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M09 lunailiwdlag real-time PCR oelwsinas CDY-1 UIBIUNS  IINWAIRUM warAnLL

unin

mM3te3anaaNiluiindidue (genomic DNA; gDNA) §m5uMsnsIaiazianInugnssy
(genotyping) Lﬁ'aﬁmuﬂmmLmﬂm'wssm'wa'qﬁ%‘imiumﬁ%’amqﬁuqmam{ funauaILd LR
et 1wy Foa thane aynssfauduaasyaaa Msdeamnsiadate mauidathailausnifiudnem
msatauazmsiians gDNA udaztuaauiilomafaanuiiowmald Tagnmzanauiny (human
error) tivalildwamsanaiifgaummn mansnihdayaliiensienuduiusssnianamsanailuniediy
é’ﬂumzﬁuamaaﬂwaqﬁﬂm (genotype-phenotype analysis) wazlauamsfinmnianugnaaausiue Jad
anuiiiudasasagumwuaziinm gDNA daumsdnmnau s mapnlfiams wu anwuuignduas
anuiuduzes gDNA Taeszana nouldnnmsiasmmsganduuasgifitnnau 260,280 inluwas™?
mslFmnsEeuaiiduimnziudiduaaes wu PicoGreen wip Hoechst H33258 130 SYBR Green™”
s uaanNENTufiuiuey drunmsuanaisnszualudy (gel electrophoresis) azvnlunsiuay
auysal (integrity) 2o gDNA dvasamuiilussenlosunngiuwaunnanalvajannni so kb®
Taienafluviousu q Feazdiuduwaniiy (smearing pattern) ‘i’]amﬁuﬁm‘%aqé’miuﬁ'ﬁﬁmmmmmqmmwLLaz
U3uno gDNA fu LA3a9Emanms microfluidic electrophoresis (Tape Station System, Agilent) %38
capillary electrophoresis (Fragment Analyzer System, Agilent) A azUSnaenuE Ng Y
wianmennanysaluasaadtdue (DNA Integrity Number; DIN)

mIamanamMnuazUSinasinanidumsanaudazaianitue lisnnsassyyanaueiia
fitButa (DNA identification) wiamatuidiouszuindnadnld Fuludoionwmaiifaldiasnnauray
Togawzlunsainiidagesiunuann lumsieneiaduiuanealuy (whole genome sequencing) %39
exome (whole exome sequencing) vﬁam‘ﬁLﬂswzﬁmmwmnwmﬂLmuﬁaﬂﬁ‘[aﬁﬂﬂtﬁmﬁgwm (whole
single nucleotide polymorphism (SNP) genotyping) mmim::qvwmlamﬂﬂamﬂmﬁmiwﬁwaﬁiuﬁﬂﬂ
(gender genotyping) 1¢ iilathanasasaududayaweaiiufinlugudayouans Fufluduaaumsaa
aamwdayanaumsdnmnaalu®” dednifiailuisdmalinsfugudayaasiimamuaaumstiuiin
Fayauaztuaaumaasfiamsnauamaeiendaceiidue mndthinssiy emluasgndasanan
myiened Tunsdififidhagneinnuinnliwaliasediu s ligadanmussalihalumsanasauilum
fifinengs FanadiumsAnmitugnasuemsaumis aglicansoanasauamnuianmamaiild Sedianu
ufludasnnameguiiduehgndasmsdyanansumshdsgiiidue ludnundemadiatugi g
TumAdemaiugenans e lildwamsAnuiseiiiaumwindeda saamnudsimsifoamuionaauss
msgadealdnalumsanaitlimansohuaunlsusslomild

nmsaailuvisdind (gender genotyping) uismsszymalasandenisninaalsisnis
mezhlutena fimslanunnlesflugunilewasnsasia genetic markers #iia short tandem repeats
(STRs) %38 microsatellites %138 single nucleotide polymorphisms (SNPs) °1umsmm§u€fuqﬂﬂa (person
identification) wazrnuAigalandnuaiyAAanNiAng (Forensic Sciences) losawiznsdiiiingwey
Wugudineassemenianisz® vannniidaldlunsusumasassniwngenludlaslulan Y
FemarnIilassulumsudsiuivnardn vislunnmansnisin (Sport Sciences)® Budifinis
hanlgasiadlunadine loun Amelogenin®” %38 Zinc Flinger Protein X-linked/Zinc Flinger
Protein Y-linked (ZFX/ZFY)"? G'z’;qﬁagiuuﬁu'q‘[m‘[u‘[m X waz -Y shsmnedilaiuhiy du DYSs390

DYS438 DYA439 uaz sex-determination region Y (SRY) vulaslulzn Y msasiaduvariildimadia
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PCR winzengdiunauih luasiadenedimuinaraudume capillary electrophoresis laal#in3asiiauas

(13,14,15,

#aWALITIWE 1 Fragment Analyzer 38 Genetic Analyzer ® fis1eumslamaiia multiplex
PCR lumsiiinuensiiu SRY Tasiiglwsiwasiu Alastin GTPase1 (ATL1) vulaslulan 14 udauau
mely (internal control)®”

Wesluanisnasmsunndiluiinduasaivayuuianssy nsninenmansmsunng 1dmMsnsa
Fluvisdwadeds PCR loaldglusiwasiiy Chromodomain Y-linked 1 (CDY-1) vulaslulan Y uaz
alwswas Tissue Inhibitor of Metalloproteinase 1 (TIMP-1) vulaslulay X wuuusnvase Fadu
8msfildFudenannnanuswiiodu RIKEN Center for Integrative Medical Sciences Uszineidjifu
(Mushiroda T. daya lilatueuns) a13n305:ymMIaaussniNIRgNawany niaiimsdaudiag
10 we lianansaszymITaumatNszINARueNNWAGEEAY 35Ms1h PCR Wunwuuueniiuauazvase
WazELHARIBMIN agarose gel electrophoresis fudadAalumannadiatheiiniuinn msdnmnilld
Wamisanaslunadmaisiadidamaiia duplex—-PCR uaz real-time PCR titaanmslaniwenns
WAz @35a0IMsETIIIwINn dmsuldasamnarediadedEuenaunsasIeTLiaY

maviasUfiamsaaly

msaanuuulnsiuas (primer)

@ondiu TIMP-1 vulaslulzy X waziiu CDY-1 vulaslulan Y Wuidhwanglumswannmsesia
Sluiaiine Tasasnsaudmduuauazliudanaduazatluswasliagluuinadilinuanuanvms
mMeiugnssulaedndsaauuaNngIutaye (www.nchi.nlm.nih.go; TIMP-1 reference ID: NG_012533
Way CDY-1 reference ID: G_011754) Gauaasluansnad 1

M3 1 GULUE 2UI0 UV LAz melting temperature (Tm) 209 IWSLBS LAZNAYDIHAHNAAWTDNS

Primer Sequence (5” to 37) Length Postion* Tlon** PCF{ product
Name (bp) (@) size (bp)

TIMP-1_ F AGT TTC TCA TTG CTG GTG AGG CAC CGT CC 29 8027-8055  73.20

TIMP-1 R AGC CAT CAG GGA ACA GGC TTG GAC TAG CC 29 8843-8815  67.23 o
CDY-1 F GCA CAA ACG CTT CAG AGA C 19 7422-7440  53.96

CDY-1 R CCT AAA TCT GCA CAT TCC AC 20 7708-7689  50.98 Sl

*PNDIIUNUNAN TIMP-1 reference ID: NG_012533 waz CDY-1 reference ID: NG_011754)

“* MUINAIEI5 Nearest Neighbor 1a# Oligonucleotide Properties Calculator®

Duplex PCR

mstiinwengiiu TIMP-1 waz CDY-1 1%'@'11/\131,34asf'?lmﬁ%amﬁﬂumamﬂﬁﬁ%mtﬁmﬁ’u (duplex
PCR) Tagluthenusinassiu 10 lulasans Ussnaudadulsd@idueTndwesiss (DNA polymerase) lu
unwasa L%ﬁlgﬂ (KAPA 2G Fast Multiplex Mix Kit, Wilmington, Massachusetts, USA) il 200 nM
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M09 lunailiwdlag real-time PCR oelwsinas CDY-1 UIBIUNS  IINWAIRUM warAnLL

ypudazlnsines waraadnmdue 1 lulasans (5-50 ilunsu) Elum?fmmuquqmw{]ﬁ (ABI 9700,
GeneAmp PCR system, Forster, USA) ﬁqmw{]ﬁ 95 avFadas ('C) WU 5 N @NAEY 35 SBU
#1 95°C W 10 37 71 60°C W 15 3T wazi 72°C W 15 T aNAMAKAATTSUIA 817 bp 284
&y TIMP-1 uaz2una 287-bp 28481 CDY-1 laamsiiiguaunany 100 bp DNA Ladder (New England

Biolabs Inc., Massachusetts, USA) Tu 1.5% agarose MYRIINTM electrophoresis

real-time PCR

wlutsinassiu s lulasaas Tagldinen real-time PCR #iltdulssd DNA polymerase uazans
Goeuaiia SYBR lutiWines (KAPA SYBR Fast gPCR, Massachusetts, USA) uasld 200 nM 284
Twswasudazidy Tasvnidunvuenvasaglwswesuasdiy  TIMP-1 uaz CDY-1 UasuuuTINaane
lwsl,ua's'ﬁy'\‘tam@j (duplex real-time PCR) Mdhasaiiiue 1 lulasans (2.5-50 wlundy) ldlwaies
real-time PCR (ABI 7900 HT real-time, Forster City, USA) (%’T'qmsﬁwmﬁqmwgﬁ 95°C WU 3 WY
GNuEaE 35 59U A 95°C 11U 5 Tt wasi 60°C W 45 Tundi ntiurh melting curve analysis ‘[mﬂé’qqmmﬁﬁ
95°C WU 15 3N waz 60°C WU 15 WD ﬁamﬁuqmwgﬁadw%’m (2% ramp rate) TUfi 95°C wiu 15
7 Aeevinane 7900 HT Sequence Detection System software v2.3 @53980UNANANNTISIUIN

817 bp 28981 TIMP-1 uazaue 287-bp 2898u CDY-1 laan15m electrophoresis @utiennuis PCR

MImaauLud

WanaaNFe15 iz (non-specific product) %ﬁtﬁmﬁuiﬂumaﬂﬂﬁﬁ%mqﬂlwsmaif CDY-1
AUMBENNALBUIBINANDY 21aUsEINa 450-bp MNaaULLE laggdaaynaelwsiwes CDY-1 uaz ANTP
fndennmanuiasensaedulyl Exonuclease I uaz Alkaline phosphatase muaiay pa1nen illustra
ExoProStar (GE Healthcare UK Ltd., Buckinghamshire, England) awnfuﬁw 1 lulasdas MMUZasen
WUy dideoxy chain termination @18 CDY-1 forward primer w58 CDY-1 reverse primer WUUWen
vapaUfnaen Tagl#hihen BigDye Terminator v3.1 Cycle Sequencing kit (Applied Biosystems, Foster
City, CA, USA) wé’mmﬁﬂﬁ'u’%qw'ﬁmq ﬂfilﬂm D-Pure™ Dye Terminator Removal Kit (NimaGenBV,
Nimagen, NL) Suhlumarduiussseiss 3500XL genetic analyzer (Applied Biosystems, Foster
City, CA. USA)

Manadaulsz@nsnnisn1inea
= = ac = L o d' o d?’ L L4 L d' L% = v o o |
wWizuiisuisasnailunedwanwaunduiuvdayawazasararaiasiiuinly Tashdrats
Aauanuu 377 Mot Nanennmestadsaamaiaslasimsivaiiemiadamanugnssuitiendas
numaiavsdszamandanludgears"” nlasuaylaldamiiumsiTennamuenssunsasesssnmIae
T5awenuNaszId o2 00172556 LUUMIBENALBUBINATIETIUIU 180 MIBENN HLOUDIWANDN 197 DL
NEUMIATIIAMUMN (A260/A280 ratio) wazUsana lasmsiammaganauuasgiseaiUalasinlafives

(NanoDrop™ 1000 Spectrophotometer, Thermo Scientific, Germany)
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msnagauanybhuainsasramsduiioussuiredaiedidua

HaNMBEIALBUBINAZY (20 ng/ul) adludiatefduaAnd (20 ng/ul) a3z iy
fi5uanan (M-DNA/F-DNA) iaas1du 1/5 lnonaudiaueinens 1 duNaNNUADUDINANDN 4 dIu
NniuEens s whaefetiduemandalusn 4 waen lafduenaniiisnnadiu M-DNA/F-DNA
WY 1725, 1/125, 1/625 W8z 1/1,325 A5IAGIDENAEUBHENTT 5 ¥ann WAZALEUBINANELSE
LWﬂmﬁqmnwaamﬁlﬁﬁmimau 10835 real-time PCR g lwsuas CDY-1

We

Duplex PCR
nMawang lwsiwaseasdiu TIMP-1 uaz CDY-1 avlunasaufisendedny loauSuammgi
. ) a'og.l’ v v oo Y| A a o I aa
annealing temperature 1viglwsiasnaasquivduihving wuihnaumgil 60°C Wugamginmnzan
Tumsiinenadiy - @snsodiundonaiidenssine 817 bp @ wsuliu TIMP-1 wazuina 287 bp amsu
fu CDY-1 lagaaumanainism gel electrophoresis 108108 NALBUBINATIINUNDHAATNIHBIUIUNA
Ty NaIaa A D UDINABTNNURINZHANAAVUIN 817 bp AIUFAS UMW 1

TIMP-1 (817 bp) |

CDY-1 (287 bp)

MU 1 gel electrophoresis #amM 30593 luriallinAa1z35 duplex PCR uaounandaidonsasglwsiuas
TIMP-1 {216 817 bp LLazmﬂejlwsma{ CDY-1 %2119 287 bp Lane M: DNA Ladder, fatefdule

iwanalaly Lane 1, 4, 7 uaz 9 agNaduawmazg 1u Lane 2, 3, 5, 6 uas 8

real-time PCR

Tumsih real-time PCR dasglwsasitoonuuu wuhainsaldgumgionumuunilugiia
ihmnuazeiasfineasdsaiiuaadluiaquazisms manaaasih duplex real-time PCR Tnsldlwsiuas
wmﬁqamﬁﬂuwaamﬁmﬁu UazeIUA) melting temperature (Tm) 290NS¥N melting curve analysis
KARENF S UDIWANENUNARENNG IS a5 2 ¥fia Fo TIMP-1 § Tm = 87.4°C uaz CDY-1 il
Tm = 78.0C loanandniigarsuasdiu TIMP-1 {anugeasininnnikandaiiga1suasdiy CDY-1 aeeann
Fauaaslunnil 24 drudeddiBuawavdanunwiswondoglwainad TIMP-1 il Tm = 87.4°C
whity Gauaaslumwd 2B
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s M."J.‘"-‘“’ - o - . ) m e - £
A 78°C 87.4°C B 87.4°C

=

1WA 2 melting curve analysis K@ duplex real-time PCR ud0d Tm 299nandangas MpENGEUD
iameduanandy CDY-1 A3 Tm = 78 C uay TIMP-1 93 Tm = 87.4°C (A) MagNGDUDINANDN
Unandndy TIMP-1 78 Tm = 87.4°C (B)

TumsmasssuuunenvaaaUfizen wunglwswes TIMP-1 Winandaisi Tm = 87.4°C wialy
B IALDUDINANENULBLINAZE ToafesnnusaulumsiindSana (Cycle threshold: Ct) Uszana 17-20
druglwsiwes CDY-1 uaninlinawdaiidl Tm = 78.0°C fieh Ct Uszanm 18-20 TudhosediBuainens
e é’qwuhé’haehqﬁLﬁmmww@ﬂﬁwamﬁmﬁﬁ Tm = 83.8'C loaiien Ct ganhddutawane (Ct Uszanm
26-28) sauandlumwi 3 isthuaudn real-time PCR 1U¥h gel electrophoresis wuhdathedidute
weneliwandnuing 817 bp luvasaUfaseniiiglwswes TIMP-1 uasuing 287 bp luvaaaufisen
fifiglwsias CDY-1  dudathanavdiuananliuondozne s17 bp luvasaufaseniiielnsias
TIMP-1 uwéh feldnandalaisumzanalszana 450 bp lumseaufiseniisiglnsuas CDY-1 ds

AALLFA UMW 4

= o " o
s b x] o el e] s [ 1 7 fd

A 87.4°C B1 78.0°C B2

— _'L
e e e e

83.8°C

A 3 Melting curve analysis BNHAKAANTDI5NNMTIN real-time PCR Tmmmn@jlwsma% TIMP-1
woz CDY-1 auazviaaauinsen lasnandetu TIMP-1 wuludahadduamwemauaz i § Tm = 87.4°C
(A) wandndiu CDY-1 wuludmaeadduanazg § Tm = 78°C (B1) waskandniu CDY-1 wuluaiaena
MBUBINANAN & Tm = 83.8°C (B2)
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ML F1 F2 M2 M3 M4
M 12 34 56 78 9 1011 12

1,000 bp

TIMP-1 (817 bp) |
— Non-specific CDY-1 (451 bp)

500 bp

CDY-1 (287 bp) |

100 bp

il 4 gel electrophoresis WandnRdoIsINMInTIadluriadinedse real-time PCR wuuuen
alwswas TIMP-1 uaz CDY-1 auazviaaaufisen Lane M: DNA ladder éiaghafitdutaineng Mi,
M2, M3 uay M4 11 Lane 1 & 2, 7 & 8, 9 & 10 a2 11 & 12 MNMOU udrmpeNaduDIWANdN F1 way
F2 lu Lane 3 & 4 uaz 5 & 6 MNAIAU

Nnuansnaasafiulanmsldinaiia real-time PCR logldglwswes CDY-1 ehansansia
e lmenauaznandslalasmsieszien Tm nanfe feegaiil Tm = 78°C dushothadiBuaimens
drudathsiifien Tm = 83.8°C fudhagdiduamends 35ildlwswasiiasdidien sunalaie manzaw
fumathluldnu lidundesnldes Sadenismsiilunasaulszansnmmesly

MImIaauLud

msmanFutussanaaidanslisimzanaUszina 450 bp 2etiaiedEuewandgitiagy
1uwaawﬂ§ﬁ‘%mﬁﬁejlwsma§ CDY-1 ihlifisuanumiiou (blast search) Augiuzaya NCBI (https://
blast.nebi.nlm.nih.gov/Blast.cgi) wuhfidauiuaiiagsswieglwsiues CDY-1 1@ 412 bp asfudidua
fiudasialaiulusiu APCDD1-like precursor Uuiﬂi‘[n‘[‘ﬁmj“?; 20 (Homo sapiens chromosome 20,
GRCh38.p12 Primary Assembly Sequence ID: NC_000020.11Length: 64444167) laafianuuiiaunu
Zowar 99.76 (411/412 bp) MeULUEIENEUEINERIANNENTIN 451 bp wWianmumisfisuiulnswed
CDY-1_F uaz CDY-1_R eaugaslunmnd 5

X 2aeIsn1s real-time PCR "lumimnm‘sﬂmﬁauszmﬁaﬁLﬁmamﬂw@mazmﬂmﬂ

msnassuanullumsasamstudeussuwhaotediBuamamenszndweds real-time
PCR heglwsiwed CDY-1 wuhéhaghe M-DNA/F-DNA 1 1/5 wunawdaiiil Tm = 78°C Wil wasii
1725 WUHE® 2 ¥fla 71fl Tm = 78°C uas 87.4°C TasfiAvasnandn Tm 7 87.4°C AOUENMNIN WazADE 1
ﬁmmg«‘ﬁ'uﬁu Turasiifinyesuandail Tm = 78°C doe 1 anadlunasn M-DNA/F-DNA i 1/125 uaz
1/625 @il 1/1,325 WURWLHAKREAT Tm = 87°C whity dauaaslumwi 6
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Homo sapiens chromosome 20, GRCh38.p12 Primary Assembly
Sequence ID: NC_000020.11 Length: 64444167 Number of Matches: 1

Range 1: 58479826 to 58480276 GenBank Graphics ¥ Next Match A Previous Match
Score Expect Identities Gaps Strand
810 bits(897) 0.0 450/451(99%) 0/451{0%) Plus/Plus

Features: protein APCDD1-like isoform 1 precursor
protein APCDD1-like isoform 2
|GCACAAAC GCTTCAGAGAC )

Query 1 GCCATTAAGCTTCAGAGACCGGCTGTGGAAATGCAGCCATTCCAGCACTGCTGCAGCCAA 60

ferererrrrrrrrerrrererrerrrrrrrrr e rererrrr et rrrrrd
Sbjct 58479826 GCCATTAAGCTTCAGAGACCGGCTGTGGAAATGGAGCCATTCCAGCACTGCTGCAGCCAA 58479885

Query 61 AGATGTACTTTCCAATGAAGTCACTGCACAAAAGGCATGCAGGGTTTGCACCAGAACACC 120

rrrrrrrrreeerrerrrr et rrrrrrrrrrr e ettt e et e e e
Shjct 58479886 AGATGTACTTTCCAATGAAGTCACTGCACAAAAGGCATGCAGGGTTTGCACCAGAACACC 58479945

Query 121 CCCAGAAGGCTGCAGATTGGATGCTATGACTGGATGCTGCATCAACAAACACAGAAATAT 180

ferererrrrrrrrrrrrerereerrrrr e et et e rerrrr e e e
Sbjct 58479946 CCCAGAAGGCTGCAGATTGGATGCTATGACTGGATGCTGCATCAACAAACACAGAAATAT 58480005

