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ABSTRACT

An epidemiological study of infestation with head lice in kindergarteners aged 5-6 years old
from 15 selected sﬁhools of Dusit, Pathumwan and Ladkrabang District was conducted. The study
was lo determine the head lice infestation (pediculosis capitis) level of the kindergarteners, during
May, 2015-- to April, 2016. A total of 1,840 kindergarteners were examined for head lice. The overall
head lice infestation ratc was 18.8%. The highest infestation rate was 22.3% among the group of
kindergarteners from Ladkrabang District, followed by the groups of kindergarteners from
Pathumwan and Dusit districts at 16.2 and 12.0% infestation rates, respectively. Girls had a higher
infestation rate (38.3%) than boys (0.2%). The infestation rate among girls in the 6 years age group
was higher (40.6%) than that among those in 5 years age group (35.8%).

The ovicidal effect of eleven herbal shampoos was determined. They consisted of (Careya
sphaerica Roxb.), (Cratoxylum formosum Dyer.), (Oroxylum indicum (L.) Kurz), (Eugenia gratum
Wight.), (Solanum aculeatissimum Jacq.), (Solanum torvum Sw.), (Garcinia schomburgkiana Pierre),
(Solanum trilobatum L.), (Solanum indicum L.), (Solanum stramonifolium Jacq) and (Citrus aurantium
L.) supplemented either with citrus essential oil or eucalyptus essential o1l were evaluated against eggs
of head lice. The results showed that for an immersion time of 10.0 min at day 12, the C. aurantium
shampoo with citrus essential oil showed the highest inhibition rate of 52.0%, followed by S. indicum,

k. gratum, O. indicum and S. torvum with inhibition rate of 20.0, 16.0, 12.0 and 12.0%, respectively.



Other herbal shampoos did not an inhibition rate of head lice eggs. Individual herbal oils and several
combinations of them ((Zingiber. zerumbet), (Curcuma. zedoaria), (Curcuma sp), (Z. zerumbet+C.
zedoaria), (Z. zerumbet+Curcuma sp.),(C. zedoaria+Curcuma sp.) and (Z. zerumbet+C. zedoaria+Curcuma
sp.)) were tested of their ovicide efficacy by immersion test. The results showed that for an immersion
time of 10.0 min at day 12, the mixture of Z. zerumbet+C. zedoaria+Curcuma sp. herbal oil showed
the highest inhibition rate at 10.6%, followed by herbal oils of Z. zerumbet+Curcuma sp., Z.
zerumbet+C. zedoaria, Curcuma sp., Z. zerumbet+C. zedoaria and C. zedoaria+Curcuma sp. with
inhibition rate of 96.0, 88.0, 88.0, 88.0 and 88.0%, respectively.

This study also investigated the nymphicidal and adulticidal activities of eleven herbal
shampoos supplemented with citrus essential oil or eucalyptus essential oil and found that 0.03 ml/cm’
C. aurantium shampoo with citrus essential oil and with eucalyptus essential oil showed the highest
mortality rate at 100% at 15.0 min for both nymphs and adults with an LT, value of 0.2 min and an
LC,, value between 0.002-0.005 ml/cm’, However, a mixture of Z. zerumbet+C. zedoaria+Curcuma
sp. herbal oils showed a nymph mortality rate of 68.0% and an adult mortality rate of 44.0% at 60.0
min with LT, values of 32.2 and 61.3 n?ih, respectively, and an LCg, value for both between 0.024-
0.051 ml/cm”,

The effectiveness of the herbal oils and herbal shampoos against head lice cggs after long-term
storage was also assessed. The assessment was done with herbal oils that were kept in a storage for 4,
8 and 12 months under ambient temperature (SODC). The results showed that at immersion times of 5.0
and 10.0 min at day 20, the mixture of Z. zerumbet+C. zedoaria+Curcuma sp. herbal oils still showed
an inhibition rate of 100%. For effectiveness of three herbal shampoos from C. formosum shampoo, G.
schomburgkiana shampoo and C. aurantium shampoo at 0.03 ml/cm’ concentration supplemented with
citrus essential oil or eucalyptus essential oil still exhibited the highest efticacy against nymphs and
adults with 100% mortality rate at 60.0 min.

For in vivo test, the results showed that treating the hair with the mixture of Z. zerumbet+C.
zedoaria+Curcuma sp. herbal oils for 15 min then shampooing it with the G. schomburgkiana shampoo
and C. aurantium shampoo both supplemented with eucalyptus essential oil were effective as

pediculicide with 100% cure rate after the 2" treatment.



In conclusion, the mixture of Z. zerumbet+C. zedoaria+Curcuma sp. herbal oils and the G.
schomburgkiana shampoo and C. aurantium shampoo showed high effectiveness as pediculicide, safety

for human and non-toxicity to the environment.

vi



fnaanssudszna

= = d  a H o ' o 1
Inndfinusatviidideganly1’daed Tasldsuanumaamaznguniuedisgenn
o o = 4 o a1 — 9 [ A

8191359113 M Ineriinug seemana1nsd as.uga quiise fnjanseslianutiamie 10
o a ) A ar 9 4 9/ v v
anf3nw Fuuznumnalumsmsiumsise ansasultanueynsiziasiwd ludeunnieswine

da Y v A d v o o
swunszianninuatuiiadeauysel Smiwensveuwszquiduedisgadmivaiumen

- A4
AIRUBY 3H.AT. UGS quidsy Nlided s N a Alidae
o e 4
YONTILUBUNIZA TBIMTATINGG A3, ANLA IAFNTALINAD 1A A3. A3 NTT HaNnAARD
- ~ o A 9 o o d ~ =Y d W :? 9
AnzNIsHMITRL MRS 1 IS uniuazeynnziaedeuazud lvanginuinguiilv
- o A X
fiaugndeulaganysainNnwu
5 H ° o a o a 4
YOUBUNI LA IUGNITUG UNTS §1M89 SUNBAIAD H1UAAIAA IIMIAUATAITIA 1ATUY
5 y v 4 ! 3 H ! 7oA A aw
ado uzniima $rmiifimenmusunys d1mes Noymszdisau nawe 19 lumsdnnive
Y o aa =) o o =) a ~
vounszaurtesfiiamsismyuInsiidaumas auzmaTuladmanyas aanfumalulatnsy
@ A ¢ ¥
seundudnammsmanszia ilianueymnghiniuasy s usmisa Ins nazginsel
A A A = Ao

13 04iaA 19 N1Flumsnans A1

YOUBLNITAT H81UBMIAIUANET AuAZYAM U naziinid sunnau T5aEouTuniaue

¥

M A =] d A A d A a e
WUNMITANEINFINNUHIUAT UATAIIIA UATUIEN HAZana °naumiwmmmmaiﬁumnwﬁlu

a 1
¥
s

Aﬂy a LY A =) Ao o G '
a5 el vevouaw 1Ak tustmmins MR tiumsmaassms It d T ugdlidaed
yauouAM NS 6 (A7, T3aA1 Augas) N Idanls s s dnazideya idin (ua. 8nws
@ 4 A w2 = ¥ ' o a o = -~ a Agq W
Sumsm) indnunlsaanien uazdesny (ia. dvens yyviw)indnufiyaras #Alvany
Femdeluszniafidnumeassitoiiued 9@ veveunu Wua (@s. gua i) WU (ORI
Aa A = ~ AW ¥ A wa A A - n o
24 ani Tya) undneSgyagen naziiiee) luvesnljidnsiginensu 4nnau dniuai
v =l o =) -~ o as o Q d A Aq 9
Fremaelumsauiiumsite uazveveugm (01913689010 naze1135f5% Junim Nlvanu
v a 1 o Y ] @ o [
emAeaadelszmuanvesyanafiudeamuypdin Tk suludamiauasinen
1 ¥
veweuamamANNAnazlsz Toniswiiosnimeninuiaiiuil ndgauni @iia Sauu)
Aue G135 2eriuag) nazian e, wawasss e Amiuayu $aenmde naznfludidsle
A [ 2‘, v d d‘l -~ =X 2 g Aad Y o t
A snmaweununiwdme ¥ lunms@nuiteluasell veveuaw graies e1915mAqNIU
A A 9 Y] 1 A [~ o Ao w = v 9
uazmou N IvmImivauu Hromde vaniuidslsndiagylumsanpuadminunlasaaea

9352330 WHIUAI

Vil



13108y

TR B UEIBE Y THT ... .o s e nsnssmnresassasssevessomssossassassss e 43655545638 0SS BRI I
UNAATD NTHIOIIYH..ceoeveresoeeseeeenesemssesessssssssssssesssssesesessesesscsssesssssssssssassssssasssssosees v
T I S TIING ..o vcoonsconsonecosasti e S R ST S B VII
BITSAIEY . covunmencosenoesessusssnsmsnarssonsercass o saea OO+ 5535 43S A SRS VIII
(A1) T oL NN o - o, S —— XIII

LREDTL TN S o A S SN\ $ 9774 AP T\, UEERI—G_— 4 |

RRTL ) (AR e\, €0 N CZARNNA 7 ) /oot <.\, W 1
o o o

1.1 anuilua nazanudaguaat M, e e et 1

1£ pagilsaftanussien Teon{ QL UE \E Dy - frem w2 A L 3

& LT ATV o DARAR R e o A A AR coput/B TN SV 0 1 3

EETE I TRl oo B /R XA e R\ Vol =2=C20" R L/ v 3 N | 4

r:wd'.d'. 9

LTI 2 AU I SITUREITEIL L bvesa e ach e o r e e RFoss b et esyrms e s 5
2.1 QVTBIAUBUM NG . oottt sera st e en b eest et bbb 5
2.2 81013 HAENIAAABUBUMIMMHT. oottt 6
2.3 MITAIRUA AN D N ATt ... QWi 11
2 adwayu Insdhinn 1 umahusyie 1 lumsfnmn. 14
2.5 ey st lfumasiniuiuie 1 $ umsfown.. ... 37

2.6 U I I I B, oo e et 45

=t

LN 3 T U UNTT IV, oo e et e s e e e 56
=} o o A oo
3.1 fnﬁ!ﬂﬁﬂ“q’l]ﬂiﬁ!cluﬂ'liﬂ“I!HHQTU'Jﬂﬂ .............................................. 56

SR E 11N PL RIA AT R TG L POUUUTTU U T U TR OO 67

viii



a1515y (719)

nih
=1 [ 1 do d o a
3.2.1 M3AnYIBANIMIUNIsTIIRYBIMUYBETuAMiniToueyualu3
UANTUNIITTUAT ..ot en e e 67
=] T o 1 o g  a o d o A
3.2.2 matfusiusn 1 @eeu nazauaueveamuyrsn MAMinii ou
AT IUUA AT UANITIUAT HAZUSHUND . e 69
d L g A A -
3.2.3 munuswswlunseTan @2 o uazkamn NEWBIU NLITBNIS
nzau uznduaie neudedu wedn uazdudr naznisadounyuy
07 f) % Tt A TR S U /e, e e, \, WO 69
o ¥ oo ¥ A 2 g " w
3.2.4 myanauninaygu Inssinmdingie viudesuay NuAumINg....... 72
o ~ i o Zv "
3.2.5 manaaoullszans mmvesusnyayy Tus den1sgugenisin lainn
JjT0e Ty pylsasa BTN .. SRR NC e M et Y- - AL 73
= = %: o 1 . g/ '
3.2.6 Mainadelszans mmvaniniuayy Iws densdudsniafn lainn
WO A BRI FURNIT. s e e 74
3.2.7 manadeutszanTawye wwsuyayy Tns aAnudndua1e dans
movpdnIsen nardudnisveamuyrdluammiesfuans.......... 78
a  a Y [ [
3.2.8 nsnaaeudazanimmasainiuau ns anuudud e dents
a1 o . d. A em
ABUBIAIBRU IaAIAI BB MYy dluan e ........ 82
~ o r o T
3.2.9 MsnaaeulszAnTnwaNUAmMUan IWYBIthTuAYU NS dams
¥
dugamann Ty pe luan el fURRIS oo 83
A A Y
3.2.10 Manaae Ul ZANENINAIINAIMUA NIV B I TUIAZ LB Y
' v a1 @ o o
ayulng anududuaie demsarvuesdiseu nazauan vy um
WA IMBRUGURMIT . 83
a oA Y '
3.2.11 Msnadeulszanamuesiuiunaznsnyninisayu lnsaens
gAY BT IANTABEUI I TS BUAIY o, 84
a i o ~ Y o = o
aregranuueinlutuse N A1V I ANAT e 87
3.3 SZUZIAINAVTUNIITIVG .o 88



21319y (19)

v
T L LIt & i WU —— 89
4.1 mamsAnYIBATIMITTINAV M IYNIRuaminSsueyuia Tu 3 wa
VT4 1y LT3 T (O P —— 89
42 wansnaaeulszanininvesmumayuns denissusansinlom
WY AR TUANIS. .ot e 100
42.1 wnmmnwm;gmgu'lwaw%a 11 ¥fin weaniniuvenszvegaalda de
13 sudantsin Ivesmayed Taenffeudouilse@ns nwdunsuy
O3 IINTU LAZUFIYATINIAN oot irmses e ens b 100
422 navessaaau Insng 11 ¥ila waurthsiuneuszmody Aems
gudsmsitnliveumuyud TasnFoudeudszaniaindunauyme s
BN LOZIUBUYATERUIRN ... eiese et cne s ee e e et i 107
43 nan1snageutlsyans mwmaaﬁﬁuauu'lm#a 7 wila demsdudaninih
linnuypdlurnmiealfiams TasSoudioussdaninmiunmyme’
wiu testhiudamfes. .o G a . e T L 113
4.4 paminaaeulss And mwusasmeau Tng At U1 den1sag
voedageu taza gy Tsveanmnps lua e fian1s. . 121
44.1 Naﬁnaquwuﬁuu‘lm#ﬂ 11 ¥fia naaiaiuvenstiogaIalda
HYNYIND T UNTU HAZHFUNATYANIAN ADNITATBYDIAISOUINT
WY, v PP . 44 s 454 e s 121
4.4.2 navesnsuyaiu s 11 sila meaniuimeuszmedy usuymo
WNTU IAZUFUNATEHIIAN ABN1TAIBUBIAIBOUMINYBE. ..o 157
443 Nammuwuﬁuu"lwsﬁa 11 wiia waudiuvenssimogaiadda
HENWINDS NI UAZUFUNATZANIAN dan1sAI8vasA AN ToIn
T O ———— 134



a5iay (919)

4.4.4 maveusuyayu Insva 11 viia seaniiiumeuszvedu uwy
meimIu nazuTNYaITHILAD den1TaIsvesA AN TEIM
MUHE. ..o e s
4.5 namanaeulszAnt nmvesiniasyulns anudutudien demsae
Yoenasau laraud e avayrd luan e guiRms o
45.1 wﬁwaﬁﬁuﬁuu"lmﬁ'e 7 ¥ia HrYWe S IINI U ezt niud
IMADS ABNTIAIVBIRBOUMINYBT ... oo oo
452 namqﬁﬁuﬁuu'lmﬁ'q 7 wila UFUWNE S NS Y pazi i
11D AN TANBVBIAUAN IO VMUY oo
4.6 Han1sNAREUYsEANEMNAI IRINUE MnvB T Tns dans
dussmsin ey uan e el §aAn1S. s
4.7 man1naaeutlsEANT 0 A NUAmMUAn WAz sy d T
ANTTLAI) AanIsAsvBsRaBaUIAZAIR uTsve w Ny d ludn
7L NE, R e N AR S ST A | A A ot §f
471 wammﬂ13ﬁ"ﬂmqv1'§ﬂwumaauwumgu'lwi%q 3 wile Hartiniy
HOWITMYIAIALAT ABAITATBYBIAIBOUM UYL, ..o
472 HovedMsAnE M AMUe ANy THsa 3 wiia A
.

VOUTLNEFU ABMITAIBUBIAIDOUIMIUUBE. ..ot

£ z ~ Y o
473 mwmmﬁﬂmqmm%ummnmmﬁyu'lwsm 3¥UA HETUUINY

o

a as 3 @ o o
ﬂ@ﬂﬁzkﬂﬂ§ﬂ1ﬁﬂﬁﬁ ABNTIIAIVAIAUANIDHTNUBY ..

L3

Y ~

o ¥

47.4 HAVBINIIANIGNTAINUVB B AU THIN 3 BTia meruvi iy
1 @ o % o

MOUSLMEFY ABNITABUBIRUANTIUYBE. o

¥ r [] ot
4.8 wamanagevlizaAnsnmuveninfunazusunayu lns aenisdivam,

4 =4 @ A =1 v

MU EOUB A MTATEUNIATIRTOUANT e
LT 5 0TI AN ITVIAADG. -+ ee e eee e e ee ettt e e

T Ih RS L g S U S—

Xi

140

147

147

153

160

162

162

164

166

168

170

173
178



a3iiey (19)

ni

B L TP A MARBE coxrvsursapamummmmemmmmm s s s oo 178

TR 111111121V - STRTOTORRT O e S 179

UG IBIAUINIU o svssemcnsvrasvavarasssnsasosse eoerossmsma s ssonss nsss 4T84 ERSRASESA R8s 5 180
T IT O R T LTI ATUN .ot et oo st fara s ee s 191
L EZ ], 1 TR o <N X\ W WV APRte. . R 292
LTI T & A SSIN\\\[{///7 AR, . NE— 295

Xii



=
AT TN

3.1

32

4.1

42

4.3

4.4

4.5

4.6

4.7

4.8

4.9

4.10

MIUYAI

dquﬂiznammuwuﬁqu'lwnwin:‘uﬁﬂﬁﬁmﬂ‘ﬂummﬂawﬁ
i ; v
aaulsznevvesiniuayu Insudazriaiinnlglumsvei...... ...
SAINIIITUIAveUMINYIA AN nSoueyuIaveuvAgda
AFANNINTIUAT TUU DAL SN b 5 v sssmsmmaresmnssssens
sasinisszutavesmnyddmaninSeueyuiaveuvagda
AFINNMNIUAT SUUAMUBIGUBITNITIU oo biinrnnreerrnnnes
$A31013 32U 1Ave MY B ETwAMTnG oungaaziAniiniG ouse
FULNOUBIYARTA NFINNUHIUAT SUIUNATMNAYONTAEOU .o
ga31ATsTUIAYe W NY IR IAMT RS sungIeyUIaue AR e
AFINNUMIUAT SIUNANBIGUBIATEUNYL. . oo
$R311133UIAvBIN NY BIA AN R suayUIave uualN iy
AR RIS e [l \C.., Foma- g4 4 4
sas1nsszuIauauINyEdfwAninG sueyuiave Al
AFINWUMIUAT SUUAAIUBIGUBIHAGTEU ...
SA31113 32U 1AV M INYH SRR T ni3 sundganaziAniinis sume
YN AYBUUAUNIIU NFIMNIIUAT TUNNMAVBIRG O
$a3 1113 szaveamINyEanwanin Geundgseymaveuvalnuiu
AFUNWUMIUAT T MUANINBI GBI NITUUNAN. .ot
$031MIITUIATIMIUYBIA LA M RFous YUI0ve uAR1ANITY
AFUNNUMIUAT TWUAMIBTIUTIU oo
§as1mMIszuIaveuIyBituaminSousyuiaveuuaa1AnILL;
AFINHUVIUAT TUUAATUBIGUBITNEIU. oo
Saainisszuiave sy BITmAnT G oungwazdninGoume

AULIAVBIVAR AN NFIMNIIUAT SuunmumAvBRInGEeU. ...

xiii

70
72

92

92

92

93

93

93

94

94

94

95



4
AT 1N

4.12

4.13

4.14

4.15

4.16

4.17

4.18

4.19

5NN (719)

$A31MITTUNAVBIM Y HIRUAMINS EUNTIOYUIAYB AYANIANITELI
AFIMWUNIUAT SWUAMIHDIGUBITAFTEUN. ..o
sanImsszuaveamuysdnuaminisoueyuialuwagda dnuiu
HAZAIANIEL NFANAUMIUAS SIMUDAVANITAAY Y. ..o
sA3IMssTUIAvaNMuYBEnuAnTni susuutaluagda Unyuiu
Haz1ANET AFINNUMIUAS SIUNATNBIGUBIINETOU oo
sA31I TR Ny EEfANTAG sungaazianidniousie
aytnaluwagda Unudu naznan szl nJImNIMIUAT SUAATNINA
LU T ) P DA WA AN AN 2SN 1) i TSN, | Ve
Sas1NIIzUIAveIMINIYEEAUIANIRE sundeya luagaa Uy
Fuuaza1anIRe AFMNIHIUAS SINUARTNSIGUBIHNTOUNDN. ...
HAY BT AU INg 11 Fiia wenhiuveNsTMegmALda Uy e s Bm
SuunzIrNWasERUIAN AN 0,005 Tof A6 aA 13 1TUALIAT ABNS
gugan s e g ndammaned 1, 3, 6,9, 12, 15, 18 11z 20 7 A28
55 omsgn T nminy s Tuan i 13MA0e W LOWR ..
raveay ayu W 11 wiia noani nhumeuszmogaadda ummymesnm
Tu IRzITW AT RUIAN AN LTI 0005 TaAAnIABMNNTUAIAT ABNS
gussmsnluvsamunug nasmananed 1, 3,6,9, 12,15, 18 1az 20 u #3e
S5t lummuypd s 1$ma0ea U S0 ..o
NaYRBI AU TNS 11 A wenni uluvenszmegmAaLaT uymesm
Su uazuasTRUAN AR 0,005 TaAAAIHBMNITUANAT ABMS
dugamsitnluveamunug nasmananed 1,3,6,9, 12, 15, 18 uaz 20 Tu A3

Femagn Ty Tunmy i 19maaes U 100 U

Xiv

95

96

96

96

97

103

104

105



-
A1319IN

4.20

421

422

4.23

424

4.25

4.26

MSUYAIIN (F1D)

fi1 LTﬁmmuwuﬁqu'lmﬂﬁuﬁﬁunﬂmzmugmﬁﬂﬁn‘?ﬁﬁun1s'nﬂﬂm
aemmisyes lmayudlunismanesgy lu lunsyudazsiia uw 1.0,
5.0 LAE T0.0 Ui e e e e e e
naveasanyenyu ns 11 wiia wassiuiuveuszmody uvuymes wviu
UAZITINASZHNAN A UTY 0,005 TAGAATABAIINIBUAINAT ABAT
tTué'T"amiﬂﬂ'l-dmmlmwmfﬁﬁ"qms‘nﬂﬁm 1,3,6,9,12,15, 18 1a 20 3u
Fredsmagn lumuypdhuummilfmanee ums LOUM ...

