Summers, Cohen, Ruiz, Hase & Eckels, 1989). This antibody was used in the focus immunoassay
titration and FRNT. The anti-E antibody was kindly provided by Dr. Chunya Puttikhunt, Medical Biotechnology
(BIOTEC), NSTDA.

The goat anti-mouse 1gG H&L conjugated with alkaline phosphatase (AP) was purchased from a
company (Abcam, Cambridge, UK). This antibody reacts specifically with mouse IgG and light chains common
to other mouse immunoglobulins. The antibody was used in the focus immunoassay titration and FRNT.

Virus and DENV reporter. DENV-2, strain 16681 was kindly provided by Dr. Nopporn Sittisombut,
Chiang Mai University. It was amplified in C6/36 cells to generate virus stock for all experiment conducted
in this study. The 90% confluent cell monolayer of C6/36 cells were infected with the virus at a multiplicity

of infection (MOI) 0.05 at 29 °C. Upon the presence of cell fusion at 6-8 days, the culture supernatant was

harvested and subjected to centrifugation at 1,735Xg for 10 min at 4°C. The clarified culture supernatant
was distributed into small aliquots in the presence of 20% (v/v) FBS and kept at -80 °C.

Single-round infectious particle reporter (SIP™*“) of DENV-2, strain 16681 replicates for a single-cycle
of infection within the host. It releases Lucia luciferase enzyme, providing a reporter function associated
with DENV-2 replication. It was amplified in C-expressing C6/36 cells (Sangiambut et al., 2013) at 29°C. The

PstUC was harvested when cell fusion is observed and clarified

culture supernatant containing infectious SI
by centrifugation at 1,735Xg for 10 min at 4°C to remove cells debris. The clarified culture supernatant was
distributed into small aliquots in the presence of 20% (v/v) FBS. The SIP*““ was subjected to detecting the

infectious virus titer and luciferase activity by focus immunoassay titration and luciferase assay, respectively.
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Focus immunoassay titration. Infectious virus titer of DENV-2, strain 16681 and SIP*““ were
determined using focus immunoassay titration in Vero cells. The 4x10° cells/well were plated onto 96-well
culture plate (Corning Costar Corporation, Cabridge, USA). After 24 h seeded, cells were infected with 50 ul
of 10-fold serially diluted virus in 450 pl of 2% (v/v) FBS-MEM at 37°C for 2 h. After that, 125 ul of 1.5% (v/v)
carboxymethyl cellulose (CMC) in 2% (v/v) FBS-MEM was added onto cells to restrict the area of virus
infection. At 48 h of infection at 37°C, the overlayer was removed by 5 times washing with 200 pl/well
sterile PBS. The infected cells were then fixed and permeabilized with 3.7% (v/v) formaldehyde and 2%
(v/v) triton X-100 consequently. To remove triton X-100 residue, the plate was washed with 200 pl/well of
PBS for 5 times. The infected cells were probed with 50 ul of 4G2 in PBS at 37°C for 1 h. The plate was
washed with 200 pl/well of PBS for 5 times to remove unbound antibody. The 50 ul of 1:2,500 diluted AP
conjugated goat anti-mouse 1gG H&L (Abcam, Cambridge, UK) in blocking buffer (0.25% (v/v) Tween 20, 10%
(v/v) FBS in PBS) was reacted with E-4G2 complex within the cells at 37 °C for 1 h. The plate was washed
with 200 pl/well of PBS for 5 times, followed by sterile water. Finally, the infected cells were detected by
adding 50 plUwell of AP chromogenic substrates containing 5-bromo-4-chloro-3-indoly phosphate
p-toluidine salt (BCIP) and nitroblue tetrazolium chloride (NBT) in AP buffer (100 mM Tris-HCl pH 9.5, 100
mM Nacl, and 5 mM MgCl,) at room temperature in the dark for 15-20 min. The cells were rinsed with
sterile water to stop the reaction. The infected cells were observed as the dark purple spot. DENV-2, strain
16681 as represented a group of infected cells as the focus. A single infected cell was represent the focus
of SIP*. The infectious virus titer was expressed as focus forming unit (FFU) per ml.

Luciferase activity assay. Lucia luciferase enzyme catalyzes the oxidation of coelenterazine
substrate to yield coelenteramide and light signal to be detected. The amount of Lucia luciferase was
detected by using QUANTI-Luc detection kit (Invivogen, San Diego, USA). An equal volume of 50 pl of 1:2

diluted of substrate was mixed with the SIPS-“

infected culture supernatant in 96 well-opti plate. Then, the
luciferase signal was promptly detected by the VICTOR ™ X series Multilabel plate reader.