Query 181 GAAGACACACTTTGCATTCTAAGAAGCCCACCTCCAACCTCTGGTGTGAATGGCTGGTCC 240

crerrererreeererrrrrrrrrrrerrrrrrrrrerrrrr e e e err el
Shjct 58480006 GAAGACACACTTTGCATTCTAAGAAGCCCACCTCCAACCTCTGGTGTGAATGGCTGGTCC 58480065

Query 241 TCAGATACCTCACATGTCTCTCATTTCGGCTATAATGCAATCTCCTCATCCACCTAATCCG 300

freererrrrrrrrerrrerereerrrrrr et et e rr et
Sbjct 58480066 TCAGATACCTCACATGTCTCTCATTTGGCTATAATGGAATCTCCTCATCCACCTAATCCG 58480125

Query 301 AGAATCTTCGTGTTCAGGGCTGGCAGGCAAGTTGGGGAATGGGTTGGACTTTGCTACCTT 360

ceerrerrrreeereerrererrrrrerrrrrrrrerrrtrrt e rrrrrrrr e
Shjct 58480126 AGAATCTTCGTGTTCAGGGCTGGCAGGCAAGTTGGGGAATGGGTTGGACTTTGCTACCTT 58480185

Query 361 GGGAAACACAGAAATGATATCCTCTAAACAAAGCACCCTCCACCCGCCGCAGCCTTCAGC 420

ferererrrrrrrrr rreeereerrrrrrrrr et rererrrrr et rrrrrnd
Sbjct 58480186 GGGAAACACAGAAATTATATGCTCTARACARAGCACCCTCCACCCGCCGCAGCCTTCAGC 58480245

Query 421 ATCCCAGCCCTGTGGAATGTGCCCTCCTCTG 451

Freerereeeereerrereerrrererred
Sbjct 58480246 ATCCCAGCCCTGTGGAATGTGCCCTCCTCTG 58480276

<CAC CTTACACGTCTAAATCC |

AW 5 DFUIUAIBINANEAZING 451 bp NG lwsiues CDY-1 MndatsdiBuemandaiomuiuady
Lw&a9de APCDD1-like precursor UuIﬂiINI%N@:ﬁ 20 (Homo sapiens chromosome 20, GRCh38.p12
Primary Assembly Sequence ID: NC_000020.11Length: 64444167) @1AULUATZWING INILNDS
Fenumiiaunu Speaz 99.76 (411/412 bp)

BB gﬂﬂ'ﬂ.ﬂLLazﬂé'uLLaméwé’umawaﬂWﬂuaﬁ CDY-1_F w8z CDY-1_R dua1au

nsnadaulszdndnmuadisns real-time PCR madlwsinas CDY-1
anamatdeuelulasimaideiamdademaiugnssuitiendasiumstiaaelszameday
lugfgeogauau 377 dreen wadlunsdweanududduamwamnaiuiy 180 dradn waziludibule

LWABEN 197 62889 asnudayatnayasanaaNasfivuiinlisasaz 100
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P L

e : M-DNA/F-DNA : 1/5

]

B 1) o :ﬁw;,?x ®o wo wuo
850 T0.0 o 800 850 000 Hli -
A:Male DNA  rempersie 9 ¢ 4
- A M-DNA/F-DNA : 1/25
Amplification Plot 2
C L1} oy ;:;nﬂ; 5.0 wy L)
g P inesaret M-DNA/F-DNA : 1/125
D ®uo o0 T “”nn oo 900 o
y_l . ' . . . . . . - . . . . . . . Tesnperature (*C)
T4 68 8 o0 o W OK B oD OZ XN E 2 N 2 OM
H: Oy NE - faas s
:
’ / M-DNA/F-DNA: 1/625
: =
E "!I 1] 0.0 ™se B0 a0 WL L1}
I;I E Temparanure (*C) e
o }
N | I
1 L IR0}
J; \l o l"r
[ ! e E
= \ . |
e H M-DNA/F-DNA : 1/1,325
2] o ™o 200 %o w0 wo \l
Temperature {°C) e S ammmmmm = 4
G: Female DNA F T

AWi 6 o real-time PCR dhaglwsiuas CDY-1 nadaufufeididueiiimsuanszninediduie
@z (M-DNA) LLaxﬁLﬁmawamﬁq (F-DNA) wde amplification plot (H) 283 M-DNA (a),
FuKaENsEnINe M-DNA/F-DNA Tuaasidm 1/5 (b), 1725 (c), 1/125 (d), 1/615 (e), 1/1326 (f)
waread F-DNA (g) Ww5ad melting curve analysis 289 M-DNA (A) uaz F-DNA (G) wa¢ melting
curve analysis 289 M-DNA/F-DNA 780518216149 63nan o430 B C D E uaz F onuanou

P 4
I

msasnaauiluvialinaludoiediduialonds real-time PCR daglwsias CDY-1 iainiu
ansaldnuldauivssaniam lidundouwssnuuasninenns losldlwswosgideluufaseninnas
suiiss 5 lulasans  wesmslension Tm fuendufussvhsdiduamwansuazwavds Tosdibue
eAefien Tm = 78°C diudiBuemandaio Tm = 83.8°C 1{ThAsRmmnzansumahlu1Fasailuied
wadaglaagneiss@niam  emnsoaadavilunelwayasdisgedidueinnuinnis 384 dadn
dasau Tunsdifil#ia3ns real-time PCR flanansol#iy 3s4-well plate §iseldnasasld 384-well plate
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uaz 96-well plate ﬁ'mﬂ%"mi:uﬁ'u (QuantStudios, Thermo-Fisher, USA) u,a::m%}mi;umﬁlﬁmww
96-well plate (QuantStudio5, Thermo-Fisher, USA) wui bitamsnagauliuanarany aghalspou
TumsihmediaillUldfuhen viaeias real-time PCR juduviadvaau anaiien Tm asuulasly
il Tsnsmadeugamgiimainufaseuasa Tm dewhluldnu

Tum ¥ real-time PCR uvuuenglwsiued wuhglwswes TIMP-1 liwdauaiisl Tm = 87 °C
niludiBuemendgauazinene Taoil Ct Uszanar 17-20 Tugheenudadudidue 2.5-50 ng/ul dug
Twswas cDY-1 mansaenaunuithuinesuulasiulan-Y ludmethedduememnealaagaaime ianandn
fifl Tm = 78°C waziidh Ct Uszanar 18-20 luwauziidnadaiEuamevwded non-specific product 2110
451 bp NNEY protein APCDD1-like precursor Lﬁﬂﬁuﬁ Ct Uszanm 26-28 %ﬁ%’ﬁﬂdmawﬁm‘mwwﬁwu
Tushaehedidulaiwanatszaina 8-10 a0 MIlansidduuahulmeratiaundauaizesiglwsues
CDY-1 uhdu wuhiianuingiu (complementary) fianeehu s emdaaaii 11 bp (30882 58 299NN
Twswes) & wsu CDY-1 Forward primer Waz 13 bp (58882 55 a9 NNEM INSINBs) dwmsu CDY-1
Reverse primer m3nlwswadisulme 5~ limilaudhnnsudiiddas s” fanumilousnnnhiasas s
gasanuenlnswesnanuaiivnliluswadannsahdviudananle fimsuszgnd ldeanuuulnses
%ie 5 tagging portion waz 3 specific portion LDLANUSZENEAMWMIATIN MSABMUWINanTIZa
Bulaidasmne (restriction enzyme recognition site) WiamsaatnslaatitasiuvansdintamsmanuL
Tuszuu next generation sequencing®*"*? ama:msﬁwﬂﬁﬁ%mﬁﬁaqﬂ'ﬂsxnawaqﬁmmazqmmﬁﬁw
LaLADE ) Lﬁﬂwaw5magamumaﬁmlﬁtﬁlaﬂéaalﬁnﬁ@ﬂﬁﬁ%ﬂﬂﬂmﬂmh 25 sou luzaeiidiathadiBule
e glwswes CDY-1 whiunuihwingawnzuulaslulan-Y lasgwanysaluaziionandaidas
adaulaiiia non-specific product AMENHMZNIIAA non-specific product wuuahhiiwulushashaiiEue
wevdiannaiai wazlinuludmadndbuameans mldeansaldmmzdluswas CDY-1 lumsasa
STursilinemauazudisla uannnimswunanandn Tm 7 83.8°C uaz Ct Uszanm 26-28 sauludhat
PLOUDINANE mmsa‘l&ﬂumsmuqumﬂu (internal control) ﬁLLamdwmﬁ'ﬂizﬂaumiﬁmﬁﬁ%m
fenuundnaudmsiadenthen ms@ndEue uazmsnureeias real-time PCR

3% duplex PCR iiteamasluredmediisigasmaiisunisdiouguitldnuluiafiems
Fluana  msldalwswasuesdiy CDY-1 uas TIMP-1 Tuvasaujisendeiudizanaldiauazm
iliazanninniuniisdainehuuuwenuasaujiseesudaziy Snmdsdhelsstunansasansd
figlwaas CDY-1 WWuaauiiuchacafiBuemendsnds innsiaufunandannglwawas TIMP-1
2UIA 817 bp Tildthennenuiadndluiunaumsiiides asalsimaiuaaumsi gel electrophoresis

A tludane lUMI05I9MIDENNUIUNIN FDINMTANU TUNN LaTaIHa lUMTNAIEND UINzEIvSU

1
[ % ]

MAeniicegedBue ldann

FBmsnadluislmadsivannauil minsoszgndldnumsasamyinenmansmsin vie
aamMsiiinenemansianinsoadadidualdnndomei idemeunn esmnuandaiidarsnnglwswas
CDY-1 §lvuna 287 bp w38 451 bp way TIMP-1 fvwa 817 bp Faautlugiilanssuifisuiumsasa

P a'clewL A aa s < ' (9)
Qmﬂ']WﬂLﬂu‘Vl B LU UUMINENAIFTAINNYIUIALINNTIT 100 bp
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asu
9

M305393 lune inadieds real-time PCR saglnswas CDY-1 shansaldszymanaiding

ddwananalanaumsihluasameisinnzidumeiugemansldaeniivszansmu Hedsziuanugneies

PDINBENALBUBUzANNINERTDYsINaM A NTayenuITe  Mmaanedasaaliiuisiannse

7579 USn (quantitative method) az2helvm51nAsH U5 se ez laannziu

Aeenssndsenma

29uauAa Dr. Teisei Mushiroda Wwin#inidgundywugmans an RIKEN Center for

Integrative Medical Sciences, Yokohama Ussinagiyu Tumsldamuinwmuusnihaunldnsiamwe
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Human Gender Genotyping Using
real-time PCR with CDY-1 Primers

Nuanjun Wichukchinda' Wimala Inunchot' Sukanya Wattanapokayakit'

Taisei Mushiroda® and Surakameth Mahasirimongkol'

! Division of Genomic Medicine and Innovation Support, Department of Medical Sciences, Tiwanond Road,
Nonthaburi 11000, Thailand

?Laboratory for Pharmacogenomics, RIKEN Center for Integrative Medical Sciences, Yokohama, 230-0045
Japan

ABSTRACT In genotype-phenotype association study such as disease susceptibility and/or progression
and drug responsibility, genomic DNA (gDNA) quantification and qualification are necessary steps
prior to genotyping application. An individual DNA sample checking cannot identify miss-handling
(labeling or samples mixed-up) which could especially occur from human error at any steps of gDNA
preparation. Gender genotyping becomes useful for confirmation with records in participant database,
leading to quality of genetic analysis results. We, therefore, developed the gender genotyping method by
amplifying CDY-1 in Y-Chromosome with real-time PCR. Efficiency testing of this method with DNA
samples (n = 377) showed 100% concordance with clinical data record of individual participant. This
novel gender genotyping method is rapid, inexpensive, and usable to apply for genetic studies with high
numbers of samples. Further development on quantitation of the amount of DNA will possibly fulfill

utilization of our developed method.

Keywords: gender genotyping, human gDNA, real-time PCR
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Acute Oral Toxicity of Mixed Crocodylus
siamensis Oil and Kaempferia parviflora
Wall. Ex. Baker in Wistar Rats

* Passaraporn Srimangkornkaew'®’ Jindawan Siruntawineti’

Amon Praduptong"”
Sudawan Chaeychomsri’ and Win Chaeychomsri®

!Interdisciplinary Graduate Program in Bioscience, Faculty of Sciences, Kasetsart University, Bangkok
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Nakhon Pathom 73140

‘Thailand Center of Excellence for Life Sciences (Public Organization), Bangkok 10400

*National Laboratory Animal Center, Mahidol University, Nakhon Pathom 73170, Thailand

ABSTRACT Crocodylus siamensis oil and Kaempferia parviflora (black ginger) have traditionally been
used as folk medicine to promote health. A new formulation, consisting of C. siamensis oil and black
ginger extract, is developed as an alternative health product. Toxicological studies of this formulation
have not been evaluated. This study was to determine acute oral toxicity of mixed C. siamensis oil and
black ginger in Wistar rats. Our study was conducted in a stepwise procedure according to OECD
Guidelines for the testing of chemicals 423, Acute Oral Toxicity-Acute Toxic Class Method (2001). After
oral administration with 300 and 2,000 mg/kg body weight of mixed C. siamensis oil and black ginger,
all animals were not shown any signs of toxic effects, moribund and mortality. The results indicated that
mixed C. siamensis oil and black ginger was grouped in Globally Harmonized System of Classification
and Labelling of Chemical as category 5 or unclassified and the LDSO is at 5,000-c mg/kg body weight.
Our study suggested that the mixture of C. siamensis oil and black ginger is safe for oral administration

and support its use as food supplements or other industrial applications.

Keywords: Acute Oral Toxicity, Crocodile Oil, Crocodylus siamensis, Kaempferia parviflora Wall. Ex.
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Introduction

Siamese crocodile (Crocodylus siamensis) oil contains high levels of essential fatty acids
omega-3, omega-6 and omega-9. It has been known that omega-3 fatty acid could support the
brain and nervous system while omega-6 and-9 fatty acids could decrease level of high-density
lipoprotein, increase level of low-density lipoprotein, reduce inflammation and have beneficial
effects on human skin.">?

Kaempferia parviflora Wall. Ex. Baker (Black Ginger), commonly known as Krachai Dum,
Thai Ginseng, Black Turmeric, and Black Galingale (Black Ginger), belongs to Zingiberaceae
family. Quantitative analysis of K. parviflora using a gas chromatographic method revealed 11
flavonoid constituents of which 5, 7, 4 -trimethoxyflavone and 5,7-dimethoxyflavone were
major constituents.® Additionally, analysis of methoxyflavones in K. parviflora ethanolic extract
using high-performance liquid chromatography indicated that 3, 5, 7, 3", 4" -pentamethoxyflavone,
5,7,4 - trimethoxyflavone and 5,7-dimethoxyflavone were major components. Pharmacological
activities of K. parviflora have been reported including anti-inflammatory, antioxidant,
aphrodisiac, anti-gastric ulcer effect, anti-plasmodia, antifungal, and antibacterial activities.”’

Owing to reports on pharmacological activities, a mixture of C. siamensis oil and black
ginger could be a new food supplement. Safety data has not been conducted. Therefore, the
present study was to investigate an acute oral toxicity of mixed C. siamensis oil and black ginger
in Wistar rats in accordance with OECD Guidelines for the testing of chemicals, Acute Oral
Toxicity-Acute Toxic Class Method (2001).¢

Materials and Methods

C. siamensis Oil Extraction:

A total of 1 kilogram of Siamese crocodile (C. siamensis) fat were collected from
C. siamensis at Thai crocodile farm, Sri-Ayuthaya Gold Medal Company Limited, Nong Khanak,
Tha Ruea District, Phra Nakhon Si Ayutthaya Province, Thailand. The fat was thoroughly cleaned
and freezed at -20°C.

A non-chemical method was used to extract Siamese crocodile oil using an extraction
machine (Henny Penny BCS-10, MB Food Equipment, USA) and an oil press machine extractor
(KDTQ, ZZKD, China)."’ After extraction, a liquid fraction of fat was segregated by
centrifugation (Suprema 21, Tomy digital biology, Japan) at 6,000 g 4°C for 10 minutes. The oil
was kept at 4 °C until further use. Physical and chemical properties of oil were tested at
Faculty of Sciences, Kasetsart University, Thailand. Microbial contamination was done by

laboratory of National Laboratory Animal Center, Mahidol University, Thailand.

Extraction of Kaempferia parviflora Wall. Ex. Baker:
Black Ginger (K. parviflora Wall. Ex. Baker) was collected from Phetchabun province
and its rhizome was clean, cut into small pieces and air-dried for 3 days. The dried rhizome was
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ground and further extracted at SK Herb Company Limited, Krathum Baen District,
Samut Sakhon Province, Thailand. Briefly, the dried powder was extracted with 70% ethanol
at 1:40 w/v by the ultrasonic processor (UP100H, Hielscher, Germany) for 20 minutes and
evaporated for further preparation. Physical and chemical properties of the extrac were tested at
Faculty of Sciences, Kasetsart University, Thailand. Microbial contamination was done by

laboratory of National Laboratory Animal Center, Mahidol University, Thailand.

Dose Preparation:
The mixed C. siamensis oil and black ginger was freshly prepared at doses of 300 and
2,000 mg/kg body weight prior to administration. The dose administration was not exceeded 1 ml

per 100 g of animal body weight.

Preparation of Animals:

Female Wistar rats (Rattus norvegicus species, Mlac: WR) with weighs ranging from 189
to 209 gram (g) were obtained from National Laboratory Animal Center, Mahidol University,
Thailand. The animals were kept under standard conditions of 12 hours light, 12 hours dark at
22+3 C and 30-70% relative humidity. All were housed in stainless steel cages with food
(082, Perfect Companions, Thailand), 5-7 ppm chlorinated water ad libitum and environmental
enrichment. They were acclimatized for 5 days prior to study."”

The study was approved by National Laboratory Animal Center Animal Care and Use
Committee (NLAC-ACUC), Mahidol University; Thailand, code RA2018-37.

Dose Administration:

The acute oral toxicity test was conducted using OECD Guidelines for the testing of
chemicals 423, Acute Oral Toxicity-Acute Toxic Class Method (2001) (Figure 1). It is a stepwise
procedure with the use of 3 female Wistar rats for each step. Doses of 300 and 2,000 mg/kg body
weight of mixed C.siamensis oil and black ginger were used for this study. All animals were
fasted for 15-18 hours prior to administration and further 3-4 hours after administration. All
animals were observed for toxic effects after administration at the first 30 minutes, 4, 6 and 24
hours. Changes in skin and fur, eye and mucous membranes, respiratory, circulatory, autonomic
and central nervous systems, somatomotor activity and daily behavioral pattern were observed
for 14 days. Additionally, observations of tremors, convulsions, gasping, cyanosis, vocalization,
salivation, diarrhea, lethargy, sleep and coma were determined. Survived animals were
generally clinical observed once daily for a total of 14 days.”” Body weights, feed and drinking

water consumptions of the survivals were recorded.
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Fig.1 OECD Guidelines for the testing of chemicals 423, Acute Oral Toxicity-Acute Toxic Class
Method (2001)

Necropsy Examination:
After 14 days, all survived animals were euthanized using CO2 inhalation.® Gross
pathological changes including positions, shapes, sizes and colours of internal organs were

examined.®

Results

Characteristics of C. siamensis oil and K. parviflora Extracts:

The extract of crocodile oil was light yellow color with pH 5.9. Its major components were
Palmitic acid, Oleic acid and Linoleic acid. Microbial examinations of the extract showed a total
plate count was <100 colony forming unit/gram (CFU/g) and was negative for Staphylococcus
aureus, Salmonella spp., Clostridium spp. and Escherichia coli (data not shown).

The extract of K. parviflora was dark brown color with pH 6.0. Its major component was
5,7-dimethoxyflavone. A total plate count of the extract was <100 CFU/g. In addition, yeast and
mold was < 100 CFU/g (data not shown).

Safety evaluation of acute oral toxicity:

After oral administration with 300 and 2,000 mg/kg body weight of mixed C. siamensis
oil and black ginger, all animals showed no signs of toxicity, no moribund and no mortality. The
body weights of all animals were continued to gain throughout the study (Table 1). Animal feed
and drinking water consumptions were normal (Table 2). The necropsy results of all animals were
not found any lesions on external and internal organs (data not shown). Taken together, the mixed
C. siamensis oil and black ginger was categorized in GHS category: category 5 or unclassified and
the LD_ is 5,000-c mg/kg body weight."”