HaYDIFIWAY TWs 11 ¥iia wainiureNsZIMedy usUMEI MM T U
yazIMNESZHIAN ALY 0,005 HaBAnIAOMI 1UTUALIAT ABAS
tTm‘;dqmsﬂﬂ'himammmgmfHﬁ’ammﬂam 1,3,6,9,12, 15, 18 1ag 20
Faosmsgnlinmnpdhumyilsmaaes i 50U

waveuisanu s 11 %iia moaniviuvenszmedy uaymesnmiu
L ITNWATZHINAN AU 0,005 HadaasAemI IBUALIAT ABANS
ﬁ'm‘iw'amiﬁn‘laimmmmgm'fwﬁam'smam 1,3,6,9,12,15, 13 uaz 20 M
FuFsasga iy pg sy 19naass i 10,0309
a1 LT, veansuy ain Tnsnambhsiunenszmeduii 19 lun1smane s de
mamoved Wiwypdlunmsnaas gyl lunsiyuaazatia v 1.0, 5.0
LT LR N | O AP R S - i e, o S
rave i Tns 7 91ia usnnmesumsu ez uiudundes A
Wi 0.00s TaaaasdemausAnias aemsgudanain lWveamunud
VAINIINAABA 1, 3,6, 9, 12, 15, 18 1Az 20 Tu A28 msgu lumuyudlu
IR 1NAAB UM LOUIT .o
paveatiiiayulwa 7 viia nvuymefm3y wazinfudamdes aa
Wuthi 0005 Taaaasdam 1 usuAnAT densdudamsin lWusamunyud
WAININAQL 1,3, 6,9, 12, 15, 18 1Az 20 Tu #2075 msgu Tinnumwd Ty

2‘ Qs r‘; 9 ~
U T ENARBT U S0 MM e

XV

106

109

110

111

112

116

117



A
A137IN

427

4.28

429

4.30

4.31

4.32

51NN (719)

¥ Y ' a Y o &
mavestisiuayuIng 7 ¥iia nsuymeimmiu pazy i un Anies A
A an v - [ Y] g v 4
]ut 0.005 TaaansAA S ATUAKAT ANIEUEINIWA Iveauyud
NAININARBY 1,3, 6,9, 12, 15, 18 1A% 20 T ﬁ'au?‘ﬁmssjn‘hiamwmﬂu
:‘ LY d' 9/ =)
U TENAADI U 10.0 I e eeiiiinnee i eee e e ee e e e
' Y A 1 v
a1 LT, voad ninauInsn14lunmmaaes Aenisaneued lunnuyudu
manaaesgu v Tuiniudazatia uiu 1.0, 5.0 uaz 10.0 "y, -
- - A a o I'4
navedusuyayu Ins 11 wiia nouninfuvewszmegaialaa usnymes
N TU LATHBUYATTAIAN AUITNTI 0.005 HaRAAIABATITUANAST
" @ o a
ABNIIATBVBIAIBOUININY B MAIN1INAALY 0.5, 1.0, 5.0, 10.0, 15.0,
=] an 1]
30.0 uaz 60.0 UIN #2031 Filter Paper Contact B10aSSay.... . ieeuiisoseesnns
= & ~ ar o
nave AU Ing 11 ¥iia nanhiuvensmogaiaas niymes
~ < a A [ ~
MU AZHANRATTAVIAN ANWYNTY 0.02 UAANATADATTUFUAMAT
ABNIIATBVBIRIBOUMINUBE MAIN13NAABY 0.5, 1.0,5.0, 10.0, 15.0,
30.0 1oz 60.0 uin meluanimiealfridnis 3835 Filter Paper Contact
| TIAFT 1T | SO S B SRR o SRS I PRp PRI L SRS N
= ¥ | A o d
mave sy anu Ins 11 atia naaniniuvenssmegaadad uwymwes
~ (=1 A Aan v )

WNTU AU ATERIIAR AN 0.03 0AAAIABMITINTUAIAS
ABN13ANLVRIAIEOMWMINYBE AINIINATBI 0.5, 1.0, 5.0, 10.0, 15.0,
30.0 uaz 60.0 119 meluaninitesl§iian1s §3e35 Filter Paper Contact
oL ) P R

L] l:; !D’ o
a1 LT, veusuyayu s lflunsnanes nauiniunenszmegan

~ a ' @ 4 d'i @ W o A
Alda demsasvasiaseunuypd diedudaiuusuynllunimaaes

HAAZBHA AUATAU 0,005, 0.02 1AL 0.03 HAAAATADAII 1IBUANAT. ...

Xvi

118

119

123

124

125

126



A
M13719N

433

434

4.35

4.36

4.37

a5UN1519 (619)

wavesumayenyu Ins 11 wiin nasnhsiuveuszmody uxuymesimsu
nazusyaszRun AN 0.005 TadAas oA usuANgT do
AIALUDIAIB OUMINYBE NAINIINAABE 0.5, 1.0, 5.0, 10.0, 15.0, 30.0
nay 60.0 w1 neluaninviesilfii@an1s #2077 Filter Paper Contact
BIOASSAY. «svs gl gl v iivsmnmsissimmvinnvises g T+ voin suis-am waisiosis naians
nave sy Ing 11 wiia wauthiuneuszvmedy nsmymesnmiu
AZIBUWATTHIAN AINTUTU 0,02 HARAATADAIINITUAINAT ABA1S
ANUDIAIBBUIMINYHE HAINIINAABY 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 1AY
60.0 uIH n1oluaninieslfiian1s §2037F Filter Paper Contact
Bigassay of .. e 0. CRN .8 L AV 8. P 3. o B ... BB
wavewsyayyns 11 ¥ia neaniniuweuszimedy wmnymesumsu
HATBUNATEHMAN A BTN 0.03 HndaasAemIUBUANAT HONS
AIYDIA IS DUIMINYHE MAINITNAABL 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 1AL
600119 nreluanindesl§iidan13 A283T Filter Paper Contact
15 Tal: oy T . SR oy WRH (LN WD, \ WP AR 1 SP3BT oo RIS, L~ RV 7 (NP0
M LT, veasyi 19 mananes naanhiiuvessumody donisaoves
Faseunnuuyd e duiasunsnyildlunimaaswdazyiia any
W 0.005, 0.02 1A 0,03 TAAAATABATIIIYURMAT. oo
A1 LC, voausuni 1lunsnaaes naani e zmegAalda uay
weni e zmedn AensmevesAIs eIy BE e Ul LTIy
flFlumsnanesudazaia aAududu 0.005, 0.02 naz 0.03 finddasde

AT IUYUAIAT HAINIITNADT S0 UIT oo

Xvii

129

130

131

132

133



A
AN

438

4.39

4.40

4.41

4.42

M3 UYNIN (919)

Have MWL NS 11 Fiia e aTueNsTMegAIAUA nruyine s
W3 u nazusuyasEAuAn A ndudu 0.005 Tafidasdenisia
FUANAT ABNTAIBVBIAAAN TUMINYBE NAIN1INARBS 0.5, 1.0, 5.0,
10.0, 15.0,30.0 1Az 60.0 W1A Meluanimiesd§iian1s #2073 Filter
Paper Contact BMIRgetV, ... coovvimirimvimmms s g Tg.ss 65 s+ st wsios v ovaies
nave sy ns 11 silanauniuiuneusemogaada usuymes
WNTU MALUBUNATZHNAN ANTUTU 0.02 0B AATADMITIUTUANAS
AN In1ovesd AN TuMINYY G NAININARBY 0.5, 1.0, 5.0, 10,0, 15.0,
30.0 1A 60.0 1R Meluanimviasi§iianis #9835 Filter Paper Contact
Bigassay of.. . Fered . .08 L. AV 162 . F@D ). e 2 2. .. 0D - R R
HAYD UM TNS 11 siianauiniuvenszmegaalaa usymes
N U UOTUSUNATERUAN ANMTYY 0.03 HaddasABA 1T 1ITUAINAS
Aon1IAsuRIAAAN T IMINYHY MAINITNANBY 0.5, 1.0, 5.0, 10.0, 15.0,
30.0 4102 60.0 11 Mmeluaniwvianlfiianis A193F Filter Paper Contact
15 Tl T o SO cuu R B RO LW R R D T Ay b o™
f LTsﬂﬂlﬂﬁl!‘Huﬂﬁjﬁuﬂﬁﬂﬁﬂﬂd Nﬂuﬁﬁummzmﬂgmﬁﬂﬁ'ﬁ AoN13
movesmaRiSauypd e durat U 19T un1mAas waazwiia
ANUITUTU 0.005,0.02 1402 0.03 HAAAATABAITIIFUAMAT........ccccoo...
wavoasay s 11 siianauiuiunenstmedy usuymesumsu
HAZUBUWATZHUIAN ATUTU 0.005 HATAAIABAITIUTUAINAT 7O
AMIANLVBIR AN TBIUYBE NAIN1INAABE 0.5, 1.0, 5.0, 10.0, 15.0, 30.0
uaz 60.0 w1 nreluaniniesd§ii@n1s 2833 Filter Paper Contact

B OASERAY s riscrmmnsassesnmessitms e s onsin s e 4 R SR B B i SRR A AT P

Xviii

136

137

138

139



A
1IN

4.43

4.44

4.45

4.46

4.47

4.48

M5VYNI3 (F19)

rave suyuyayuIns 11 siianauiniunenszmudy usuywesumiu
HAZUUNATTHUIAN ADTTUTY 0.02 HATAAIABMTNIBUAIIAT ABN1T
avvesaaduiomuyd naen1smanes 0.5, 1.0, 5.0, 10.0, 15.0, 30.0
HaY 60.0 1IN muiuﬂmwﬁmﬂﬁﬁﬁms A207% Filter Paper Contact
BOBSSAY . «.cev g o eecarisenrsersnessssissonions ge gyr 5550 st tssivssuisenen
nave Uy s 11 siianau uneusEmMedu uruywes nmiu
gy asTALIAN AITNgU 0.03 iadaasdensusuAeg Aens
MeveaaaAN sy Bd NaIN1INARBS 0.5, 1.0, 5.0,10.0, 15.0, 30.0
uaz 60.0 1% areluaninitel§iuAnis A283F Filter Paper Contact
Bi0assay.:.. .o o M\ W VRIS GRY 7S 7 e B ——— K Yo WP 8 1
= HY '
i1 LT veaumnyh 1 lummanas nouihiiuvenszmedy Aensmoves
Fudnsuypd fledukadunsyi 1¥lun1smaaswdaziia aam
@TY 0,005, 0.02 1Az 0.03 TAAAATABAIIIVBUAAT.....oovoiins
A Lcsomwmmﬁ‘lﬂumsmam wﬁuﬁﬁuwamzmﬂgmﬁﬂﬁ'ﬁ Ay
N e Ty medy denismisvesdaan Tumynd deduraiy
uruyi1Flunismanesudazsiia aadudu 0.005,0.02 naz 0.03
aAAAIABMI I UTUANAT HAINITNAAB 5.0 UM ..ottt
wave s niuayyIns 7 wiia npngwesumu tazsiniudamies anw
Wudu 0,005 TABAATABAIINNBUAAT ABATS AIDYBIAIL DUIMINYYE
M3IN13NAABY 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 1az 60.0 117 Meluanin
ﬁﬂdﬂﬁiﬁiﬂ 13 #2077 Filter Paper Contact Bioassay.. .cosmmmrrusss s comas
pavesr iy lns 7 ¥ia isuymesumiu asiuiugandes A
Wuth 0.02 TaAAATABAITINBUAINAT ADATTAIBUBIAIS BUIMINYBE
NEINI1INAABA 0.5, 1.0, 5.0, 10.0, 15.0,30.0 1A 60.0 W Mgluann

vea ﬁﬁﬁ 13 R385 Filter Paper Contact Bioassay........cccoevviiiniennnnnnes

Xix

143

144

145

146

149



=
AT TN

4.49

4.50

451

4.52

4.53

4.54

4.55

13N (A1)

ravehsumgulng 7 siia usuymefumiu waziaiudandes A
Wty 0.03 Taddasdea1uruANAT ABAIIAIBVBIAIB BUIMUYBE
M&IN15NANLY 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 1az 60.0 W1A Meluanin
Yo i:]‘ﬁaﬂ 13 #2073 Filter Paper Contact B1oassay...........cocvviviinirnnnn
f1 LT_SOfumﬁﬁuﬁuu'lwsﬁ“lﬁumimam ABNISAIDUDIAIDBUINI
wynd ieduRanhiui1Flunimansdazsiia anmgudu 0.00s,
0.02 1A% 0.03 AADAATABATTNUNUAIAT...oo.terreeeereereeeereeii i
wawe s s 7 wiin uaymesim3u iaziniudamaes A
Wit 0,005 TinAAaIABAII NITUAINAT ABMIABVBIA UAN Sum Ty UE
MAIN1INATDI 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 naz 60.0 w1 meluann
Wea ﬁﬂwﬁmi A20731 Filter Baper,Contact Bioassaylllldl e, & i
wave sy lws 7 wiia unngwe Sum3uy wazsiniug anAes A
WU 0.02 TaBAATABMIIUBUALIAT ABA1IA1BVEH RN ToINy e
MAIN1INAABA 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 102 60.0 W MeluanIn
ﬁaqﬂﬁﬁ’ﬁmi M7t Filter Paper Contact Bioassay...........coeeiiiiiiannnnes
rave iy Tns 7 ¥ urymesumsu pazdniugavdes A
Wt 0.03 finddnasaeMmTIFUALAT ABAIIAIBYBIEAANTIINYYE
NN 15NAABY 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 MAZ 60.0 WA Meluanin
ﬁﬂﬁﬂf]ﬂuaﬂﬁ #1073 Filter Paper Contact BieafSaye®.........ccouiiiiniiiniinn
#1 LT, vesthsiuayu s 19 luminanes denisaisveadnduionn
MuyglﬁﬂﬁnFTﬁﬁ'Uﬁ1ﬁuﬁi%ﬂuﬂﬁ%ﬂﬂﬂmﬁﬂt‘hﬁﬂ ANUTHIU 0,005,
0.02 182 0.03 NAAAATADATTIUFUAMAT.....oeoreree e
A1 Lcmmmﬁﬁuﬁgu"lwsﬁi-ﬁ’maq ABMIAVBNAIBOU LASH AANTD
munyu e dudaduiniuildlunismaaswaazaiia aaumdudu

0.005, 0.02 1AL 0.03 1AAAAIABAITIUFUALIAT HAINITNANBI 60.0 LN,

XX

151

152

155

156

157

158

159



=
A1319N

4.56

4.57

4.58

4.59

4.60

461

4.62

M3 (71D)

namnaaeugnamuvesinium ng usmyme fumiu wazabiiu
dandes demssudenisinliveamuynd wdansgulem w10
U MAINTINAADI 20 TU. .o
namImaTeUgNIAmMUvesi s Tns nuyme Sumiu wazrfuiu
Faundne denisdusanisin luveamuyud nasmsgulim ui 5.0
U MAINIINAABI 20 TU. oo ereet ettt ot
wami'vmﬁﬂﬂﬂﬂ%ﬂWWﬂqﬁﬁtxﬁgﬂ'lﬂi HFUYINDS MU wazhiiu
Fandn demssusanisfnIsve s iangud naamsgulim ui 10.0
W1 Ao TUAReREANT/ )./ T \ < Srer NS A R -
nanIaaeLgNDAmMuUYed T I 3 iia weanhfuvenszvey
AR L ENINE S NS U nazuNNATZAIIAN A MTUTY 0.005
faaansABAITIATURLIAG ABN1TA10UBIAIBBUIMINYBE HAINIS
Traes 600 i, & b AEEBRTIRRRERD 2 AN @
pamsnaeugnsAmiusssyaiyng 3 sia saiiueuszmog
adaddaa nrnyme SN U naznsuwaszAan adudu 0.02
0AAAIABATII1IBUAINAS ABNTIATDUBIAIB BUMINYYY NAINS
NATRNDOENY ... e N AT el QP e
AR IMATBUNIAMUYBUFIaI T 3 wiin wenninfunenszmeoy
arddaa usnmeumiu naznsuyaszRdn Adutu 003
finAAAIABAI I UTUAINAT ABN1IAT1BUBIAIBBUNINYYE HAIN1T
TNBE 00T, ano e s msmnesmsmmss o s 64 S s R e 5
pan1smadeugnsamuvewmuyaiyulws 3 ¥iia saanihniuveusvive
&u uruymeSnm3u naznasuyaszrmnan Ay 0.005 Taddnassde

AT TUFUAINAT AON1IA1VOIAIDOUMIUYYE MAIN1INADD 60.0

XXi

160

161

161

162

163

163

164



M 3UYMITN (719)

maedi wih
4.63 nanImATeUgNI AmuveaIayu IHs 3 ¥iia soaniuiuvenszime

& nruymesam3u uazusuyaszrudn anududu 0.02 inddasee

A IUFUAINAT ADNI1TABVDIAIBDUIMINYBE NAINI1INADBI 60.0

BEE, o o mcsmmmna s s 555 5 66 S SR oo 165
4.64 namaNAaeUgNE Amuve sy Ins 3 wila waniifuneusyme

& e Sum3u oz vy aszknan Audud 0.03 inddasde

AIIUTUAIAT AONI1TAILUBIAIBOUIINYBE NAIN13NAABS 60.0

5 T, e\ €2 CZIRINY 7 57 /oy E SN . W 165
4.65 amsnadeUgNs Amuuawmmayn Tns 3 wiia neniniunensymoy
MAURT LFHWINE TN U Az YW ATEHIAD ATATNTY 0.005
faAfnsdamnusufnas den1sn1oueIananSoumuypd vaens
VL Lz IRV /B AN AN A\ Vel === i 1 v A 166
4.66 ran1mAdeugMEAmuveasIy e Ina 3 v amninfuvensyimog

AAUR BN INTY uaznyNYaszRuan AT udY 0,02

fadfnsAenTs IuBUANAT dBN1TA1BUB IR NANTIMINYYE A9

MR 50D 118 V1) L N B (LA e 167
4.67 HAMINAABLYNTAMuvs I mmaiIne 3 wila neniniuveusz Moy

AAUAT uBNYINOTWNT U HaZHFNYAITANIE D AT 0.03

faAaasABM I TUTUAMAT ABN1IAIBUBIAUAN TIMINYBE HAIN1S

PTG BN .. o cwnm v mrm s st 455 55 KRR ST RS 167
4.68 namanaaeugnanmuveansyaiu s 3 wiia neaninfunenszime

& nimesumiu naznwyaszRuan AMTNdY 0.005 inddasee

AT FUAINAT ABN1TAT1BYBIA UANTIMINYBE MAIN1INANBY 60.0

¢ (VN —————— 168

xXii



A13190
4.69

4.70

4.71

15U (718)

Q‘ =y z o
Namsmﬁanqmﬂmuumuwuﬁqu'lm 3 PUA HAUUINUHBUTSING
o £ = a an v
ﬁ”ll UFUWINBIIUNTY HASHFUYWTITAULIAN ﬂ]]ﬂﬁ?ﬂiﬁl 0.02 UAAnAIAD

=) v L o [
AT UG UAIUAT ADNITANYUBIAUANIYMINYB Y HAINIINATDY 60.0
£ o~ ? o
Nﬂfni'ﬂﬂﬁﬂﬂﬂﬂﬁﬁ@ﬂu%ﬂﬁ!lﬂfﬂﬂﬁuu'\lW‘i 3 FUA HATUHIUUNBUISINY
9 o =) o 3 g a an '
Ay UBUWNBTIUNTU HAZHFUWATEHUIAD ATUIVNUYU 0.03 HnnaAIAD

= 3 o d o o
AT IUHUALIUAT ADNITANYUVDIAUAVIVIHINYB Y HAINTINAADY 60.0

o a o 1
Ve uFNN a1 W3 3 ¥R LFNHNO SN U IASHTUNTTNUIAN AD

@ =1 d 9 a an
das1mMsmetynigpg MeusnrequaMs nvive. ...

xxiii

169

169

171



=
NN

2.1
22
2.3
2.4
2.3
2.6
2.7
2.8
2.9

2.10

2012
213
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23

aFUYMN

N'ﬂ‘i%ﬁmlmmnn;mﬁ'(Pediculus humanus capitis DeGeer)....................
520215095 AU Taue MY ..o
AVBBUIMIMYBY oo eeeeee e er e
YIGUIT MU ClNGING LYPe: -2 rrvsmenans reaseeeeesoeesesmneannssansine s
CRILITEL g T L I L T AR R U N PR N, N
R ¢ LRI NN 1/77 oo \, N —
AU IWINTOTFURATIZN oottt Roooorronens
NGNEBI N THANBTURURATIEN . .. oo
nquendm Iudeaadauas 5., e
UL £hT o LA L (AR o203 ‘el SAY/ £ 0 S A ) T
521U (Careya sphaerica ROXD) ... ol s esiiasasains o e eainteconinn
'?T’J (Cratoxylum formosun DYEI). (0. i i ovt oy s na s saia b s shwes s oine
NN (Oroxylum indictim (L) KUTZ). .0l iiat v i s
ifin (Eugenia gratum Wight. Var. Collinae Craib.).............o..iiiinn
3!%8‘%"1& (Solanum aculeatissimun JACQ.)i s ioaiu i aea i iiiien e inntee e
LI (Salad UM OIS Wy N e oieearere N i
AU (Gareinia sehomburgkiana P1EI1e). ... qe. .o @\ cosfle e vonienninvevne
e N LRl e b e 1201 8)72 S RIS o s
Endady (Solanum Dobesag ] ) B  isisssisesisiessas s e
uen (Solanum stramonifolitm JACQ.). ... ovuieiiiiiiin e e
Aua (Citriis aurantium L.):q coomansvonssws s svesm e swanss iawsesimoni vasmessssine
ALND (Zingiber zerumbet (L) SI). ... . couurovsees vosasosssinsonss ssinvsassons sssissis

ﬁuﬁuﬁ'au (Curcuma zedoaria ROSCOC.). ... iieearie i ie e eaae e iiriaeaenanns

XXiV

10
13
13
13
13
15
17
20
22
24
26
28
30
32
34
36
39
42



ﬂ'l‘ﬂ'?;
2.24
3.1
32
3.3
34
3.5
3.6
3.7
3.8
3.9
3.10
311
3.12
3.13
3.14
3.15

3.16

3.17

3.18

1SUUNIN (618)

NMUAUNIIAT (Curcuma BIEIL Y it 5 S RS S T RS S S A
ARDUNLIYAIUUIA 25%30K 15 IHUALIAT ... .eeoveenerrenieeeeeeeeee oo
TuTastilad Micropipette) ¥H1a 10-100 T TATAAT . cooocvecicic
ndeegans smiliuuaiaes 1o (Stereomicroscope; OLYMPUS®)..............
DIUNARBIVUIAIFUAIUFUINAI 5.0 IBUANAT T L2IFUANAT..........
11nfu " iivs ) e N7/t or SRS %, WITPRRIRERE
NFLAIYNITDY Filter paper Whatman NO: L eencncenoeieeeeeiaesieeesnain e e
T ATGRLT T — N A Ve AR "N o 2" e’ — WUURRRNIS. W Vo
mqugma%’ N3 (Scully shampoo" 0.5% w/w permethrin).....................
UFUYAI LHAIAN (Johnson's baby soft shiny shampoow) ..........................
= TTE 1 0nannnn A /s e s SR TE S coronon N A 1 1
FAUMLAUIR SOXESOK0.5 IBUABIAT. .ovie oot mmneins oo
A AL TR TR (PLANKION NEU). 1 1. ten s e it s s smbn ek v e mes o
HotPlale. ... 000 ke - Balfdr - oo D AR ooy -+ QO -+ seningeden f M
oheadnaia .. LA NC L [SAE7 L. ...t
uauAnsAnEINg szmavesna s uaninG sueuuialu 3 waves

AFUNWUMIUAT (PATNAL AB ATHINITANYINITZLIAVB U

FUABUNITANBISATIMINS sZUIAve UMY BRI MiniTouey A
O T DT A TR Y oo pmmisnssisars s svssmns usmmssevesnse
suapunsnareulszans nmusamaiu lus aomsdudamailn o
MY BE U B GUANT (1)

o

NURAAAUNITABUB UM IMYME. e

XXV

60
60
61
61
62
62
63
63
64
64
65
65
66
66

67

68

76
77



=
NN

3.19

3.20

3.21

4.1

4.2

4.3

4.4

4.5

4.6

E.= _Jeuid ¢ 4 Z
RTRRTE )G | P T S YN AN X Y AT e i T o f (8 SR 3 R

U )
MIUUNN (719)

suasumInageulszans nmusmauyayuIns anudududie de
mImeve A8 euns edufnTssanuypdluan mdealfiians (-
N UATAATUNITAIBUBTIMUBE. oo eeeeeeeeiseeeere e
Suaeunsnareulizannmussihiiunzusymyulnsdemsiida
MUY BIUBUANIREIM. ..o

sasNsIsUIAve Iy Bt IAMInE sneya Sunaiudive

a do o

§931113 32 VIAVEUM MY BOINUAMINITBUBYUIA TIIUAATNBIGUD

Y oY Wl &l e o
§@31013532IAYBIMINY BIRVIANIIANI BUBYUIA TIUAAMINAVD
§A31MITTIAVOINUYHIRLIANTNGsUB UL ID TIMUNA TN 1gUBI
VRS U e G AL A M@ QL J ...
g s ‘:i 1 at g‘.ﬁ v
LT, vouiiuayu lnsiildlunsnaaes demsduganmsdn live am
o ' "’ ¥ o ~ ~
uynd lumsnanesgu luliniudazatiauu 1.0, 5.04ag 100 M.
¥
a s a a 1
HOUOANNAD NzAYU Fud IBUYNTINTU (IAZUTUYATEHUIAN AD

o o fo d oA ~
ﬂ’liﬂ1ﬂﬂ!ﬂ1uuﬁﬂﬂﬂlﬂﬂu7—]!3Uu“lﬂU!ﬂ'l .........................................