Neutralization assays. Neutralization assays were performed with human sera. Briefly, the 4x10*
cells/well of Vero cells were seeded with 10% (v/v) FBS containing MEM medium in 96-well culture plate
and incubated at 37°C for 24 h. The human sera were heat-inactivated at 56°C for 30 min and 30 pl of 4-
fold serial dilutions of sera from 1:10 to 1: 10,485,760 in 2% (v/v) FBS-MEM were incubated with an equal
volume of DENV-2, strain 16681 or SIP*““ containing 100 FFU at 37°C. After 1 h of incubation, 50 ul of
antibody-virus mixture was added onto Vero cells monolayer in 96-well culture plate and incubated at

37 °C for 2 h. For FRNT, 125 pl of 1.5% CMC in 2% (v/v) FBS containing MEM was then added onto each

well. After incubation at 37 °C for 48 h. FRNT, the plate was stained by focus immunoassay. The serum
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dilution resulting in 50% reduction of infectious titer referred to no serum condition was interpreted as
FRNTS,

For LRNT, the complex was removed and cells were 5 times washed with sterile 1x PBS to
eliminate luciferase residue before replenishing with 125 pl of 2% FBS-MEM. The culture supernatant was
harvested for the measurement of luciferase activity after 48 hr of infection at 37 °C. The antibody
dilution resulting in 50% reduction of relative light unit (RLU) value referred to the negative control is
defined as LRNT;,

Statistical analyses. The measurement agreement of test between FRNT and LRNT were tested
by using the Intraclass Correlation Coefficient (ICC) (Koo & Li, 2016). The values greater than 0.90 indicate

excellent reliability.

Results
Neutralizing activity of DENV-2 infected sera

Thirty-five clinical samples from patients with DENV-2 infection were used to measure the
performance of LRNT along with FRNT. These sera neutralized DENV-2, 16681 and SIP*“with a similar range
of FRNTs, (Table 1). Most of DENV-2 infected sera displayed high neutralizing titers in a range from 1:14,066
to 1:73,570 (Table 1). ICC analysis showed strong agreement between FRNT,, and LRNT, in all sera tested.

Table 1. NTy, titers of DENV-2 infected serum samples assayed by FRNT and LRNT

Serum samples FRNT;, titer LRNT, titer
P1/L08-168A 2794 3565
P2/L.08-168C 22134 26844
P3/L08-199A 14854 10372
P4/L08-199C 285952 227194
P5/L08-230A 602 605
P6/L08-230C 7829 9500
P7/L08-267C 187050 154345
P8/L08-322C 45236 54311
P9/L08-345C 21257 24166

P10/L08-372C 58977 48279
P11/L13-003C 155291 104356
P12/113-056C 21137 23393
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Serum samples

FRNT, titer

LRNT, titer

P13/L13-147C 73570 83335
P28/R15-229A 17 13
P29/R15-229C 51045 38014
P34/R15-342A 3645 1735
P35/R15-342C 7582 5969
P4d/L15-203A 189 336
P45/1.15-203C 73120 61461
P57/R17-002A 41239 33547
P58/R17-002C 585119 574689
P61/R17-056A 25270 19256
P62/R17-056C 45888 37470
P64/R17-068A 14066 9835
P65/R17-068C 192797 139746
P66/R17-073A 1056 748
P67/R17-073C 38798 30945
P68/R17-077A 390 546
P69/R17-077C 16011 19232
P70/R17-081A 3653 4396
P71/R17-081C 16932 17493
P72/R17-093A 144 190
P73/R17-093C 103457 128125
P74/R17-095A <10 <10
P75/R17-095C 42523 43178

A=Acute serum, C=Convalescent serum

Agreement of DENV-2 infected sera on the ICC analysis is 0.994 (95% Cl, 0.987 to 0.997%), indicating
excellent reliability of LRNT.

In DENV-2 infected human sera, there were 4 groups of neutralizing activity titers detected (Figure 1).
The first group had no neutralizing activity (Figure 1A). The second group displayed low neutralizing activity
with FRNTs, and LRNT;, values of 1:2,794 and 1:3,565, respectively (Figure 1B). The third group showed
moderate neutralizing activity with FRNTs, and LRNTs, values of 1:22,134 and 1:26,844, respectively (Figure
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10). The fourth group demonstrated high neutralizing activity with FRNTs, and LRNTy, values of 1:73,210
and 1:61,461, respectively (Figure 1D).

Correlation of neutralizing titers in acute and convalescent sera

The increase of NTs, titers at 24-fold in convalescent samples from acute samples has been used
to indicate active DENV infection. In this study, 14 acute and convalescent of DENV-2 infected sera were
demonstrated for studying correlation of neutralizing titers by FRNT and LRNT. There was similar neutralizing
activity obtained by both FRNT and LRNT assays. Among 14 convalescent sera, 12 convalescent sera
displayed =4-fold rising of FRNTs, and LRNT5,, while only two samples showed 2 to 3-fold rising of FRNTs,
and LRNTs, (Figure 2)
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Figure 1. Neutralizing antibody assays of human sera infected with DENV-2. DENV-2 infected sera were
reacted with DENV-2, strain 16681 or virus reporter at 37°C. After 48 hours of infection in Vero cells, focus-
based detection method (closed circle) and luciferase-based detection method (opened circle) were
employed to determine neutralizing activity of the sera. A) non neutralizing antibody was detected in patient

sera. Dose-dependent neutralization patterns were observed by lower (B), moderate (C) and high (D) NTs,

titers.
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Figure 2. Neutralizing titers of human sera infected with acute and convalescent DENV-2 detected by LRNT.