. NIasnsInenamaasasuwng
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Table 1 Animal Body Weights (g)

Dose Level

(mg/kg body N, Body Weight (g) Body Weight

Change (%)

weight) Day o Day 7 Day 14 Terminate
1 198 216 225 232.12 17.23
300 2 200 214 216 222.88 11.44
3 208 217 218 224.52 7.94
4 198 215 224 232.93 17.64
300 5 198 208 221 222.39 12.32
6 207 216 232 237.06 14.52
7 194 210 219 211.81 9.18
2,000 8 201 218 225 228.49 13.68
9 208 219 225 229.41 10.29
10 189 200 212 218.44 15.58
2,000 11 202 210 221 229.60 13.66
12 209 219 222 232.12 11.06

Table 2 Animal Feed and Drinking Water Consumptions (g)

Dose Level Feed Consumption (g) Water Consumption (g)
(mg/kg body No. Week 1 Week 2 Week 1 Week 2
weight)

1 12 15 35 47

300 2 15 12 31 36

3 12 11 24 28

4 14 13 33 40

300 5 14 13 32 31

6 16 11 30 24

7 11 12 26 41

2,000 8 12 11 30 24

9 12 12 25 28

10 13 13 23 22

2,000 11 11 16 23 30

12 13 11 27 26
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Discussion

Results on acute oral toxicity studies indicated that neither Siamese crocodile oil nor black
ginger demonstrated any signs of toxic effects to animals."'® A mixture of Siamese crocodile oil
and black ginger (K. parviflora Wall. Ex. Baker) extract was developed as a new formulation in
order to boost human health. Therefore, it was necessary to assess its safety data prior to given
to human.

Our findings showed no remarkable lesions in all external and internal organs when
orally given the mixture at the doses of 300 and 2,000 mg/kg body weight to the Wistar rats. No
signs of toxicity were demonstrated. Feed and drinking water consumptions were normal.
In regards to OECD Guidelines for the testing of chemicals 423, Acute Oral Toxicity-Acute Toxic

Class Method (2001), it could suggest that C. siamensis oil and K. parviflora mixture was safe.

Conclusion

Safety evaluation of mixed C. siamensis oil and K. parviflora administered orally at
doses of 300 and 2,000 mg/kg body weight did not reveal acute toxicity in Wistar rats. The mixture
of C. siamensis oil and K. parviflora was, therefore, classified in GHS category 5 or unclassified

with the LD50 was 5,000- mg/kg body weight.
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Tuhduna 1 $Tue 10w 2 a3 nsae wasnih lu lidudumeldgaanmeadeaiaia rotary evaporator
(Rotary vaccum evaporator, Biichi, Japan) sniuvnlusislagld lyophilizer ldansanaaaihain
Waanduwaawm (OI-W) TaefidpsazaasSinamsianalauhiu 24 (syield, wt/wt)

MIATENTITTANAILDMUDD

‘L‘hmaagulwmﬁ'maoLﬂﬁaﬂﬁ'uwml,wm(??oﬁ'uﬂ%mm 100 N3 sndunaulutemuaa 95% Wuna
1 #Tas 119 2 A%1 n3as LLGZﬁ’Ilﬂ’SZL‘VIEILLﬁQﬂWﬂiﬁnyfy’]mﬂﬁl’JﬂLﬂ%‘aﬂ rotary evaporator l@e5aNAGE
musannildeneuzaunm (OI-E) lasd swyield, wt/wt (WINU 25

NIAMUANAUNINANTING
ﬂ']'iﬂ'JUQNQmﬂ’lW‘V]’NLﬂﬁ“&laﬁﬂ’l’iﬁﬁlﬂﬁl’mﬁ"lLLa::LE]‘Vl’luElaiﬁlLﬂﬂﬁﬂIﬂ’SN’lIﬂﬂ‘i’IW%ﬁﬂﬁ'J‘U’N

(Thin layer chromatography; TLC) Lﬂ%ﬂmﬁﬂuﬁumsmmgm baicalein, chrysin #5982 U8NHMLYB

TasanInsunsu (chromatogram) melduss UV fenuemaauy 254 winlumes wazvnUfasennuansazans

NP-Polyethylene glycol (NP-PEG) udesagaumelaus UV fienuenaau 366 i lumns

nﬁwﬂaauqn%ﬂ;’huaggaﬁass
qngfmw”lualgyaﬁﬂixﬂyﬁﬂﬁg hydroxyl radical scavenging assay
nadaunniiuayyadaszdsifaniuayyalonsanda lasdaulasannitues Halliwell uay
AR (93l reaction mixture Usznauens deoxyribose (1 #iadluam3) 100 lulasans ansazane FeSO_.7TH O
(10 lulasluas) 10 lulasans HO (100 Tulesluas) 10 lulasans ascorbic acid (Sigma-aldrich,
USA) (100 lulastuand) 100 lulasaos uazssadaayulnsianududu 20-100 lulasniu/diaddns wie
#5955 trolox (Sigma-aldrich, USA) 40-400 lulaslua1s wanansliznnu ﬁﬂﬂﬂuﬁqmwgﬁ 45
ssenaded Wunan 1 5l wgaUfji3enaas butylate hydroxytoluene (100 fiadluas) 10 lulasdns
ﬁl’lﬂﬁ?uﬁ’m’l‘v‘h Thiobarbituric acid reactive substances assay (TBARS assay) Taatdu trichloroacetic
acid (2.8%) 0.5 N88an5 Wae thiobarbituric acid (1%) 1 NadanT ﬁwlﬂﬂuﬁqm‘wgﬁ 95 aNFaLded
Hunan 1 2l wathlUIaamsganauuassis Multi-detection microplate reader (Synergy™ HT,
Biotex, USA) fenuemeau 532 nluwes Mmsmagaufaiaes 2 ﬂ%ﬂ (duplicate)

Hamanaaash i luminamiagazmssudimsiinaendiesu (3oeazmsiia TBARS) Taewiiau
Aunguenuauil lufissafasulnsuiomanasu madwnsilszansmwlumsiuayyedaszaziinnson
mnﬂ'wmwmﬁ'uifuwmmiaﬁ”ﬂaqulww‘%amsmmﬁmﬁmmmﬁugﬂmsLﬁﬂﬂﬁﬁ%maan%mﬁ'ul@i”%’aﬂaz 50
(Inhibitory concentration at 50%, ICSO) wazA Trolox equivalent antioxidant activity (TEAC) 53!0
Hueiivananuuswesnsadaayuluslumsdumsidaljismeansinduiivinuehidadeuiuaywus
FIMAUD (trolox) GBNTNYDIAIBENFITING Iﬂﬂaﬁaﬁ'maqu1Wiﬁﬁqw§ﬁwuaaﬂ%m%’uﬁﬁﬁuazﬁ@h IC
Tuszdueh uazen TEAC Tussdugs
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Q( vV Y QJ = v = 4
gnsiuayyadassuazundaagadussamuasansananndanduinm d0f Sauasalsan uasane

qn%ﬁuayyaémmﬁa?ﬁ superoxide radical scavenging assay

nadaugNseuayyadasEaIEAniuayyarUaseanlyd Tasdaulaininituee Nishikimi wos
AR 394 reaction mixture UsznaUAe nitroblue tetrazolium (Sigma-aldrich, USA) 258 lalaslumd
nicotinamide adenine dinucleotide (NADH) 996 lulasluas uay phenazine methosulfate (PMS) 16.2
lulasluans agnas 50 lulasdns uazansanaayulnsvsamsannsgu gallic acid (Sigma-aldrich, USA)
ﬁmmtﬁuﬁu 1, 5,10, 50,100 1u‘[ﬂ§ﬂ%'u/ﬁa§§m‘[mm%ﬂuminné'ﬂu phosphate buffer (10 mM, pH 7.4)
FeUsznaude disodium phosphate waz monosodium phosphate Haxa31HENAY *ﬁﬂi’ﬁqmwgﬁﬁm
Wunm 5 il Tammsganauusiaig Multi-detection microplate reader (SynergyTM HT, Biotex,
USA) b 562 WULNAT MNSNAFDUMBENDE 3 ﬂ%’;ﬂ (triplicate) wamimamﬁlﬁuamLﬂudﬁaﬂazwm
activity isufunguiliiaufisen 1009 (full oxidation) Finagndmusyyamiilaseenladiiuienas
289M38Udla (% inhibition) U&han plot fmwLﬁ'ammmmLﬁuﬁuﬁmmsaﬁuﬁgﬁﬂﬁﬁ%mwmLaulemﬂ(ﬂ”
agaz 50 (IC_ ) WisuWeuanudniugesssnaguAUANNENT U BIN SINATTI

miwmaaqu'gﬂnfﬂmmaﬁﬂ‘ssm‘n
MO SINHISNIBEN

ﬁwmaéﬂszmmwmgﬂa mouse neuroblastoma cells, N1E-115 (Cat. No. CRL-2263) (American
Type Culture Collection (ATCC), USA) passage number 24-34 Fuduaduruans (cell suspension)
Tdlumadsuzadang 25 mnusudines ihwedluidsduduutsussdsiomuauiamivaulaaanlyd
(COZ) qamgﬁ 37 seeaded Meleagnne CO2 5% ﬁ'mmmﬂﬁymmaé (DMEM-high glucose;
Sigma-Aldrich, USA, Cat. No. D1152) ‘ﬁfl sodium bicarbonate 3.7 Naan3u/iaaans fetal bovine serum
10% (FBS; Hyclone, USA) wazenUfi#iue penicillin G sodium (100 giin/iadans) uag streptomycin
(100 lulasn3a/§i9aans) 1 5-7 Su ndaniutassadeas trypsin- EDTA 0.25% 13ild cell suspension
Lin”aﬁﬂftJ{'lu‘[mﬂwm%mﬂuﬁﬁﬂmuquqm‘w{]ﬁ (Sorval RT7, USA) ¢1aAui3) 1,200 58UAUIT
pomgdl 20 asenuaides Wuna 5 il udnh cell pellet udin DMEM #ifi FBS 10% uasviniu
cell suspension ﬂfuﬁwmumaﬁﬁﬁ%f‘mﬁm hemocytometer Tagis trypan blue exclusion WaziLzad
Twnzidpadatiion (passage) Taamsuiitlanamnz@oasadlutuwne 75 maudues ieinsnuwad
Lﬂ?i'aummil,?:ﬂmiaénﬂ 2-3 Ju uazINzEEENERITing dUmwas 1 A% viallawadiinsnulstna

& 4
80-90% YBNWUNIN

MIesaNEadgaBsUNsNadauNsiianvasmadlszam

MSIASENTaF INBINGITUMSNagauMsIdauauasUssamainlalasauilaseanled: Bpaunad
N1E-115 lu 48 well plate (flat-shape) Tosanaumnuiueassadiangy 3x10° wad,/ M UBULNGS
melaanme CO, 5% flunm 48 $las vasntuasuemsiaeagas tuuuulifizsy Falsznaudae
DMEM-high glucose (Sigma-Aldrich, USA, Cat. No. D1152) #i#l sodium bicarbonate 3.7 Faan3a/
iadans Uiz uar N2 supplement loun sodium selenite (Na SeO) 30 1 luluars human
transferrin 30 WlASN3N/§98805 bovine insulin 10 ulASN3N/§88805 progesterone 20 W luluans
wae putrescin 100 lulasTumd ihizadimsdssiiluldlumsnasamasnnaigld 48 #lug
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nmm%’amz{aa’zwmﬁ'yﬂ\mfvws”uminmaaun7545‘?’9.74?/9\7@Waa"tlssmwmnngmmm: (Beawad N1E-115 lu 48
well plate (flat-shape) feaauneas poly-D-lysine 100 laulasnsu/Aadans laganumnuiuses
AFENAY 4x10° ad/MmPEuimes malasn: CO, 5% fluna 24 $le néeniunlasuens
LgﬁﬂLﬁaﬁtﬂu DMEM-high glucose (Sigma-Aldrich, USA, Cat. No. D1152) #i#l sodium bicarbonate
3.7 i8an3N/Ha8803 FBS 0.5% wazenUzdiue uaddn dimethyl sulfoxide (DMSO) 1.5% Tuanmnsiaenad
e limadmnedsaasusnmu (differentiation) lameldanmeAigsuem wazd DMSOC mzdazad
aalusnauasu 96 $lae Snihwadlullumsnaaasle

° A g s s
msnasgauluuvuaasnsidasvaadasdszaman lalasauaseaanlyas
[~ a s o 1 4 dy

msnasauanuiuivedlalasiuiaseanlodnawastssanmmziags

Waanasazaalalasudaseanlsd 309 (Weuwnnu 9.794 Tua1s) me Phosphate Buffered
Saline (DPBS; Sigma-Aldrich, USA) 9 MgCl_0.100 n33/a05 (DPBS Usznaumea KC10.200 NSN/a05
NaCl 8.000 N5N/805 KH PO, 0.200 NSN/805 W Na HPO, (anhydrous) 1.150 A5N/803) e lw
laanudndueng 9 fdeens dgadnsdss N1E-115 (3x 10" w@ad/maNguimues) a0y 48 72l
N sazanelalasaulasean lodananuingy 25, 50, 100, 200, 300, 400 waz 500 lulasluans

s & ' v g Vg & ' ¢ v a a 1w
avluadimnzidasudasnguuadasaaune 24 Ml drugaanguauanlven PBS TudSinasuinu
waanUuUszdiuy cell viability loaasiainae3s MTT reduction

MINasauNayaNasana OI-W uaz OI-E dawasilszammizidentnd

azangasane OI-W lu sterile distilled water wazazaaasana OI-E Tu DMSO u3qns udh
3a99a8 sterile distilled water tipl¥laaNNTNTUGN 9 AidpIns (ANuNTUgaMeues DMSO
Ty 0.19%) Madwziaes N1E-115 (3x10° [9a8/mM595UudMas) 87g 48 Flae Lfin OI-W w3p
OI-E fianadagu 0.5, 1, 5, 25, 50, 100 uaz 200 lulasniu/iaddns aﬂwﬁaﬁl,wm,?:ml,wiawquLLé’JL?;m
darfiuna 24 il dnugadngueanuayliidu sterile distilled water TutSnasuwhiulumsnagousa
20e3aNe OI-W w3atiin DMSO 2.5% lud3mnasuniu (anuuindugayazes DMSO Ly 0.1%)
TumMsNaFeUNaYeEsaRe OI-E wasanniuuseiy cell viability laan5123062835 MTT reduction

MsnagaunaaNa1sann OI-W uas OI-E aaanuiluiivyavwasi/ssaminannnlalasiaui/asaanlye
MEaawzLdey N1E-115 (3x 10° @ad/maNgudmues) a1g 48 9l indnansana OI-W
NeNuNdY 0.5, 1, 5, 25, 50, 100 waz 200 WIATNSN/Wadans viseann OI-E Nanuwngy 0.05, 0.1,
0.5, 1, 5 uaz 25 lulasnu/Nadans srnwadnguauguliiay sterile distilled water TuuSanaswinnu
Tumsneaaunazaansana OI-W wiatiin DMSO 2.5% lulSnasunnuy (anudadugaeyess DMSO
laidu 0.1%) Tumsnagaunavasansana OI-E wsannuwinlalasauilaseanlad 200 lulasluans
P & ' a a V@ P v V& &
Tuwadinzideaudazrgy wazidin PBS lulsinasuhnuluwadngueiugy uandesdaluna 24 1lug
dnngumsnedaulidnasananenunduaina wWunm 24 $lus vasnntuasuamsiasgad
nowdnlalasuasaanlad 200 lulasluas wazdn PBS Tudsmnasuniulugadnguaiuay uanhizgas
Tdendadunm 24 22l wasntuysadiv cell viability 10ans53230meA5 MTT reduction assay
' o vy 3 a e P a ° A v P
wnwunasaneansalnilesgadiszamnniiweadlalasauasean ludasisziliumsmnmedavuzgas
Taans12Inae35 LDH release assay
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Q( vV Y QJ = v = 4
gnsiuayyadassuazundaagadussamuasansananndanduinm d0f Sauasalsan uasane

mswmaau’lmmuiwammstﬁammmaﬁﬂsgmﬂmnngmmm
mﬁwmaumvmfluﬁwmngmmmm’az?faa’ijssmmwmﬁym

avanangaauazlnaduly sterile PBS (DPBS fsrean MgCl ) ud3eaeds PBS il
TRldanuiadiumae 9 figasms 1hwadmnzass N1E-115 (4x10° 1588/ 9aufiuns) a1 96 #las
Lwiaswaqum@ungmmmﬁmwmﬁuﬁu 1,10, 25, 50, 75 Waz 100 Haaluas wiandudnlnaduiieanudusy
2 fiodlumd udndssdafluna 24 Hlwe wesidin PBS luusnasuhiuluasnguenuan vdniy
Usziiiy cell viability laaa51930m835 MTT reduction

MINesauNaYaNEsana OI-W uas OI-E dawasuszammzibeand

Tiadnzaes N1E-115 (4x 10" 1588 /M5 195UHHa5) 8¢ 96 Tl UABEVIANINLANTI TN
OI-W w38 OI-E fienudusu 0.5, 1, 5, 25, 50, 100 uaz 200 lulasniu/iadans udiasedafiuna
24 1l drumadnguauauliiin sterile distilled water TutSinasuniulumsnageuuasssasana
OI-W w3aiin DMSO 2.5% ludsmnasuniu (enududugarezess DMSO Lidiu 0.1%) lumsmaaau
HaRaeEnsane OI-E nasnniusziiu cell viability Taans1230de3% MTT reduction

msnadaunaresasane OI-W ua OI-E daanuiluiivnevwadissamiidnanngaiue
Wiadnziaes N1E-115 (4x 10° 15ad/mTusuiiiuns) 01g 96 139 udazuguanidyansana
OI-W %30 OI-E flamudusu 1, 5, 25, 50, 100 waz 200 lulasniu/iadans dugaanguaIuaNlvax
sterile distilled water TuUSanasonnulumsnasaunazesansana OI-W v3aiiin DMSO 2.5% lutsmnasimniu
(ANuENTugaeaes DMSO Lidiu 0.1%) lumsnagaunazasansana OI-E wiannudungmiue
50 findlumd uarlnadu 2 fedlumd lumadinsidsudasuan uasidin PBS TutSmnasuhiuluead
naumuay wdidsdalfiunm 24 il Snngumanesauliidumsadafienudududanan duom
24 F1l wdsnniuAsuamsissgadlwsitaudungmimauazlnadu wasiiy PBS Tusinaswhiuluwad
NANAIUAN wdnhuwadluidesdeiiiunm 24 #lu vdmntudsadiu cell viability laaasia3ade3s MTT
reduction n3diiwuhansaiaminsaUnilaamadszamannivaasngmimaazlszdiumshoadovusad

Taaas1230me35 LDH release assay

mMsdsziiivaunn l,l,azmsmn’i'mmwagiiamI,Lazmsmﬂmwnaﬁ
M31seddu cell morphology
a d' ' 4 dy v v ¢ a £ [
afamumstUaeunlaesuse (morphology) 2B9HaRLNILIAENMIBNBIIANTIAUBUANINGY

(inverted microscope, Axiovert 200, Zeiss, Germany) lag/l4inaiia Phase Contrast

MSATIVINTININTFRTFINGI855 MTT reduction assay

®5799@ MTT reduction %qﬂwaﬂmmagisammmaﬁ (cell viability) @835 colorimetric
Toaeaulasandsees Mosmann (1983)° @il @nasazas MTT 10 lulasans (5 Haanin/Hadans
lu PBS) avluwaduaudasvgy (Anudndugame 100 lulasniu/iaddans) udnhwagmnz@aaslivy
Elugi”amwm%yaqmmﬁ 37 avFraded Wune 1 5l wﬁqmm‘fu@ﬂmmmgﬂqmaﬁﬁq uaztiy DMSO

200 lulasans asluudazvau gaasazanzuaudasgulalu 96 well plate uanhlinammsganduuaide
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Multi-detection microplate reader (SynergyTM HT, Biotex, USA) 101%ENIA3U 570/620 W ULNAS
A1 MTT reduction udasluzlrassagazilSauiisuniumadinzidsanguauanililadnarsnagau
(untreated control) ZAMInMN (MMIgANFULNTBINgNTLasUMIWTaaNULNT X 100)/AMIganauLa

YBANFNAIUAN

msnsIviamemareidieyiueadeieis LDH release assay

as193aUsina LDH filanddssnsninanad (LDH release) LﬂumiﬂimﬁumiﬁﬂmﬂL?iaﬁu
[aaENUBNMSMEVDLad (cell death) dedd colorimetric Tagld In vitro Toxicology Assay Kit Lactate
dehydrogenase based (Sigma, USA) umsiausmnaueulys! LDH mumsluwasuazmeauanisad oail
@ medium 100 lulasdns Mnudazvauldlu 96 well plate taiaUna LDH meuanisad wazqa
medium filwdaine udLiiu Triton X 100 (0.5%) 500 lulasans avluudazvaw #al3 15 Wi wé’qmﬂﬁ?ugm
aliquots 100 lulasans nnuaazwguldly 96 well plate iataUsine LDH meluwed Uinsenisulas
My assay mixture (Usznausieansasdu ssvnliaeduazioulsd) 5o lulasans avluudas gy uavin
plate 618 aluminium foil uazielifigaumniives 30 1 uasnnilungaUfisenTasmaidn HCI (0.5N) 50
lulasdas uanhluinanmsganauuaeis Multi-detection microplate reader (Synergy™ HT, Biotex,
USA) fienuenaay 490/690 wluuas @ LDH release wam,wia:wquLLam’lugﬂwaﬁaﬂaz“z’hﬁwmmmﬂ
(fMsganduuaszas LDH Meusnzas x 100)/(AMIganauusas LDH Meuaniyad + Ansganauus
299 LDH meluzad) uaziha) LDH release lugtuasiagasiSouiisuiunguaiuan (untreated control)
Fsannman LDH release uosnguillédsumsanaanulns x 100)/LDH release 284nguamuny

mﬁtmwﬁﬁaa‘gammﬁa

MsRATIDYaMNaaaUgNETIuYYaPTsY
ﬁagamswﬂaaqu§ﬁwua1§ga§aixnndwﬁ1Laualugﬂ@hmﬁ'ﬂ (mean) + A1ANNANIALAADY