XXVi

30
81

86

98

98

99

99

120



1.1 anuwiuin razanudinyveaiym
a o o @ 1 a o 4 '
Tagriumsilessumisaunaslasaun wionlfmsaiidunnzt manzldaudig
=1 o H 1 @ A a o d a o d
murai tazsiaign swnanyd Judegiuiinaanusinlszlnnmsaidunsisnnnungn
a ' 4 v Aa X 9/ A o o o W
Smhei Tanntesania ndnafinavusinmsFmaniduss iz lumsdesduddaumauiu
¥
szozanny dawalfunafasnudiumudemanistiniu uazdawarh Iinsdesdudiie
g " o Y -3 e -y o/ &
nuaslunsaae i 1dmnvunaz hifadszansamlumssanis smdumnsuguues
1 ' g w i 4
Uszma'lne nuasiidssansenudeguninveusninisou nonanga Ae mamyud ms iy
A ot A A - & A VoA & o & Yt
naufounouenve s pimgatwdsaLuRT BT VesyBdigweduRgaiiue s Tavh Ivign
a a at 1 = 3 4 =
Humufaeimsdumidsszediann Jaumauainmstiiaiguesnnuybd uazinansing
' a 9 a A a A a o o 1 9 g t-g
pgregun s misdsuzifanizeasnudemaanna duaungyihiiye lsauaziye
nuANI o uNI AFBU 19U Ricketisia prowazekii, Borrelia recurrentis W% Bartonella quintana il
o 1 ~ " L] ~ ~ tg
#u nazililgTsaan1izTatinv14 (Sunantarapom er al. 2015) TagaaulvgimsAamunayun
a = @ @ A Ty % T ) A A 9 d'l P
M3t HrAafuve wanaluaseuasafiagimduesinlndsa gaafites tazimeurdsiiium
¢ = [ a ] = a o ¥ 1 g
a3 19a e iy W w3 winn Audeda iy vannguenni uazdiy Mudu sauma
gy mayusansoszia1analan (Clark ef al. 2013; Leulmi etal. 2016) 1z 3in1353119
pgnan e naluraielszma 910 13FANIVBE Yousefief al. (2012) 31814 MITLUIAVDAUNT
=y ] a o ar A 1) a o @ A —
wypglulszmasni TiaminSsusulszondnediau 1,772 au sruaniniseusnendisn
o A o 4 o a Z 4
926 A AT sUNGas 11U 846 au wuswAminEeunmuadidumuypd 20 AU (1.1%)
o =1 a4 LV | -~ 4 v o o
SaudminG sumonazif mini sungeiiEunnuyed 91U 6 0.6%) 1az 14 (1.6%) A 1Al
. ' o T | A o
Zayyid et al. (2010) 31847931 M3sTLIAYIMIUYEE luAninG sunanudua iz lulsema
- v A g @ A a| ¥ v a @ A A al vooa
wuade wud TdndinGewdunnnaue 40.0% Tagwun madnisungailunnuinniuen
v
NG oUBIY 65.0% AL 25.0% AIEIAU UBNDINU Oh er al. (2010) GI518TUNITIZTUIAVDIN)
dhl d @ A d o ¥ o a v od e A
wypdlu@niniFousyianaz@ndim S1uau 15373 au Tudszmanima nua mnniseu
d o @ A a I | L |
aymafumuypd 4.1% TasdninGeungedumnaniduaminGoune 6.5uaz 1.9%

o w ' =] ° ' o g o A ~ 3w a
amday aadndmdmun dumnuusd 66.7% Tasiaminis sungaazanindousislinig



szuaveamluszaulndiRvenufe 68.8 1Az 64.7% A1 1AL 9103189 1UUBY Toloza et al.
1 3 o a H ¢ a d ¢ o
2009) Wu1 thnniFsusulszoudaur ludszmanisnuaunilumuynd 29.6% Tasan
@ A =Y o v a Y- o o [
WniFoungauilumuyud 36.1%) 103 uANING sUTI8 (22.6%) Mud1AY dIMTUMIIELIN
o' - 1 d LY | a 2
Yo UMMy B Ul sy mAs19AB132118 Gharsan er al. (2016) 31891U IANUNITIUNYIYY
d| o [ do o
dszaudAnuutlummuynd 45.4% dminludszmang Insnumsszaveamuyusiuan
¥
o o/ o a
vnideutuilszoudnm Tasgninsel 2ssaiy Tydnw uazanuz (2547) 1199UMIITUIAVB AN
do & w A ¥ = ' 4 g o A a
wypdiudminGeurulszondnun huvauand wud dumiuyud 26.0% TasRninisounda
v od o o o 1 :
Hununnauaminii suws As 46.5 1ag 3.1% AUAINY UOAINT Thanyavanich et al. (2009)
do d o A P o o v
SIBOUMIANYINTTZVIAVB UMY I LIANI RS sunfsrudszaudny Tudamiasmis nun
¢ & . Jo o
lﬁummuuﬂ 86.1% 3714 Rassami and Soonwera. (2012) 371891UNISIEVIAVBUMINYBUNUIAN
¥
@ A o v a =
Wnidousudszaufne serinern s-12 1 luwamansziis agammnnuas o Aumuysd
= =1 o A -~ o =S T o
10 23.5% TaodninGoundgauiumnyudninda 46.9% vaz lunums ssuaveamuy g
o g o A .:2‘ 1 a @ A ¥ =
AUIANITNIG 8U¥10 UBN1NM Ruankham et al. (2016) 31091431 1Anini3 sususzandnyilu
o @ A d 4 d o A S o = "
S iadees fhumuyud 15.1% Tasdminssundgaiiunnuusduinds 32.6% oz Linuns
o o LY ' a 1 =3 L Ly
semnaveamuyEEAUAnTRE U asuiy a9 lsAarumsesiuwamiuyydhualegiu
o = ar d 1 o o v A A ) "
fonlFmuatidannsiiludamna Tasmmzmsmidunsizilungulnsnsu Pyrethrins) 15U
o A =& a g 0 W A A & ' v & "

MO TIMN5U (Permethrin) Fanaabunsuyidanmninedmivegnaliluviesania Tag
4 Y a 9 o =) — s
sannseio Tannazanznssumssmisiazeves mosameSumiudlumildlumsinm

¥
Tsndia Tsam nagTau uamaime snmsuin1flunisdestudrdamniu Inansenuaed 14
Ty IiAne1nsdu $nnszen arnguaneshild szaofesamaziamic ueninil msld
@ o @ d U o o ¥
msanduanzimsannuyyaiuszeznaiuu dwai bimuysdiiaanudiuniude
¥ ¥
msmiidunszd nagsi ldmssdanmuysdluasae ldnaduinnnningy uenainiigad
' = = A ol EL 1 a A . =]
01 vavdszmanimaanldasafiduasizilungu 1winsu (Pyrethring) nagiisiganu
] v 1 -~ ] o o ~
AMadunnumuysddeassimuangy insulunareldsyma 13y dengy, 81519UAU,
@ ~ A I~ "
ansgemin, ¥y, muwingn nazesmasiay 1Hudu (Lee er al. 2000; Downs et al. 2002; Kim et
al. 2004; Kristensen et al. 2006; Durand et al. 2012; Devore and Schutze. 2015)
3 w A o 9/ A o o
vinfaymmssznavesmuypdluaminiou nazauasisninns ldmsmiduasizy

o & a %S ' [ a o A
Tunsmidannuupdiu lunidveas sl JujsAnuimsannisszaveamuyug luaminiou

auL1A UL 9UAYBINFIMWINUAT (WA T UNHTU 1aza1ARTEAI) HAZIUINMIMIIAIM]



o o a4 Y o o ¢ & A a 0o ¥ o

uypeRmmnzay nazilasans Tasndnidsenis Idmsaiiduansy aaldidenisnininiu
b 2 -
ayuIwsornfiziuiioswadlngnin neile viludes uazhiuduminal nazusuyaulnsen
2 ] oA A o Y A ¥ = ¥
aszTau aa ma1 din wzdledu uzidenas uzdu uzndunie uzndady uzdn nazdudr ndnw
£ v v 8 w a wa o W

aniaemsarovesly daseu uazduduiomuyudluanimiesd fians uazmsdivam

R o o d o P 4 2 ¥ -
uypgdaih I 1FlumsdsamuyusludninBoufidumngd samaisayulninms 14 viia
A o 1 C’l’ A A d o 9 ¥ =1 == o
shudnuluasedl duieiuyudhinlfdunemisnazdue Sadianulasadslums

o o o o 4 L] 9 v g; [ = A 9
i 1Flumsdestuisamuypd hiandeazanluinme sumadaihulinsaeduaden

s d oo
1.2 fngilszaanvesnsing
A o ' o o o A
1.2.1 Mafn¥sasinisunsszuiaveumuypdiwaninGaueyuia Tuniauvaves
ngamwuuas 1aua wagda dnaiu nazaanseiie
A 2 aooa -~ ' o =1 A
1.2.2 fedAnuszanTmmuesusuyaapuTns 119va Taua nszTau admnt o uzive
S [ v & L 1 o
Sy uzdonae uzau vendunie nzudedu ugdn uazduddenissugamsn lvvaamuywd lu
ammwelfianis
d‘g = a  a Io‘ o a ’ = nw 9 r o
1.2.3 mednwlszantmmveninfuaulus 3wia 1801 neNie viiudes uaziuaum
] Y :’J v o 9/ = en
a1 aemsgudansinlvue wnuysd luanimiesfiiams
4 a A =Y v 2 d
1.2.4 Wednpsransamveaman Tws 11 wdia 1dud sz Tau aa mn uin uzive
A A a - ¥ Y = 9 i @ v - s
Fu nzdonas nzau nzudane uziddy wzen uazdudr dentsaisvesdiseu nazAIANIY
d 9 oo
muywd lugnwdealfiianis
d‘l = oA %’ o/ = 9/ r = g 9 r o
1.2.5 meanynlszanTamveahiuanulns 3 yiia 1400 nefio viuges uazuAUN
v [ v a4 w o a wn
1131 ADN13AIBVEIRIBRY HazA AN Tauypd TuanmiesluAms
4 a A Y
1.2.6 ednylssaninmanuamurnimvessuy uazviniuagu ns
A A oA s =Y 1A a A A
1.2.7 idAnwilszansmwusausuy uaztiniuayu Insueria Miidsza@nsnma @in

9/ [ o o do o Y= | A g o
U9 1.2.3 uax 1.2.4) @Iﬂﬂ'liﬂ'l‘i]ﬂl‘l’i']ll"l;llﬁﬂﬂ‘l.]!ﬂﬂuﬂl’iUu‘i’IJ,ﬂ“Ll!ﬂnﬂ;l‘HU

XY

1.3 v@UUAN13198
= [ do @ o A v v d W '
ﬁﬂ%ﬂﬁlﬁli1ﬂ'|‘i§3‘]J1ﬂ‘lli‘]ﬂl'ﬂ"luig“}_lﬂﬂﬂ!ﬂﬂuﬂliﬂu@)u‘lﬂﬁ Tﬂ!lf:(l]ﬂ’)@ﬂ'lﬁiﬂﬂ‘llﬁlQﬁﬂﬁu‘ﬂi
do 4 o A v = a
sAve I IIYEETUIAMIRG sueyua luwvavenjamwIruas 1dun wagda Unuiu

uaza1ansyie Tusadeu MaunIAN 2558 — 1ou 2559) BN Anp1dssanTniwue sy



Y T o & v o 1 @ 4w d
nazihiuayu lwsdenisdusanisiald denisaisvesdideunazduaniomuypd Tuanu
ey =y ~ ’ﬂ’ o -]
HoaliiAns nazAnulszAniamanuamuanimuesnsuy nazd uivayuns sudemah
Y Hdq ¢ ad ¥ a en o @
sy nazriuayu lnsh iwodnge lunismase sluanmealjiamsumaaeumsnivg
do & @ oa A o
mayrafuaniniE ouidlumuywd
£ o e = A 3‘: - = a =)
1. oalfiian1sAgine %u 4 Anyuwa amzma TuTagmsinyas annfumaluTagnse
20ARUTIAWUNNITAIANTZI AFUNHINIUAT
=) =) o - =) o
2. Tsaoulumamangamwumuas (ssSoudadsznseiiesssy, Taaouiamany
a3, Tssdoudansmams, Issfoudagluie, Tsseudadunsaluas, TsaSoumauquni,
Tsaoudaaauy, Tsasudaaszii, TsaGousausuiing, Tsusgudnuaunay, TaEouiailgn
ainm, Tseitoudamansziy, TsaGouianiuym, Tssisoudawainiid yaz Tsafoudanslom)
=1 ot = o a 9 =1 d = 9
uasuron (398 suianesdes, Tsaiouiannauda uazTsaSouaznm) uasassa (Jseidoudu
» 4 ¥
youide, Tsaourhiu Twsen, TaeGeuthuTwumes, Tssdouguwuthinluld, TssSoudad

magule uazTssSouhuTannsgd) azawys (Jasfoudadinmy)

o v 5'55'7
1.4 Wanmaz A5y
a a d w A Py
1.4.1 mm*ﬁ'ayaﬂmm1ﬁzmﬂmmmmgwfnmﬂnumsauaqmaiumqmﬂaﬂﬂ 1l
U HAZAIANTTLI NFINNUHIUAT

~ e = e o e o ¥ ] d
1.42 nuwiaveausuyayu Insitilszansnma aemidudansia livearuyud

=Y ’o‘ w 14 a e = o v ¥ ] s
1.43 wuwiaveuiniuau lwshillsz@nnma aemsduganisin lvveamuyud

~ = PN ~ o @ @t LUK | ar
1.4.4 N31uriavesnsuyayu Insnudszansnmalumniwadiesu uazauaniam

- 3 o 4 o o =) o o @ 1 w o e
1.4.5 narwytavestiuiuayulusniidszansnmalumsmaaiesu Hazauaniom

¥
o

1.4.6 NIVANUANUAIAIMNIFIN B IsIY nazti v ayu ns
9/ A o o o o o o 9 A
1.4.7 ﬂﬂﬂ'ﬁi‘ﬁﬂﬁlﬂuﬂ%!ﬂi1$ﬁ1uﬂﬁﬂ1ﬁlﬂkﬂ1ul§‘}jﬂL!ﬁzﬁﬂW‘HﬂﬂﬂNﬁxﬁll“llﬂﬁﬂ'lilﬂll
o do_ w
ﬁ\i!ﬂi’lg’,ﬁﬂ'l‘ﬂﬂlﬂ'li\ll‘!ﬂfﬂuﬂﬂ1WLl3ﬂﬁﬂM
A 9 o/ oo e d o o oA o ooa o o
1.4.8 e lfifupuamalumsiannrdanusimdamnuyednidsyansnmlunmsiia

A 1 @ g A =)
wmnpdlaa ianlasansaed 14 nazitluilasiudaiadey



uni 2

U

Av AA Y
JTHIVUNUNEIVUDY

d . ’: = o
MUYV Y (Pediculus humanus capitis De Geer; Phthiraptera; Pediculidae) s’i'luunmﬁﬁ;mq
ot o o ’ a & d o
msuvmgnnanudidyetianndnaiianiliwegunimue B IasmMIIANg MzMuyyd
r=1 ::i = =1 - | o A L] = =1 o 9
unuaudoumoueniigafuifeauumisiuzvesyudiissedrufsaiueims linavirld
as o o i ar 1 ) LY " o
miwiyzsmay wes fuAusuuas1anionga Tnsuvgania vinkeu hitoane tazuaaund
Tuntsizou maomsgunssi iiaannzlatasieden 1o dideiiald dimivaesiia

a ~ v o W o o A
maw3anTa miszna naznmadesdumdamiuyd fiswazidennail

2.1 29953 InVeINANYNE (ugs1 qudisz. 2560; gu19R 01332, 2553; 01AN Fa4I9)
uuﬁ. 2538; Brannon. 2017; Jahangiri. 2017; Lang. 2017; Nunez ef af. 2017; Meister and Ochsendorf.
2016; Sangare et al. 2016; Wolf et al. 2016; Denise et al. 2013; Sonnberg et al. 2010; Nutanson ef al.
2008; Mccage et al. 2002)

muypdiininesaay Tanuu himuysel (ncomplete metamorphosis) sznaud e 3 3302
#9 14 (cgg Y138 nit) #299Y (nymph) HALANANTY (adult) Sa (i 2.1)

2.1.1 14 (egg 130 nit) (MNF 2.2)

s Somadiomnnd ie 18unsnaniugi sudesudngndly1dinge fuaz 6-10
Wesdeiu dnvazveslinniduagu amenidszn 0.7-1.0 Tadmas anunhalszinu
0.3-0.5 iadmas nazil aeropyles 8guu1 1917 (operculum) Ysgana 7-11 ¥99 Favineid
nanlasuiaeendoudueimd sves lulfam TunswIapan Talszaw 8-13 Ju Taineenin
fludreouis |

2.1.2 $388% (nymph) (M1 2.3)

weeuveanmuypdmauiuteldes Uszneulide v1 3 § vaziivuaa 1 g hifide
nazdansesnidiu 3 dau Ae dauia dauen nazdiuies dauiilizneulddremrdn uay
w3 a5 1 g maudazdad s ddes dnsaziinuuuinizga dauenii 3 Udes Tasuig
W AN YL IR (Clinging legs) (MWl 2.4) dauvitlsznen o asns (Coxa) Huildes

A2 A @ o w o o3 9/ v =] a [ o v
JIUNIAAANUATA jﬂﬁl!ﬂulﬂ'ﬁlﬁ (Trochanter) Wuildesassinaa nsidslvuiIa@an %3&%11“‘“1



4 J a ] A -
wasulm1dazaan iwed Femur) iHhuldeadoriivunalvg nazerfigavesldesymnua
A a . d Y A a v oA ' P ' . oo
iy (Tibia) 1TuLdeshena Fo1 81992011 M50 INN IS TAsdIUYeN tibia IMUYBEUU

4 ny Y] ] ' A o o =) a
swiusendiudiesadietinianiile Son31 “Tibial thumb” M3Fe (Tarsus) i 1 Udes dnwuzidu

=] ) $ 4 o | ~ a J
Udeadnqauq Nl lunisnendunn1da uazilidy (Claw) egilarsgavewilles yinuaIU
v ad @ o . < '
Rosil 9 1/8eq udtusanuiiog 67 Udeq owldesgastoiiue oz dunug (Genitalia) udny
A v a & o @ @ 1 oo v &R o
Ydesiigmele 1 § aziivienrmanszarenidida daseunmuywdinamua 3 3o Fssuunldon
Fad1UTEHNHIAUAUINYIB AB AU 1, 2 naz 3 Hvwadiale1dszua 1.0-1.3,1.4-2.0
Hay 2.1-2.6 aaas NAAAINIEHISINYeAVINN D IIAY 1:2.8, 1:3.5 1A 1:4.3 mud1ay
Taosmudaszezasseulfinarlunisuiy@uiludaduiolszmna 8-10 3u
2.1.3 S16N38 (adult)
d =1 d ] =1 pr =] _ o~ =1
muynmadivuaidnn dunaiiis magivuadszua 2.8 Hadwas inaiisvuag
- al o ' ¥ - o
Yszanm 3.2 Hadmas anuuandsenhawaguazmamiie Ae ddeslmsgariesveumuyud
Tnomsiiigiie Jo1d m3021918 (gonapophyses) iid nnaiz du izl dndrefugldaduidag
W) egfdautlnieies imd 2.5) daumadiio Soarduiug (sedeags) dnvuziunvialarg
4 A o o § ] aa
uvangues nanieldesgarisdnsuzduzdd 3 (v) (mni 2.6) B9Tu 1 2993830 @1n3zey

Toudeaninie) 1dannlseinm 21-30 Ju @gungil 29-34 peruwaiFea 1azaINBU 70-90%)

a v d
2.2 91013 HAaZNINAADUBIHIHUHY
o ar U = o Iy =) =) s
myudn TR IUURHZINEIAARANA) nazgaiudeauuAIBsTues Taglu 1y
o -~ - 9/ : @ = 1 g é ]oJ
muypdizgatwdealdilszinm 4-5 a3 Tngmsnizganmisrsuziazldenime daluimg
g ) d o A ) ) S a oA 9 1 '
mypdimsiumanddeudean dre smiuzgeiudeaiigszuusese s uazlu
sy igaiuidennniinsvunisveudeiinanyuzauasadieeninidmisiae v lddadu
L ~ ' é’/ a s s |l é s ~ \
msuAsyzen1 N winssnssnynandandsliensauegenzznils d1msun1sAnAeveY
&8 a A A A d 14 &2 An 1 g v od da
My &Il 2 uuy Ae msaade Tasass ninaudidumgenauniian ithum wu RaiEou
A =] ar A ' oo el s A t'k —~ 1 '
aglurtesFouRsrdu vemitugnluaseunsaifesiu nazBnuuuniisde madaden1adon
Y A 3 o @ A A Y = | o 9 A ]
713 1993 11l3 3 Audada 1A vuan vueu w3 ed1vuIIMAY Unavi IIRaMsIWI SEIIAYE AN

wyud 18



‘13 T

14 (nit)

@veu (Nymph)
/s- 10 %

fudiado (Adult)  21-30 v

. = o
AW 2.1 2995FINVOINWYYE (Pediculus humanus capitis De Geer)



1 a a " o
M 2.2 szozmsisanan Tnves lumiuyud



: o 1 o ar a1 o a a1 a
NN 23 1) AIBOUIMINYEE T8 1 1) AI8UMINYEE 3 2 A1) ABoumIuYYE 303

Tarsus

Tibia

AA 2.4 VPMIMVY Clinging legs



MAANDIII

4 w & a =
Mwi 2.5 daauiumuyudinenile

10

P o @ e o o
NINN 2.6 AUANIAINYHUINAR



11

WV o d oy ~ o [V ]
2.3 matlestumdamanyud (uys1 quéisz. 2560; gn1ai Runaau. 2540; 85y ukvala.
¥
2547; Clark et al. 2013) ina1835n15A9H
9 = @ o @ o
23.1 mslFmamiidanszilumsiesdudisamuyyd
o o " @ a ° A a o ° '
msmsamuypdludpiuiinnihmnaiduaszdunlddusivauun Tasuds
i 4 L s qy
ponilungue1e Asil
' - o o I'd . A
2.3.1.1 nqu Ininsedduns ey (Pyrethroids) (MW 2.7)
A o @ e = d o o a  w g o [
Msmimsamuyyiniaulszneuyss Ininsesaduns sy uaznaaiuy N IMie
9/ U ar d' o O ® é = d =Y
autesamalullsema’lne 15u asadusunitam® Faldiulszneuveunesumiu 0.5%
; : A % ¢ ¢ o
wiw (permethrin 0.5% wiw) 4913 lunguiinavin ldinuyudag Taovi Ifmuywdinsdu
[ " o o a & & &
sumaes1e33a13 A Tiae ndamniuseszesriialszine 2-3 %3 Tus mayudenezaomie
a
Audg
] o o o« ; 3
2.2.1.2 nguessni luaasiudunsrzi (Organochlorine compounds) (NMN 2.8)
o o S 1 A A a o 7
msmiifisamuypenidaulseneuuesmsenyIaae 15 s Ianieamau Falnaanuai
a L] " r - é = 1
simitgautesaaaludszmalne 1wy aSusimudnsu® Feiidaulsznevves Gamma
5 2 = y e o
Benzene Haxachloride 1% w/w (Gamma Benzene Haxachloride 1% w/w) 3 9e13 11 NQUUUNAN 1
mnypgae Tasvmsszunlszamusannuypd damasiihivuae uazvivesmuywdiia
gmssanizan Husumanazmeluniga
' ¢ o @ o =i
2.2.1.3 ngueaimludaamadun sz (Organophosphorus insecticides) (11N 2.9)
A o W Sy 2 A A o JA o ]
aamissanuysimidvlsenevvesas lalnleveamasaiindanuysiniimiie
. $) 1o .
amuesaaaludszma’lne u o-lTara uany® Falidauilsyneuue s Malathion 1% wiw
. v x;q o 9 d o v ‘-rl'
(Malathion 1% w/v) a3 lunauitiinasi Ivimuysdas Tasmsvihmeszuulssmmuaznaiuite
7 = A o d ~ 1 o o &
youn iy Fanamiidaunsiziitamsims adunudhdrdave snuynd nazdr ludusems
wamvesew laiezdan Taduemaaise a1 uazvive amuypdinae1n13%n
o o A
nszan usumanazaislunga
2.2.1.4 ARUASIBMAUATIZH (Carbamate insecticides) (NTWA 2.10)
msaimsanuyeiniaulizneuveseizanmmiianisvimm Taelindaduain
o ' 1 F & 1
Sinhamiesanialulszmalne wu alWusuy® Seidulszneuves Cabaryl 0.6% wiv
(Cabaryl 0.6% wiv) Baen3 Tunguiiiinavir imuysdaie Tasnisviareszuudszaniay

g A 7 & o @ o o g e ¢ o
ﬂﬂ11]luﬂﬂ@@lﬂ1lj”ﬂﬂ FIANTAUTIAIISHINAN TUNTNBUATHIVTATIAIVDIVINHBY !!ﬁxl‘iﬂ.lﬂ