Neutralizing activity of non-DENV-2 and JEV infected sera

Thirty-five clinical serum samples negative of current DENV infection were used to investigate the
specificity of LRNT. Expectedly, no neutralizing activity was detected at a reciprocal dilution of <10 in all
serum sample tested comparatively to the result obtained by FRNT. The pattern of neutralizing activity of
JEV infected sera revealed 3 groups (Figure 3). All 3 groups of JEV infected sera displayed similar neutralizing
activity between FRNT and LRNT. The first group displayed no neutralizing activity (Figure 3A). The second
group displayed moderate neutralizing activity with FRNT5, and LRNTs, values of 1:626 and 1:606,
respectively (Figure 3B). The third group displayed high neutralizing activity with FRNTs, and LRNTs, values
of 1:12,856 and 1:10,559, respectively (Figure 3C). Among 6 specimens showed similar FRNT 5, and LRNTS,
value of 210, whereas the rest showed FRNT;, and LRNTy, value of <10. The level of agreement of
neutralizing activity detected in JEV infected sera between LRNT compared to FRNT showed 0.996 (95% Cl,
0.984 to 0.999%) of ICC value, indicating excellent reliability between 2 tests.
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Figure 3. Neutralizing antibody assays of human sera infected with JEV. JEV infected sera were reacted with
DENV-2, strain 16681 or virus reporter at 37°C. After 48 hours of infection in Vero cells, focus-based detection
method (closed circle) and luciferase-based detection method (opened circle) were employed to determine
neutralizing activity of the sera. A). non neutralizing antibody activity was detected in JEV patient sera. Dose-

dependent neutralizing patterns were observed by moderate (B) and high (C) NTs, titers.
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Discussion

A reliable high-throughput neutralization assay is critical for DENV diagnosis and vaccine studies. A
number of Luc-based neutralization assays have been improved and validated with clinical serum samples
to overcome the limitation of the conventional PRNT assay. One of these used luciferase dengue virus
reporter for measuring neutralizing antibodies with rapid, high throughput providing a useful tool for
laboratory detection and epidemiological investigation (Song et al., 2014). Several DENV reporters have
been developed and evaluated in clinical samples from infected animal and patients demonstrating in
respect to agreement of 76.4% correlation with conventional plaque-based assay (Shan et al.,, 2017). To
quantitatively compare the traditional PRNT, neutralization results showed no statistically different (ANOVA,
p>0.05) of NTj, titers obtained from PRNT for each of the sera tested (Mattia et al.,, 2011). In the sense of
correlation with the PRNT assay, LRNTs, titers are well correlated (R® > 0.95) with PRNTs, titers
(Song et al., 2014). These results indicate the corresponding neutralizing activity with the traditional PRNT.
Accordingly, LRNT evaluation in our study revealed strong correlation of neutralizing titers in DENV-2
(ICC=0.994) and JEV (ICC=0.996) infected sera equivalent to the reference method.

Present study demonstrated the performance of LRNT along with FRNT in 35 non-dengue, 35
dengue and 10 JEV-infected patient sera for use as alternative method for dengue neutralizing antibody
detection. Neutralizing activity in non-dengue and 4 JEV-infected sera displayed no neutralizing titers in all
samples as expected, indicating the specificity of LRNT in parallel with traditional PRNT (Song et al., 2014;
Shan et al,, 2017; Mattia et al., 2011; Zhang et al., 2016; Kato & Hishiki, 2017; Shan et al., 2017). However, 6
samples of JEV-infected sera displayed neutralizing activity against DENV-2. These was likely due to potential
interfering by the presence of dengue-lgM and IgG antibodies developed by previous DENV exposed (no
data show). To further improve for DENV-2 serotype specificity of the LRNT, a large number of sera infected
with DENV-1, DENV-3, and DENV-4 and other flavivirus-cross reactive group like Zika virus should be

employed in neutralization assay.

Suggestions

Measurement of neutralizing antibody in DENV-infected patient sera employing SIP* by LRNT
offers advantages for robust detection of neutralizing antibody in dengue immune sera. However, this study
demonstrated the specificity of LRNT using few numbers of non-DENV and JEV-infected patient sera.
Expanded number and type of human serum samples, including primary and secondary DENVs-infected
sera and other flaviviruses infected serum samples should be included in the performance testing to further

improve the reliability of LRNT assay.
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