119337 (standard error of the mean, SEM) Tﬂammﬁ'awamwiazﬁayammﬂ 3 msmamﬁv’ﬂuﬁaazdaﬁu

(N = 3) MstdIauiguanNuLaNENNTEHIN 2 nejumimaaqﬁtﬂuﬁm:daﬁ’u 1% unpair t-test M p ftaanth

0.05 WiafiszuANNEINY 95% BahianuuanawatiiadEyMeaan

a Pxs < o i

msuaNsvidayammadavgnsunilavwastszam

Fayannanihausluglaiads (mean) + MANNANALAFDUNINIGIU (standard error, SEM)
TogAmasynudazioyaluudazidusammadausnan 6 Msneaad (n = 6) Nludaszasnuy wazudas
Magramand legudazmsnaassmmeladauludeiny uanhuanlaannmsnaasslundaziuansiuny
AUATU 6 NSNABBY TIHANMINAIBINLA LuuaazIunnsnadauliinnuuanaeny mswsauisu
ANAUANENTRIANRAENINAT 2 Nax 17 Analysis of variance (ANOVA) uazmslSauifigudayaiiuanean
nsdlanuudsusiuean 2 ngulaiuaneaiuld Scheffe multiple comparisons waznsgianuulsUsiuzas
& ] ' @ % . . ' P ' o o da &
4 2 NFNUANENNULY Tamhane’s T2 multiple comparisons @) p #11{a8n3 0.05 N3BNTLAUANNIZDIY

95% DA NNANNUANGENDENNUHH AN NG
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Q( vV 0/ = v = 4
gnsiuayyadassuazundaagadussamuasansananndanduinm d0f Sauasalsan uasane

G

AMIAMIUANAUNINANTING

KamMsAnEenanEalimMueizasasanannldanaumwmleeis TLC wukaudmueaasanaae
Thnnwdandumwm (OI-W) wazansanasaomusanndangumm (OI-E) asifuiauzasansazans
035U baicalein LazwULaUEMA DB AThnAandunm (OI-W) uazansafameemues
nndanduwm (OI-E) asnfuuauzasssazaisanasgu chrysin #9910 chromatogram wuhasafia
dhatemuaannudandumn (OI-E) fanuduuaswauinonhasadadaihnnidandumm (OI-W)
(M 2) uaaslitiuihasanasatemussnnudanduwmiiusuinmes baicalein was chrysin 8907
MsaraaehnnEendumm

baicalein chrysin OFW

M 2 Hueadlasinlnsunsnzasdsananiginanldsnaunn (OI-W) wasd5anaaigenuas
nndanauwn (OI-E) wisuiiisunuasazaranasgIu baicalein waz chrysin
n. asadaumelauas UV filanuenady 254 nluwes

2. WuMadsazay NP-PEG wazasiadaumalanas UV Nenuenady 366 UINAT

n1snmaauqn§ﬁ1uag§a§aw

MInTREBLANEUBLYadasE Wuhasaie OI-W uazansana OI-E Jqniduayyalansanda
MNANNTNTY (concentration dependent manner) Rlgnadau Taassana OI-W e IC_ whiy
121.17 £ 5.07 lulasn3u/iadans wazasana OI-E fieh IC_ iy 61.72 + 4.44 lulasniu/ioddns
funTNas trolox fif IC_ iy 136.99 +5.25 lulasn3u/Aaddns duaadlumsil 1 dayailld
waasliifiuhmsade OI-E duayyalansandaldinnnhasade OI-W wasasafanidassiioduayya
laasandalaanh trolox lagasanasieiuazasataaisiemusaiianuusslumsaumsiiaujisen
pandasu (TEAC) (fu 1.13 uaz 2.23 1 diaidiguiu trolox W30 RUSINAUBADNTNYDIIRENAITANG

msandaugnamusyyagiilaseanladwuhasadia OI-W uazasaia OI-E figndduayya

gutasaanluduuy concentration dependent manner lagansana OI-W dieh IC_ 1y 85.62 + 3.30
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lulasniu/iiaddns uaznsane OI-E dien IC, whiy 86.78 + 9.45 lulasn3u/iiadans diumsanasgu gallic

. = v @ [ a aa (4 P v A v Y v [
acid e IC_whiu 16.14 £ 0.79 lulasnin/iiadans dausaslumsed 2 dayanldusasliiuhasaia
OI-W uwazansana OI-E annsasmusyyaguilaseanlsdlaluusinalndidesiu wadulausinaiss

Walhaunu gallic acid

@3519% 1 @ IC_ %89 hydroxyl radical scavenging activity aeshsanannildenauwnmiSauiiau

AUFIININIFIY
d13800/8133816053 1 IC (lalasnsu/diadans) TEAC/Trolox equivalence
dsanaaiein (OI-W) 121.17+ 5.07 1.13
fsanaagtemuaa (OI-E) 61.72+ 4.44 2.23
Trolox 136.99+ 5.25

IC = ﬂ'wmuLil'mTuzlENmsaﬁ'mmguvlwsvﬁamsmm’sgmﬁmmsnﬁu&mnﬁmﬂﬁﬁ%maan%mﬁ'ulsi"’%’aaaz 50 ZNANNAIUEAN
1u§ﬂwaqd1La§ﬂ + mmmﬂamﬂﬁ'aummgm TﬂﬂGhm?a'ﬂwameiazﬁ'ayjauwwn 3 msneaasiiiudaszaany (n = 3) uae
usiazsagnar 2 1

TEAC = smuananuusasmsataayuluslumsdumaiaufasaneantatuiiuinnueh dafeuiveyiusioniiug

(Trolox/a-tocopherol equivalent antioxidant capacity) Aan3N2aNAIDENEITEN

@1519%i 2 @ IC_ 283 superoxide radical scavenging activity asdsanannildanauwnmusauiiau

AUETNINIFIY
1580 0/813NIHIFIU IC (lulasnu/Naddns)
gsanameain (OI-W) 85.62 + 3.30
dsanaaaemuaa (OI-E) 86.78 + 9.45
Gallic acid 16.14 £+ 0.79

' v o ] o & a aaa A w v vy
IC_ = enuuuduresansafosyulwswiamsmnaspuiaunsadudimsiioljisenesntioduldsosas so
Fayannenudasluzlzasmimds + manuaaawasuinasyu laemwdsesiudazdayannnmmeassiiudaszdany

(n = 3) uAzUAREAIBENT 3 o)

£
mMsnagaugniunilasaasuszan
Msnadaumaratdasann OI-W waz OI-E saensiufivvasgasdszaniitiaarnlalasiau
o 4
wasaanlua
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Antioxidative and Neuroprotective
Activities of Oroxylum indicum Stem Bark

Extracts in Mouse Neuroblastoma Cells

Sadudee Rattanajarasroj Warunee Jirawattanapong Nattaporn Polsan

Nithida Phonkot Yuwadee Mettametha Sakwichai Ontong and Pratom Tongsrirak
Medicinal Plant Research Institute, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT Oxidative stress is a major risk factor for neurodegenerative diseases. It has been
reported that antioxidants could relieve symptoms of neurodegenerative diseases. Pa-ka (Oroxylum
indicum (L.) Kurz) stem bark contains polyphenols with antioxidant activities and may be use to
alleviate oxidative stress-induced neurodegenerative process. This study aimed to investigate the
antioxidative and neuroprotective activities of water extract (OI-W) and ethanol extract (OI-E) from
Pa-ka stem bark on hydrogen peroxide and glutamate-induced neurotoxicity in N1E-115 cell cultures.
For free radical scavenging capacity using hydroxyl and superoxide scavenging assay, OI-W and OI-E
exhibited antioxidant activity. It was found that co-exposure of cultured neurons to hydrogen peroxide
with OI-W or OI-E extract for 24 hours could protect against cell injury or cell death from hydrogen
peroxide in N1E-115 cultures, while both extracts did not prevent glutamate-induced neurotoxicity.
These findings indicated that O. indicum stem bark showed the neuroprotective effect on hydrogen
peroxide-induced neurotoxicity, at least, its mechanism might partly involve the antioxidant activity.
Further studies in in vitro models with specific pathology as well as in animals are required to clarify
its activity and underlying mechanisms prior to develop as herbal medicine for the treatment of

neurodegenerative diseases.

Keywords: Oroxylum indicum, antioxidative activity, neuroprotective activity
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Development of the Tablet Bacterial
Larvicide Formulation and the Effectiveness
against Thai-border Population Strains of

the Mosquito Culex quinquefasciatus

Uruyakorn Chansang Nittaya Methawanitpong Chitti Chansang Nuntaporn Phonsuwan
Porntida Petsuwan Pornchai Wiriyasaranont Danaporn Saraprug

and Ballang Uppapong
National Institute of Health, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000, Thailand

ABSTRACT Bacterial larvicides have been used for vector control according to the problems of
insecticide resistance and environmental residual effect. Available larvicides Bacillus thuringiensis var.
israelensis (Bti) and Bacillus sphaericus (Bsph) are expensive and some of them are not effective enough
to control mosquito larvae. This study was carried out to produce tablet Bti which was extended from
the previous study on the production of powder Bti. The preliminary trials for effectiveness of the tablet
Bti were performed for the potency and simulated field residual effect against standard strain Aedes
aegypti larvae. Then the tablet Bti was evaluated for the resistance of Culex quinquefasciatus larvae
which was collected from 27 provinces located at 3 Thai borders along Myanmar, Laos and Cambodia.
The results showed that the tablet Bti has potency 2,150 ITU/mg product and covered 28-day residual
in simulated field conditions. The resistance of mosquitoes from the 3 areas to tablet Bti were 0.36-1.21,
0.72-1.20 and 0.92-1.39 fold, respectively when compared to standard strain of mosquito. In order to
obtain the adequate data on larvicide using for public health mosquito control program, the tests were
run in parallel to the field strain of Culex mosquito to the initial powder Bsph produced in the same
laboratory and commercial temephos. It was found that the mosquitoes from the 3 borders showed the
RR to Bsph at 0.87-2.66, 1.99-3.17 and 3.50-7.03, and to temephos at 0.47-3.01, 1.04-1.86 and 1.07-2.45

fold, respectively. These initiated data were presented as the GIS map construction.

Keywords: Bacillus thuringiensis var. Israelensis (Bti), Bacillus sphaericus (Bsph), Temephos,

Cx. quinquefasciatus, GIS map
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M5815NTHANENFFATANTUWNE
U 62 atiun 4 ganan - SUNAN 2563




Ussangmmweasansiaiimingameinulesmsnulasasiden Innsal @ uazamy

P .o = .
M3 3 MINBUFUDWDIENAY Ae. aegypti Ao gasuan-2 (Mix-2)

.y 3 ansIMslE 1.25 g/ha anIMslE 2.0 g/ha
dIENUDENDIHUIUY » » » »
. amIINITEIU amIINIIONEY amIINITdIU AMIINITANE
Ae. aegypti 3 - 3 4 - 3
N 60 UN N 24 76u. N 60 U N 24 7.
waeuuams (LS) 98.67 98.86 99.43 98.00
Felud (CMS) 95.62 96.11 98.48 99.40
onn (TKS) 92.38 92.19 94.67 90.00
seaad (RYS) 84.38 83.62 74.48 68.79

asadl gasuan-3 (Mix-3) Wananmuaanmsldnuuzsthuuamnidudangagamumuusii
Pe9eaamspnNglan wuhiuszansmwangearalaannnii 90% na 4 seug laun erewugiasljuiams

9

(LS), Ramiadealua (CMS), WWIAN (TKS) wazaemInszeay (RYS) LLavuqmﬁwﬂwmmﬂaaum

4

4 ﬂ']ilW‘L!ﬁE]El‘Yl 99.43-100% 8L LE]EIGWI']NGITS’N‘Y] 4

El u

AN 4 NIABUAUDIYDENMY Ae. aegypti AOATLANGATHAN-3 (Mix-3)

35111517 3.0 g/ha

sariugaaansiy Ae. aegypti - 5 — S
dasImsaaudl 60 N ARTIMTMNEN 24 TN,

waeufuams (LS) 100 100
Feralual (CMS) 100 100
mn (TKS) 99.43 99.62
sz (RYS) 99.81 99.62

asiail gasiien (cyfluthrin) Wenasaumusanmslduuaan wuhiissdnsmwahgaans
Idnnni 90% wissaeiugiasfiamsunihiu  wdidalfsanggaiisdmsandalanuusni wud
Huszansmuwshenanaleannnd 909 WA 3 aewug laun aneugieal judins (LS), Siadedlval (CMS)
wardaniamn (TKS) dugememenusimioszens sanmsluuamnuazdangegaiiosdmsainiialan
wushanesaeldiiies 68.38% uaz 64.95% Al uNATIMIGaFuUsEANEMWOTIATasasdmsansiaTan
uatignsnligemeaauns 4 mewug mudanmsliiuunhliiemnuassanuaugigamumuuzinyes
asdmsawnsialanagil 76.38-99.43% Waz 71.05-93.71% MNAAY NEazBEAMNMTI 5
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~ o P a .
M3V 5 NMSEBUTUDNYNENIY Ae. aegypti MDFIILAN §a5t087 (cyfluthrin)
k] U

.y ., anIMsld 1.25 g/ha an1Msld 2.0 g/ha
ANUTLIAIUIY = » = =
) anIINTEaU AM3INIIAE anIINITEaU amIINITANE
Ae. aegypti o 3 S o » o
N 60 N N 24 . N 60 N N 24 Y.

waeufuams (LS) 99.43 98.91 79.43 92.00
Feralusl (CMS) 86.29 82.38 93.71 98.34
on (TKS) 91.05 82.36 88.19 92.19
szaad (RYS) 76.38 68.38 71.05 64.95

a 4

AU

mMInausuasaEeaY Ae. aegypti Aaasialimiaunasngy lninsasddinzy 4 ila fae
Wmenuuvunuasazden wuhamaadgasuau-3 fssinsmwlumshgmediige aansoshgans
Ténnnd 0% 11 4 mewus desmndanmanaumaadiuushidanndudonmwsugegama
Muuzihaasasdmaaindalanaguds udiilazzaamsaeanudmumudamainiizaspmeussiialszuda
aldhe msimsdnniin@uiiomsanmswauaseiiifenuduiumaddnivssdnsmmangias
1@ diahinldlumsmuauesasdaly

Maniigasuan-1 warasadgaswan-2 dalisanmauaumaiaiiiuunh iamniilssansmwd
ansosnganaldannni 90% Ty 3 Meug (LS, CMS, TKS) FSinawesmsiafiousanmasay
fuusihlifaanansoghgmeldduazmnzandomahldlumsnuedouaugemeluiiuiidnm
stmﬁﬂ“gﬂ%mmmmﬂﬁLﬁ'uﬁuﬁé’l’qm?j’]qqmﬂlﬁmnniw 90% U 3 MeWugLAN (LS, CMS, TKS)
FeiluiaussvdioaTdhe wevszaamsaeanudumudamaaivassmeialisidudaaise iy
209N 5LAdiucad e

drumsiail cyfluthrin gasiden daldsanmsuanmsediiuuahliiamnmansazhgsmathuld
NN 90% LiNenaeiugrael UGS (LS) Wiy udiilel#dangegamumuusihaasesdmsainsialan
HUszaninmd sansazhgeanathulaannni 9o% 1 8 eewug (LS, CMS, TKS) Geansiadl cyfluthrin
gmtﬁlmawﬁﬁaﬁﬂﬁmiumﬂﬁ' \issnlaifians piperonyl butoxide (PBO) #heiaingns lagmstinas
piperonyl butoxide (PBO) ﬁtﬂumsﬁuﬁ%mﬂ‘nﬁ cytochrome P450 monooxygenases'® nalnmstae
gargansznunasngnaulgivataiie (detoxification) HUszaANSMWMIHRBFMBAIZIUNAIUANGNAY
Aufumeiugoasunas Feluganuhienladnganlnlou wansuavaiss dvihivanlumshmemsiy
nnmseiiviansnuuns Jeihliusaeseamewssnmeiugiiumenusidhumumsiedi® Gsnsedigas
wan-1 uasefivdniiimauushlilivumuageaneiu uddaiimabllivasiuiivanlsznalng
gemethuaaiemsfuduasiannainenuiumusemaninlidademaaiild saaadasfiumsdnm
wWisuiigudszaninmuaimanuvaana iy wWukpeazesd uazwuHBazaIRATOBUR LUNIAIVANEIANE
11U Ae. aegypti TuamawauAsea) laanmsldasiadl deltamethrin 0.5% w/v WUNMINUEISLAN
WUUVNBNATUKAZLUUN SR RRIENNITaMUANANNMINLLNY BN MeTU a6 Lugnauuede nasnnwuwe
sansnaaanumnuiurassmstuldludnnm 1-2 dend whily mswumseifaninzdvmiu

msmuarmMsunssznaeedlsaldidansan mimuanuasmziugrassmatuduivinasmsidiay
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azhzanaNurNuiLEENmE e’ wazanmsnaday Susceptibility test eamathudaasORMIAUNE
naulw3nInadaaasIL 3 ¥ila Ao permethrin 0.75%, deltamethrin 0.05% waz lambda-cyhalothrin 0.05%
U 29 [IaraUssnalng wuhasiadl deltamethrin Hendiadassndl 4 39130 laun JrIauasassd,
NWIOLNWT, NI Az Iag sy a0l dauastad lambda-cyhalothrin gaaneinudinauauad
' - @ @ = a £ . . =y P
GaansLAing 29 2WIATY wazaINMsANEIMSIEEsIESNgNS piperonyl butoxide (PBO) tatiNdn
¥ o v o [ ~ . o aa .
nMsmezavesasiIuiaseNNa uMuaaa st deltamethrin ludssinalng 62835 Bioassays
I3 LY v v o v Iq Q'I v [ LY =
muIasIUEaIsIamIanialan lagldgeanathudueany PBO 4% Wuna 1 72la muaeduias sl
deltamethrin 0.05% (Uunm 1 Hlus wuhgearathuiisasmsmeinuagnivedny (64.8-98.1%)
wazdldn9IM58aU knockdown time (KDT) #1msaau KDT50 agi 1.7 94 2.8 uaz KDT95 agh 1.9
= 2] ' I N v o w P = P [ P . o v = o
9 4.0 FuaneNedNitshayasauiaunuasedl deltamethrin tWenagNLAEINUENS PBO Waw
deltamethrin®® @20A8a9NUMSNAFBUANTLANNT 4 ¥i0 lowd deltamethrin, zeta cypermethrin,
H < & [ §
cyfluthrin w8z lambda cyhalothrin 715ign5 knockdown gaanathuns 4 arawug (Hasnnasiaiily
v = I wa [J v a o o v
nawlw3nseadiauantdlunsmnligeioe1ms knockdown lagsumumsmanuasszuulszam iy
unasiuduanmneaiesaE® duumsuunihldlssnrununnesnngaidgausnhmeriuivasanie
v Pl a v v v W = v I = a o
wuaseiiuaslaauligedunanuanseiimelutiutune 30-60 Wil Nnuamsnadaulszansmwes
& a o J . . ~ &£ d 1
astading 4 wile wunhlildarseigasuaniisians piperonyl butoxide (PBO) Wusstadugnd tiazis
Tiansefifivszanamwlumszheeansdgiaaudmsunun 3 Smlaimhmsdne wiaunsaninsathdayald
UsgnaumsnasanieaadulalunsidenldasieiiuazdasIMsHaNNBIZFNAUUSUNYDILG Dz NUT

o =3

laswiudszigmsldansiaiivasiunuialifivssanimwgegalumsnueimuauesaaluiunihmsdnm

T
= 1

aald wannildsarmnsaliluwnmeviaifinasprudmnivlddnmniudisg neaaeanniiuione g ves
Uszinalngle

asu
9

msldanseiimiaunaingulwinseadaannzd 4 gas laun gasuan-1, gasuan-2, gasuan-3
UagasLien (eyfluthrin) deismawunuutosazdsalumsmuauesmethu Ae. aegypti wuhasiail
goawan-3 fussdndammangalumsshegemeluiuiiivhmsdnmn uaswuiiiewdu piperonyl butoxide
(PBO) aqlﬂiugmlﬁaLﬂumsta’%uqwéﬂa:ﬁw%mwiums?jwLmawzﬁﬁ'ﬁu é’qﬁguﬂ'sﬂ%m'il,ﬂﬁgmwau
efilszamsmwlumashasaathulddnhaseiigaain mildasniiunaiiamsiumaai uazdanms

= v a va ) ¥ = v v 1 = a a
Nﬁﬁdﬁ’l‘jtﬂﬁ\lﬁw@l'rN‘lJ.Z]‘LIGlE]El’l\?gﬂﬂﬂﬂﬁ]\‘lﬁ]%ﬁ’m’l‘jﬂﬂﬁvﬂﬂE!\‘Ia']EIU’l‘L!VLG‘IBEI’NNﬂ’iSﬁ'YIﬁﬂ’]W

G ARGANED

a

1. aninlsadadainlagunas nsnmuanlse nssnsnassag. gilaimmslsafadainiuazlsaldidansan

v
s & A P <

iU ILNNguLazanmITagY. INAIN 2. nganne: TssiaigaynannsaimsineasuisUszinalne;
2559.