12

o & o d oAl 1 o da
ﬂﬂﬂﬂﬂ1iﬂ1€1uﬂ]ﬂﬂlﬂu1‘]ﬁﬂﬂB‘lfﬂﬂTﬂﬁumﬂmﬂﬁﬁ mnam‘iﬁnma HAZV1vUBIvINyyuing

o 8w a
BINITFNNISAN sﬂuanmmm:m zflwnqﬁ

o e o oy ‘!'l
2.32 mstlesdumsanmuyudlasgiinsdug
o o a o o o d o (=

Tegtiuuenninmahmaaiduasizdinlglunmsiivamuysd dmud Inainvany
Aand . ¥ A o w s '
smhinlFdumadenlumsmdamuynd 1dun

¥
2.3.2.1 MIgUasnEIANNAeIAvesi1eme ided nazduny 13U aszauesaiesiudu

U 130 2 TUATTHNAD 1 AT

2.3.2.2 msevlesi viems Idanuousuduny vy msldasewmtivntaduny

2.3.2.3 m3lgayu Inslumsdisam iy mslFludeemiimaguiiumaesszdningu
A3 (MBIANT IV 2 mATNaied 13 U131, 2556), 113 1msana ludeomiminduny
manauwngiru Tne sw.gInalnan. 2560)

' =] ) T oo o o ar
2324013193500 15U M3 15viadioaa1esny Ma 1l dadeunieadudsusun

UYHEQAB BN NIA U

]
@

2.3.2.5 vaniagamsagnaanugmiumuung



13

= ' = o o o P ' o G o L4
il 2.7 ngu Iwsnseddansign NN 2.8 Ngua s lunasIuduniiz

q', 1 o o 4 d’ 3 o o e
21N 2.9 ﬂQHﬂBSHTIUﬂBﬁLﬂﬂﬂQLﬂ51$H DINN 2.10 NYUATTUUUNTUATIEH



14

2.4 WyayulwsminnlFlumsisaymelFlunisfinm

nszlan (Mnn 2.11)

g = d
Yo Inmmans Careya sphaerica Roxb.

&
yomsiny

)
FAINHINOI

v
- d

¥

D

Tummy wood
nszTauTan @) Anijo vile) YonszTau (14) Audn (ha19)

Lecythidaceae

anBawmangaEman’ (Raun nIndnsy navauz. 2548; Wunu yaozlszaas uazesys Tya

FI93 QYN3. 2539)

RAT

1y

AN

g
1aa

HaO

HRAINM
ATITNAY
Ha
o
wan
alden

T

Aan

Tiguduvuiunars anugalszane 8-20 was insduavinn Seuveaiilu
" o
WupaUULIAEN
= 1] = = o "] A L=
duluRegdle adueeniFssioususulaions vinalundie 12-15 wudas
anlszurm 12-20 suaas veu luvsneenuuuadaniiuluod 2-3 wudas
3 1 ] 1 =
20NA0MUUABNIAYINTO T 2-3 AN NDUABNUALAAVUUDIABABEIGAY 4 AL
ARNT TMABINIa 339918 nduRensEIm 1-5 12 Taundauasnyeunwiiu
sulszals nasaafuadiuy daeyduessuunn
[~1 [
waaiugilla
" =y A A ~ a
nala nan ad1elszuna 5 udags 911 65 uanas nawes moluimaadly
FIUIUNIA

X g "o
vuna el uugewssu dhna

funedosemis 1hjmainasa
Husudiy
umhidusniuoudtesde

1ol auna

11139103IARBALAS

[4 = . . . .
aandsznaumand barringtogenol C, careaborin, careyagenol D, careyagenol E, ellagic acid,

hexacosan-1-ol, lupeol, maslinic acid, ﬁ—sitosterol, Ql-spinasterol, Ol-spinasterone Uataraxerol

= as =1 4 a
gnEMadaIng cuunka udmasgen uiilaiies ndvia nazudle

aaunisnIFlumsiway : lu



AN 2.11 3z Tau (Careya sphaerica Roxb.)

M) §1du v) wa a) lu 9 aon

i gwdoyaayulns auzindsmans uninoduguas1wsiil. 2560



16

A3 (NN 2.12)

a [3
¥RINNMAAT Cratoxylum formosum Dyer.

B-

3 . 2 2
Youdins  ndwTve (Muyouy3) uda (14) Anar (ae) @rdu uass19au) aundes (Ine)

Y & a a
AU (NA1IATUASII¥TNT) Audea (wile) yTAz wuaFe-usi3na) sud

o d o v '
(“ﬁﬁ'f!iﬂ“i) IHALIAI LY (ﬂ:"’s’“l-l%fl\iiﬂ‘N) #1113 (ﬁﬂﬁ)

- d

¥R Guttiferae

LY -1 o = a
ﬁﬂEmzﬂN'ﬂQﬂHﬂTﬂﬂ% (Wayum ‘Iﬂi‘ﬂifﬁlim HATAME. 2548; Q'li I3UIAANIG. 2547)

)

o ¥ e 9/ g =2 o a [ o o 9
ddu  Nduduvuaidantwwuianats waalunazealulvindeunusenasn a1dull

Py

1A ﬂ 1 &’ 9 v 9/ = -=y 1
wuruseuq urnsn1ues il uns sy e Iifaeudrauviienr asgiviaunud
%’ =) 5] %" ~ - o 9
matdumies Mg antisr¥uesnun ANuged1au 3-5 1was
Tw  wuneuzllindu vinandie 2-5 iwudiues 012 3-13 wuduias seniflugq ass
a J 1 9 ¥ U
Tunu Tauasuissuaaunaeu hiimalasluTasenilarogaaeuiuiie luseu
=) g = o
TihaaneaEouihaiuag
P=) A ] <
Apn  ATNYDUAL NAUNBNTIUY BanA YN lUmAn
v A 3 =y a A U roa @ =)
pa  3US1IS v UIRnde 1 IuAas 811 2 udAnas Wisgauninanties Julnu1d
~_y =) H LR d %
AaenuAa enndvananeendu 3 nan waafihan
=Y =y v =] o ~ FTRr=1
HAINM ¥ead 1 1lse e 59 thannwsaw nundsa
aTINA
H ¥
N Mmssguanveaduni
X =
sinmazlu hduiudusndiiates
o ¥ = o ¥ 9
iy ssnaasadiduniudau
d = L b . 4 . .
aansznsumamdi xanthones, anthraquinones, tannin, flavonmd, cardiac glycoside 11ae alkakoids
o I's ¥ ¥
gnIMmand¥Ing msaianndaulignslumsaenuaiiis Auke s aunquedlsanain

=1

nazligns lumsdueuyaddse

ayunvianlslumahusay : lu



17

PN 2.12 27 (C ratoxylum formosum Dyer.)

n) d1du v) aen a) i

1 gudeyaayulns auzndymans un1Ingdvguas 13513l 2560



18

AT (MNN 2.13)
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MW 2,15 Uz (Solanum aculeatissimum Jacg.)
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%a’Nﬁ Guttiferae
Snuazmangauman’ (lundu yueiseaas uozesyys Iyasoniamns. 2539)
adu  hituduges-7 was
v lu@aBesnsetmglvenviu jlluveaniegd liunuvenvuiu nie 23
IFUAILAT 817 5-8 IHFUAIAT
asn  aenveseniunszynfizenly usninseguuduiRenu nauaendimiesdu
Wa  waaagUnszade sanfiuasa
fnainm wumudmsiazrussiauthasdunds fauddiahalsemannaide Togriuil
msdgama llannfudeunieau wyldynmavealszmalng
ATINAY
s edwvauud l9nda ud vz YuenTatia Az ludiae fusszing
20U
nldendu ndlaviusze udTonaszy
Ty udwia udle ifnszde udihmemiln: udszqide suren Tafia suidamos
aa ez HenTatia udle
23nU32nBUNI91A N Garcinia schomburkiana diphenyl compound; garcinone B, 3-O-methyl;
xanthone, 1,3,7-trihyroxy-2,5,8-tris (-methylbut-2-enyl)-6: methoxy
qﬂémaméf'ﬁwm ﬁ’néf"amm’%mmmnﬁrmaﬂ

o .
dauihsnlFlumsiusay : #a



MANN 2.17 WA (Garcinia schomburgkiana Pierre.)

A) 9y ¥) 1 f) wa

28




29
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YoInemnans Solanum trilobatum L.
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32N (MNN 2.20)
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NN 2.22 N2D (Zingiber zerumbet (L.) Sm.)
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UNGoUNQYINNNaY
as a @ 2
Raheem et o/, (2015) 3189 1un1sanyioaimsidumuusdveuaninFousu

1J =1 =1 a :I ey 4 v =1 LV | = a =
srauAnpIveslsaGouigina uazenyululszmasgla wud wninizeuluTsaseuiguiall
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o o - ) 0 W Qs
sanmatumuyssunnduaniniSsululssSouensude 20.7 uag 9.1% awdrau nazds
v d o A a A w 4 ' d w oA v od o A a
wuh wninFeundgeisanmatumuysdinani@minGoune Taswud @minSounds
[ @ o id o o d
TuTsaFousguaiionsinmafumuyudae 40.6% luvazieminSoumolisasinisithum
o' o o o g o a - ~ gda o
wyudae 7.1% dmsusanmsHumauysdveudmini sundgalu s suenyuiiisasinig
J v d @ A o o o ¥
dumuypdmanainaminizounslulsaidousguade 13.8 nag 2.6% audiay saumsiinang
o Aa 0 9 v d o A a ¥ A & 1
aseshtinavii msszanave amuypdlunguaniinS sundgsruilszoufnumuuniu 18ua
1= ] ar d s Y v 2 [
dannsarlildsumsdnyr mminSoueidvegluwasuun msaszan 1 a3l 14 0 uag
v a Ao ’g ;IJ v Ao q9 o < X
i3 suNTnue1? dauthuledgnmi ldmugssssuammnnuy
] [ o as o @ A g
Gulgun et al. (2013) W21 8331013 52UIAVBUMINYBENWAMINIToUBYLIAIAT Y
=1 @ v a
Uszaudnunlulszmansd luwannmiisasimsszanavesnuysduiani luwailes Taadn
o a A w (=1 o v LY o o Y o
inSoundiisasmafiuniuyedinnniudminFsusneds 25.2 11az 0.8% Mud 1A 321983
1 d (% oy o o { >
wud andnouery 12 Yau 'l fdasimsdumuysdiinngafe 153% sesauife ¥u
¥
Uszandnrnazeyina Tasiisasimaithumunyd 14.9 18z 10.2% awadn venvInigamud
wminisouiiogluaseuniandilanse dhildfumsanyt darhenu uarsigldasauniadingld
v " - a3 o 1 d w oA A o A
Ween31 10,000 L masiieu wuh ivas mathumuyvsmnnninaninik sunegluaseuasmi
ADIUNIHNTINIINUNAN WAL MIANY N GIN
0w d o a 2 - 4 o
dmsumsszmaveanuysd uaminSoueyuia vulszoudny vazmndmilu
a & v d o o ar vod
UszmanImatiu Oh ef ol 2010) 518015 @ninSoundsiioasimsdunuypduinninan
@ A =) o o g o A - ) v - [~
ni3BUIAD 6.5 1Az 1.9% mudiau Tauaninis sundsieideeglusuuniioasnsthum
o (- o o A A Qs 1 o o/ ¥ oW
WYHHNNNTUANMINGBUM YN AgluTadAD 76.0 182 5.8% MIUEIAY SIUNINLT 8ATINT
g o A =Y ' o v A L= v d
Aumuypdludnin sunsluyuunisasigannneidsvegluwaiis usu@ernuan
v A ~ ) o ,yw [ g Y- | g o/
WniFound) e 2.0 1Az 1.8% Mud1au HanIntdmuI IaninEourulsyoudnyNons 13
o v g @ A o o S v o
Aunuyndnaniuaming susuuiafe 5.0 1ag 3.2% A1uaan usnnINdIMLI AN

Y A A

s A Ad o W 9 A o o
HHT QUB%?1ﬂ1§lﬂu!ﬂ‘luHBUN‘lﬂﬂﬂ 68.8% :].llql'f.l!z‘ﬂl,ﬂﬂﬂ13‘|‘31§!‘1ﬂﬂl]?3ﬂ51ﬂ13lﬂul'ﬁ’lﬂu“ﬂﬂq%

o

= L 1

IFUIRSINUANING BUNTIAD 64.7%
1 o 2 g a
AU szuAave Ny pd lursulszouAnyivesdlszma 81519uAUT Toloza ef al.

" =1 ar A A = o - v ar
(2009) 31831UN !ﬂﬂuﬂ!,%ﬂuﬁmQNﬂﬁi1ﬂ1ilﬂulﬂ1nuﬁUlﬂﬂﬂ?l'llﬂﬂllﬂliﬂu‘ﬁ]ﬂl‘ﬁﬂlaﬂl'«lﬂuﬁ

=1

v 4 o a A W 7 - = q
36.1% ﬁﬂulﬂﬂuﬂliﬂu‘lﬂﬂuﬂﬁ‘ﬂﬂ]i!'ﬂUJ,'ﬂ'llJHHJZZ.?% FIUNINLIIANUNITIUNTYIDY 13 RN

CO | a o

o o ~ - o AW o
?]Wi1ﬂ1ﬁlﬂu!ﬂ1ﬂuyﬂn1ﬂ“qﬂﬂ@ 52.6% HaZianuUNTeu Iy 4 1.] Naﬂi]ﬂ‘lilﬂulﬂ_]u‘kl'ﬂﬂ
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5 v d v A A A o L] v L |
16.7% MHITVIANUALITOU IO B LA 4 ] 1IEI¢Ii'lﬂ'I‘ﬂﬂulﬁ'llll.l‘klﬂﬂ!lﬂﬂﬂ']\iﬂﬂﬂﬂ 29.8 ung

10.0% ANa1aL

= e r a8 o @ oA 4
2.6.2 nam3Ivamsi¥esana uaznaasamnandvayulnslumsfessumdamuiypd
d a o
NYI1 qUEITT 1AZPIITTIU 1HIUAT (2560) 51001 sTANT M MvB I ayU NG 3
=y 1 g
¥iia 181A A2 (Cratoxylum formosum Dyer.) 4& 33 (Moringa oleifera Lamk.) nazuzndunie
4 [ o o o
(Solanum trilobatum L.) l“ﬁ'aﬁl‘ﬁuﬂﬁﬂmnumﬂmmnuuﬂ (Pediculus humanus capitis De Geer.)
b o o ° = a A 2’; ~ a
Turteslfiiams Tamiinmsnaasuil sudisnilszant nmausausuyanu nsna 3 siia o
o = . o
INBIIUNTY (Scully shamp00® 0.5% w/w permethrin) HAZIYUNWAIEHUIAN (Johnson’s baby soft
shiny shampoo®) WsuyIAaz wiia l¥anuudu 3 52A1AB 0.006, 0.02 AL 0.03 HaAAAIABAITIN
= 1 ¥ Y 9 A oA ad e @ @ o o
irudmas #ails1ng a1 nruyampanurinduiilszansninangase 1smdadiseu nazduau
Soveanuypd Taelia1 LC, M1 0.005 1az 0.007 HadaAIABAINATUAAS AINTIAY AU
a A o o W ar =~y 1
nyyery Insetiadus Inalumsdesnudivaluszausesaan Tagiia LC, 3313149 0.008-
~ , ~ 0’/ s ' g
0.051 aAAATABAITI UFUAAT 3IUNIEINL 31 uvmawazusuyuziuase anwdudu 0.03
A A ' a 3 ' @ T o o 1Y G4
lindansAeAIT U UAAS THRARTIgAAB NI 18BIAI80U HAZANANTENYYY Tasling
¥ oo s @ a W o F o w &
NIAIBUUAZANANTIMINUBIATY 100% MAINIINAADL 1.0 1A% 5.0 U AINFIAY By
Y -4 ~ r? 9 ~ o o ] o =y AR A . v o
ayulnsnsaesviial Iwad lunis fsamuyud Iaan Nusupmesmn3 1 F93if1 LC, 1Ay
i a Aan ' a o & A ¥ v g W ) s
0.002-0.027 HanaasdemNuruALas Tumsisanlssuinyanduiominyus dmsuuvuy
=1 rey r{ o
aszrdn Winignslumsmvamianyus
o A oA ¥ <
uy31 guiisy 2559 s 1waulsrantnmusuiniuayuns e viiudes (Curcuma
zadoaria Roscoe) TIUUIAT (Curcuma aromatica) ua::"lw o (Zingiber cassumunar Roxb.) ABNIS
dugsn137n luveumuypd nazusuyayu INSUZN N (Tamarinus indica L) ULWA (Garcinia
" L v 3 o
dulcis Kurz) Waz W09 (dverrhoa carambola L.) ﬂaﬂwmtlf-ummﬂ&muﬁ:mmmﬂmmuuﬁ
| ~ A J a i 2 . = ¥
Taslinsnansaif3suiouae nsuna15113a (Hafit™: 0.6% wiw carbaryl) #9¥1n15AnH MU
@ a wa o | Y o @ A A 4 v Y o
anmyeal jifdms naznisih ldnaasdldfudminSeundumnuysd nadsingda duiu
&) ~ ' 10‘ -7 ~y o W L] g %) g'
au Insytianaulmadniiniuayu Iwsyia@ealunsmsa limuywd Tastiniunaui

Y aA =) :g a g s r? ar 2‘ LY :‘ a a
Tnaangalunisnaaesde duiusnauiniuviiudes 5% duminiulna 5%, iniulua 5% du

¥
o ' o

v ¥ ¥ > _-—
U NUUIIAT 5% 1azITUIIUUIIA 3.5% nUU1TUVIUDes 3.5% uaziiiiu lwa 3.5% lika

lumisdudgamsdala’la 100% amdrau dmsuramsnaasuilsyant nmvesuyayu Tnsiy
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faseunazadnSove wmuyptiu wud nsiyuzya Haandudy 157,314 u0z 6.28
Tulasdnssemnusudmes Tanuiuiivgeredisounazauduionuysd Tasiinari lim
uYBEA1e 100% unal 60.0 u1H Taslis LT, 551319 0.02-3.70 uag 1.7-9.3 w1 3R LC,,
i 0.02 naz <1.2 luTasdasAears1uaudiuas aua1ay dmsuusuyaIsu3a (ositive
control) U510 71 finaden15A18909A 88 UNATAUAN TBIMIUY BT 14 84.0-88.0% (A1 LT,
3YM319 6.329.1 1A 20.629.1 UIT 3INTIA LC, M19Y 1.9 uaz 1.2 luTasansaeaisig
IBUALAT AE1AY) 8819 150A 10 HBUNATTHUIAN (negative control) Yiu T¥inademsaeveam
UYHE 14 56.0-96.0% Taslia1 LT, 1381319 27.3-47.1 wiii uaziia1 LC,, miiw 3.3 TuTasdas
ABAITINIFUAINAST (AIDDU) DY 56.0-60.0% 1ABIIA1 LTy, 35M314 15.1-29.7 W91 1azdia LCs,
mny 2.2 TuTasdasaearsiusudmas @aduis) a1y d1miuitn159u (immersion test)
nails1nn 1 nyuzyadinsiinnuiluisgedediseunazaudniomiuyud Taslinavih Ivim
Uy A1 80.0-100% 111281 60.0 U HAZiiA1 LTy, 351319 0.7-1.4 U1 (AI88U) HATIAI LTy,
3N 9 0.8-12.0 W# (Faifno) sz Ruauym §013a (ositive control) 1 w1 Wwadens
AMOYBIMINYBE TR 60.0-86.0% (1A LT, 1U3ZMI1 1.2-23.9 U141 (AI88U) 1Az 3.0-15.8 uTHi @2
U 8) MEIRL M LENEIZRINRN (hegative control) 11 TRAR o M sATBvB ALY HE TR
AL 46.7-60.0% LazliAl LTy, 351314 22.4-49.4 UTH (A2198U) Uaz 60.0-66.7% SRR LT,
FEMAN 12.2-18.3 W1H (@d udp) audial dwmsuransnaasansmsanuyud luaninidou
Using I uwnuzya naangalunanaaes Tastiwavi lanind oumoninmsdumuysd
18 100% WaaMIasziios 2 A3 389091A0 nYURUEA Maznsyugied Tasiinavh Iidn
sinieumentnmsiumngsd gl 96.019.8 1oy 92.0424.4% armarey Tuvuzinmmand
ui3ainavi Iiiamini sumegernmsdummuyudldazn1974.0£44.3 89 100% daunsumyan
ﬁ"u‘lu'muﬁmim11%'1umsﬁ1ij'ﬂamuumﬂﬁ'

g3 quedse (2558) s1snudlszaAntnmusainiuayulnsie 11uNIHA (Curcuma
xanthorrhiza Roxb.) ﬂ!ﬁugﬁ]ﬂ (Curcuma zedoaria Roscoe) l!ﬂ$1Wﬁ (Zingiber cassumunar Roxb.) 11
1 lumatloatuiiinly uazd i Soveamusus . humanus capins) Using thsiuasyung
nniialuiniudandes Wralumsmisa lommysdinhlminiunzna Tasiidasinisas
vas lunuupd 100% nay 96.0 1 100% audidy Taewuh difuviiudes s% nausuiniu
Twa 5% nalui niudamdesnaziniuenin Wraddigalunissudinstn lWonuusdld
100% Fasumaiui3a (positive control) Tralumssudanstnlinninynd1d Tuszning 89.9

- o o ‘ v g @ w t o = - a ' @
ﬁﬂ 90.7% FMSURAMINAATUAVANIT WUN UFUWAITVITA (carbaryl shampoo) HWHPIADAD
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d o v Y W A a o q Yo d o o ~
wudsunniniuayu Insyowiia Taelinavi1 v aaudomuypdais 90.0% Tunal 10.0 w1
1 f s =Y o o o aw d v ' d
dauriniumu lwsnnwtia h IddaauTonuypdais 31319 29.0 99 37.0% egelsiam lu
msnaassmsamuypdluaminiou Usingd1 JEmsmindunudaniniuau lnsudazsiia
4 . . Y 0w g 4 A
vinHuasyrudousuyayu Ins dud (Cirrus aurantium) Winalumshivamuyudanga fe i
o vad o A o T d A A o yad o A
navih 1A mini sumeninamsfhumuywd 100% daumsuiiaiinasi Idiaminid sumeninns