2. dhilnlsnfadoinlasunas nsumuaulsn nsznsnmssage. giamslfieiasiudmiuguisans
viatlasiunazmuaulsaldidanaan. Anwased 2. ngunwa: TasRuwgayuannsalnanuasuie

Useindlng; 2558.
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Efficacy of Insecticides for Aedes aegypti
Control by Ultra-Low-Volume Application

in Semi-Field Condition

Jiraporn Sevana Bussarakum Sinakom and Boonserm Aumaung
Vector Borne Diseases Division, Department of Disease Control, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT The efficacy of insecticides using ultra-low volume (ULV) spraying to control
Aedes aegypti mosquito was evaluated by the cage-bioassay test method. Laboratory strain (LS) and
3 field strains of mosquitoes collected from Chiang Mai (CMS), Tak (TKS) and Rayong (RYS)
provinces were used for this testing. Three mixed formulations: Mix-1 [deltamethrin, s-bioallethrin,
piperonyl butoxide (PBO)], Mix-2 (lambda-cyhalothrin, tetramethrin, PBO), Mix-3 (zeta cypermethrin,
tetramethrin, PBO) and one single formulation (containing cyfluthrin only) were tested in parallel on
mixing ratios shown on the labels and the maximum ratio recommended by the guideline of World Health
Organization (WHO). The efficacy of those formulations were evaluated for the percentage of mosquito
knock down rate at 60 minutes and mortality rate at 24 hours. It was found that the Mix-3 formulation
provided the highest efficacy to kill Ae. aegypti all strains. The Mix-1 and Mix-2 formulation using at
ratios shown on the labels were effective to kill Ae. aegypti over 90% of the 3 strains (LS, CMS and TKS).
While the single formulation of cyfluthrin, using at maximum ratio recommended by WHO, could kill
3 strains (LS, CMS and TKS) of Ae. aegypti over 90%. If it was applied as labelled, it could kill more
than 90% of the LS strain only, while the efficacies against the 3 field strains were less than 90%
mortality rate. Therefore, it was recommended to use the mixed formulations of insecticides to control

Ae. aegypti mosquito, instead of the single formulation containing only one chemical active ingredient.

Keywords : Insecticides, Synthetic Pyrethroids, Ultra-Low-Volume (ULV), Aedes aegypti
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msﬁ’wmmﬁmﬁ’m%ﬁﬁmgnﬁwqqmﬂﬁ’m
(Aedes aegypti) NOUNIUADEIILANNIIAUNS
mnﬁwaﬁ’uwamzmﬂugﬂ wuU L lasdNazu

a [ a 5’1 ~ cv 19 [ 4 = -~ -7 (3 [y
AYDY AUBIAUNT' AIFAD analuad® ansa BN F38 DINAUNWIA® WY ANAUIY
o Y &'1 = = (1 = o £ v 4
BYION IR WD @ANING’ UATLNITIANG qYAIAIR
"NININENMTASNISUNNE OUUTIIUUY UUNY5 11000
21/14737)2/78”2/5{7@597 AN AFUNWNIIUAT 10300
sganvIveInenmansuazimaluladuatssmalng naavnan Unwsil 12120

unanda Uagtuiimsldmseiimiaunaslsnasnniiamuanganvelsaldidansan naldionaivaadunnday
wAZENINUMUGADEN I T9AITHMINBINHENHUINNNGITNHANDIANANTLNUAINGI MIANATIUTTngUsaa
WanasaulstansnarannNuraNseive 10 7iia (Insewn MUNG gmﬁﬂﬁa auwedu azlastnu azlasvan NLN3A
¥ Y o o w ¥ v v ¢ ¥ a va . v Y
dn dudevnu nssng) Tumsmangningsaathuamanugnniesdjuidms (Lab strain) wasanawugemumu
aaa15ail (Resistant strain) wamsAnsmwuImniuranssmglnsew Mung wasgmalad JUszansnadnge
lunmsmiagninasanathu Lab strain dan LC_ WNNU 62.8, 66.0 WA 77.4 ppm MNMAU wazlUszanoua
' ¥ . . ' v w o v = o o & a o
fagninenanstnu Resistant strain e LC_ whiu 72.3, 83.1 4az 109.6 ppm MUTIAY FINWAINIUHENN
goslulasdiatuayulnsnin (Tnszw + muwg + gadlas) uazdnmuszdndnadagninegarsthung Lab strain
wdz Resistant strain lussauismasnuiny 5 dUonv dmsugningsanatiu Lab strain wud {a05iee
3889 100, 66.7, 57.7, 36.7 LT 0 NAOU SIUNAEDINNENMNELNU Resistant strain Wuignsmesaeas 100, 61.7,
46.7, 33.3 waz 0 Muaau a3Ulan wiadamimingnibasluguuuululasdlatuayulunsnuissansualumsmia
90’ Vo o 90’ al vV
amhegaralad sansmhluldlumsmuaugningsanslusssunila

o o X Aa’ o o %’ a w v %’ L %’ =
MEIAY: NBINMANYNUIEN, luimauaﬁu, WINUBBNITINE, Qnmqa@“ﬁumumsmu
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Development of Essential Oils-based Larvicide for Controlling Ae. aegypti Larvae ﬂ']‘lgﬁ‘-\l AUMAUNS uazanly

unin

Tulssindalnaiilsndadafinlosusasagnaalsadieiu geanstnniuuasiionieddy
wivznamhlsadadaiimauiiudymadamenmsaguueniszna ldud Tsalfidansen Tsngaunueuas
Tsndadahiadn dagiumnasmasndnlumstlasiulsadiaslianuidgyiumsmiauiamsmuay
gawvzinlse fanilutaiuldifetuilasiulanldidonsaniidadondasudy udansotlasiu
maalsaldiiisedasas 65.6 Hthumniimahmaeimiousaanldlumsmuauesmnzanssiialungy
Organophosphate (17U M lseau (malathion) waztwuiilaslsaau (fenitrothion) ﬂEiN Carbamate
wu Twswenwas (propoxur), twulalamsu (bendiocarb) Ngn Synthetic pyrethroids 19U LaaaLusIy
(deltamethrin), Wa$1355u (permethrin) udu udmsldmsiedmsaunasiviliiieasanaie
uiivdedeuiadanuazdinadoguainaasuysd uannniduinliguiansdiumudamsiail
Fenudiafiunmsaananszmuiiiiedudenan idunenszmsnniisayulnsiaiudamaudonnils
Tumsihanmaunumsldaaadl asnnihiumanssmenniivayulnsiifivdanysduasdoidaemn
waziisnenun seddsznaumaaiilushiunanssmeasitznarosiin Wy geraniol, methyl chavicol,
eucalyptol, limonene, linalool, citronellal 82 eugenol ﬁqwﬁumsﬁﬁmgnﬁwqqLm::ldtqmlé'(”

Azhari, HL.N. uazaoi 1 2012 :e0uh mnmsAnmniszansualumsmingninasas (Aedes
aegypti) ’3::83“7% 3 waqﬁwﬁuwamzmﬂ‘[mzww (Ocimum bacillicum ) 1og methyl chavicol (MCV) accession
Tvien LC_ uaz LC_1hnu 160 uaz 262 ug/ml muM6U §1m3U geranial-geraniol (GGV) accession

= 4

Tvien LC_ uaz LC whnu 174 uaz 356 pg/ml Mua0U udaeil MCV accession duszansuadind

e

% <~

GGV accession Wastiaitazv methyl chavicol accession a8 GC-MS wuhiasdlsznauasil @
methyl chavicol (43%), linalool (17.55%), geraniol (13.73%), eucalyptol (5.00% ), methyl cinnamate
(5.00%), a-bergamotene (3.22%) wag eugenol (2.79%) S B-pinene, B-myrcene, caryophyllene,
germacrene W&z B-ocimene (1.00-1.89%) §MIUMINATIEH GGV accession d18 GC-MS Wum
HoeAsznau éﬁﬁl geranial (68.42%), geraniol (9.61%), linalool (8.12%) ‘S’JNﬁgﬂ B-ocimene uae
caryophyllene (1.05-2.90%)®

Dalia, LH. uazane 1 2013 5180431 :nmsansnassdlsznaunsnmuaiizeuhiuvanssime
nnldendwy (Citrus sinensis) ﬁqtﬂﬁanﬁuammmﬂﬁanﬁuqn wuniasaluiiy (limonene) Sa88¢ 80.14
Wwazdoeat 80.93 MuaeU suhiumanszmeannludy wuhil terpinen-4-ol 3peaz 14.1 Hluasdsznauwdn
dusuinturensemeaneandy wudiiars sabinene WuasdUsznaundnuaznussalndiudy

aAUszNaUTat uasINMIANUsEansrazanniuvanssmeNndi lumMIMIngniNes ssaxh 4 1oAY

Culex pipiens wudwﬁwﬁ’uwam:mamnLﬂﬁaﬂﬁuﬁﬂixﬁw%maﬁﬁqm 509893 Ad 1hsumenszenluda

wazneenane s LC_ agluzr (20-160 ppm)®
Pivedefiunenudeiiaglfihiunansamennisayulwsyiionn 9 ilasdsznaumaniiong

sl Lﬁ'awﬂaauqméiunwsﬁﬁmgnqumwﬁm ﬁgqgmi’ywqqmﬂﬁmmﬂﬁmﬂg‘jﬁﬁmmasgﬂﬁwqqmﬂﬂﬁu

] PR 4 J o o W P & e (% [ = ¥ o
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fiszansmwdfigeazgmbluwannifuwdasasimiagnibasiedameasmaielsaldidanaan Tsagaunuen
warlsadaidalhdadn vannnildudumsdaasumsldmulnsluiasduiifedinunnliifatssTam
Fauazfinansndisaadunumsidiaseiifuensiidwadadogumwaaslssnsuuasdunaday
Soqussasdlumsfinmnasil iladnmussamsuaranhiuvanszmvenniizaulns lumsmiagnihasmenhu
Tuasfiamauasiamesny uazdnwunaayme manszned wasdndlwibiiuiadlylasaiady

nnannundedaiayuluslumsmiagnibgeanshuidumudsaseiimiauuas

fhaghaihuraNsTse
ihsfuvanssme 10 wiia (Tnsswn Muwg ganalda suedy azlasthu aslasvon wsnge du
Fuidienvimu uaznsene) FaananudEm qmamnssmﬂ%'awaulmﬁu DNA LOILNFITINAANNANTUGN
Tagdaanes 1% Tween 20 logld 19% Tween 20 {udmuaNENay (negative control)
asdaaNzialuiiuges Sigma Aldrich, USA udmuguidauin (positive control) Tuns

NAFAUNNMAFTUIN

wHaYaIgnngenlElunsidve
anihegaIatnu (Aedes aegypti) 5z8s 3-4 NnWaUAMS (U Lab strain
ANl (Aedes aegypti) Jv8¢ 3-4 NNUNENNTANNEIUMUGRATLATNTAUNS

MHUNN (5@?1’?@%%%1.!%) t{1 Resistant strain

msm’%sﬂugmfiywqﬂmﬂﬁmﬁmgﬁlﬁumswmaau

Fatildlumsdnnlssansammwaanhiuwonsse 1dun gnihgemeru Lab strain ldgs
fhnnsdssildlumaneass IdfumsaiuayuandhefiisAasiuuaswazaynsuisiuuasaiuayy
nufiginen aanthAdeinenmansaosags nsuInenmansmaunng nsENTNGIBIINGY wargningdae
1y Resistant strain ldnnmaih ligsiidauunszonsnsasasilnlumawmatin Tissaznaissain 24 il
nisnniuldazdudndugnihgessesd 1 Guliamanyuaanden wasidssgningemassasiia
Uszanas 4-5 Yu azldgnieessesii 3 fessesil 4 ioomgli 28-30 3 aansmhluldnasasld Tasutaiu

NENAIUANUASNINNAIDIBENAE 20 67 TUUAAZIZAUANNITNTUE 5

m?nmauqvn%(’lumsﬁﬁmgnﬁ”nqq (Larvicidal activity)

m'i‘mﬂaaquﬁiumsﬁﬁmgnquq dauUaaNNIDuae Pedro M.Gutierrez, Jr. uazaae (2014)™

1. L@3ENENTALANYBNNTUVEN T TILA DL TE R UAMNENTUN 12.5, 25, 50, 100, 200, 400,
800 Wa¥ 1,000 ppm Usuas 200 Aadaas ldasluiinnasaua 400 Tadans (5 ‘gw)

2. muquamazu,ma”ammmsmamﬁqmmﬁ 2742 °% ANNAUTNWNG 75-85% RH

3. Laugﬂquﬁzﬂs 3 aaulas v3e 4 aaudu 1Y 20 6 Tdasluasazarsraniniunayszive
fudazszduanugudy USines 200 iadans

¥ P @ o < 1
4. 1% 19% Tween 20 aludhasmeatungumuan
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Development of Essential Oils-based Larvicide for Controlling Ae. aegypti Larvae ﬂ']‘lgﬁ‘-\l AUMAUNS uazanly

5. TufinHaTIAUMIMEYRINININAINN 24 Woz 48 Falus BaemInaday wasdssiiiuwa
maadcemsliansiaiasiudmamenasgninlosld Abbott’s formula wazananedasmams
up9gnines (LC_) Tagld Probit analysis

dmfugmibgemestuiifuinnniiuiidgnmiinenugasdiumudamsainiouuas
deltamethrin W8z cypermethrin azihannadavduduanumumMuaaaseimaaunay deltamethrin
waz cypermethrin lualfieinslaeid WHO standard susceptibility test srwudegaanatiuan
fiviadunyEisanmeiasniiase: 90 uanrhmamethuiianudumudamaeiimiauuasimaaau
aannarirasasdmsandialan uashlunasaugnilumsmingnibasdudmsuiunesaugnslumsiia
amhasanathuludasfiams

AFIAIEHMAIAUTZNAUNILANTDIUINUBBNTEKE

a ¢ ¢ = ? o o a a ad o w H v

AenzimasaUssnaumaiizeaniuranssreniiUssananadnga lumsmingningsaneiiuain
WasdjuansuazgningearsiunnudgefiianuaumudamsiadmiaunasiiBiuinaniiuidnw
(haluranszvalnsen Muwg wasgmadda) weenaneaiuazUsnamsaanmemaiin GC-MS log

) a s s o Y o o U av a s o
E‘Nmijs\nLﬂi’]g‘ﬂaQﬂﬂizﬂaUW'NW]N?Jaqu']Nuwaﬂsglwﬂﬂaﬂjuu"]qajﬂﬂ’]ﬂ’]amilLangﬂIuIaﬂLL‘WQﬂSgl'ﬂﬂl'ﬂﬂ ('J'J.)

msﬁ'mms‘h%’uu,azgﬂmemgmwﬁmﬁ'msﬁﬁﬁmgmfﬁqe waznagaulszdndua
WanniSuwaruuurasgastaasarimiagmie sdasuraulwadelugiuululasdiadu
msnsen lulasduazulaeis low energy method® 1% polysorbate 20 3.5 H83a05 MUNFNAU propylene
glycol 3.5 fiaaans Wunm 1 17 udaiiu essential oil zanhsulnszwn 2 Hadans nusunaslidhiu
UL magnetic stirrer §28ANNE 800 rpm UM 30 Wi UBIRNNAIBEATIE 1.0 Tadansdawnd
duraERInNamesaEeN dunm 60 1l uddIMMNevINeayma (Droplet size az polydispersity
@18 Photon correlation spectroscopy (Zetasizer ZS, Malvern, UK)) waz@nsanuaiaizgamsu
Satulvszw vhmsnagaumale 40°%, 75% RH ot can 1, 7, 21, 30 Wae 60 U MaImstaIen (Mwii 1)

Wannm3uuazgluuvzaskdansuriayulnssinlugduuululasdiaguy mswesenlulasdiadu
ToeAs low energy method 4 polysorbate 20 U311615 12 §888035 NENNU propylene glycol Usunas 1 Hadans
muduna 1 19 uads Cremophor RH 40 U51na5 1 §adans mudluns 1 wfl uaidy plantacare
1200 U315 1 fiaddns mulunm 1 17 ududn essential ol vasihsiuluszm MUWy uazgmauag
US1N015 5, 4, 4 195805 MUNAU Mud U NN UUY magnetic stirrer MaANN5 800 rpm (Wi 30 17
WLANNFIESANIE 1.0 Fadansaanii muduraTNamesasEIRN Winm 60 it wdduhms
’EJﬂ?lumaqmﬂ (Droplet size Wz polydispersity @8 Photon correlation spectroscopy (Zetasizer ZS,
Malvern, UK)) was@nmenuediuasiiudnatuayulnssn mmanaaaumeld 40°%, 75% RH o 1

@ o
1, 7, 21, 30 LAY 60 U (MNN 2)

! £4
4 =

NAIMILATENLEY NMIANIUTEENEHAYIHEANN M NWANTY NadauUsEaNTNanISAIT0
anigeargiiunnv el fudnisuazgmgeaastinunnuigeanianuaumuaaa steimMInuuag
o = & e a a a o o o ? o a o 4
npunnnundnw laemedaulszansuazaigasudnineiieyaniuonssmalviszm wasgnsnan Ao
anulwssin Nenududu 250 ppm dodasIMsmezegninegImetumEes strain Mlukeaslfianmsuas

Tunamegnu
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MIsNaKaafasimMIagnihgsaatuaInhiuaNsze Phanukit Kunhachan et al.

mwd 1 IulesBiladuayulnsidelnszmn mwd 2 lulesdiladuayulnssu

a

MIANHIZUIA NINTENIYAIVBIBUNA wazAnd lWihnNuiiya diatulnssmn uazdaatuaulnsn
YUIAUALNINTLNYHIVBIDYMA (size and polydispersity index; PDI): Iaeiaia3ad Zeta
Sizer (NanoZS, Mavernt, UK) ﬁqmw{]ﬁ 25°% lagldneaiia Photon correlation spectroscopy (PCS)

1921 3 @59 (n=3) lagIdmMsnadauanulatainisues Soradech uazatue (2018)®

m‘ﬁmmzﬁwumagmﬂfiauu,awé’amﬂﬁ'mamﬁmﬂuﬁnnmfsha |
%55 one way ANOVA

nmsanmaNnaassIMaiinmanwaslalasdsatiuihiusanszwe
MsdnmeanuaIdIzaInsudlatulnszmn wazdiaduayulnssin mnegaumeld 40°%,

75% RH {lunm 2 iau d95msmasaudaulasanisees Soradech uazansz (2018)° logAManYMENN

taiimamuihmsnagau laud 21e MINTENLBYMA wazdndluihiinuin Taglfindas Zeta sizerNanoZsS

(Mavernt, Useindaangs) aauand lumMni 3

Muil 3 La3eiavuIanisnszsayna uasdnd lWiINURY Zeta sizerNano ZS (Mavernt,
Useinaoangy)

L Msmsnaaingenaasmsinng
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Development of Essential Oils-based Larvicide for Controlling Ae. aegypti Larvae em‘lgﬁ‘-\l AUMAUNS uazanly

m:mmaauﬂszﬁ‘n%mmumgmmﬁmﬁ’mﬁﬁtﬁ'mwm%ﬁuwamzmﬂhizm Ltazgmsmﬁmﬁmﬁagﬂwssm
fienudagu 250 ppm eiaé’m‘nm'smﬂwmQnﬁwqﬁmﬂﬁm Lab strain Tuszauvasufunnis®

1. wssngaslulasdiaduluszwn (nszwn + 11 + Tween 20 + propylene glycol) (2:1:3.5:3.5) Uay
goslulasdiaguanulnssn (Inszwn + nuwg + ganduaa + Tween 20 + propylene glycol + Cremophor
RH 40 + plantacare 1200+ 1?1) (5:4:4:12:1:1:1:1) fszduamnuEngy 250 ppm U165 200 Nadans
Tdasluiinnasuing 400 §8dans (5 a)

2. muquamamma"ammmsmamﬁqmwgﬁ 2742 °% AMNIUTUWNG 75-85 %RH

3. @ngnbesmethumnasfiamsases 3 vda 4510 20 1 Tdaslumsesmenanhiuvanssve
fudarszduanadusulsnngs 200 faaans

4. 14 (ﬁgw + Tween 20 + propylene glycol) (1:3.5:3.5) Fuiludazans u,amfwﬂizﬂuﬂumiumuqu

5. ﬂ'uﬁﬂwaaiwmumimﬂwmgnfmé’qmﬂ 24 uay 48 HlawBIMINaaay wazlsziiunanasdo
framsinnsiuaiadiBudmamerasgninlaslsd Abbott’s formula uazdinmmmanTMIMezae
Qﬂi}"]i!ﬁ (LC,) logld Probit analysis
m‘s"nﬂaavﬂsz?‘m'ﬁwmlmgmwﬁmﬁ’msﬁtﬁ'mwmifni'uwamsmﬂfmzm Ltazgmmﬁmﬁmﬁaqﬁlwssm
fenudadiu 250 ppm Gia5’6151msmﬂwaagnﬁwqamﬂﬁm Resistant strain lussausasljifinis®

UM IUUULAEINUAY Lab strain entiude 3 ldgninea Resistant strain

msﬂmaauﬂsz?m%mawmgmvlﬂm'ﬁﬁaﬁuaa!ulwssm (Tnszn + MuUNg + garadena) uazgmﬁ‘[uﬁu
#aanIINIMY (%Mortality) wa9gniigaasiu Lab strain luszaunamaany (laeians

UM 180 8AI, n=3) IoMINAFUNAUUAINITVEY Thanyalak uazame (2006)™ GIUFAS LUMND 4

MU 4 waaNEMIMadaulszansuazasgesulasdnaduayulnssin (szw + muwg + gmadas) uas
gasaluiiu luszaudemeasiny (l8edanszine 180 809, n=3)
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U 62 aliun 4 gnawn - Sunay 2563




MINaNRANNIMIngnIngsaIetuNNiuaNIzIvE Phanukit Kunhachan et al.

1. w3sngnslulasdiaduanulnasn (wszw + muwg + gmaUaa + Tween 20 + propylene glycol +
Cremophor RH 40 + plantacare 1200 + m) (5:4:4:12:1:1:1:1) LLauama‘[uuu (limonene + Tween 20 + m)
(4:12:1) ldaslulsaansiidinuszihusnas 180 aas (3 )

2. aumsazmgliiihuilaidendu Wunm so0 ni

3. @ngnihgaaathunniasfiinmssses 3 w3 4 Sunu 20 ¢ Tdaslumsasmenasgasihiiu
wamzmaﬁu@ia:gmﬂ%mm 180 8019

4. 1% (Tween 20 + propylene glycol + Cremophor RH 40 + plantacare 1200 + 1}’1) (12:1:1:1:1)
Fadludrazms washiussindunguauns

5. tufinuadnnumsmezasgmivasnniuusn denvid 2 e 3 Sai 4 uazdiloniii 5
YBNINAFBY

6. tufingamniinanansnaaas uazianzimanuiunso-a uazaanuguuesniay

LAZUAINITNAFAU

ms‘nmauﬂiza‘n%wmlmgmﬂu‘[mﬁﬁaﬁuaqﬂwsnw (Tnszw + Muwg + gadadaa) wasgnsaluiiy
#aan3ININY (% Mortality) zasgningaanainu (Resistant strain) Tussaunamasiny (laeians
WA 180 A0, n=3) ALAUMIUVULALINY Lab strain fameaunn enciuda 3 ldgnines Resistant strain

a g a ' v H v [ Y a [ aa
mMaeNziaaungd, pH uasAanugueann (0.D.) nauuaznaansldudadusiluneadi
lumsienzideyaamwinlulasneuuaznaimanaaesldada t-test

We

uamsAnwUsEan3uasaniiumanssme 10 wiie Tumshiagmhgaamahuanvan/fians
wananaaaunnalunsiidagnings (Larvicidal activity) dauasunainiszas Pedro

M.Gutierrez, Jr. wazaniz (2014) wuhihiuvanszealnssniivssansuadiigalumsmingnihgamethy

(Lab strain) 5848930 A@ ugﬁuwamxmamuwgLLasﬁwﬁuwamzmagmaﬂéfﬁi Taadian LC_ WNNU 62.8,

66.0 LAY 77.4 ppm MUMAU (1IN 1)

#5197 1 Uszdnduazenntuvanszve 10 ¥ila lumsmingnigsarathu Lab strain

m"lutﬁmﬁu’lum’sﬁﬁmgﬂmqﬂmﬂﬁm

arnagau Lab strain LC50 (ppm)
Whiuvanszme sz 62.8
ﬁwﬁ’uwamzmamuwg 66.0
iiuvanTseg AU 77.4
TuvaNsHIE R UETY 78.2
iiuvanszveasladthu 125.5
iiumanszveasladvan 188.2
131:3’uwamzmamzngﬂ 255.7
Whifumenstedx 290.6
Thiuvenssvedudewnu 312.5
ThiuvaNsHven TN 321.2
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Development of Essential Oils-based Larvicide for Controlling Ae. aegypti Larvae m‘tgﬁa AUMAUNS uazanly

HansAnwUsEaNSHauannTuaNsTwY 10 B0 °lumifi’ﬁ'mgmf1q\1mﬂﬂ'm Resistant strain
wamamaaquﬁumsﬁﬁmQﬂquq (Larvicidal activity) aauuagsanannisues Pedro M.Gutierrez,

Jr. wazamiz (2014) wul idunenssmelnsswniussansuadngalunsmiagnigeareiu

Resistant strain 5898980 @8 fwﬁuwamzmamuwgLLazﬁwﬁuwamsmagmaﬂﬁa Taadien LC_ whiu

72.3, 83.1 UAY 109.6 ppm MUMAU (MINN 2)

aaNN 2 UssAnduazanniuvanssme 10 gila lunsmMangnihealsiny Resistant strain

m"luLﬁ'mﬁ'u“lumsﬁﬁmgﬂmqamﬂﬁm

aImaaay Resistant strain LC50 (ppm)
WhifunanszmeTuszwn 72.3
ﬁwﬁwamzmﬂmuwg 83.1
ihiuvanssvEgMAURE 109.6
TifureNsTMEaUE I 122.6
Thifunanszmensladthu 184.3
Thifunanszmeasladnan 289.6
‘fwﬁwamzmamngm 344.3
Thifunanssmedu 397.5
Thifumenstmedu@emnu 429.7
Thifunansswenszng 512.0

KamIaNziasdlsznaumaaiizanhiuvanssmelvazw ihdunansamanuwg uashaiu
vaNszmegaUFT namslensimasdlsznaumaeiivenhiuvansaveiifisdnsuadigalumsiia
gningemethy Lab strain uar Resistant strain (ihduvanszivalvssw) mung wazgaauda)
iamastenanealuasUSinumsidysiemailn GC-MS TazdinadnsiasdUsznaumani
P09nTureNsEafigntdsEInemansuazmaluladuvssenalng (10.) wuhiuvauszwe
Tnszwn éhulwajfians methyl chavicol fluasdisznaumaniiZosas s4.45 uananniifawuilans 5-s-carene,
a-bergamotene Uaz 1,8-cineole $08aY 6.62, 1.40 WAY 0.69 MINAINU (5197 3) WhiuvaNse
muwg enlvaiiians eugenol usdlsznaumataiisesaz 91.61 uenNnkEawuhilans trans-caryophyllene
W8y a-humulene 3088 6.56 WAY 1.83 MINANU (ATNR 4) ﬁ’lﬁuwausxmﬂgmﬁﬂé’adaﬂmjﬁms
eucalyptol 1TupadUsznaumMuaiisosay 82.15 usNANdTINUIIEIES limonene, B-myrecene,
o-pineneulas o-terpinene 5989 7.18, 4.43, 2.31 WAT 2.23 MUIIOU (miwﬁ' 5)

AN 3 HaMFIATNEHIAUsEnaUMIARzBRNNUrBNSEElnIEI

Retention time aaaUsznaumaLAdl Sauay
6.70 1,8-cineole 0.69
16.32 8-3-carene 6.62
17.22 o-bergamotene 1.40
19.82 Methyl chavicol 84.45
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MINaNRANNIMIngnIngsaIetuNNiuaNIzIvE Phanukit Kunhachan et al.

M9 4 KM TIANLHBIAUTENBUMILATIZBNNTUNBNTHNENIUNG

Retention time a9AUsznaumMaLAs Sauaz
20.42 eugenol 91.61
22.07 Trans-caryophyllene 6.56
23.12 o-humulene 1.83

NN 5 HaMTIANIAUsznauMIATizaniuaNsEEg MU

Retention time a9AUsznaumMaLAs Jauaz
6.33 o-pinene 2.31
9.00 -myrecene 4.43
9.12 Limonene 7.18
9.50 Eucalyptol 82.15
10.07 o-terpinene 2.23

v
a

wamsﬁnwmummgmﬂ MInszNefIvatauma (PDI) wazAnd ihnuinadlalasdiaduluszw
uazlulasdaaduasnlnssiu
a XY} v a v o a v o
NnmMsanenzidadnlulasdiatuluszw waslulasdiladuayulnssin (Inszmn + muwg +
gAaUdd) INBIAZINALAENNINIEIBBYMA (size and polydispersity index; PDI): #ym3incian3ag
Zeta Sizer (NanoZS, Mavernt, UK) Niaaunigil 25°% lagl#inaiia photon correlation spectroscopy (PCS)

MO 1, 7, 21, 30 LAE 60 IU NAINMSLATEN INT 3 A4 (n=3) H4MNN 1 laeAEMsnaaaunaulasannidyas

v
a Y

Soradech uazanuz (2018) Wuh lulasdiiadulnszmiGueu fiz1napyma AU 106.13 + 1.26 nm HMININYE

[
v o

2a981MA (PDI) 4N 0.29+0.00 FAMANGIWTHTINUEN (mV) uhiu -17.73+2.10 lulasdiiagulnszniud 1

= " = L v = A4 Y dl dy a
NZWABUNMA LNU 97.73+£1.20 nm ANIINTENYAIYNDUNIA (PDI) tmnU 0.47+0.01 Nﬂ']ﬂﬂiﬂ‘i/\lﬂﬁﬂwuw’l

]
v

(mV) uhiu -17.57+1.22 lulasdiagulvuszwiui 7 fvwnesyme uhiu 95.19 + 0.67 nm AMINszNLHDY

v
~

ayMa (PDI) (i 0.43+0.01 Hend@ndlldh iy (mV) whiu -27.53+1.19 laulasdiladulusewiun 21
= ) o = L 1 QJ = 1 4 Y lﬂ'lﬁgl =

Huneayma Wi 86.17+0.41 nm HmMsnszanedwesayme (PDI) v 0.51+0.00 Amdndluihiinuin
(mV) v -19.47+1.72 lulasdiatuluszwiui 30 H210081MA WNAY 100.21+1.90 nm FMINTZNE

2099uMA (PDI) Ay 0.42+0.02 fimdnglWihiinuin (mV) uhivu -17.97+1.22 lulasdiazuluszw

[

= = T = QI T I A4 Y
UN 60 NZUINDUMA LNNU 63.32+£0.50 nm ANITINISANYNIVNDUNA (PDI) tmnu 0.5340.01 Nﬂ’]ﬂﬂEﬂ,W‘V\l’l

ANUHY (mV) INY -55.47+£4.78 (5N 6)
TulasdilaguayulnsninEudy faneayme VAU 82.59+£0.66 nm HNMINSZNHHWIBYNA
(PDI) uhfu 0.47+0.00 Aendndluihitiuiy (mV) uhiu -27.23+0.81 lalasBiladuayulwssiniui 1

I " v = v " v I< DA Y
fuwneayme iy 95.44+6.95 nm HMINszNeaWeIayMa (PDI) WAy 0.60+0.04 Aemdndluih
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Development of Essential Oils-based Larvicide for Controlling Ae. aegypti Larvae m‘tgﬁa AUMAUNS uazanly

A4 a @ awv o Y B v W

NUEN (mV) iy -15.30+1.57 laulasdliaduayulnssiniui 7 fivwneeyme iy 227.63+45.87 nm
I QJ T W 1 4 Yy tﬂ'-ﬂw a 1 QJ
finsnsznedetayma (PDI) iy 0.33+0.05 AendndWihivuay (mV) iy -27.50+0.36
lulasdiaduayulnssiniui 21 frweayna WAy 388.40+3.77 nm JNMINTTNILEIYDIDYNA
(PDI) 1Ay 0.51+0.10 fednd IWiddufiy (mV) iy -40.93+4.40 lulasduaduayulns
FUN 30 FBNABYMA WNAY 163.93+46.19 nm AMINTENEMVIdYMA (PDI) (AU 0.31+0.04

o =

fidnd i inuiy (mV) vidu -24.50+2.43 lulasdiaduayulnssiy Jui 6o Fzwaayma

AU 328.3240.50 nm {MINTTNLEIVBIEYMA (PDI) Ay 0.53+0.01 Aendnd lWihniuiy (mV)

WNNU -55.47 + 4.78 (05NN 6)

{2

@37 6 NApYMA MInszael (PDD) wazdndlwihiwuihyeslulasdiadulvszmn uazlulasdiaty

aulnssu
AUINBUNIA psnsyanadivesayma  dndliihiinuin
Mad19 ’ ’
(nm) (PDI) (mV)
1. lulasadasulnszmiBuduy 106.13+1.26 0.29+0.00 ~17.73£2.10
2. lulasdnatulnszwiud 1 97.73+1.20 0.47+0.01 -17.57+1.22
3. lulasdsasulnszniud 7 95.1940.67 0.43+0.01 -27.53+1.19
4. TulasdnasulnszwnSud 21 86.1740.41 0.51+0.00 -19.47+1.72
5. lulasddatulnszwiud so0 100.21+1.90 0.42+0.02 ~17.9741.22
6. lulaspsasulnszwnSuit 60 63.32+0.50 0.52+0.01 -19.13+0.81
7. hf[ﬂsﬁﬁ’a%umgulwasam%'m"u 82.59+0.66 0.47+0.00 -27.2340.81
8. 134‘[@15533’3%’14&13&1411/\1551345’14“7; 1 95.44+6.95 0.6040.04 -15.30+1.57
9. 1NTﬂi§ﬁaﬁuaHuIWiiau3’uﬁ 7 227.63+45.87 0.3340.05 -27.50+0.36
10. 1N‘[ﬂs§ﬁa°8'uasgu1w5ﬁu‘3uﬁ 21 388.40+3.77 0.51£0.10 -40.93+4.40
11. 1u1ﬂ55ﬁa%'uazgu1wsim‘3uﬁ 30 163.93+46.19 0.31+0.04 -24.5042.43
12. Tulasdiasuaulwssiniuil 6o 323.32+0.50 0.53+0.01 ~55.47+4.78

- anmsdnmmnaaymezaslulasdiadulnsmnGudu vhiu 106.13 nm dafumeldanny
40°% 75% RH ({lunian 2 oy wu 2ineaymasnasag nitedagymeada (p<0.05) 310 106.13 nm iy
63.32 nm wazehdndluihiiiuiniimadsuuandnias Tasanasn -17.73 mV iflu -19.13 mV

- mnmsfnmmneaymezeslalasdiaduayulnsnuEudu ohdu s2.59 nm diafumeld
dAme 40°% 75% RH (Junan 2 dou wul suneaymaindusdniidadidgneadd (p<o.o5)

910 82.59 nm (U 323.32 nm wazArd@nd lWAINNURI TSR sULUasegelidad AN Ieada

Iﬂﬂaﬂaﬁ‘iﬂﬂ -27.23 mV Lﬂu -55.47 mV
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MINaNRANNIMIngnIngsaIetuNNiuaNIzIvE Phanukit Kunhachan et al.

uamsdnUszdnduavasgnslulasdiadulnsew uasgaslulasdaiaduaulnama (Tnsew + nuwg +
gaalas) fienadndy 250 ppm GasnsINIMY (%Mortality) wa\ignfmamﬂﬂﬁu Lab strain
Tuszauviasufuanis

NnmMsdnUszansuazasgeslulasdiaduluszwn wazgaslulasdiaguayulnsnin (nsew +
MUWg + gAalaw) fianndudy 250 ppm AesAsINTAE (%Mortality) waagnﬁwqamﬂﬂ'ﬁu
nnrasfians Tuszduiaslfiams wuhiissaznm 24 #alus fnadadanmamezasgningsasthy
Lab strain 5088 80.0£3.5 4% 84.044.2 MNEGUNzEzIAN 48 92139 39882 100.040.0 UL 100.0£0.0
MU SIUNGHAIUAN (ﬂfwﬂszﬂw) UaENgNAIUAN (‘51 + Tween 20+propylene glycol) (1:3.5:3.5) Liiiua

[

ARaNTIMIMEYBIINNEN (MTNN 7)

M50 7 UssAnduavasgaslulasdiatuluszmn wazgaslulasdiatuayulnssin (Inszun + muwg+
ganauae) Nenuady 250 ppm GadaIMIMNe (%Mortality) zeegningsanginy Lab strain
Tuszauvas fudns

UL aﬂum’snmﬂau/é’m’n nI1INY

naxnagay (% Mortality)

24 hrs. 48 hrs.
nANAIUAN (1ilszah) 0.0£0.0 0.0+0.0
ﬂa;umuqu (ﬂfw + Tween 20 + propylene glycol) (1:3.5:3.5) 0.0+0.0 0.040.0
gaslulasdiaduluszm (Twssw + 1 + Tween 20 + 80.0%3.5 100.0£0.0

propylene glycol) (2:1:3.5:3.5)

goslulasdiaguanulnssin (nsew + muwg + gadades + 84.0+4.2 100.0+0.0
Tween 20 + propylene glycol + Cremophor RH 40 +
plantacare 1200 + 1) (5:4:4:12:1:1:1:1)

wamsﬁﬂmﬂszﬁw%mawmgmﬂu‘[ﬂsﬁﬁaﬁu‘[mzww u,asgmslmfmsﬁﬁaﬁuaqulwssau (Tszn + MUNG +
gaaUaa) fenudadu 250 ppm asasImImy (%Mortality) ﬂaegmfm\‘lmtlﬂ'm Resistant
strain luszaukaalfiiiins

nnmMsAnniszanswaresgasiulasdiadulvszmn wazgaslulasdiazuayulussn (nszw +
muwg + gaauds) fianudutu 250 ppm dedasimams (sMortality) 289gningemeniiu Resistant
strain Tussduiasfiams wuh flssezim 24 dalae fiwadesanmamezasgnibgsanetiu Resistant
strain $098¢ 75.0£3.5 W8y 81.0£2.2 MNAINUNIZEZIAT 48 37139 $088Y 91.044.2 USY 92.0+2.7
MUY FIUNGNAIUAN (ﬁwﬂsxm) UaLNNAIUAN (1?1 + Tween 20 + propylene glycol) (1:3.5:3.5)
lajﬁmasiaé’mwmsmtmmgmquq (i 8)
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Development of Essential Oils-based Larvicide for Controlling Ae. aegypti Larvae m‘tgﬁa AUMAUNS uazanly

M990 8 Uszanduazasgaslulasdanudulusewuazgaslulasdiaduayulnssn (wssmn + muwg +
gAaUae) NPNNYNTY 250 ppm GBDATIMIMNEY (%Mortality) 284gnihenazinu Resistant
strain TuszauviasUfuams

LS m’lumwmaau/é’mm n3IeY

naaMAFay (%Mortality)
24 hrs. 48 hrs.
AFUMIUAN (1hszth) 0.0£0.0 0.0£0.0
ﬂ&jumuqu (1?1 + Tween 20 + propylene glycol) (1:3.5:3.5) 0.0+0.0 0.0+0.0
goslulasdiatuluszm (nsewn + 1h + Tween 20 + 75.0+3.5 91.0+4.2

propylene glycol) (2:1:3.5:3.5)

goslulasdiatuayulnsnin (wszwn + muwg + gadUas + 81.0£2.2 92.0+2.7
Tween 20 + propylene glycol + Cremophor RH 40 +
plantacare 1200+ 1) (5:4:4:12:1:1:1:1)

mamsﬁﬂmﬂizﬁn%mawmgmilu‘fﬂsﬁﬁaﬁ'uaag‘ulwssm (Inszwn + Mung + gaadad) uazgnsalaiiy
AaanIIN1IY (% Mortality) waagnﬁmamﬂﬁm Lab strain luszeunsnmesusy (Taesians
210 180 803, n=3)

nnmsfnnUszanduavasgaslulasdiaduanulnsyin (nszw + muwg + gmaUda + Tween 20 +
propylene glycol+Cremophor RH 40+plantacare 1200+1?!{1) (5:4:4:12:1:1:1:1) @9ONIINITONY
(%Mortality) ﬂaqgﬂﬁwqanﬂﬁwu Lab strain Tuszaunamasua (Tg4sianszue 180 aas, n=3)
WU TUsEaNEHaanaIMNSTaz M NAFaULRNEY A TULSNYBINSNAAD (Day 0) uasiiszeazom 1§
ﬁwa&iaé’mwmsmﬂwaqgﬂﬁwqqamﬁﬁu Lab strain 5088% 100.0£0.0 WaZ 100.0£0.0 AINAIAU
sudUansii 2, 3, 4 UL 5 SDYDL 66.7+2.9, 57.7+2.9, 36.7+£2.9 UL 0.0£0.0 MO

NnMsANUszansnazatgnsdluiy (limonene + Tween 20 + 1?1) (4:12:1) @AM
(%Mortality) waqgﬂﬁﬂqqmﬂﬁm Lab strain Tuszaunemasua (lg4siansoue 180 am9, n=3)
WU FUsEaNBHaanaIMNSTET M NATIULNEY A TULSNYBINMSNAAD (Day 0) uasiszazom 1§
ﬁwam'aSmiwmsmﬂwaqgﬂﬁwqqmﬂﬂﬁu Lab strain 5888% 100.0£0.0 &% 100.0£0.0 MNAIAU
dudansii 2, 3, 4 WA 5 398AL 70.0+5.0, 66.7+2.9, 50.0£0.0 AT 0.0+£0.0 FINAIAU FIUNGNAIUAN
(1}’11_]’531]1) LLasﬂ&jNﬂ)UﬂN (Tween 20 + propylene glycol+Cremophor RH 40 + plantacare 1200 + 1?!',1)

(12:1:1:1:1) lsiﬁNaeiaé’mwmsmﬂwmgﬂﬁﬂqwaamwzmmmswﬂaau (35199 9)
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M 9 Ussanduavasgaslulasdiiaduanulnsmin szw + muwg + gmalaa) wasgnsdludiudadns
M3me (%Mortality) 2a9gninesaIsiiu Lab strain luszaufiamesunn (laaianszine
180 8613, n=3)