L4 d (=] o o U4
flumyud 77.8% uaznsngdan hitinalumsdidanmuyyd
a o & = a o a [
UANNNEY ASAATITH UATATY (2558) i'lfJx‘l'!“Llﬂ‘ixﬂ‘ﬂﬁﬂ'lﬂ‘llﬂﬁﬂ"l‘iﬂ'ﬂﬂ‘iﬂﬂ HAUIUVY

¥
(Trichosanthes cucumerina) HANLI Lyun (Momordica charantia) nazlumninses (Lantana camara)
FeeMmusa 1Az ANANIIY (crude extract) AN 10, 15, 20, 25 UAZ 30% ABN1TAIBUDY
o o o o ] Y [
AAANTIMINYBE VINTUTUNNM I A1BYBIMINYBE MAINIINAAB 0.5, 1.0,2.0,3.0,4.0,5.0,6.0,
& 1 a = ° o d a
7.0102 8.0 ¥ Iy walsng 31 msadauruvuassemuen A NUGNGU 30% dnavh Iidudu s
o & v 1 e & ' )
B UM UYBEAY 100% n1oTuaa 8.0 ¥3Tus Hif LT, M1AY 0.1 3 Tus naglia1 LC, Ay
¥
5.8% $99A9NAD AIIANANANLIZVUAAIIOMUBA azasanaTuAmnIBIRsEMUea 1
o 4  w & A " W 4
AnduToue Uy ea1e 100% n1olual 8.0 ¥3Tud A1 LT, 11 0.3 naz 0.7 %2 Tue
¥
MUAIAU 1AZIIAY LC,, AL 5.8 1A% 12.1% MuAIal dMiuasaiane1unanssziun o
o o o o o

Vv azlupninses Aty 30% lnavi Iaaaudsve smayudais 100% nelunan
0.5 %3 TH4a 181 LC,, WAL 5.8, 5.8 uag 11.6% Mua 19y

WYT guedTy (2557) 3100ud1 Uszant niwusaimiunens s aznslnau Ins 910
HBUY duda (Citrofortunella microcarpa (Bunge) Wijnands) dud (Citrus aurantium 1..) HazuzNgA

o o Qs o =1 ~ ~ A o o
(Citrus hystrie DC.) Tumsilasnuivammuysd TasdnymGsudsulssanimwlumsivam
Y = a d o o = ~ i
wyudiundatuaimdannonmslidunsizd Ae uruyaiuiia (Hafif : 0.6% wiw :carbary)
& o = & 9 o own 0 Yo o V- | o
Fonmsanymaluanmiealfiians uazani lineasdlgiuaming euidumuypd ms
9/ o wa Qe - ?a' L4 1
naaeluesl§1ian15193% Filter paper method Taginiuneuszmonazusuyayu Insudas
yial¥anududu 3 uaz 6 lulasansAems19rUAINAT HAINIINAABY 1.0, 5.0, 10.0, 15.0, 30.0,
60.0 1Az 120.0 W19 w3 1ng 3 ey Twsnaviiadidsz@ninmlunsmsamuyudlags
v ¥ e =Y 4 ~ 2 o o

Adimiuveuszmemyu Twsnnyila nazuyuyan fui3a deiiwavh Iinnuypdaie 100% Tuna

~A A ' ~ =1 ~A 1 1 a 1
60.0 U1 WA LT_.-,Oix“HTJN 0.2 99 0.9 1 Bazua LT505$1’T31\1 0.5-1.0 l]'“Tﬂﬁﬁﬂﬁﬂﬂﬂ]i'lﬂ
muamas luyszinsuyaiiuisa Tnasi Ifimuysdais 70.0£12.3% §if1 LT, 4.5 w1 nag
LC, i 3.1 TuTasdasdensaaudmas dmsunamsnaasslumsiosuyagu lus Il ase

o =4 @ ~ o o - ' @ =3 @ A A d
AuiAninFeualssudsuduuruyasuisa Ysing 1 vasmsaszrmaniiniG sunduim,
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P 4 a o g d & ' 4 a
uywe 2 A33 uauyayu Insnaytia fiwash Ianmenanadlumuyuggagananiimsuia
&2 A e q¥SE  w a o ' d a A o v d
Fatinavi IidminGeumosinmailumuyud 95.0-100% dmusunairiviia inavi ldian
o & 4 ' o
WniFeumenamaihumauyusld 72.445.3% Fnnanimaassil wudi usuyuzagalinar

g o x
Taminizoumennmsiflumuyudldgege sewanasusuydida uazusuydud
ot o = d o o = o
ugs1 quiITy uaziysIng Sail (2554) 1vunIsANMIFUGIUINOIVBUMINY Y
. “ i o o ar
(Pediculus humanus capitis De Geer: Phthiraptera: Pediculidae) 911 miﬁnmmmun #9101 RIS ou
$1U7U 180 AU 910 6 T9WIA AB NFINNUMIUAT NIYIULYT VOULAY B89 TMU FUNT HDTIUNY3
T 2 o O ) v =l
Taonud muyamsiislivinadda lvguinadunss Taomaiislivuig 2.76:0.21-3.00£0.08
NaRWAT TIMNARIVUIA 2.21+0.11-2.28+0.09 FOAMAT YU IAGIAIVBINABIB91NTINIAYUNT
¥
JuMy3 159 v AFUnNUIUAS NIYINYS HasYaULAY Jyuad1aa A9l 3.00£0.08, 2.99+0.90,
2.800.17, 2.8120.12, 2.83£0.13 1Az 2.76x0.21 adimas aud ey Tuvasimagivuiad1d2
¥
Aatl 2.28+0.09, 2.28+0.08, 2.26+0.18, 2.24+0.06, 2.21+0.11 1Az 2.15+0.12 Hadmas audiau lu
minaassnsdesnuisamuyesluanniestfiians Tasviinisnaasansuyayulng 32
A A& ¥ a A da 7 A <y
wiin Fauyuyayu Insnanuarin ansayu 1w 219859 41 Tnuganen 29dwsn ne 2eddu nag
a A 4l ad, o s a 1 ¥ Y ol
Ao ¥uin1nanse IaglFenuuve 119U 20 A2des1 uazld 5 FrdenInanes wans
naasl 13 usnwayuInsnasialiisasmiuyudinnaniwsmivigaiuiesaain
o o a o e - o
dmsunsuyanuInsein Tnugawd 1w (rtemisia annua) Inaangalunismaaes Iwavir I
IMUYB IR 100% MaINIInaass 30.0 U nagiia1 LT, v 9.9 314 sevasuifAe usuyya
(Piper betle) 11 1Y Twa (Zingiber montanum) WS Y &Y (Citrus reticulate) WA ZUF W f1em12d1
4
(Tacca chatrieri) Taslian LT, AU 10.5, 11.2, 11.5 1ag 12.2 3 ERRGREH
a1 Aa A Qs o=
UYI1 quUITT uazANz (2552) Anp1szAnT mwvesasananazuyuyayu Ins aeda
T8un 44 (Zingiber officinale) Twa (Zingiber cassumunar) nzNe (Zingiber zerumbet) SRTRTE AT
(Curcuma longa) Hazan (Alpinia galangal) AMINTNTU 10% ﬂ'ﬂﬂ1iﬂ1ﬂﬂﬂﬂlﬁ1u1§ﬂﬁ‘ﬂﬂﬂﬁ§ﬂ'ﬂ1
r Y =) o =Y A o d
WU NEIN1ITNAaR 4 5.0 WA msanannivayu lwsynytalinadnga Taolinasi Ivimuywe
A8 100% uazwudl arsanadedadia LT deeiga 10 0.1 1 luvuznnmsnanea
=) ap' r= 1 o s = 1 L3
wisudieude vinsedhilinadensmesve amuyud SIMTUNANIANEIND I HAIN1TNAADY
A e A o qu ad a s q ¥ 4 A ¥ A
20.0 9 nruyviusulinaanga Taslinavi Idiimuuvdais 100% uagiiai LT, Heonga

MU 8.7 3N
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a - ¥ & Y o
Akkad et al. (2016) 515@11\”—]15aﬂ'ﬂ'ﬂlizﬁ"ﬂ‘ﬁﬂ1wqiﬂ\iu13]$u1?ﬁli\1 (Citrus lemon) U1UU
%’ o t o
ANy (Melaleuca alternifolia) W@ EUNNUNEN BN (Spondias mombin) ABNITANBUYDUNINYBEY

' o & 3
(Pediculus humanus capitis De Geer) HANISANEINY I HAINITNAADIIAT 1.0 ¥ Tue thuzun

2 ¥

& 9/ aa 1 1 =1 %’ @ A A ° o = 1]
i5e Wnadgadenisaisvesmuyudd 100% sesaaunde Wuiudivs uazihiuugnen inade
o d o d v o o o
NIABUBIAANIBMINY Y MY 96.7 HAE 23.3% MU 1A
s
Soonwera (2016) 5189 1UN1TANYIgNTVRIAITARAINHINZa 18195 (dndrographis
¥ [ -
paniculata) VUUIATD (drcangelisia flava) AN AT D (Butea superba) THenn (licium verum) 1D
MU Vigella sativa) AN WTUTU 3 11z 6 1uTATHAIADAITNIFUAINAT ABAITAIBUDIINT
a v (Y g Y Y = ] a 9 A
wywd watls1ngd msadaninTlenn aaundudu 3 lulasaasdemsiuvudmuas Inadnga
AN IABYDUMIUYBE IR 100% LAziin1 LT, A9 0.6 %1 Tue Tunat 12,047 Tu4 sesasuife ans
Y] = ° A 2 =) = ° 9 o [
ananinlinzaisles Moudr n1aa3e nazuiiumie Ynash Iviminyweate 1Ny 75.6, 57.0,
1 3
35.0 uag 16.6% A1Na190 WA LT, M1AU 8.9, 11.4, 20.3 1az 25.2 ¥3 14 A1ud 190 uenv1ni
1 o g Y 9 o 1 ~ =t o by o
wui msanaen Tean anwdudu 6 lulasdasdearsisusudmas Travi ldmuyudate
100% YA9N15NAABI 6.0 K3 TU naglial LT, 10y 0.1 ¥3Tu9 uaziial LC,, 1M1AY 0.3
luTasaasdearstuaudiuas sedaquife arsananinimeaieles Moud nuase uag
ay ] o T oo o & v
YHUIATE TNAADN13A18UDIMINYHE INND 49.4, 31,0, 25.0 LA 23.2% a1 d1A1 A1 LT,
MY 7.3, 10.7, 14.5 hag 21.8 9 139 a1ud180 nagiian LC, ALY 14.2,20.3, 22.5 a2 22.8
TulasansAemsiuwudmgs muday
Thamaraiselvi et al. (2016) 18914l sEanInnue s sana lUNoUN V17 Lawsonia
a v a1 4
inermis) A 89EF 1aU AUTTH 100, 200, 300, 400 HAL 500 ppm ABAITABYDIAIDDUMINYBY
a ' a A ) P v @ 1 a
o1, 202 3walsngd msanalumeunsundioesd Taulivyae n1s Moo IdI8oUIMINYYd
10 1,2 482 3 1A8liA1 LC, IN1AY 122.9, 171.1 #aY 214.4 ppm A UG 1AL HAZUAT LCy N1
312.5,370.1 Ha 369.5 ppm A1NFIAU
Soonwera (2015) 5199111l szANT nnvesusuayu IWs 9109 Zingiber officinale) 1ag
@ g W o =1 a o o o
W1 (Camellia sinensis) Tumsdosnumvannuyud lagAnylseudoulszaninmlumsdida
o o =y a o0 o = - d ] AR _ 3
NN IR R MR MITAIINMsIAldans 121Ae Asual UM uEnFu”® (lindane 1% w/w Hexin
. . .. =] . ( '
Lice KIHCI‘®) (positive control) HASUFU WA TEHUIA N (Johnsen's baby soft shiny ShElmpOOE) ABnN1g
o o  a L4 9/ a e ad ] 1 =
MoV NAN TN pd 1uriel§iian s 1agdT Filter paper method Fanyuyayy Twsuaazaiia

I¥anuudy 3 uag 6 1uTasaaITADAIT 1UFUANAT HAIN1TNARDY 1.0, 5.0 1A 10.0 U WA
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U513 nyuyayu lwsynatia anuiudu 6 TuTasaasaearsiusuamas nadngadens
- T ' v
mouesdadTunuywd 14 100% lunain1snaaess 10.0 W9 A1 LT, 521319 0.4-1.2 W1¥ naz
J 1 =) v - n:‘ 1) Y a
A1 LC, 551149 1.6-3.2 Tulasdnsaemsiuwudmas Tuvazhaiusinnudndu® nazuvuyase
-] 14 3 £ o
nuan lisinasi Inuywdane
£ a 2 4
Haleem ef al. (2014) 5189 1UA1SANBINTYBIA1SAAAUIUNI 1S TN (Euphorbia
¥
helioscopia) AudINes (Sapium sabiferum) nazmlssdrana (Callistemon citrinus) Ao
¥ o [
uea ANUTUTU 100, 200 1AL 300 ppm ABNITAVUDUMINYHE NAIN1INAND 6.0, 12.0 1AL 24.0
4 v Y & o % =
¥ 19 watls1n)31 nawaIn15NAae 24.0 %2 Ta Arsadadreimasia Naanududu ina
1 d v a H 4 =]
ABNIIABYDUNINYBE IR 9.6, 12.6, 14.6% (M IUNIIFTN), 6.3, 8.6, 12.0% (RUATNOI) A
0.0, 0.3, 0.6% (1) 39819929) Mwd 1A dmsuraaIs AT IBIENIUBAYBIN N FTIA NNAIY
Y 9 ¥ 4 v Jd 1o z - o
Wudu U107 IHaABMIIAIBYBUNINYBY N 13.6, 14.3, 16.6% (U IUNIIFAN), 3.6, 6.0,
1.9% (@UAITNB) 1Az 0.3, 0.6, 1.0% (lssdavin) audian
£ —%
Soonwera (2014) 3189 1UA1SANY 19N TR I YUY AN IWs 111 (dcorus calamus)
vy uilou (Phyllanthus emblica) nazuzIuIU (Zanthoxylum limonella) ﬁ'Ll’IJJl‘ITlI‘tTu 0.12 uaz 0.25
A Aan v =y ~ a o o d o a o o
liadaasdeasusudmas TasAnals sumiondszans nm lumsdidamuysdnundanum
o W o . b . o a
Meannnnmsaiidunzae ua1lseen (A-Lice shampoo”; 1.0% w/v malathion), 130130
® o 3 . = B
(Hafif shampoot, 0.6% wiv carbaryl) UaZUFUWAIEHUIAN (Babimild natural’n mild®) AUty
A Aan T = " v o o a g
0.12 18 0.25 HAAAATABAITIUFUALIAT ABN1IAVBIA UAN B EE Tuanmieal fiianms
o o @ do  d e a & g o '
nazmai 15 unsdisammauyudiuaminG sundumuyed nad 5109 31 nsuweau nsyn
¥iA ANUTUYU 0.25 HAAAATABAITIUFUALAT 1221 T13NAAD15.0 UIH IRaANgaaBN1S
o o [ v 1 A a [ o a
ABUBIAAANTBIMINYBTIA 100% N1 LT, 521319 0.2-1.9 U1 Tuamziindanduaisidam
o - o d = o J v '
wyndnnmsalidunsizd lnayih Idimaysdarnlseua 20.0-80.0% A1 LT, 521714 6.5-85.4
1 .-3’ " 3 A o a o o (%

U U NINUNL I nruyaszRmaninayh limuyuaaty 4.0% audiau dmsusannaned
o o d Y 1 o g LY 1
Tumstiwsuyau Iws Wasgmdu@aninG ou dsiagd vdsmsaszrudmins ounifumm

¥ ~ =] o a [ 1
wynd 2 a3 uuyayu Insyaydia inasiilianmeoinmsiflunuyudgega 100% dau
a ) d o w - @ = o Y = b
manfuafIs A nIAmsaliduanzy inai liidameninmsdummuysdla 71.6-93.0%
Tuvazinyuyaszmnan hitignsdenismsanuypd
4 ¥
Rassami and Soonwera (2013) 3189713 ANYIN VB FU AU TWINI 29 ¥iia AN

=] ~ a A o o d o a (Y d o o
HTWI.SIJH 10% Tﬂﬂuﬂﬁi‘lﬁﬂﬂlﬂﬂﬂﬂiﬁﬁ'ﬂ‘ﬁﬂ1w1uﬂﬁﬂ'Ii]ﬂ!'ﬂ]Nuﬂﬂﬂﬂﬂﬂﬁﬂﬂl‘nﬂﬁ]ﬂlﬂﬁl’lﬂ
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asaliduAs1zAe Wa1 15eeu (A-Lice shampoo”; 1.0% w/v malathion) naguyuNas LHULAN
(Babimild natural’n mild®) aen1smsvesminysd n1eludesdfidns wadsingd nsuy
ayulnannaiialdmadfigademsmsvearuywdld 100% ndansmanea 60.0 i nazdis
LT, 08551314 11.3-31.9 U1l Taausuweayu Iwad (Zingiber ottensii), WQ (Piper betle), AzA1U
(Piper ribesioides), # & 4919 (verrhoa bilimbi), ﬂwﬂju KU (Clitoria ternatea), Y} 1o (Plectranthus
amboinicus), AUN Wine (Myristica fragrans), 41901381 (Tacca chantrierd) ATV LUYTU
(Zanthoxylum limonella) Wnaafigalumsmanes Fefinavi I udne 100% ndaninanes
30.0 Junfi uaziic LT, 0g52n319 11.3-13.5 3undt Tuvaedinian lseeu uazusuyasznndn i
11 LT, A0 12.3-13.6 12 83.9-87.4 3UM mud1au

Di Campli et al. (2012) 5189145 ANY1USLANT MWVRIAUN 13 (Melaleuca alternifolia)
1Az 13 nerolidol (3, 7, 11-trimethyl-1, 6, 10-dodecatrien-3-ol) aemssusanIsia i Maeueum
wywd navsng 3 datud s aanndudy 1% finavi I aduSovesmangudaie 100% nds
NAINIENAABY 30.0 UM a"fmi"‘uwam‘:ﬁ"ugam‘sﬂn"himmquwnth 13 nerolidol AU

Fa
1% mansasuganisinlula 50.0% vaanisnaaed 4 u

£ 1
o a

Gallardo et al. (2012)‘51&1&111?713'E’J@ﬂﬂ%%ﬁﬁ1ﬂﬂﬂuﬁ1ﬁumﬂﬂkﬁﬂ&l A® geraniol,
citronellol, linalool 11ag citronelly t&ﬁ:ﬁ1ﬁ1iﬁ]ﬂi}1ﬂ§mﬁ1ﬁ Tiirmanadeuanuiluiudedaudi
S umuupd nu cironellol IuAen1s A1evBIAIE N TEIUBII AR TR TRefia1 LD,
M1V 9.7 luTAsnSH 5998901A8 geraniol, linalool HAZ citronellyl uaziis1 LD, M1l 12.7, 24.7
nay 38.4 lulasniu a1uaiau

Chutaen et al. (2011) 3189UNITAAYIL5LANT NNV IA TR AVIHUTU (Curcuma
longa L.) U4 (Zingiber officinale Roscoe) 4 (Alpinia galangal (L.) Willd ) LaE NI 1Y (Boesenbergia
rotunda (L.) Manst.) 38181488 AANNAY 10, 15, 20, 25 18 30% #9N15A18U0I8 AR oM
wypd mallsing i ﬁ1iﬁﬁﬂﬁﬂ1ﬂ!tﬁ$ﬂ%ﬁ%§mﬂdﬂ1 ANty 30% finavh IdudnTsvaam
uynda1e 100% n1elunal 8.0 $2Tug nazfial LT, w100 3.6 uaz 4.1 ¥ Tue naziia LC,,
WIRY 8.5 1Az 11.5 Taansudainaans aumay 399a9NAe MIaRANEILYEUTY T3 uaz

=B

o Y ~1 [ o o o v
nszw1e v 1A AN Teveumayuen1s 95.0, 85.0, 85.0 naz 80.0% aud1au nagziia1 LT, m1Au

= al

4.1,4.6 102 5.2 ¥ 109 MINAIAL HazliaA1 LC, 1N1AU 9.7, 15.2 uae 149 aansuasiiannns

4
=y

o 3
Muaay ﬁ]'ﬁ‘i‘ﬂﬁﬂﬂ'l‘i‘ﬂﬂﬂﬂﬂiuﬁﬂ!!ﬂﬂﬂlﬂﬂﬁﬁﬂ‘i’q%'ﬁ WU ATANAUITNTUNUTUH U 1D

o Yo & @ w o o o t [
NITV1Y ﬂWiﬂﬂﬂlﬂH?ﬂmﬂQlW1NuHﬂﬂ1ﬂ 90.0, 85.0, 85.0 uaz 80.0% a1uaiau ﬁﬂ] LT, WU 4.7,
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50002 5.6 ¥ 19 A1UA1AD 1AZIIAT LC, 19101 155, 184 nay 183 UadnsuAeiaanas
MU
. = =) = = =
Rassami and Soonwera (2011) 318914 1s@n¥1dszaninmueausuyala Piper
] o A e
retrofractum) ANMTUTU 3 uaz 10% Aemsarsveumuyys meluammdesdfiams uazns
a o W do  d o A A dy ¥ o 4 4 o
111 11 lumsmsamuyrdimanindsuniium snduiunamsasveumuyud vains
NAAB4 5.0, 10.0, 20.0 1A 30.0 WA Halls10n I uvuyALAaNLTNTY 3 uag 10% Tnadniga
ABAIIAIBVBIMIYBT 1R 99.0-100% Turan 5.0 uIF naslisn LT, Ao 11.3-16.7 Wi dmsuna
o v d o a v o d o a A
msnaasslumstimsuyayu InsldaszaunuaniinBou Using 3 vasmsassandminEsun
ﬂ d ¥ N =] a Jda o A - 4
Husnuyud 4 a5 usuyaaa dnavi igninizaumsannsdlumiuyud 99.0-100%
LA/ / y % 7%
Yang et al.(2004) :1gumseangnind g lusihiuninlugaalaa Eucalyptus
globulus) Ao 1,8-cineole, B-eudesmol geranyl acetate, phellandrene, (-)-Cl-pinene, Z—B-pinene, (E)-
4 1 3
pinocaveol, Y ferpinene g 1-O-terpineol tazthmsesngnimaiii lihimsnaaesuanuiiuiiv
v v od W A A o 0 = v
AoduAuTommiisve uuYug ANITITH 0.125 1182 025 TAANTUABAISIUTUAINAT WL
1,8-cineole AMINY 0.25 TaAns uAsaIs 19BUANGS TRBABNITMod AANTomATova UM
o A = = = =) % 4 .
UYHININNG A Taslial LT,, A9 14.4 419 589891188 (-)-0-pinene, (E)-pinocaveol, 1-0l-terpineol
Z-B-pinene, Y-terpinene Hag B—cudesmol geranyl acetate 1A LT, 1A 24.9,29.3,29.6,30.4,56.4

Hag >300 AINA19Y
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asl o A =
IBAUHUNITIVY

= d! o & aer
3.1 ﬂ"lilﬂiﬂﬂq‘ljﬂ mﬂun TIAUHHITUHIDY

3.1.1 maedildlumsnaaes
4
WYY ( Pediculus humanus capitis De Gree. )
¢ o = w ) do g w A
3.1.2. gunsaiilFlumsansnsinisunsszuiava e At uIdn G aue Y aly
AN FUNUNHIHAS
1) vimiien
2) NITAIY A4
¢ g o T ¢ )
3.1.3. ginsamlslumaiudiestamayedanlsaBauluanngamnamuns
1.) MAiatien
2) N3ATH A4
3.) NABUALLUAIYIA 25x30x15 FHUAINAT (MW 3.1)
4) 1haau (Forceps)
s.) Wiulddmsudenuywd

6.) Nt

aa

7.) drduruze songnna®
& ' o :’ r ¥
3.1.4. unsailslumsnaaevilsyansomwvearhaiayulnsuazuvayaslns denms
U [ v a asy
ez vad lumaywe luamn Ao ifins
4 . d a i

1) TuTasdidad Micropipette) ¥11a 10-100 luTasaas (11w 3.2)

2.) ndedgans siuUUmAB3 19 (Stereomicroscope; NIKON® Type 102) (MW 3.3)

3.) D1umAaBIUIAFURIUGUINA1 5.0 HUAWAT g9 1.2 udmas (Mwh 3.4)

a) visulFdmSudismnuypd

5)11nAY (Forceps) (MW 3.5)

6.) N3¥A1YNI89 Whatman® No. 1 (01%# 3.6)

7.) UITWATUIAT (DIWA 3.7)

o 4 oAy R’
8.) mialHUea IONIILIA
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E o &1 '
9.) MiniunImaes (e§u®)
4 o . =
10.) HFUWINBIIUNTU (Scully shampoom 0.5% wiw permethrin) (1NN 3.8)
=] < 4
11.) nyuyascnuan (Johnson's baby soft shiny shampoo®) (MW 3.9)
¢ =3 a a : ar v oy or ]
3.1.5. gunsalililumanaaeudsyams amvesinivayuing ansududwsag dens
MavesiIseu uazdIia Snveumaypiluan myieal fifnis
1) Tl Tastlulad (Micropipette) vu1a 10-100 TuTasans
2.) ndpgans smiuuvaiae3 Ie (Stereomicroscope; NIKON® Type 102)
] o = a
3.) NUNAABIVHIAFUAIUGUENATL 5.0 4BUANAS T3 1.2 IFUANAT
1o 9 o o A 4
4) WiulFdmsvwomuywe
5.) SIRG TN (Forceps)
6.) NIZATHNIBY Whatman® No. 1
7.) UWTANIEUIIAY
8.) HBUYWWOFIWNITU (Scully shampoo® 0.5% wiw permethrin)
7 & '
9.)¥niunImanl (@gu®)
¢ o a A v v v 1
3.1.6. gunsaiflFlumanase vl szamin mve suawasIng ANMANTUA1Y oM
a1 o g v ok )
Mo vasiIBeu uayd s Savsumnypa el fjidnis
1) Tuinstlad (Micropipette) vu1a 10-100 laTasdns
2,) ndowans i ane3 le (Stereomicroscape; NIKON® Type 102)
3.) IUNAADIWINAFUAIUFUINA1S 5.0 1BURLAT T3 1.2 15UANAS
4) Woulddmsudemnuyud
5.y1 1971 (Forceps)
6.) N3ZATUAIBI Whatman” No. 1
7.) UIAMIIUNAT
8.) wnummaﬂw?u (Scully shampoo® 0.5% w/w permethrin)
9.) WFHYAS LA N Johnson’s baby soft shiny shampoo®)
3.1.7. gunsaiililumsnaae vl szansmmvenihiuuazuruyayulns lumadesnu
maauyEveudn i GaunTsaGeeieg
1) HBUYAD

2.) HBUHHZAY



3.) usUWANE

4) diumauszunainiunzenahiuviiudesuazriniusumna
5.) UYUWNDT NI U (Scully shampoo® 0.5% wiw permethrin)

6.) WA TZNAIA N (Johnson’s baby soft shiny shampoo®)

7 ﬂN’JﬂﬂQSJE)11J1E1

8.) Wiiation (MW 3.10)

9.) FIULVYUIA 50x150x0.5 IBUAMAT (MW 3.11)

10.) 12

'+ Y o
11.) ma“lﬁmuuuﬁzuwt;

3.1.8. nﬁm%mnhﬁ'mmznwuw‘laagu"IWﬁ

1) nLNB (Zingiber zerumbet)

2) ﬂlﬁuﬁ}ﬂﬂ (Curcuma zedoaria)

3.) NUAUNING (Curcuma sp.)
4)nszlau (Careya sphaerica)

5.) é‘n (Cratoxylum formosum)

6.) 1NN (Oroxylum indicum)

7.) in (Kugenia gratum)

8.) uwﬁ'a*ﬁu (Solanum aculeatissimum)
9.) UL (Solanum torvum)

10.) uzaU (Garcinia schomburgkiana)
11) nzudunse (Solanum trilobatum)
12.) AR R (Solanum indicum)

13.) 1LON (Solanum stramonifolium)
14.) dud (Citrus aurantium)

15.) duiumenszmedy

16.) Huiuveusamegmalde

17.) tenTaueansena 95 nledidud
18.) UM 017

19.) YIATW
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20.) A1 9iiaRIAY (Plankion Net) (1WA 3.12)
21.) Haneq

22.) 193093 HMBYYYINA

23.) Hot plate (mwﬁ 3.13)

24) NITATHAANT (MW 3.14)
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andi 3.2 Tulnsinled (Micropipette) ¥u1a 10-100 lulasans
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dl 9} 1 o a =
HNNN 3.4 VIUNATDI “IJH"IﬂLﬁHN"IHf‘fHUﬂﬁ"N 5.0 EYUALNRAT EN 1.2 Y UALUAT
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- a
MNN 3.5 1hnAu (Forceps)

7NN 3.6 NTLAIYNTDI Whatman” No. 1
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Cof;rfﬁi & kitchen

START

5
i
<

AN 3.8 UFUWIND3 1N U (Scully shampoo” 0.5% w/w permethrin)
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2NN 3.10 ¥idiion



AN 3,11 AYUMYUR 50x150x0.5 1HUALIAS

AN 3.12 19121195 HANLAY (Plankton Net)
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NN 3.13 Hot plate

NN 3.14 NTEAHanNd
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oy o =y = s
3.2 IEMIAUHUINIUIVY
[v] ¢ W o
321 MIANEIBASINISUNS Sz IRV UM INYHEALIANTNITEMONYIa 11 319A
NFANHNIUAT (MWH 3.16)
1 -] o o o o 1
ADUNTEITINNITTTVINVD UM INYHY ADIV0IYYIANINTHITI9NINKS 1IN 5 Tuua
=] oyz a = ) = @ g; o = o
azlsaSou soumlasuanugusenaindinases uazdniinSounnaau vintduinsesuieh
9 a/ V- | 3 9 &2 o a 1 o ] a 3/ 1
anud lvduiniGou quag uazdinasowdnsduiiums lasguaediufudoyanisuns
do o @ = ] = a
TTNAYD AN IYBINAMINGEUD YA 1Y 5-6 1 11 3 1uANFUNWLMIUAT AD LvARTs Unuiu
Haza1An Izl e 1uaas § 153500 SERNUADUNEA AN 2558 DAY IBY 2559 (DT 3.15) Taosh
¥
MIAsIvMYEIUUA S duRe nazndtyve uANTnFIUBY A ITBUas NG s 5 uiiide
o o & o A a1 AW dad - & o oA
AN 1 AU Smudufudenio ddeu Wie luve s mypeniiinedilaseanilaivimiladmse
& - v o 4 [} e At [ 1o o = =
wilae s Hodntlumiuywd Taglvve unuyuinilidasgawison ldan luiidnyuziumn §
= = el 1 v ' v Y (% ' [N 5
aadwdnun naziish 14 Operculum) nadh linudodn dnumzasna luihummyud (Rassami
o 2 o ¥ - a o o 9/
and Soonwera, 2012) HaavinuuihdeyanldnTins 1zidayanisszuavauniuywd layly
] i o (=1 ot =~ Y| { ' [ 1 =
AundednsimsiuminyedludninGounaazy¥1101g uaaznd nazusaz15a50u uaznl
o o d ' Y o o ' =
mwduiuiseniwasns senaveunuyed luanminGoundaz Tsadou 01y uazme Tag 1y

Aana Chi-square Test

" a S @
AN 3.15 uruiin1sAnINss sinavoamuywd luaninSeuoyunalu 3 waves

AFUNWUMIUAS (YR TUAT fD 9ATIHINIIANINTS ZUIATD UMILYHY)
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@ 1 o

1. quited1unuToyan I NI sz1IA

-

w3 w
o um YT uantinEeusyualu
V.. a
3 YANTINNUHIUAT 1AUA 1vaRda

Unuiu tazaiansziia

2. Tawiin1sAsaamIuy ¥ U3 10w

= 9 @ d
AIHE AIUAD tmxﬁﬁﬁ}jlﬂunﬂ'm"lu 5

= |

HIN

[ =) o/ !

3 MINNURAAL T S oAI00U Wi
1] d’d:lﬂ = é @
ldve umuyudniFImfioaniladn
A A A g o
viaviaWes Do iluiviuywe

(Pediculosis)

A

4 & Y 1 do d W
.fn‘ﬂ'ﬁ 3.16 ‘Uuﬂﬂuﬂ'ﬁﬁﬂy’l@ﬂ'5'Iﬂ"l§'!!.°W'i'53'U'lﬂ VOIUMINYY UﬂﬂlﬂﬂUﬂﬁqu]HﬂTﬂiuﬁlﬂ

¢i'1~1"] VOINTANHWUHIUAG
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g T o ¥ o &G o é g @ = a 3
3.2.2 mausunld drveu uazdadia dove amaydnn@nvinGaunidumangud
Tuvangamwaumuns uazd3nama
g o A 2 o a P a
mafuswsmmuyediielflunmaassnadminSouidumuysdlulsdbou
J o o o o U o
aeq ludmiangammumuas Tasl&Suanuiuyey uazanuiuileningsruiens Isesou
4 o & o ) a £ ann d ¢ aa
919130152819 agusuneulovendaz T3aou ANITMINUIMNYEIAINITNITVES
Soonwera (2014) 1122 Rassami and Soonwera (2013) Tasldviatisacmadunmialvaseu uag
v d  w ¢ g v 3
FuduSoueamuypdanasuunszAaIEousNMIBM HAARVI WM INYLE Idn deudLUIND
- = ._-?{ ' ® A g Y 9 v
YUIA 25x30x15 IFUAINAT FINUATDI3BIAIONSZAIYNTBS Whatman® No.1 Nguai1 1vigu 1dau
i o o d W 1 v 1 v s v [ 7
Wedaseu nazaudniumuysdldndeudsunas ndesaz 200 42 daulimuywduuly
o Ao (] o ' o @ A A AN Yo a U v qy
n33 Insaadununi linmuypsassguin@mindoundei 183 ueygnanda invldndesdss
¥ ¥
puasludimu@eadu vindwhumeysdnduindaiesdfianissu 4 Anyuuin ane

= @ a [ @ A .
maTuTadnisneas aaitumaTulagnszeewna uAANMITAIANITLUL NBNIN1INANBY
ao 'l

32.3 ManusIusalunsziau Az Bin uarHamn JZITeUM ASWO NI NTAW uzuda
< v v = v v G
30 NTUIIAY HLEN LaTENT HAZMIIMTENLEH AU INS
Lyl 1Y, 2 P A oA 2 = A A A
wanthan s lumasiwssyayunsii 1 sile fa nszlay A3mn1 6o 1wy uzWe
o A 9 g -~ 9 W = -y
W9 wEau uzdunse uadedu uzanuazdud Tamnuluveanss Tau Win @2 wazkava AN
A A A o WA 9 = T d A 1
vty uudanas uzau uzndunie nzudedu neon nazdud Tauduivanu Insmariian
FaMIAUAI I T UAIAITIA 32084 aznzFuns 1 ndaddddineynsuisiu vinawe

Y ]

maTuTagnisinyas aatiuma Tulagwszoeumnd 1 1auyn13a1aNIzUe UIYTHA 1azTA
o d i, ' a = & 2 g &
Swunaedaeg nntiuthizayu lwsudazatia ldah Iazern uduiudng deauldinds
¥ &
ndrualwaziden nimininnasamsesngninianeiaazatia Taolawayu lnsudazytia
o = d A An s a 4]
1,000 n51 MermenTaueaneead 95 mesiFua 2,000 Hadaas win13 7 7 n1nvunsoAENGI
U r‘f P [ a -4 9/
daunmnna ihdmvesmsazainamlsmas Tasmisszmaensausansaenssn ivua Jag
Y A A gy £ Ny A @ 2 A
a3 eeszmegannia dis ldmseengnininiisudazyiiauds Taih Tms sunyayeyung

mal¥lunisnaassas i 15199 3.1)
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M3199 3.1 Maudsznevveayuyasulnsudazytianinnlslunisnaaeil

¥HAVRINY

[

" =
fulszneund N

tr)

1. n3¢1auU (C. sphaerica)

2. é‘;’ 3 (C. formosum)

3NN (O. indicum)

4. lﬁﬂ (£. gratum)

5. N:ﬁl‘ﬁﬂ“ﬁﬂ (S. aculeatissimum)
6. MO (S. torvum)

7. HEAU (G. schomburgkiana)

8. zufi’mﬂ% (S. trilobatum)

1.1 msataninnss Tau 7%iniumenssmedu 3%+1h 90% wuynszTau 1)

1.2 maatannnszTau 7%niufunenaszmegaatlas 3%+i1 90% ruynszTau 2)
2.1 M3ARAINAA 7% T ueNsTMedi 3%+11 90% (YA 1)

2.2 WsaiAvIngg T%HhunensaMega AR 3%+111 90% (u'rm;qﬁyu 2)

3.1 a1sasanInmn 7%+iniunesamedu 3%+ 90% s 1)

3.2 M ARATINMIN 7%+ ITUnoNsYIMOgRIAURT 3%+1190% (Haummnn 2)

4.1 MsanavInin 7%+1f1ﬁmmm:maﬁn 3%+151 90% (uwmﬁﬂ 1)

4.2 msananniin 7% iniunens avogaRulde 3%+ 90% (i 2)

5.1 msanannuzetiu 7%riuiuvenszmedu 3%+h 90% usuuzidedu 1)

5.2 MianannuzPetu 7%+ uiuveus unogmALRT 3%+111 90% (suyuidedu 2)
6.1 m3afannudenIa 7%+t uneuszmedn 3%+11 90% (iruyuzidenas 1)

6.2 wyaranInuzdenIe 7% hiuneszmegmAURa 3% 90% (irunuziionas 2)
7.1 asafnenuzau 7%ainfunenssmedu 3% 90% (sauzal 1)

7.2 asaRARINNEAL 7% nfunensnvegmATAa 3%+ 90% Wruuza 2)

5.1 msanaonazndunie 7%+t niumenssmedu 3%+ 90% anyuzuunde 1)

y . ¥
8.2 myanannuzifunie 7% Unfuvenszmogadlda 3%+101 90% msuynznduaie 2)

0L
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191N 3.1 (719) muﬂiznaumaammqmgu"lwmm azyiianianl¥lunisnaasatl

YAV INY

o

. np
aulszneund Ny
L4

9. uzi Ay (S. indicum)

10. NEBA (S. stramon ifolium)

11. dudh (C. aurantium)

.1 msadaninnz fadu 7% uiumenszmedi 3%+h 90% muyuzndedu 1)

0.2 msatannuzi gy 7% iniumeuszvogmAlda 3%6+111 90% @auyuzidsdu 2)
10,1 maafannNzan 7%+ iniuvenszMedy 3%+ 90% (LsyuEsn 1)

102 rsaannuZan 7%-hiunenszaga AL da 39%+111 90% (1BAWNEEN 2)

L1 s ananndud 7% uiumeasamody 3%+11190% aamdud 1)

-4 a = o g
11.2 Msasanndud 7% +iniunenszmagaddan 3%+ 90% iy dud 2)

1L
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3.2.4 maanaisiuayuinsonmingie viludes uazhimAumina

A A o a %’ o ~ = = A g 4 o

A Flumsanainiuayunsii 3 wiia de nziie vliudes naziusunina Tag
=1 Y A =1 o o o a =] 1 9
WumHrsayu Insmarinnadmda gaugindl yuws vazuasnsaiun udrdelidn
aynINATIU RnauzmaTuTagmansas aoituma Tulagwszeeunduhinummnianszi

v A A @ o d 1 ¥ ° v ¥ o
UeFwiia agdasuILAeA19 Bimimihnanminiuayuns
¥ ¥
duningiie viiudes naziusumnal 81gs-12 e unlasanldenmr udrdrah i
& L) g g 'ij L g A o e ¥ 3w ¥ A
azerarsan s eimiunudlusudaquisgamens dendandnildadainiu Tasleny
v =Y o ¥ el a an o > A =3
ayulwsudazatia 100 A5y nasniiunavaes 300 dadaas n1dni lUaswy Hot plate Ngumgil
= & H) v Y 1 a o

70 sernwaided Tunadsaina 2 ¥ T nmivdenssunidmveninfundozsiainu1d uda

A ? e < o ¢ o o s
ugnnmndia T Tasiniuaag nsa dianundusu wihdy 30 wesidud nd8ah Tl sulf1e

Jd v 4 [ 4

ANy 10 Wefidud agasaieg meldlunismanesde 1 (a1 3.2)

e

- ' o v a aw a
M1TINN 3.2 mm]ﬁzﬂammmmuaqu’lmuﬂawuﬂ‘numﬂﬂuﬂﬁmw

\J 14. o _ o
gas  annlszneuiidAn

¥ ¥ 3
1 UHBUNENG 10%+H11UD ANae e 90%

s

tg ) f Y & -
TUUVNHBDY 10%+HHINUDUHABE 90%

oe

2

s

4 [ ar h byl v
3 iNREUAUNINGT 10%H1130URANaB 90%

s

H H & O )
4 Uiunzie 10%Hi0iuiudss 10%+1H1un A0 80%

s

g g s ' w X Qs &,
5 UEAD 10%F11IHIIUAUNINAT 10%-1 130U 3B 80%

y A i, a yoe A
6 UTUVIINSDs 10%ANTUNUALNIIAT 10%-11UDAUMABN 80%

o (=)

¥V ¥ ¥ ¥ @ &
THUNEND 10%4-1}13114‘1]1]115821 10%+H1UUNUAUNII 1(}%+1‘imummﬁm 70%

~1
Toe

minmaealSoufauililummaasane

L UFWINDS T U (Scully shampoo® 0.5% w/w permethrin) HAAINU3 17 1995 3R 1Al
Ava $10a N HAanaaaHAIINNaTnil 109 1.9 a. 11937 8. U19szNa LRYITINT 24180
1‘3’1%14 positive control

2. HBUWATTHUIA A (Johnson’s baby soft shiny shampoo”) HAAIINUT HN verudY taUS
vevudu (Ine) 91da 106 vy 4diaugaaivnssuaianizly 0.9089033 A1ANI LY

AFIMWIIIUAS 10520 191TU negative control
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3.2.5 manaaeullszamImmueauyuasulns demsiudamataldmanmdluanv

Yo §iRms (i 3.17)
AMUNINAea1AgIT N5 Immersion test A1UATA1IVDI Yang ef al. (2004) 1AL
Di Campli ef al. (2012) TUAUMINARBUMVUGUANY3S (CRD) 11 24 Aamaaes As uauynsz Tau
1 aranaz Taunaaniifuneszmodu), nwuynsz Tau 2 nynsz Taunauiniuneus vy
aalam), umum‘\’q 1 (umuuﬁf’awﬁuﬁwﬁunaus:mﬂﬁu), uwmﬁy’; 2 (nwmxéﬁmﬁnﬁ‘lﬁuﬁan
sTmogmaUA), sy 1 suymanaiuiureusTMedu), 1suyma 2 (Egmm
i iuneusTivogaadam, nsuyidn 1 (msmg;ﬁﬂﬂﬁuﬁﬁunauszmﬂﬁn), nywwiin 2
(mmmﬁnNﬁm’ﬁu"uﬁam:mﬂqmﬁﬂﬁﬁ),uwuu:nﬁaﬁu 1 (uwuuzui‘iaﬁunmﬁﬁuﬂan
samedn), vyuzideoty 2 (uzdetundininiumenszmegmalda, usuyuzidonas 1
snyuzdonasnminiuvenszmoed), unmuzionia 2 anmuzenasmamihiuney
seimagAdlan), n¥unuzAY 1 (u‘umgu:ﬁuﬂﬁuﬁﬁuﬂem:‘,mnﬁn), UFUYNTAU 2 (LTNY
saunaniuvens umegmald ), nuyuziduaie | (nqumufuﬁ?awﬁnﬁﬁuﬂam:mu
), nwyuzndande 2 wsimuzndunienaminiunenszmagaadam, nsmuzndadu 1
amyuzudadunantiniuneuszmodin, nwuyuzi Fadu 2 ammgzuSadunaminiuney
sumegmaUA), urWuEER | nyugB IR T eNI BMed), aizEn 2 (nuedn
nanniniuvenszvegmala), usnydid | (‘uwuﬁuﬁ'wwﬁm?'lﬁ'uﬂamzmuﬁu) HaTHINY
Fudh 2 ey wamiuiumenszmegaalda) (31 3.1) TasiinsmasenlFouiioude
Lwnmmﬂ%mw?u (Scully shampoo” 0.5% w/w permethrin) (positive control) LASHFUWAST CHUIAN
(Johnson’s baby soft shiny shampoo”) (negative control) ‘?ﬂuuﬁﬁ:a\mﬂﬂﬂ\iﬁ 5 ‘E] AT YUY
nanedld lveumuywd S1uu 5 Wea Taonoadamanealiinas Liadaas anududu 0.00s
finddasdemsusumuas asluniunaassiaduiiuguinale 5.0 suAINas ge 1.2
wudmas vintiuldfude ldmangud s s Wes gualunumaasau 1.0, 5.0 1oz 100
Wit adisy ndamminlsiude ooy ednnnunanes euuumaneslmifises
19 1UNAALIRITNITATHNIBY (Whatman® No.D) azddyuii dmsunsmaaeanlisuidioy
dufiunmsnaassluiinsmoadu sumaiuinransmoves linuypd vdan1snanea 1,3, 6,
9,12, 15, 18 uaz 20 Tu mud ey dmsunusiaaduma ove limuypd de i 14 (operculum)

Lidla wielue duflauaaiseuais wielu lih uaasdluaie (Mwh 3.18) (Sonnberg et al.
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' o o 1 P 5 o v o
2010) Faunsasaorius i limuyssmaniudesasreliaziden Taoth lumuyuinng

Wosluuaazniienanssassasunsmealondesaines 1o

3.2.6 maageudszimiamvsaiaiuayuIns demsdudamatalimsnpdluann
Vv LT )
weallfiian1s
Auun13Maae11asITn1s Immersion test A1MITA15YDY Yang et al. (2004) 11T Di
. U o A ¥ o
Campli et al. (2012) MWHUAINARBIMVVFNANYII (CRD) T 9 Amaass As vniuaulns
» ¥ 1 & Y T o
g3 1 ainfungdie), diniuayulnsgas 2 ciniuviiudes), dniumyu Insgas 3 (niuiuaun
¥ y o 3 iy .
wan), Hiiueryunagas 4 ainfuneiiesiniuviudes), dniuayulnsgas s alniunziie+
¥ [ Y] ’o’ Y] o /A 2 : LY 1 ar Y
dnfuduaunmal), iniuayulnsgas 6 cihsiuviudestiniuhuaunina), uaziniu
ayuInsgas 7 alnfungieniniuviiudes-niniuhiuduninal) s 3.2) Tasiinsmanes
o - . ..
WS suifouae nsuymas NIy (Scully shampoo® 0.5% w/w permethrin) (positive control) #a g