SzeLIa lHNISNAFAU/BNTINTANE (9%Mortality)

naunaday - -
Day 0 1% week 2™ weeks3™ weeks4™ weeks 5" weeks

ngumuaN (1huszh) 0.0£0.0  0.0+0.0  0.0£0.0  0.0£0.0  0.0+0.0  0.0£0.0

ﬂ@:umuqu (Tween 20 + propylene 0.0£0.0 0.04#0.0  0.04£0.0  0.04£0.0  0.040.0  0.0£0.0
glycol + Cremophor RH 40 +
plantacare 1200 + 1) (12:1:1:1:1)

gmﬂu‘[ﬂsﬁﬁaﬁuaqﬂwsim 100.0+0.0 100.0+0.0 66.7+2.9 57.742.9 36.742.9 0.0+0.0
(Insew + Muwng + ganduaa +

Tween 20 + propylene glycol +

Cremophor RH 40 + plantacare

1200 + 131) (5:4:4:12:1:1:1:1)

gmﬁ‘[uﬁu (limonene + 100.0+£0.0 100.0£0.0 70.0+5.0 66.7+2.9 50.0+£0.0 0.0+0.0

Tween 20 + 1) (4:12:1)

uansdnuUszdnduavasgeslulasdiaduayulnsny (nszw + muwg + gaddaa) uasgnsdladiy
ABan3INIMNY (%Mortality) waqgnﬁwqqmaﬁm Resistant strain Tussaunsmeaunn (Taeians
UM 180 8RNI, n=3)

NnmsdnwUssanduavasgeslulasdiatuayulnasin nsew + muwg + gandaueas + Tween 20 +
propylene glycol + Cremophor RH 40 + plantacare 1200 + 131) (5:4:4:12:1:1:1:1) @O IMIMNE (% Mortality)
waqgﬂﬁwqqmﬂﬁm Resistant strain luss@usmeainy (189319n52110 180 379, n=3) WUNNUsLENSHD
ANINNSEILNINAFDULRANIY #D TULINTDINMTNAFBA (Day 0) waziiszazan 1 dUav finadesasmsme
waagnquamaﬁm Resistant strain 39882 100.04£0.0 W8z 100.0£0.0 MNMGU Srudlewi 2, s, 4
Uas 5 ﬁmasiaé’mwmsmﬂwmgnﬂquqmﬂﬁm Resistant strain 50882 61.7+2.9, 46.7+2.9, 33.3+2.9 W8
0.0£0.0 MUNAU

mﬂmsﬁﬂmﬂixﬁﬂ%mawmgmﬁiuﬁu (limonene + Tween 20 + ﬁw) (4:12:1) @AM
(%Mortality) ﬂmgnquqmﬂﬁm Resistant strain Tuszé’uﬁqmﬂamu (18999052910 180 8013, n=3)
WU TsEANEHAaNMIMNSTEL M NATI ULNEY A TULSNYBIMTNAADS (Day 0) uaziszazm 1 dew
ﬁmam’a5’@151n15mmm@nquqmﬂﬂ'nu Resistant strain 5888% 100.0£0.0 &% 100.0£0.0 MNSIAU
SuFUMWT 2, 3, 4 Uz 5 53ma@iaé’mwmsmﬂwmgﬂquqmﬂﬁm Resistant strain 3888 65.0+0.0, 60.0£0.0,
41.7+2.9 (8¢ 0.0£0.0 MNMAU FIUNFNAIUAN (ﬂgwﬂmh) waznguAIUAN (Tween 20 + propylene glycol +
Cremophor RH 40 + plantacare 1200 + W) (12:1:1:1:1) hiﬁwaeiaé’mwmsmawaqgnﬂqumaaﬂ

SzazIAIMSNAFaU (M51H 10)
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Development of Essential Oils-based Larvicide for Controlling Ae. aegypti Larvae m‘tgﬁa AUMAUNS uazanly

M7 10 UszAnduavesgaslulasdiazduayulnssin (wsew + muwg + gaadlda) wazgasdluily
@a8n9INMIMe (%Mortality) 2esgninesaIstiy Resistant strain luszauismaguny

(T99319n5211A 180 379, n=3)

szgzM lUNTNAFaU/a0n31M 3y (%Mortality)

nannaday
Day 0 1% week 2™ weeks3™ weeks4™ weeks 5™ weeks

ngueuaN (1huszh) 0.040.0  0.0+0.0  0.0£0.0  0.0£0.0  0.0+0.0  0.0£0.0

ﬂzium‘uqu (Tween 20 + propylene 0.0£0.0 0.04£0.0  0.040.0  0.0+£0.0  0.040.0  0.0£0.0
glycol + Cremophor RH 40 +
plantacare 1200 + 1) (12:1:1:1:1)

gmlu‘[m@ﬁa%umgﬂwsiw 100.0+0.0 100.0+0.0 61.7+2.9 46.7+2.9 33.342.9 0.0+0.0
(Insew + Muwg + ganduaa +

Tween 20 + propylene glycol +

Cremophor RH 40 + plantacare

1200 + 1?1) (5:4:4:12:1:1:1:1)

ga9dludiy (limonene + 100.040.0 100.040.0 65.040.0 60.0400 41.742.9  0.0+0.0
Tween 20 + 1) (4:12:1)

HanNsANIAINNINGS (Temp, pH, 0.D.) waqﬁwﬁlﬂz’fﬁauuawﬁqmiwmaauﬂssaw%mwmgm
Talasdsiaguanyulnsmn (g + muwg + gaddaa) uasgnsdluiiu dadnsinsme (%Mortality)
waqgnﬁwqﬁmﬂﬁm Lab strain luszaunsnmasuy (18933052900 180 a3, n=3)
PAMsAnAMNIeas (Temp., pH, 0.D.) PannnlFfauLasudIMInagaulsansuaneq
goslulasdilaguayulnssin (szwn + muwg + gmalas) uazgnsdluiiy daansnsme (% Mortality)
apsgningeanety Lab strain Tuszduismesnu (T8siansawne 180 as, n=3) wuhauwniinaai
nauuazraImMInagauliuand iy (p>0.05) dumanulunia-an naunadaugnslulasdiagu
anulwsnuuazngugasdluiuiidnanasanias ude pH nauuaznaimnadauliuanaeny (p>0.05)
drumemiguranh wuhngunadaugaslulasadadumulnsnuesngugasaluiufdnisiudnias

waan O.D. AauuaznasmMsnadauliunnaeni (p>0.05) (a15199 11)
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MININ 11 uaAWNAWas (Temp, pH, 0.D.) waainildnauuasnaimsnagaulssdnsnazaegns
Tulasdiazuayulnsyn (lnsew + mung + amaUaa) uacgnsa luiiu dadasnsme (% Mortality)
289gMNENMENY Lab strain Tuszauismasiny (l8edanszina 180 409, n=3)

naxunadau faunagay waINAFaU
Temp. pH 0.D. Temp. pH 0.D.
AANAIUAN (shszah) 31.740.6 7.83+£0.01 0.0446+0.0035 31.0+0.6 7.81£0.02 0.0504+0.0014
nguAIUAN (Tween 20 + 33.0+£0.0  7.81£0.02 0.0459+0.0020  32.0+0.0  7.52+0.01  0.0557+0.0028

propylene glycol +
Cremophor RH 40 +
plantacare 1200 + 13”1)
(12:1:1:1:1)

goslulasdiiatuayulns 32.040.0  7.80+0.02 0.0457+0.0016  31.7+0.6  7.26+0.02 0.1152+0.0127
5 (Inszwn + muwng +

gMalea + Tween 20 +

propylene glycol +

Cremophor RH 40 +

plantacare 1200+ 13’1)

(5:4:4:12:1:1:1:1)

Qﬁliﬁ‘[llﬁu (limonene + 31.0+0.6 7.83+0.01 0.0465+0.0011 33.0+0.0 7.34+0.03 0.0757+0.0041
Tween 20 + U)
(4:12:1)

PNMsAnNAMNNIiAaS (Temp, pH, 0.D.) sanniildnaunazudimanagaulssansuanasgas
Talasdiladuayulnsmin (Insew + muwg + gmMauas) wazgnsaluiiy dasasimsme (%Mortality)
#pagmigeasthy Resistant strain Tuss@ufamasuny (Teafansaune 180 03, n=3) wuh gamgi
annhdaundamanaaauliuaneeiu (p>0.5) lunnngumadsy drumenniiunsa-ae ngunasauges
lulasdraguayulwsnuuazngugasdluiiuiisanasanios ude pH nauuazvasmanagauliuaneaniy
(p>0.5) dhusmanaguranh wuhngunaseugaslulasdiaduayulnssin uasndugnsalutiuiidiiaiu

@niay wiAm O.D. ABULALUaIMSNAFaU lNLANAINY (p>0.5) (M1 12)
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Development of Essential Oils-based Larvicide for Controlling Ae. aegypti Larvae m‘tgﬁa AUMAUNS uazanly

@990 12 udeeiwNieas (Temp, pH, 0.D.) zanhildnauaznaimmadaulszaninaregns
Tulasdiaguayulussin (nszwn + muwg + gadlas) uazgasalaiiy dasnsimses
(% Mortality) 2e9gniegganatiy Resistant strain luszaufameasuny (laealansamne

180 8913, n=3)

' faunmday BN AFAU
nANNAFaY
Temp. pH 0.D. Temp. pH 0.D.
nauAIuAN (1huseh) 32.54£0.5 7.814£0.01 0.0443+0.0035 32.0£0.9 7.80+0.02 0.0469+0.0042

ﬂ’ﬁ:llﬂ'J‘Uf’]N (Tween 20 + 32.3£0.3 7.83+0.01 0.0452+0.0032 32.0£0.0 7.60+0.02 0.0548+0.0032
propylene glycol +

Cremophor RH 40 +

plantacare 1200 + 13’1)

(12:1:1:1:1)

gjmﬂu‘[mﬁﬁa%’uﬂuﬂwa 32.0+£0.9 7.81+£0.02 0.0462+0.0039 33.0+0.0 7.244+0.03 0.1146+0.0124
530 (I + Muwg +

gAaUad + Tween 20 +

propylene glycol +

Cremophor RH 40 +

plantacare 1200+ ‘1:9!;1)

(5:4:4:12:1:1:1:1)

gmsﬁiuﬁu (limonene + 31.74£0.8 7.80+0.02 0.0457+0.0034 31.0+0.6 7.324+0.03 0.0756+0.0031
Tween 20 + 1)
(4:12:1)

a 4
AU

1}1:Tu‘wamsmﬂﬁﬁﬂszﬁw%wa’lumsﬁﬁﬂgmquqamu”m Lab strain LLazgﬂﬁ’qumaﬁ"m
Resistant strain fia tilunanszmelnzw mung uasgaalda

f\nﬂmsﬁm:nqwﬁumsﬁﬁmgnﬁwqmw wudwﬁgnﬁ'u‘wamzmﬂi‘wizwwﬁﬂssﬁw%maﬁﬁqﬂ Farans
NAANNANNABAABINUNWITEZEY FNfEsh ynasinm fidnwUszans mwranhiunaNsEN N
vgilaaageans laun Nswsz LS ILeN nEWsIR uaaan sz wazazlasvan Tagnagaulssansam
Tumsshgmihgamessesii 2 uas 4 wuhihdunenssmelnsswniilssansmuwdigaudoiu® vonanil
M LC_ °z|EN131:Tm/iamzmﬂmswwiagmquqmﬂ (LC_ = 62.8 ppm) wud’lﬁﬂisaw%mwiumsﬁwﬁ'ﬂgﬂﬁwqqam
Tl usanndpafiuNATeras Manimaran, A. uazane® aehalsimuannmasannasai leihihsiuveansswe
nnayulwsiidignilumsmiagnihasniaindesasnnmidioses auiess yygedam wasnuide
289 Manimaran, A. wazaniz U 2012 Wﬁﬂszﬁw%waslum‘sﬁﬁﬂgﬂquqmﬂﬁq%u ToglFamnududuil 250 ppm
1ugﬂu:uu'*zlmlu‘[mﬁﬁaﬁ’uaqulwmﬁmLtaxaa\!ulwssm WU 24 5l é’mwmsmmmgmquq

UNAUIBEAE 80 UaT 84 MUMGU NI 48 ILIN BNTINIMEYBNGNUIENAUTBLE 100 UAZ 100 MNAIAU
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venTNHMATeves suiesi YayeuUayn waznUINeYes Manimaran, A. Lasaode Tmsfnhimansane
mnayulwslusiuuusasansatauiiy Tildnhdusiuuululesdiadulumsnadeugndmingnines uas
roznlumsnedau Larvicidal activity finan 24 uaz 48 Ml Lﬁ1§u Ltmwﬂmsﬁﬂm’ﬁﬂiuﬂ%if
Tevhms@nen longevity 2aslulasdiatuiiszaznardlensddl 2 dlensidl 3 densidl 4 wazdlonwin 5
wlwlulasdfasuiusiuuuinsanlumah W ldsdenlumsmingninadldase
msdnwiteeisildwanmhiunanssmaliaglusuuuvesdlulasdiady Tasldanaududy
250 ppm Fuiluanndatuiinnheanuduiureuddouss Manimaran, A. uazane HFANNENTY
3989 1,000 ppm GaunaashmawannTaglusuuuuaaslulasdiasuazdelissudousnamsld
iiunansemeas wazselbissvdadunulumsudold
vannniiu Sanuinhiunanssmemunguazgaaudaiszansuasasasnnnihiuvanssne
Tusewnlumsmingnih Lab strain uasgmbesiiehumudaasiail Resistant strain
NIMIANHIdsEnaumaaiiuasnuwaNsHve VST WU methyl chavicol Hiuasdisznauwan
Sanaz 84.45 pedilsznaumaiaiiuaniuranssvanuNg WU eugenol Wuasdssnaundniasas 91.61
mﬂ'ﬂssﬂaummﬁwmfﬂﬁuwamsmagmaﬂﬁa WU eucalyptol (WussAlsznaunansaeas 82.15
nnmsAnmnmnasymezaslulasdiatuluszwniFudu iy 106.13 nm Wadumeldanns 40%
75% RH (Ui 2 (fau wuh 21n0aymaansineaiigsaayneeda (p<0.05) 910 106.13 nm 1i 63.32 nm
wazendndlulihiiiuiniman/daundasdnties Tasaaasan -17.73 mV 1fu -19.13 mV
nnmsfnmmnasymezadlulasdiosuayulnnuGEudu whiu s2.59 nm Waifumeld
dAme 40°% 75% RH [unm 2 oy wuhuneaymaiguseaiideddamead (p<0.05) 910 82.59
nm (Ju 323.32 nm LLaz@hﬁ'ﬂﬂ‘lWﬂﬂﬁﬁuﬁaﬁmsLﬂgﬂuuﬂmaimﬁﬁ'ﬂéﬁiquaﬁa (p<0.05) laganas
0 -27.23 mV Uy -55.47 mV
mawldsuuasnasymeazaslulasdiadulifinadesanmamenasgmiganethy mazdas
mamezasgmihgetuivUGinaenudsturesmsddgluihiuvenssmeiioangniidiugnaiu dary

amswanayulwsynlugululasdiadusnnnhayulnsdes Wasnnlulasdiagulugluvuzasayulns

£ o

LA va o S { a 1 .
sl seangnaniiauanialunismingniigeidiugnany 1y methyl chavicol, eugenol uaz
eucalyptol tHueu Fuduasdlsznaumueiivanyeaunduvanszimalvsewn mung wazganadlas ey
-:l' ol = a v o g a I 4 4 J a v o
Wawlssuiisugaslulasdiatuayulnsnuiugasdluiivduanzd wuhgaslulasdiaduanulns
P a a o w H v . . . o 2 v
nfivszandualumsmingnihegsaneiiu Lab strain uaz Resistant strain Tuszauianarsmasuiule
Y L a = 74 4
TnaiAeanugnsdlutuduessv
nnnsdnwIvelundell wuinuszanduazaslulasdiaguayulunssialumsmiagningsanas
L ﬂ' A( o el %’ U4 1 a = 4‘ )
naduav ansasiilavnanaseengnasayluihiurenssmeudazaiioinmsszmell Waagluanie
wesanuuuimeanu aglsnanululasdiagurenniunenssmennayulunsunsaniumsin lulyd
' o edaa T o A ¢ & = 1Y vo o A ¥ o
Tuuvasmnsiugninmd wu 619t vadeadmensu saismmausnlglanlvdn iiaesdy inziniunanszme
nayulwsienulssadsguuaziinnuiluivdafizuazdnion
daiauauuz MINMINaFauIAUsEnauMuAiinanyaunNuaNssveNiUsEansuadamsman
H v PN a aa A a a v o @ H Yy I [ J
ANINENMETIUNLAY wasmsnIBLiiNUszanSua ianinsamingnibaslasesas 100 Wussasia 4 Ui

o [ o w . o] Lo @ H = a o &
‘[ﬂﬂmmsmmswzﬁmsmmy (active component) NaanHNoNIANYNUIGILIYULUUFITTITNGIN ONUU
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Development of Essential Oils-based Larvicide for Controlling Ae. aegypti Larvae ﬂ']‘lgﬁ‘-\l AUMAUNS uazanly

Fhuuatsisiiasdanihmsnmndalulumswannismauassuuuulumslasdemiliihlssamsmmwanniiga
iienaunuuazaamsldmaaiiniduduans wu snaasiannlugUuuy MMF (Monomolecular Film)
Wuwsiuilduluenaden sangndmemean ilwiAeildinngg Tunsswiheinbduamea ilignih
il g9 Lianansaldoandiauld mldmeas vannnilmahmsnasauenuilufismdsundumathn
Tunyam wazmanadaumsszmeifiasdaionianssseuamdnsasimiognines ieUssfiuemutaanse

YONHANN TR D b

asu
9

Uszanduavasgasiulasdiatulvuszm wazgaslulasdiaduayulnssin (Insew + nuwg +
g aUdT) fienududu 250 ppm dadanmamenasgmiesasthu Lab strain lussduasfians
WU aaneneagludeiagas 80-100

Uszandwazasgaslulasdiatulnszm wazgaslulasdiaduayulnssin (nsew + muwg +
genaUda) Aemuidudu 250 ppm dadanmameasgningsansthy Resistant strain lussduiasfiicinms
wunaanmeaglugisesas 75-92

Tulasdiatuayulnsnudvssansuainilulasddoduayulnaden Wasnlulasdfadu
Tugtuvurasayulwssudiaseangninigaauialumamiagnibasiiadugniumnnnilulasdiadu
Tuguuuuaulngden

ﬂ'saz?m%wawmg{mﬂuimﬁﬂ’a%’uﬂqulwasm (Tnsen + MUy + galaa) (5:4:4:12:1:1:1:1)
dadammamenasgnibgsanstiy Lab strain lussdufsmaany wuh dssansuaaaamndany
meluszaznanildlumsnaday 5 dla sameesasas 100, 66.7, 57.7, 36.7 Uz 0 MUEU

Uszanduavasgaslulasdiaduayulnssin (nsew + nuwg + ganduad) (s:4:4:12:1:10101)
m'aé’mwmsmaﬂmgﬂﬁ’]qqmaﬁm Resistant strain luss@ufamesunu wuhUseansuaanannalov
meluszaznanildlumsnaday 5 fla dammesasas 100, 61.7, 46.7, 33.3 Uz 0 MU

mylacmanuilunsaduasmamuuzasgaslulasdiafuayulnsnuluhildlummegou

Wune pH anaanaimanasay uamdvagludnanmzanuidunan druaanugy wui 0.D. fian

U
a K
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aluaNURYINe e gUNen waznegdy Wulne Whmhithen Mlvanueyenzignin
geantuanveslfuanms wazvereugn wnaUszmily Julanm winnuiesdjianms thedineuas
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Development of Essential Oils-based Larvicide for Controlling Ae. aegypti Larvae ﬂ']‘lgﬁﬁl AUMAUNS uazanly

Development of Essential Oils-based
Microemulsion Larvicide Product for
Control of Insecticide-resistant Strain
of Aedes aegypti Mosquito Larvae

Phanukit Kunhachan' Srisuda Samaimai® Jakkrawarn Chompoosri'

Sareeya Reungpatthanaphong’® Payu Bhakdeenuan' Chayada Khumsawad'

Navy Srivarom' and Kriangsak Ruchusatsawat

!Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000

?Suan Dusit University, Dusit, Bangkok, 10300

*Thailand Institute of Scientific and Technological Research, Khlong Luang, Pathum Thani 12120, Thailand

ABSTRACT Chemical insecticides have been used on a large scale to control vectors of dengue fever
until now, resulting in chemical toxic to environment and causing chemical resistance in mosquitoes.
Natural product should be developed as alternative larvicides to reduce the adverse effects of chemical
use. The aim of this study is to determine the larvicidal efficacy of 10 herbal essential oils (Sweet basil,
Clove, Eucalyptus, Chinese cassia, Lemon grass, Citronella, Kiffir lime, Orange, Tangerine and Lesser
galangal) against laboratory strain (LS) and chemical resistant strain (RS) of Aedes aegypti larvae.
The results showed that Sweet basil, Clove and Eucalyptus were the most effective herbal essential oils
against the LS larvae with the LC50 of 62.8, 66.0 and 77.4 ppm, respectively. While, these three essential
oils showed efficacy against the RS larvae with the LC50 of 72.3, 83.1 and 109.6 ppm, respectively.
The microemulsion formulation of the mixture of three oils (Sweet basil, Clove and Eucalyptus) was
formulated as a product and tested agsinst LS and RS larvae under semi-field conditions for 5 weeks.
During the test period against LS larvae, the product provided mortality rate of 100, 66.7, 57.7, 36.7
and 0.0 percent, respectively. In the same period, it showed mortality rate against RS larvae of 100, 61.7,
46.1, 33.3 and 0.0 percent, respectively. In conclusion, the herbal microemulsion product derived from
mixture of the three essential oils demonstrated good efficacy against Ae. aegypti larvae and it could

be used to control the mosquito larvae in natural breeding sites.