¥ )
O o

A z A v 2 = o ' v v
11U aMABS (negative control) ¥ 1undazdmane il 541 naazmisgnanas ¥ lvveum
o o A -~ a an a Aan ]
uywd $112u 5 vog Tasnoad maaest/3uias 1 laddas anududu 0.00s Taddaidea1sng
. ¥
wuamas aslusumaaswuaduriuguanas 5.0 udnes ge 1.2 sudnas nnuuleyiu
=1 (] d o v [=1 e o [
wo'lvmiuyud 9113 5 Wee guaslusiunaass win 1.0, 50102 10.0 1A Awd 1AL HA9IN
% 9t o A [ o 1A d‘l‘
duldyiwaeluminugnanunaas 1131suu0IunaaeIminsesius unanesdae
N3¥AIBNTBY (Whatman® No.1) azd1ayuih dmsunisnaasuli sudsuduiiunisnaaselu
SEn1sReatu My nnan1saisves M uuNE ndsnsnaans 1, 3,6,9, 12, 15, 18 1a 20
Fu mudiay dmsunasiaadumsareveslinuypd fe f 1y operculum) Tiitla vie lude
dutlananiseuatenss 1 lidn uansi11ua1e (MIN 3.18) (Sonnberg ef al. 2010) AIUNITATIT
@ o [ o 3’; U =1 ° ' o v ]
dusuau lumuyuiaimiudesassnliazidea Tast limuyvdnnqresluudazmiog
1 a A 9 @ A g v
naaveasvdeumImeiiundesmans To e litnisfuiinnansarsve amuypg1ded1s
NYIA5
¥ o 1 ~ d o ] . v A

nntiheyadn 1813 1z4meas in 14 (Hatching rate) nazAmasissaznisnie

yos lumuybduaazasnaned tazmauUAN 19U B3A URA8 1A8IT Dancan's Multiple Rang
¥ H kY

Test (DMRT) (P<0.05) 3 M3 Ianznmaiinadensdudanisdnlufesas 50 (Lethal Time 50

(LT,) #1871 Probit analysis



o ' o

8A31013Wn 19 (Hatching rate) =

o o L]
Swaumuysminesneinla x 100

s lumuyudnldmaasslundazmismaaes
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1. veausunayu lwsuaazrila 1 Jadansao
viu aslununaas waduriiugudnatg

5.0 LEUAIAT g9 1.2 IUANAT

]
' =

& y ' d a
2. i lsiudglamuyed $1uau s veg
WAL U IUNATBI WU 1.0, 5.0 1Az 10.0 UIA

AEAY

3. wﬁ’amnﬁ’u‘lﬂﬁ’ﬁﬁ’m‘%ahﬁmmuyﬂ"ﬁnﬂmu
AABY WM I UNARD IniTise ity
NAGDIAIVNTZAIYATO I (Whatman” No.1) uag
frayuii1 ndsnnifutiuinranisaiovesly
MIWYYE HAINITNARDY 1,3,6,9, 12,15, 18

1AL 20 9 MUAIAL

M 3.17 Puaoumsnaaoulszansmmue swwunayu Ins aemsdudanisilnlamuywdly

an el uams (1-3)



1. Fhvl‘ii (operculum) ul.liﬁ]ﬂ =ae

2. 1o = mw

3. th'ludla uadlveums = aw

H = @ a ] ¢ a
2NN 3.18 10 mﬁnlﬂummaﬂumsmma Q‘lﬂLHTHHBﬂHﬂQﬂ'ﬁﬂﬂﬁﬂﬂ
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3.2.7 mnaaeulszamEamve susayaalng msudandiusiag denismeavessiiseu
v g ar o kY a emy ~
ez G Ve uIIEE luanwrel fUAmT (1M 3.19)
fdutiun13naaedlneIsn1s Filter Paper Contact Bioassay #1351 159849 Soonwera (2014)
A ?
UAUMINAABILLY CRD 3 24 Tanaaes As uruynszlau 1 ruynse Taunauiiuvey
3 - 2 2
szmedu), uruynszlau 2 yuynse Taunaniniuvensymegmalda), uruyal 1 (Isuya7
paaniiuneuszMedu), 1¥UYAI 2 (yuyAINTIiiuneNsTIMgA A ), truymn 1
4 4 ar = s
@y AIRaNTBUeusEIMeda), HNWMNT 2 (suyINn T nure N Hivegaalaw),
a = ¥ w o ] Y
uruwain 1 @esuydinwaninfureyssmedy), uauymn 2 enydinrasniniuveusTiMegan
a e A A A A ERY 4 A
aldm), usunuzidedy 1 eanyuzileunaminiuneuszmodu), nsuynziedu 2 (1ruy
- y D) 5
wzietunaniiuneysmoga1ilaa), HENWNLIVONIN 1 (FNHRUSTONINTINIUNEY
-1 ~y o/ o
sTMod), HFRNZITONIE 2 (MFUYNTRD WA IIUBNTTMEgA1aLla ), nNnNTAY 1
2 v A%
FuRUZAUAT NN UNBNTYMBE), HFUYUTAY 2 (IFUYUSAURT U INUNBUITZINYYA)
o~ Q %’ a
aldem), nwnwuznduaie 1 ynyuzniuaienamiviunensymedn), nsunuzniunie 2
4 =) ¥ oW ¥ o Vv Y
aruyuziiunienauiniuveuszmegaidlam), nsamuzudadu 1 eswyuzuddurainiy
¥ E F 3w a -
weuszmed ), nsunazidau 2 suyuzpndsurauiniuneysaimega1adda), uruyuzan |
¥ g ¥ afa
urnyuzB Araut iU NsZIMEd), Nz an 2 (rruasaakanhuve Ny alde),
uyuydud L ey dudwaniniuneuszmedan) nozusundud 2 @ruydud waainiy
a W = = A 4 a -
venszvegaalam ®13199 3.1) Taglin1snaneslssudisude nsuymasum3wiy positive
a4 ) : A a yy ' '
control HAZUBUWATLHAMLIY (negative control) Falunanzdmanesdl 5§ udazilenaaes
a1 L~ Y] d o @ oy o . A ]
1¥d8ounazanduioue nuyus $1UU 10 42 §1UA 15 1naly autopipet noadananaday
¥4 positive control 1AL negative control Y331a7 1, 3 uaz 5 iaaaas a1 udu 0.005, 0.02 naz
0.03 adnnsaeaT1mUANAs 1dn3vA1YAT9e Whatman® No.1 119 luniunaasswunaidu
¥ 1
MIUgUENata 5.0 udauas g4 1.2 muames nimiuldifuiisdrseuns edadusomuyyd
o @ 1 4 o a '
119 $119U 10 41 19asuunszAIEaTesludazeu e Ty uddudausuyayu Insuaay
¥ ¥
AT UTY 3IUNT positive 1DE negative control 738 MAIWINHULUNANANITAIBVBIAIBBULIALY
- - ' ' o
andudovesnuywd lundazmizenasedlunal 1.0,5.0,10.0, 15.0, 30.0 1ag 60.0 W1H a3
g o d w A A L) v A ' Ty
naaes MnTunasigaaunsasuesnuyusae pnuysd hinu himaeulnaiiene hifins
AU THIUBIMIIALBIMIT (NIWA 3.20) (Soonwera. 2014; Toloza et al. 2010; Akkad ef al. 2016)

1 @ o oA - = o o s v
dunsaImtiusiv U uyEIMaeiudesnsnlvaziden Tamiumuywinnaailunaas
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Wirenaaesrsndeunsaisaundasmaes o e limstiudaranismeveanuyudldeds
=
MNeIAT
¥ o w = a d A T
nniuhdeyan 14 ldAinszvnamuurunisnaasiaie 13 nazmanuuandisves
' = sy ) 2 a @ Ao g Yo 1
Aundoslasds Dancan’s Multiple Rang Test (DMRT) (P<0.05) 334193193 151131911 1id 00U
= v 3  w J ; a a1 a3 A
WieduAuTsveamuyuia1adesaz 50 (Lethal Time 50 (LT,) nagdiasiznarnnuiuny
L [ 1 o o o w o
ReUNAUYD I3 EAUANNTUTUABA1TA1 8718 UNT BAUA oY D UMINY I3 0802 50 (Lethal

Concentration 50 (LC,,)) #107T Probit analysis

BAI1A1IA1IAIUINIINGAT

a : s oo
BAIINITA8U ﬂxummglw"‘(Mortahty rate) = mummmuwﬁma = 100

maumayuiids maanss
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1. 19 autopipet voanwuyayu Insuaazwiia
1w positive control Il 1 £ negative control
151107 1, 3 uag 5 daaaas ANLULY 0.005,
0.02 1AL 0.03 NAAANTADAITIATUALNAT 1a
AS¥AIBNSOY Whatman® No. 1 #2191us 1w
naasavInadumugudna1 5.0 1 uRIUAS

g9 1.2 1y uAmns

z v A W w0 v & a
2. nviu IR dseu nieduan o
MYHEILNATILIU 10 A2 2190 1WUNTZAMNTB

Tuuaazau

3. JufinnanIsnsueiIoours oA uauTy
Yo unmuywd luuaazmisnaassluna 1.0,
5.0, 10.0, 15.0, 30.0 4L 60.0 1N HAIN1I

naao

r ¥ = 1 |
Al 3.19 Fureunisnadeullsz@ntnmvowauneayuTns anududueie aens

o 1 - ) 9 a wa
ﬂ“IU‘UﬂﬂﬂQﬂﬂuﬂﬁﬂﬂﬁlﬂﬂﬁﬂﬂlﬂﬁlﬁ’muﬂEﬂuﬁﬂ'lﬂﬂﬂﬂﬂgﬂﬂﬂ’li (1-3)
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1. uynd liidu wu o hindeuln,

o

g lilinaoulvy = e

2. linaaulwisiesme 1wy vuaa biwaeu v

=

. 4 =
3 "lnfmﬁmaau'lmumm UAUHDINIT UL

2 mzmealusiane = me

4 do o ar v & w o
ﬂ'“"lﬁ 3.20 NUNAATUNITAIOUDIANIDDU Ll.ﬁxﬂ:]kﬂll']ﬂl'ﬂ’]lné‘hlﬂ
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328 manaaeuiszamsamuesiniuanuIng anududisig demsmovesiasou
ez Yave g luaa el fiRms

Aiun1snaaeslasIsms Filter Paper Contact Bioassay AIMIBTNI3UD4 Soonwera (2014)
AUAUAITNARBINUL CRD i 9 Aamaaea Ao vinfuayuInsgas 1 chafunzile), diniu
ayu Iwsgas 2 ahaluviiuden), vt Insgas 3 aiuiuimsumnan, sisiuay nsgas 4
(ﬁ"ufun:ﬁmﬁﬁumﬁué'aa), ﬁﬁuﬁuu'lwsqm 5 (i nfunge-iiuIuAUNINa ), Vi
ayulwagas 6 Ginfuviiudessiniuimsumina, nasiuiuauinsgas 7 chiunzie+
vfuviiudesniniudusuminat) @i 3.2) Tnglimsnaneudisudeude usmmesum
35U (Scully shampoo® 0.5% w/w permethrin) lﬂ‘upositi\fe control HATUFUY STHUIAN (Johnson’s
baby soft shiny shamp00®) fu negative control gﬂuuﬁax%wmmﬁ 5 %’1 naazmilenaassly
Mseunieaain Sovsamywd $1:3u 10 /2 A1siums Taold autopipe voadananeuday
#ii@ positive control 11AZ negative control 31A3 1, 3 1A% 5 Taaans ANULUYY 0.005, 0.02 uag
0.03 finddnsaoastusuAmas 1dn52a18A309 Whatman® No.1 e luanmanesvuiady
AIUGUIND1 5.0 FUARIAS g9 1.2 15UAINAT mn&u”l%"tjfi"'uﬁ'Uﬁqdaun?aﬁ'auﬁniﬂmmumf
19911 10 @1 11909UUNTZMEATES [ 1maz I uﬁﬂ“lﬁmmqyJﬁuﬁﬁﬁﬁuﬁuu'lwsmiﬁ:
AT T34 positive control 1102 negative control 438 MAIIMIULTLTANHANTI A EYBIR
BOUNI BA AN DYDY BE lULAATMIITNAnDd IUNIa1 1.0, 5.0, 10.0,15.0, 30.0 18% 60.0 U
wdanInRaes MnuinuRAaaMInsvesnayBdie unpd iy TindouTnaens
Tifin1sinden 1nwe m1aALB NS (Soonwera. 2014; Toloza ef al. 2010; Akkad et al. 2016) d9u
mim'nﬁ’uﬁ'maummuurﬁ’;ﬁwéuﬁmmmﬂlﬁamem Tagsiumuyuennaaa lundazyiag
NANDIAITINADUMIANYHIUNRDINIADS |D

nintfuihideyan 181y5ies mfvamammumsmaaeediangd tazmanunandaves
ﬁW!ﬂéﬂTﬂﬂ%% Dancan’s Multiple Rang Test (DMRT) (P<0.05) i?uﬁﬁm 1= Lethal Time 50

(LT,,) iz Lethal Concentration 50 (LC,,) #1871 Probit analysis

8A3 1M IMIAIUIUIINGAI

o o . o <4
BAITINIINNYUDININY Y (Mortality rate) = %1‘142]‘14!?11111;5&1‘?}%1& = 100

Sy indsmanes
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3.2.9 manaaeuilszanEnimanunanuas mve shatuaywlng demsdudsnisinly
o k4 o wa
sayedluamnvesd uding
ANUNUNIINAABITA8ITN1S Immersion test A1UIBAT1IVBY Yang et al. (2004) 1A% Di
5 J d A =& o ar
Campli et al. (2012) NUHUMINAABILLLFUANY3 A (CRD) 1i 3 AMAne Fuin1sAaaenIn
9/ = Y Y A Y o 2 L a A
90 3.2.6 An infuayu lwsgas 7 aluiunzieriniuvliudesriniuduaunina) @319 3.2)
[ 4 - . -
Tasiinsmansanf3 sudiouda uxuWmesmmsy (Scully shampoo”® 0.5% w/w permethrin) (positive
3w 4 . o ¥ ' d
control) 11AE MU ANABA (negative control) TasnS3 sudisu msduginisin lvveumuyudves
?,‘ o @ =1 A ) v v LY A = :? o g o
iiivayuIwsudsnnmsinu linguuginazsasnmaisgnu ¥ lumsanutisnininiu
i a A v o & v o = ~
ayulwsiillszAnEnamdde nsdugsnisin livesmuyud uniy 1ngungiies Gosem
a g e @ & v o
waidom) Hunat 4,8 uay 124@eu vindudBIMATBLAIFUEIMINA IYveamIuyEial
oy Y as v ¢ o o
F3m3¥e 3.2.6 taziiudingas1nsHn Iusamnuy¥enaIN1INanes 20
A‘, o W — =) o [ " F 1 a v
ninimihifeyan1d ll3msizimeas a1y (Hatching rate) azaunasissaznisaiy
yoq Ty pdidazaiinanes nazmMauIANA1NBIAURAY TALIT Dancan’s Multiple Rang
¥ [ ¥ h,
Test (DMRT) (P<0.05) 33UM331A3 129 na Miinaden 1350830151 n ludesaz 50 (Lethal Time 50

(LT,,)) #3635 Probit analysis

gas1m i lusuiuengas

8a3111300 1U (Hatching rate) = SruaumuyEiiieanInly < 100

o ' o 1 )
snaulunmuyuimldmaneslundazmisenanes

32.10 mamaaeudszaniamaunmuaa e Mt urIyayIng A
Wadudiag denisniavesdaseu taziagin Tavesmuypiluan e s jdns

Atiun13NAne<1A8ITN15 Filter Paper Contact Bioassay @151 13089 Soonwera (2014)
JURUMSNARBIIVL CRD 3 6 Amanes Foiimsaaidenainte 3.2.7 naz 3.2.8 1dud viniu
apInsgas 7 ainfunsieninhuiiudesahniuimduninan e 3.2), HwuYAIgAI 1,2
(Awnwﬁmﬁuﬁm’uwam:mﬂﬁ'n, uwwﬁawauﬁ‘lﬁumni:msjgmﬁﬂﬁﬁ), HFUWHEAUGAT 1,2
s uzAuRTIniTuens v du, usnyEAY weriume uszmagmalam) nazusuy
dudhgas 1,2 eydudmaniniunenszmedn, usydudnaminiumeuszmogmiald

a =1 - o a .
@1319% 3.1 TagiimimaasuSvuivude uvuymwasumiudlu positive control naznsuRase
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a =] 5 =] Y @ 1 o o @ d
ANIARILY negative control Tﬂ U!‘l_r%ﬂll!‘n gUBANITINITAILUDIAIDIULASAUANIVMIUYBIVD

s

Bn" o d 4 a ' v - ] 3 e
diuaznyyayu Iwsudwinmaiy igumgiivazsrnaidie iu Felumsdautiesi

o

¥ aa a A - v [ o o w d o
ummmzuwwﬁuu'lwmuﬂszﬁmmwnﬂﬂmimwmmaﬂu UAZAAAUIUNIUY DY N'Hflll.l{

D.

)

¥
Ngungivies Goesrnraidoa) flunal 4,8 uaz 12 ey MIMIUMATELNIIAIEYB A
[ o o o o Ay 9/
goUIAzANANIBIMUYBE AINIEMITe 3.2.7 1Az 3.2.8
g»- e 9 A ) I's = ]

nnuihveyaf 18 lAnsminamuununisnanedng1d nazmanuuandisves
A1nasTas3s Dancan’s Multiple Rang Test (DMRT) (P<0.05) 5949931831211 Lethal Time 50
(LT,,) 11a2 Lethal Concentration 50 (LC,,) 23835 Probit analysis

2R3N IAYAIUININFAT

[ d . o =
BATINITATYVBIUNTIUY Y (Mortality rate) = ﬂ]u')u!ﬂ‘lnuﬂfﬁ]ﬂ]ﬂ % 100

) o
mmummuuwﬁ'amﬂam

3.2.11 mmmauﬂizﬁn?nmmmiin‘s’uua::swmgmgu‘hﬁﬁamsﬁﬁ'ammgyﬁmauﬁn
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tinfudunios (negative control) 0 0 Ob 0d Oc 0d Oc Oc
wyame sy
0 0 Ob 0d Oc 0d 8.0£10.9¢ 12.0£10.9¢
(positive control)
CV% N/A" N/A 40.8 32.2 29.1 253 24.2 22.4

o | Ld S ¥ = ) ' T P o
" gaauaundvhunonmanndadssnuanieuny BuandmaatansrAuaNY e 95% 43031015 DMRT
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H ¥ o 4 a Y oo & s A ' a v v ¥ ]
ﬂ]i]ﬂﬁ 4.26 Nﬁ‘l]@\ill']ﬂﬂﬁl.lullw5 T FURA HFUWIWBIIUNTU tmzumummﬁad ﬁ'J"IlI!‘I?N‘l?‘H 0.005 HAADATABDATINNUYUALINAT ﬂﬂﬂ'ﬁﬂ'ﬂﬂ@ﬂ'ﬁﬂﬂ"l‘u

d [ a - 3 ' ¥ e ik
YOUM YO NAINMINARBA 1,3,6,9, 12, 15, 18 1az 20 Tu #2635 msgu limnuysd huniniuildnaaes u 5.0 wid

Vv
mstutmsa limmywd ) £ SD/namMaIm maaes (u)"

uniuildmaans
1 3 6 9 12 15 18 20
nziio (Z. zerumbet) 0 0 24.04£17.8b 60.0+24.4a 72.0+£32.8a 84.0+£26.0a 92.0£17.8ab 92.0+21.9ab
&
viudou (C. zedoaria) 0 0 64.0+16.7a 68,0+17.8a 80.0+£24.4a 92.0+10.9a 100a 100a
FuAUMNA1 (Curcuma sp.) 0 0 32,0410.9b 52.0+£22.8ab 76.0+£26.0a 88.0+£10.9a 88.0+10.9ab 88.0+£10.9ab
ﬂ:‘ﬁi] (Z. zerumber)
=z 0 0 36.0+£21.9b 52.0£33.4ab 88.0+17.8a 88.0+17.8a 88.0417.8ab 88.0+17.8ab
+yiudau (C. zedoaria)
azio (Z. zerumber)
- 0 0 16.0+8.9b 28.0422.8bc 72.0+£22.8a 84.0£16.7a 88.0+10.9ab 88.0+10.9ab
FNUAUNNAN (Curcuma sp.)
2
Viudou (C. zedoaria)
- 0 0 32.0£17.8b 44.04£21.9ab 72.0+£22.8a 80.0x14.1a 80.0£14.1b 80.0£14.1b
+1MUAUNYIAT (Curcuma sp.)
nxie (Z. zerumbet)
2
+l1ud00 (C. zedoaria) 0 0 44.0432.8b 76.0432.8a 100a 100a 100a 100a
+TIUAUNINAT (Curcuma sp.)
1?117115";11156}4 (negative control) 0 0 Oc Oc Ob Ob Oc 0d
TN R TR
0 0 Oc 0Oc 0b Ob 12.0410.9¢ 16.0£16.7¢c
(positive control)
CVo% N/A" N/A 38.1 37.6 18.2 16.1 12.0 12.8

T dnavanndslunname mnd v simileusy hiunndmuatan ssaun eIy 95% Aa035015 DMRT
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4 Y a 4 a ! o & A Aan 1 a v o ¥ '
ﬂ]'ﬁ']ﬁﬁ 4.27 Wﬁ"‘]'ﬁ]\iﬂ]ﬂ“ﬁl}“Tﬂi 7 FURA UFNYINBIIUNTU !1ﬁ3u1uu93$ﬁﬁﬂq ﬂ?]ul‘ﬁ‘n‘ﬁ’u 0.005 ¥R DATADATTNIUBUALINAT ﬂgﬂ'ﬁUUUQﬂ]iﬂﬂ\lﬁU

d [V o 3 Ay " ] ntl ‘n’ o g W =1
VI INYBY HANMINAned 1, 3,6,9, 12, 15, 18 1Az 20 U ﬂ?ﬂ?ﬁﬂ1ii}ﬂ1ﬂlﬂ]ﬂ‘l—jﬂﬂ Mu1ﬂu'ﬂ1‘tﬁ]ﬂﬂ'i)~1 UIU 10.0 U™

mstutam i limyud (%) £ sSDamdmmaans (fu)”

¥ o d
vniunldnanoa
6 9 12 15 18 20
1210 (Z. zerumber) 56.0+26.0a 68.0£10.9ab 88.0£10.92 100a 100a 100a
Fd
viudoo (C. zedoaria) 40.0+14. 1ab 76.0+16.7ab 88.0£10.%9a 100a 100a 100a
NMUAUMNA (Curcuma sp.) 28.0£10.9b 80.0424.4a 88.0+26.8a 96.0+8.9ab 100a 1002
nsilo (Z. zerumber)
2 48.0£17.8ab 76.0£16.7ab 88.0£17.8a 88.0+17.8b 92.0+17.8a 92.0+17.8a
uiudon (C. zedoaria)
AN (Z. zerumber)
i 40,0424, 4ab 56.0421.9bc 96.0+8.9a 100a 100a 100a
SNUAUNNID (Curcuma sp.)
&
wiudon (C. zedoaria)
L. 32.0422.8ab 44.0£16.7c 88.0£10.9a 92.0£10.9ab 92.0410.9a 92.0£10.9a
ANUAUNYIAT (Curcuma sp.)
nzio (Z. zerumbel)
&
+uiudon (C. zedoaria) 44,04£16.7ab 80.0112.1a 100a 100a 100a 100a
+]']1.1FTH1"|IJ 107 (Curcuma sp.)
hifudamdes (negative control) Oc 0d Ob Oc Ob Oc
nyuyIWe S
Oc 0d 0b Oc 8.0£10.9b 20.0+14.1b
(positive control)
CV% 33.4 224 14.1 7.9 8.1 8.5

= ] a 2 4 w - - . i i aad o F i
gaavAnnaslunulg mAanAIRIe Y sIHiauAY Biunndmanandan ssaunuEIU 95% #2031115 DMRT
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4 [} ?," @ ¥ i 1 1 1 ' %‘ a 1 =Y
M9199 4.28 a1 LT, vouiniuayu nsih 15 lunsnanes denmsasves linnuysdlunsmaassgu i luiniudazatia um 1.0, 5.0 uag 10.0 uH