Keywords: Larvicidal activity, microemulsion, essential oils, insecticide-resistant mosquito larvae
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lussnhadaunuaius Sadeungumen 2561 lagddanaznaudessazaralavauenenudndu 1 wWesiud
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HaNnULNaD 0.85 Wasiud nududaulinensldidou lanenSanay ddaunendmnay wazmunwensainam
Tudnaanulu 11 5iie U 97 Mad1e 1N 110 AIBEN (S8 88.18) WU Capillaria spp. egg WL lUNNTNTS
MduNIeaMAwiie sasinaanuua 29 Maeha wulinendldfauuasmoaunensmnansaeas 58.00 NNMINTIA
MNUNA 50 GIBEN SIUKALNER 22 3N 64 MBEN (5DUAT 34.38) WULRANILAIBBUNENTAINAN MTE1IAN
Linuanuuandnnuegeiveadgmesdfuasmstudlaunensludnaaiulunneaiaae 5 gime (p-value = 0.69)
ainuANNLAnaatiiteseymeddfrasmsUuiaunensludnaaiulu Wnaaiuwa wazwalide (p-value =

<0.00001) MsahTanssHalRAuhangadulnaimstudaulinenslaidau liwendanan uazarsaunensanay

maannnuasua lildazananausulssmudsduadibedeguansidueuilon
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unin

finaauazualiian Wuansiidvslesidogumw Wuuvaviniuuazusnaiiisslomidesame
wasdigauaniiuesmaihuadleawns fallumsitheaamsgaduuasnsiaaneseauss luiu uazdaherl
sruumsten ssuumatudieinuldagiand uannnilinuazualiueeiadaiasiauiidae
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wiarpauanamuing Wy maazivesnideuniisuszmeamilanuwensluliauiduanlvg maldwy
nenS1Unze (hookworm) WenSudsn (Trichuris trichiura) waswenslaliau (Ascaris lumbricoides)™
Lﬁ'a%uﬂszmuﬁﬂaw'%awalﬂamﬁﬂm‘ﬁauwm%maﬁﬂﬁlﬁmmsﬁuﬂmmﬂmiﬁwm%L?TﬂﬂL'«J'%nﬂus'wmﬂ
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iaaegualildadlugauanadn nasazarslavsuewanududy 1 wWoesidud waniuinde
- & o o T Vv 2 oA < & = &
0.85 Wasipud NnUwNmegNNivIenlUig1a18n3a9E1NnNINGI 240 ASIEBNT W 1 FIlas
ua21inlunses laald sedimentation cylinder 1hindiuneunsnsasuarnaneBiiune 24 las
Ngaunnivias Mnnumnwmtianznauilvindalssanm 5 - 10 19daes weumderpraINraaad Uy
wazihlUdui 2,000 saudawd wiu 10 Wil ganladwuuis inluveaeiivsineswds 1.0 Jaddns
wehesnau iy anamsiiavaswensmeldnassganssminmaens 10x uaz 40x loaasalssann

3-4 §lafaarlanmae WIDNUUNUIUNENS

NMINAFTUNNTDH
AensimanuduiusmMeaifzesmstuaunenslurngannamadn 5 HIMe wazmaNNFINUS
msvudaunenslurnaaiuly dnaaduna wazualian laamuaa laawads (Chi-square test) ansu

AoYANITNUING 2 x 2 legszauiiadAynNadaile p-value < 0.05

We

tnannuly

namsasatngaiulu 11 #ie #finas 10 rage TINNIMNA 110 Fr9ehs wuluioumendi
97 fhaths Aadludanas ss.18 wasinaniulunoie 39lu 1 fraghawunendannnimilaiio wensfiasany
lown ldwenSladou (Ascaris spp. egg) 13 aeha Andlusaeas 11.82, MoauNeN5iINaN (nematode larva)
14 91089 Aolluseeas 12.73, Ascaris spp. egg Wae nematode larva 43 @8eN Aousaea 39.09,
Ascaris spp. egg, liwen5@nan (nematode egg) oz nematode larva 9 ¢MaHN dallusesas s.18,
Ascaris spp. egg, nematode egg, nematode larva Waz@IUAWeN50Inan (nematode adult) 18 AIa8N

a & v ] oS @ ' a P < a o a 1
AaLusasas 16.36 (MTNN 1) MuALeazBUaWUNUUEUUIDINENT (TN 1 LazMWN 1) o8l

W wuwm%ﬂufﬁauslunﬂﬁ'aath 18wy Ascaris spp. egg 7 88N, Ascaris spp. egg,
nematode egg WLaz nematode larva 1 #1884, Ascaris spp. egg, nematode egg, nematode larva
az nematode adult 2 ¢aHN

luusaan: wuwm%ﬂmﬁaﬂunﬂé"sathq 18wy Ascaris spp. egg 2 #1884, nematode larva
1 6nBEN, Ascaris spp. egg Waz nematode larva 6 v, Ascaris spp. egg, nematode egg, nematode
larva waz nematode adult 1 @188

Wna: wuwm%ﬂmﬁaﬂunﬂéfﬁaﬁw Taawu nematode larva 3 629819, Ascaris spp. egg
ez nematode larva 5 9298, Ascaris spp. egg, nematode egg Waz nematode larva 1 ¢BEN,
Ascaris spp. egg, nematode egg, nematode larva (laz nematode adult 1 §1a819

nFRa; wuwm%ﬂm’ﬁaﬂunnﬁmﬁw Teewu nematode larva 1 ¢nae, Ascaris spp. egg
ez nematode larva 5 @298, Ascaris spp. egg, nematode egg War nematode larva 1 298N,
Ascaris spp. egg, nematode egg, nematode larva 8z nematode adult 2 @188, Ascaris spp. egg,

nematode egg, nematode larva, nematode adult waz Capillaria spp. egg 1 ¢1a8N
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FeTSUNU! wuwaw%ﬂutﬁauiunnﬁaaaiwa Teawu nematode larva 3 @198, nematode egg
ez nematode larva 3 ¢BEWN, Ascaris spp. egg, nematode egg LA nematode larva 2 GIDEN,
Ascaris spp. egg, nematode egg, nematode larva uaz nematode adult 2 8N

luthun: wuwm%ﬂmﬁaﬂunﬂﬁmﬂw laewu Ascaris spp. egg, nematode larva 4 @,
Ascaris spp. egg, nematode egg ez nematode larva 1 @288, Ascaris spp. egg, nematode egg,
nematode larva 18z nematode adult 5 #8819

Insenn: wuwm%ﬂm’ﬁau 9 ¢eeN leeWU nematode larva 3 @388, Ascaris Spp. egg
ez nematode larva 6 GI9EN

e wuwensUudiou s dragha Taswu Ascaris spp. egg 2 §29¢h9, nematode larva 1 1889,
Ascaris spp. egg Waz nematode larva 4 @88, Ascaris spp. egg, nematode egg, nematode larva
waz nematode adult 1 ¢naHN

sinumwsa; wunwensuudlau 8 §hage Tagwu nematode larva 5 @89, Ascaris spp. egg,
nematode egg a2 nematode larva 1 #1884, Ascaris spp. egg, nematode egg, nematode larva
18z nematode adult 2 f88N

wuniaN: WUWﬂﬂ%ﬂuLﬁa‘u 6 9109 laawu Ascaris spp. egg 2 188N, Ascaris spp. egg
waz nematode larva 2 @188, Ascaris spp. egg, nematode egg W8z nematode larva 1 ¢,
Ascaris spp. egg, nematode egg, nematode larva (az nematode adult 1 §1ag1N

¢las: wunenduuilon 6 drad1s Taewy nematode larva 2 ¢288h9, Ascaris spp. egg

I8z nematode larva 3 @98, Ascaris spp. egg, nematode egg (8 nematode larva 1 @298

a5190 1 mMmsdudauwenslurnaanulu 11 #iia

Ascaris spp. egg &
Ascaris spp. egg Ascaris spp. egg & nematode egg &

POGT WuweNd  Ascaris spp. nematode e nematode egg & nematode larva &
ity (%) egg (%) larva (%) nematode larva nematode larva nematode adult
(%) (%) (%)

1. DLW 10 (100.00) 7 (70.00) - - 1 (10.00) 2 (20.00)

2. luwaean 10 (100.00) 2 (20.00) 1 (10.00) 6 (60.00) - 1 (10.00)

3. W% 10 (100.00) - 3 (30.00) 5 (50.00) 1 (10.00) 1 (10.00)

4. FinguSs 10 (100.00) - 1 (10.00) 5 (50.00) 1 (10.00) 3 (30.00)*

5. H¥ITUNU 10 (100.00) - 3 (30.00) 3 (30.00) 2 (20.00) 2 (20.00)

6. luthun 10 (100.00) - - 4 (40.00) 1 (10.00) 5 (50.00)

7. Tuszmn 9 (90.00) - 3 (33.33) 6 (66.67) - -

8. A¥I 8 (80.00) 2 (25.00) 1 (12.50) 4 (50.00) - 1 (12.50)

9. WAL 8 (80.00) - 5 (62.50) - 1 (12.50) 2 (25.00)

10. ANUAY 6 (60.00) 2 (33.33) - 2 (33.33) 1 (16.67) 1 (16.67)

11. ozlag 6 (60.00) - 2 (33.33) 3 (50.00) 1(16.67) -
kLY 97 (88.18) 13 (11.82) 14 (12.73) 43 (39.09) 9 (8.18) 18 (16.36)

*@59AWU  Capillaria spp. egg W 1 @I989
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Ascaris spp. egg 1 400x Ascaris spp. egg 1 400x Ascaris spp. egg 9 400x Ascaris spp. egg 1 400x
wululuthun No. 57 wululuthun No. 57 wulumzles No. 81 wululuszwn No. 198

o . . P P i
nematode egg 1 400x Capillaria spp. egg ! 400X nematode egg 1 400x nematode egg 1 400x
wulugnuwsy No. 14 wulusingelsa No. 72 wululuthun No. 223 wulusinUas No. 225

o o P o
nematode egg 91 400x nematode egg 91 400x nematode egg 91 400x nematode egg 91 400x
wululuthun 57 wuluazseun No. 197 wululuthun No. 223 wululuthun No. 223

nematode larva 91 100x nematode larva 91 100x nematode larva 91 100x nematode larva 91 100x
wuluinuas No. 59 wulusingelss No. 72 wululuuaean No. 214 wuluazih No. 68

nematode larva 1 100x nematode larva 1 100x nematode larva # 100x nematode larva 1 100x
wulueinuas No. 15 wuluazszumid No. 146 wuluazlad No. 81 wuluen#ss No. 216

a a A a
nematode adult 9 400x nematode adult 9 400x nematode adult N 400x nematode adult 9 400x
wululuthun No. 223 wulusn® No. 140 wulurnUas No. 225 wululuthun No. 171

nematode larva 1 100x nematode larva 1 100x nematode larva # 100x nematode larva 1 100x
wulueinuas No. 15 wuluazszumid No. 146 wuluazlad No. 81 wuluen#ss No. 216

H o 1] a ‘hd o =
M 1 medngfiezasnendnasanuludnaanulu
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dladmnsimstuidauwedludnaadvlunnaaade s 2UMA MAdz 22 MIBEN wutuitau
Ascaris spp. egg, nematode egg, Capillaria spp. egg, nematode larva L8z nematode adult
Lﬁanﬂ%ﬂ‘uLﬁﬂumsﬂuﬁjauwmLwiasgﬁmﬂﬁm%%lﬂaum% (Chi-square test) liwuamuduiugniivaadny
M9Fae (p-value = 0.69) audaslumsi 2 HamsaaNeSineazEan Grail

MAnTuanBeamiie (veuunuuazunINEFN): wunensuuilau 21 daaehe Taewy Ascaris spp.
egg 19 (BN, nematode egg 7 MdEN, nematode larva 17 88N, nematode adult 3 BEN

mawmia (Wualanuasdealn): wumendUuiilau 19 et Taswy Ascaris spp. egg 15 184,
nematode egg 3 9108, Capillaria spp. egg 1 Md&N, nematode larva 16 61984, nematode adult
2 M9 N

MAALIUBEN (YaYTUasIeeaN): wunensuuiilou 20 e Taswu Ascaris spp. egg 17 §aaehs,
nematode egg 2 #1881, nematode larva 17 ¢Ma&N, nematode adult 1 AIBENN

mald (Fvauasass): wuwenduuiion 18 dothe Taswu Ascaris spp. egg 16 §2984,
nematode egg 5 MW, nematode larva 16 fa& N, nematode adult 6 fIBEN

manan (Unuariduasngunnumuns): wunwensuwdlay 19 et lagwy Ascaris spp. egg

16 918814, nematode egg 7 @884, nematode larva 18 Ma&N, nematode adult 6 AIDEN

oann 2 anndnnusmsludeunensludnaadulunneaa 5 giime

NUIUAIAEN (Fa8aL)

wWagafIagN .
wu Tainwu
1. MANIuBBNReNWiD 21 (95.45) 1 (4.55)
2. Mewiie 19 (86.36) 3 (13.64)
o 2.27
3. MPANLIUDN 20 (90.91) 2 (9.09)
v (p-value = 0.69)
4. MALe 18 (81.82) 4 (18.18)
5. AMONAN 19 (86.36) 3 (13.64)
EREY 97 (88.18) 13(11.82)
WNEANUNS

NNMsaENaauNa 5 #ila ¥lieaz 10 Gveh inunnemadaudazgiime wulutauwend

v
= o

L% ) a < v v 1 & = -~ =~ a
29 fat Aatlusasas 58.00 laua Miinem uzdiawnd uzdailne wzdaen wazwininy I 5, 7, 5, 3
% 1 a < v o Py = = [ 49’
uaz 9 Mo Antduseeaz 50, 70, 50, 30 WAz 90 MUMAU (MNP 3) leaiineazidan a9il
aainena: wuwendUuileu 5 @eee laawu nematode larva 4 61agg, Ascaris spp. egg,
nematode larva 1 #2889

wdpma: wunendluileu 7 mad laawu nematode larva 6 G18en, Ascaris spp. egg,

nematode larva 1 8814
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uipire: wunwensuwlau 5 @108 laewy Ascaris spp. egg 1 90814, nematode larva
3 @98, Ascaris spp. egg, nematode larva 1 #79814
=y = dgl L% 1 L% 1
nzidipe?: wunwendsuudou s @1ed1e loawu nematode larva 3 08N
winguy: wuwendUwdlou 9 ¢nadn laawu Ascaris spp. egg 1 988N, nematode larva

8 DL

a9 3 mIdudaunensludnaaiuwa 5 ¥lia Nnaaraan 5 e

WNEn PIUMDENN . Ascaris spp. egg &
- - Ascaris spp. egg nematode larva
NUND HIANUNEID (%) nematode larva
1. oadne (10) 5 (50.00) - 4 (80.00) 1 (20.00)
2. Nz@awne (10) 7 (70.00) - 6 (85.71) 1 (14.29)
3. uzalUse (10) 5 (50.00) 1 (20.00) 3 (60.00) 1 (20.00)
4. ¥2@pe (10) 3 (30.00) - 3 (100.00) -
5. w%ﬂﬁwg (10) 9 (90.00) 1(11.11) 8 (88.89) -
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a < v
AaLusasas 100

manziupan (Faysuasszead): wunensUwilau 8 o laawy Ascaris spp. egg 1 (298N
a < v L [ a Id v
Aatusanaz12.5 ez nematode larva 7 @aeN AALUSDEBE 87.5

male (avramaznsa): wunenduuilay 5 deee logwu nematode larva 5 Maehe Ay
SaEaz 100

manan (Unusriluasngmwamuas): wunwenslwdey 5 6aeen lagwy Ascaris spp. egg

Y v a I v o ] a I 4
2 Mot AALUTEEA: 40 LAY nematode larva 5 Mae N AALUTBEAL 100

ua laian

NNMATNBNFANUIU 8 2ilA 64 HI0819 WuMIUNUBY nematode larva 22 Miae
= 4 4 v U YV ] Qll vV L | L [
Aallusona 34.38 laun du e W59 udaans guy sl wesly wazz w10, 10, 10, 10, 10, 7,
4 way 3 Mg wumsUu@auwendaiuau 4, 3, 1, 6, 3, 1, 2 wae 2 et Aadlusaear 40.00, 30.00,

10.00, 60.00, 30.00, 14.29, 50.00 Wa% 66.67 MNAAU (MWD 2)
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AN 2 M5UNE U nematode larva lTunalyian 8 #ia

A a v o aa P a @ a o a
WHoILAEANNFNWUSeFdArean sl auwenSludnaaduly WnaaduNe wazkalyiaa

Tosainumladuads (Chi-square test) wuaNuuanaNaeltadAuNeddd (p-value <0.00001)

AALFNA LU 4

M3 4 anNdunusmsUulaunwenslunnaanulu dnaafuns wazua g

UL (5a8a)

#HAYDIMNIDEN : X
wu Tainwu
1. linaanuly 97 (88.18) 13 (11.82)
2. HNEANUND 29 (58.00) 21 (42.00) 54.12
3. WA laian 22 (34.38) 42 (65.62) (p-value <0.00001)
PR 148 (66.07) 76 (33.93)
= 4
AIFEU

2
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wuldamnnludunilulsemawasouuaziwnaugy indudeusniuans miviialsaluay isaundulinens
avlluszuumaduems ihdesmnnszimnzaimsazdasddanlyd mlvmsauineannaldusnamldian
v qv‘l 1 roLwc,' Y o =] a AR .:A'Vlwwé‘ld ”‘]_I 61::} (7, 8)
gauay wensazlmhumisalddnngnszuaidan wumaehgauiive lldunlagnanuazlanlunga
wanndennnzile anciulnssw Wu nematode egg laawuN@mag N luTIUNATIAINY nematode egg
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annmevululasnnnninadindu durnBnsinsiawy Capillaria spp. egg Hailuldnensnlinalsalagnse
uaaazuae liuazdsautaasyi inenSmaiiluunwsnszaenduds U@ isenunldaaawendmunnande
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msaunendzazinaarnll uaing MmliiAereeseguusiuazizasa midndaeas saumds lufiige
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A Survey on Parasitic Contamination
in Fresh Vegetables and Fresh Fruits
from 5 Regional Markets of Thailand

Kuntong Pednog and Kanogwan Toonsakool
Bureau of Quality and Safety of Food, Department of Medical Sciences, Tiwanond Road, Nonthaburi 11000,
Thailand

ABSTRACT Contamination of parasites in fresh vegetables and fresh fruits from 10 markets located
in 5 regions of Thailand was examined by sedimentation technique using a mixture of 1% Lipon-F detergent
and 0.85% of normal saline solution. A total of 224 samples were collected during February-May 2018.
Our survey demonstrated that Ascaris spp. egg, nematode egg, nematode larva, nematode adults were
found in 97 of 110 samples of leaf vegetables (88.18%). Capillaria spp. Egg was found only in parsley.
In addition, Ascaris spp. egg and nematode larva were contaminated in 29 of 50 fruit vegetables (58.00%).
Furthermore, 22 of 64 fresh fruits (34.38%) were only contaminated with nematode larva. There was no
significant difference on parasitic contamination in leaf vegetables from 5 regional markets (p-value = 0.69),
whereas contamination was significantly different among leaf vegetables, fruit vegetables and fresh fruits
(p-value <0.00001). Our results revealed that the majority of parasites found in fresh vegetables were Ascaris
spp. egg, nematode egg and nematode larva. Therefore, for a good health, fresh vegetables and fresh fruits

should be thoroughly rinsed before consuming.

Keywords: parasite, fresh vegetables, fresh fruits
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Adulteration of Traditional and Herbal

Medicines with Steroids in Krabi,

Phang-nga and Phuket During 2016-2019

Somruedee Boonmee and Pimollada Chairat
Regional Medical Science Center 11/1 Phuket, Department of Medical Sciences, Amphoe Thalang,
Phuket 83110, Thailand

ABSTRACT Steroids are designated as special controlled drug according to Medicine Act B.E. 1967.
Inappropriate use of steroids can cause harmful side effects. Dexamethasone and prednisolone are steroids
usually found in traditional and herbal medicines. During October 2016 to September 2019, Regional
Medical Science Center 11/1 Phuket analyzed a total of 48 traditional and herbal medicinal samples
collected from Krabi, Phang-nga and Phuket using Thin Layer Chromatography (TLC) technique.
The presence of steroids were foresults showed that 10 products (20.8%) were adulterated with steroids.
Dexamethasone was found in 7 products while prednisolone was detected in 1 product. Two products were
adulterated with both steroids. The information obtained from this study was available in the website

called “alert.dmsc.moph.go.th.” under supervision of the Department of Medical Sciences to inform

consumers of health product safety.

Keywords: steroids, adulteration, herbal medicines, traditional medicines
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