LT, (A rge-Agagersu) /a1 luns gu'ly

duiufildnaans = — —
LOuUM 5.0Um 10,0 UM
NN (Z. zerumbet) 14.7 (13.5-16.1) 10.0 (8.7-11.3) 7.3 (6.4-8.2)
viudon (C. zedoaria) 17.0 (15.7-18.6) 7.7 (6.7-8.6) 7.5 (6.6-8.3)
NUAUNKIAY (Curcuma sp.) 17.3 (15.6-19.7) 10.1 (8.9-11.3) 7.9 (6.9-8.9)
N2 (Z. zerumber) - viudou (C. zedoaria) 10.1 (8.2-12.0) 11.2(9.5-12.9) 8.4 (6.3-10.5)
neNo (2, zerumbet) + IMUAUNLIAT (Curcuma sp.) 11.5(10.1-12.9) 11.4(10.3-12.5) 7.7 (6.9-8.6)
‘\J‘f:uﬁ’flﬂ (C. zedoaria) + TUAUNNI (Curcuma sp.) 13.2(11.1-15.7) 11.2(9.9-12.5) 9.6 (8.3-10.9)
g0 (Z. zerumber) + VIS0 (C. zedoaria) +IMUFUMIINT (Curcuma 5p.) 9.5(8.2-10.8) 6.9 (6.2-7.7) 6.8 (6.0-7.8)
'ﬁ"ﬁru ihmam (negative control) NA" NA NA
.lmny_lwa‘fnm’%u (positive control) 239 (-) 23.1(20.7-63.1) 22.2(20.4-54.9)

A o ' & A
" Lethal Time 50 (LT,,) uoda namih 18 hve wnuyudaelilnsanila

R = " - 7 aa
Not Available (NA) Wino8a lannsodinsizdamanda 18

611
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patlumsguly miwd Eswil @ 0w

o ¥ o Aq v 1 o 2 ' o
MR 4.5 LT, vouhduayulnsildlunmsnanes aensdudamsin live wmmwund Tuns

] ' :’ ) T =Y
nanpsgu I luhsiudazatia wv 1.0, 5.0 uaz 10.0 w1
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4.4 wammamevlszanEmmveansunanuIng ANadnduaIY ABN1TMIB VBRI

1 o o ar JGI EY a om
dou nazd iy Taveumuypdluaamvenlginms
b : LY a | e d -
4.4.1 maveusnyasyuInans 11 yiia wasnhiuneuszmogmarda uyuymesumiv uaz
o d
UYHWATSHAIAN ABNITAIBVBIFIBBUIMNY NS
t:i = (=Y %’ ar = Qs v
A13197 4.29 Ae wavenruyayulns 11 via naaniniunensangaddaa Taun
& o A A A o A B = P>
nszTau @2 mn din uzdedu uzonae uzdu uzudunie uzudadu uedn uazdud fan
(% A Aan v ~ J @ 1 4
W 3 32AU AB 0.005, 0.02 1A% 0.03 HANAAIABAIT 1UFUAIAT ABNITAITVBIAIBOUIMIUYHE
o . ] oy s A @ o i
TAg¥I1N13NAABIIUY Filter paper contact #1310 )71 AIBOUVBUM MY Y B TUATALLYUYA
1¥lumsmaaswdazatiafanududugs (0.03 Taddasdemsraugudnng) Inavi1lvsasing
[ d 5 [ 4 ';, ' a an v
ABYBIAIBOUIMINYBIFIVUNTNNINAN WA UGUAIN I (0.005 1AL 0.02 HAAAAIABAITI
= é b/ 4 = el v o a
UALIAT) FIWDI1 NANUTUTU 0,005 TAAAAIABAITIVFUANAT AINITNAABA 0.5-30.0 UM
A o 1 o 1
usmdud naangelumsnanes Taefinavi liaaseumiuypdais 521314 68.0-100% 589000
A 3 o < a ) v 9 A A I -
AD NFUWA NTAU N3TTALINNT NZBN 1WA BTN UNIAU UTIVDUU LAZUZIIUATE HIUND
o arfll & o a g
MlddageunmunpdnIy Al 68.0-96.0, 68.0-96.0, 48.0-96.0, 48.0-96.0, 16.0-96.0, 56.0-92.0, 48.0-
o o v o o a o o
92.0, 44.0-88.0, 60.0-84.0 L1AZ 28.0% ANAIAL FIUNVUYWATTHUIAN DLHBNWINES M3 U dnari1 I
A28 oUNMIYBIAIY 321314 8.0-40.0 1A% 16.0-60.0% MUEIAY HAINIINANDE 60.0 111 Y3ng
v @ = @ P a A - 6 Gy a 1 s
pyuydud uzen ugau nzdowaa din mnt a3 nagnaz Tau Tnavih idaeenmmypdais 100%
J ~ 4 ] 1 L o v o o a A
AR IAdUY) INABNIMEVBIAIBOUMINUNE 551314 40.0-96.0% fins sz anT nimves
ey Twsi 15 lunsmaassnanndudy 0.02 indaasdemsrasuamas waal3lumane 430
'& ¥ ~ o 1 M af
Fananrsnaaseluariregd Isalilumamafeanues1an 4.29 v Main1Imaned 0.5-15.0
= ¥ ¥ 99 ad = 0o q Vo s '
Wi uvuydud Twadd galumsnaass Tasiinavii 1@ sunmuypdae s2v319 72.0-100%
A o A& 9 = R T | - A
5990911AD UTFIYUZAYU A uZndeAu BN uzidediu in m uzWens nizlau nazuzuiunie
= o @ o [ g
navi IdaeuMmuy BIA18 AIL 68.0-100,64.0-100, 64.0-100, 80.0-96.0, 76.0-96.0, 64.0-96.0, 68.0-
92.0, 64.0-92.0, 60.0-92.0 112 60.0-80.0% AINFIAY HAINIINAABY 300U HaLlsIAYI HwNY
v lwsmnaiia oy nnguzniani e uazugs n narih Id@8ounnIyEEAIY 100% 59 anda
~ ' ~ 9 Y A A ° o v
MINAABY 60.0 WA a1 uayayuInsynwiia sndu usuyuznieaie inavilidgewm
s o o = [ a1
WUBEA 100% EIMTUUBNWATENUIAN LAZIYIYWDI MNTU HAABNIAI0UDIAIB BUMINYHE
5241314 12.0-40.0 AT 16.0-88.0 % NAINIINAAB 0.5-60.0 1T AEIAY 1azA13199 4.31 Av HAYOY

nayangu Iwsi 1§ unsnaaesa gy 0.03 adaasdemuguAmnas AenIagueIdlsey
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é C;‘ s ﬂ. 1 o
mayyd Fananimaassii na lulunumisdeanumised 430 uaz 429 wadsing i nasms
o Y 9 a4 = o q Yo 1 '
NAae4 0.5-10.0 WA uvaydud uazuzau Iwanisnanesanga Taslinavih lvidaeeumuyud
roa A 1 - o A& = A A =
MOMIAU AB 721319 76.0-100% 589AINIAB HYUWNTAYU @D ULDN uTWBYU Nz Tau WA 1iin
= ° a o s 4
wzndedu uazuzienie Fedinari A28 eum Yy Bda18 A9l 72.0-100, 72.0-100, 80.0-96.0, 80.0-
96.0, 72.0-96.0, 72.0-96.0, 72.0-96.0, 68.0-96.0 1% 72.0-92.0% AUAIAL HAIN1INANDY 150 UIH
1 = = =) =] = A ° Yo 1
wudh uwnayu lwsideumariia sndu nsnmuzienis uzndunie nazuzdn inmi lvdageu
T A o ar ' | LY
My ugas 100% aunruymgu lwsaus ravi iaaseunmuyudais ssnine 80.0-92.0% nad
A1sNAReY 30.0 11z 60.0 WA uruyayu Insnasiia inavi I¥dre oumnypdnie 100% dau
sy asRA nuazIsNe T am3 U finavi lida8 sunmuypdae 16.048.0 AT 32.0-100% NA3
MSNANBA 0.5-60.0 1A MudAU
' ] Ay o 9 @
Aumai 432 fis A1 LT, vasusuyi 1§ lunisnanes amndudu 0.005, 0.02 ag 0.03
fladdnsdemMNUTLANAI AonIMeuesAIsaUMIEE narls1ng 31 usuyayu Tnsynatia ik
A o A A 9 g A A a 0. q a1 o
manaaed lil lumamedsniuae ieanududuve wsuymuiu inavilvdse suva armnaunud
3 = L :lli. _
MOAU Lagla 1 LT, Yesas Taswud1 usydud Iduadngalunisnaaes Tagiia LT, vey
fgAsznang 0.2-0.8 WA sesaunde nauzay @) uzdediu uzdn uin uzionia nizlau
3
mn uzudsdu nazuzniunse fell 03-0.9, 0.4-1.0,0.5-1.3,0.5-3.4,0.5-1.9,0.5-1.9, 0.5-1.9, 0.6-
1.4, 0.6-1.4, 0.6-2.8 1A% 1.2-10.0 W17 ;md 18y msunsuyassaudn uazisumesum3u il

1 LT,, ¥4 51.0-65.1 1az 2.9-23.4 119 aud1ay



‘q', =) %‘ CY = o/ o
@151 4.29 wavesusuyayuns 11 viia aguiniuvenszmogaddda nvuymesum3u uazusuyaseruan amdudu 0.005

a0 0AsABMI N AFUARIAT ABNITAIVYDIAIBOUMINYBE HAINIINAADBA 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 1AL 60.0 UTA #2833 Filter Paper

Contact Bioassay

mimum%mmmgmf(%) + SD/NAMAINITNANDY (u1ﬁ)”

uww‘mﬂiﬂﬂam

0.5 1.0 5.0 10.0 15.0 30.0 60.0
aszlau (C. sphaerica) 48.0+26.84b 72.0+10.9a 72.0£10,9ab 80.0+14.1ab 80.0x14.1a 96.0+8.9a 100a
é’) (C. formosum) 68.0+10.9a 72.0+£10.9a 84.0+8.9a 92.0+10.9a 92.0+10.9a 96.0+8.9a 100a
NN (O. indicum) 48.0£10.9ab 72.0£10.9a 84.0+8.9a 88.0£10.9a 92.0+10.9a 96.0+£8.9a 100a
N (E. gratum) 56.0+8.9ab 60.0+18.8ab 72.0410.9ab 80.0+14. 1ab 80.0+14.1a 92.0+10.9a 100a
uzx%%u (S. aculeatissimum) 60.0+18 8ab 72.0£10.9a 76.0+£8.9ab 76.0+8.9ab 84.0+8.9a 84.0+8.9a 96.0£8.9a
NEIVBNI (S, torvum) 48.0+10.9ab 52.0+10.9ab 80.0+14.1ab 80.0+14. 1ab 80.0+14.1a 92.0+£10.9a 100a
NEAY (G. schomburgkiana) 68.0£109a 72.0+109a 80.0+14.1ab 80.0+14.1ab 88.0+10.9a 96.0+8.9a 100a
wzudunso (S. wilobatum) 28.0¢109cd ~ 28.0£109¢d  28.0:16.7d 280£109d ~ 28.0+109c  28.0+109c  80.0+14.1b
nzuddu (S. indicrm) 44 .0+8 9bc 52.0+10.9ab 64.0+8.9b 68.0+10.9b 80.0+14.1a 88.0+10.9a 96.0+£8.9a
nEdn (S, stramonifolium) Oe 16.0+35.7d 80.0+14.1ab 84.0+8.9ab 92.0+10.9a 96.0+8.9a 100a
1ud1 (C. aurantium) 68.0+10.9a 76.0+16.7a 88.0+10.9a 92.04109a ~  92.0£10.9a 100a 100a
msuqmai’mn’?u (positive control) 16.0+16.7de  44.0£16.7bc 48.0+10.9¢ 52.0+109¢ 60.0+14.1b  60.0+14.1b  68.0+22.8¢c
ummy,ﬁ'izwmﬁﬂ (negative control) 8.0+10.9¢ 20,0+12.1d 24,0+:8.9d 28.0+10.9d 36.0+8.9¢ 40.0+14.1c  40.0+14.1d
CV% 340 30.5 17.3 16.4 15.4 15.0 10.0

n e o4 ¥ d o ™ o . ' aad o 5 L .
' @avAunas Tunaamnam dadudnysiniiounu Tiuandranantan szAuA eI 95% A2075015 DMRT
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15197 4.30 ravesnsuyayulns 11 siia nauihiunenszvogaddda nsuymesumiu nazuvuwaszauan adudy 0.02

1088AIADAII 1UFUAINAT ABNITAIBYBIAIBDUIMINYBE HAIN1INAABY 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 g 60.0 W1H meluanin

b3 aen ¢y o .
wmﬂgmm‘i 38737 Filter Paper Contact Bioassay

MINWINDUIN mqyé (%) + SD/IAMAINITNANDY (m?l)“

uryildnanos

0.5 1.0 5.0 10.0 15.0 30.0 60.0
nsz1au (C. sphaerica) 60.0+18.8¢c 80.0+14.1a 80.0+14.1b 88.0+10.9a 92.0+10.9a 100a 100a
6‘1'1 (C. formosum) 64.048.9bc 76,048 .9a 92,0+£10.9a 96.0+8.9a 100a 100a 100a
WA (O. indicum) 68.0410.9abe 80.0+14.1a 88.0+10.9ab 92.0+10.9a 92.0+10.9a 100a 100a
N (E. gratum) g 64.0+8.9bc 72.0+10.9a 76.0+8.9bc 84.0+89a 96.0+8.9a 100a 100a
uzl%‘f}u (8. aculeatissimum) 76.0+8.9ab 76.0+8.9a 80.0+14.1b 84.0+8.9a 96.0+8.9a 100a 100a
ULIUOWIN (S. torvium) 64.0+8.9bc 72.0+10.9a 80.0+14.1b 88.0+£10.9a 92.0+10.9a 100a 100a
WA (G. schomburgkiana) 68.0+10.9abc 76.0+8.9a 88.0+10.9ab 96.0+8.9a 100a 100a 100a
wzndun3o (S. wrilobatum) 60.0+14.1¢c 68.0+£10.9a 68.0+10.9cd 68.0+£10.9b 80.0+14.1b 88.0+10.9b 92.0+10.9b
Wz TR (S, indicum) 64,048 9bc 76.0+8.9a 840t89ab  88.0£10.9a 100a 100a 100a
ugon (S. stramonifolium) 80.0+14.1a 80.0+£14.1a 88.0+10.9ab 96.0+8.9a 96.0+8.9a 96.0+8.9a 100a
dud (C. aurantium) 72.0+10.9abc 76.0£8.9a 88.0+10.9ab 96.0+8.9a 100a 100a 100a
u‘uuqmaﬁnﬂ?u (positive control) 16.0+£16.7d 48.0+10.9b 60.0+18.8d 64.0+8.9b 80.0+£12.1b 84.0+8.9b 88.0+10.9b
muqﬁsznmﬁn (negative control) 12.0+10.9d 16.0£8 9¢ 20.0£12.1e 20.0+12.1c 24.048.9¢ 36.0+8.9¢ 40.0+14.1c
CV% T 12.4 10,7 11.5 93 6.3 4.5

] ¥ w v @ il i and o T
! ganvaumdolunaaannddusar sndeunt lluendiamnanaanseA e 95% Au35015 DMRT
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" ~ ? a e 4 a =1
ﬂ]ﬁ]aﬁ 4.31 Nﬁﬂlﬂdl!‘ﬁuﬂﬂuuleS 11 ¥UA Nﬂuu']i}uﬂﬂﬁﬁz!ﬂUq@nﬁﬂﬂﬂ HFUWINBIIUNTU llﬁ:ﬂlﬁfﬂ"ﬂﬂizﬂnlﬂﬂ ﬂ']’lnuﬁlﬁh 0.03

HadaATABMITIIBUAINAS ABNTTAIBYBIAIBOUMINUEE HAININARBS 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 ag 60.0 W meluanin

ﬁﬂdﬂﬁﬂ‘ﬁmi #2071 Filter Paper Contact Bioassay

9
ugnynldnaans

13 mumﬁummumf{%) + SD/AIMAIMINARDY (UMW)

0.5 1.0 5.0 100 15.0 300 60.0
n3z1au (C. sphaerica) 72.0+109a — 80.0¢14.1ab  88.0¢10.9a 96.0+8.9a 100a 100a 100a
2 (C. formosum) 720:109a  §40489a | 92.0+10.9a 100a 100a 100a 100a
WA (O. indicum) 72.0£109a ~  76.0+8.9ab 92,0+10.9a 96.0+8.9a 100a 100a 100a
0in (£, gratum) 72.0+10.9a 84.0+8.9a 92.0+10.9a 96.048.9a 100a 100a 100a
we1¥du (S, aculeatissimum) 80.0l4.la  84.0+892 92041092 96,0489 100a 100a 100a
HIVONI (S. torvum) 72.0+10.9a 84.0+8.9a 02.0+£10.9a 92.0+10.9a 92.0+10.9ab 100a 100a
WEAU (G. schomburgkiana) 7604892 80.0414.1ab  88.0410.9a 100a 100a 100a 100a
uzudunsa (S. rrilobatum) 72.04109a  720£109b  84.0%16.7ab  88.0+10.9ab  88.0+10.9b 100a 100a
usuIRqU (8. indicum) 68.0+10.9a 80.0+14.1ab 92.0410.9a 06.0+8.9a 100a 100a 100a
uon (S, stramonifolium) 80.0+14.1a 88.0+10.9a 88.0+10.9a 96.0+8.9a 80.0+44.7b 100a 100a
dud (C. aurantium) 76.0+16.7a 88.0+£109a 96.0+8.9a 100a 100a 100a 100a
HHUWN afunsuy (positive control) 32.0+10.9b 72.0410.9b 72.0+£10.9b 80.0+14.1ab 96.0+8.9a 100a 100a
HBUWATZHUIAN (negative control) 16.0+8.9¢ 20.0+12.1¢ 24.048.9¢ 40.0+14.1c 40.0+14.1c  40.0+14.1b  48.0+10.9b
CV% 16.8 10.2 13.4 9.5 6.2 32 3.1

n o . i L4 o o " ' ' and i 4
" davaundlunuiasfimundsdudaw svileuny Tiunndrmandan seaunIIdeiY 95% A2035115 DMRT

st
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! \ ﬂ'. io‘ as -~ as '
@13197 4.32 A1 LT, voausuyayu Insh 19 lumsnaaes wasniniuvens uvegmadaa aensang

yasae ounuywd e duAanuusuyi14lun1snanewdazytia aududy 0.005, 0.02 1ag

0.03 1ARAAIABA T INUFUAINIAT

LT, (Awhga-migegaanii)/ anududu (Taddnsdons maudnms)

uwuyildnaans
0.005 0.02 0.03

nszlau (C. sphaerica) 1.8 (0.09-4.6) 1.0 (1.0-2.5) 0.6 (0.5-1.9)
ﬁ’) (C. formosum) 1.0 (0.9-2.6) 0.7 (0.6-2.0) 0.4(-)
NN (O. indicum) 1.4 (0.3-2.6) 0.7 (0.6-1.9) 0.6 (0.6-1.8)
i3I0 (E. gratum) 1.9(0.7-3.3) 1.2 (1.1-3.1) 0.5(0.5-1.7)
widotu (S. aculeatissimum) 1.3(0.7-3.1) 0.8 (0.7-1.9) 0.5(0.4-1.7)
UZION (S. torvum) 1.9 (1.1-3.0) 1.1 (0.7-2.6) 0.5 (0.5-1.7)
ULAU (G. schomburgkiana) 0.9 (0.9-2.3) 0.6 (0.5-2.4) 0.3 (0.2-1.6)
uzu3uns o (S. trilobatum) 10.0 (-) 1.7(1.3-5.6) 1.2(-)
uzn3adU (8. indicum) 2.8(1.6-5.0) 0.9 (0.8-2.3) 0.6 (0.5-1.8)
UL (S. stramonifolium) 3.4(24-5.0) 0.8 (0.7-2.0) 0.5 (0.4-1.8)
dud1 (C. aurantium) 0.8 (0.6-2.1) 0.4 (3.0-1.8) 0.2(0.1-1.7)
!mnwuma{um?u

23.4(14.5-36.9) 9.6(2.8-15.9) 2.9(1.3-4.4)

(positive control)
=
uww“ﬁsznumn

(negative control)

65.1(45.7-128.6)

60.7 (41.8-127.4)

51.0 (35.6-98.0)

; - — il 2 A
' Lethal Time 50 (LT,) wanuda naihI¥@ee msanmywdaiolilasmiia
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o o o d
4.4.2 mavaausuyayulnsna 11 vila waaniisiumeuszInady WEaIYINB FBMIU uazuBaY
ATZHUKIN ABNITAIBUBIA DB UMINYYE
c; =} o~ ! LY 9/ " a?
3199 4.33 Ain wavasuyayuIns 11 wia soninfuvenszmedy laun nszlau a2
d 1 a 4 o
M0 Wn wziWevu uzWens uzau uenduaie uzndadu uzdn uazdudh Nanuwudu 3 szau
A Aan [ -~ U CY ] o °
f® 0,005, 0.02 1Az 0.03 HANAATADAIT IIYUAINAT ADNITAIIYBIAIBOUIMINYYE 1ALYIINS
= v @ f A o v A
NANBIU Filter paper contact Ha1l31A931 daseuvesminypd ieduradunsuynldlums
naneAazyiANa NuTHIUg (0.03 Taddasdemauwudngs) linavh 1Moasinsaigyesd
J j ' i o v = oAan 1 ~ &
POUIMUYBIgIIUIIANIIA TN UA1INI1 (0.005 Hag 0.02 TAAAATABMINITUAILAT) 9
WU AANdudU 0.005 AadanIAeMIUTUAIIAT NAIMINAABS 0.5-30.0 UTH usuydudr1d
aa o o o 1
naafigalunsnanes TaviinayinIddas sumaypdaie 51319 60.0-100% 399093179 LENY
4 & a o ¥ P 2 A A R s q Vo
uzitunie a2 1din uzau mm vzndadu uzidonae nazlau uedn nazuzWedu Falinavilvda
v 4 o ¥
BOUIMINYHIA1E AU 68.0-100, 64.0-100, 64.0-100, 64.00-100, 60.0-100, 56.0-100, 72.0-96.0, 60.0-
o o U o A A o o
96.0, 64.0-92.0 1AL 60.0-92.0% MUTITY dMUBUYATTHUAN BAZUWNES UMY TTHavi11Ha 7
BOUIMINYHIAIY 321319 8.040.0 118 16.0-60.0% AINAIAL HAIN1INANBY 60.0 W17 Us1ng T
~ = o a o 9 [
pruyayu Insnaviia endunsuyuzivenis inavrldaageuminyvaars 100% d1msiy
UszantnmveansuyayuInsi 1Flunisnaas s 002 Taddesaomsusuanas aag
v [ ¥ [
1Flumi e 4.34 Fswansnaaesluarsist ea bl lunuamafoadue e 433 Tassing
a - ! ¥ Y 9 ad = o Yo v a
HAIN1INAADI 0.5-10.0 1% ury dud) Wnaangalunisnaass Tasinasirlvinassunnangud
1 A & [ 9 A A a =
A0 3TMI19 72.0-100% 309090178 LFUWAI uzAU uziRY uzndunie uiewds in uzdn
4 =1 @ @ 1 d a q{’
widipdu mnaznszlau dnavi idee ummyuga1e Aatl 72.0-100, 68.0-100, 68.0-100, 76.0-
96.0, 68.0-96.0, 64.0-96.0, 68.0-92.0, 72.0-84.0, 64.0-84.0 112 ¢ 60.0-84.0% AIWA 1AL HAINI1INAADY
=1 ' a ¥ ) “ o q Yo
15.0 1A watlsing a1 nsunasu Insyawia spdusuyisidedu saznsylau inavi lvidaeeu
d ¥ ar = 1 A A
MUY BIMY 100% TIUNINAINTINAABY 30.0 waz 60.0 U U531 nsuyaryu Twsnnaiia lina
o d 9 » a ' ot
M ldvmyudans 100% dmsuusuyaszruan uazisuymesum3u inaren1smsueriseu
J ' o o_ o ~
LYY 551719 12.0-40.0 1AL 16.0-88.0 % NAIN1INAAB 0.5-60.0 U ANAIAY 1AZAI3 19N 435
An waveausuyn 1¥lumsnaassanududu 0.03 Taddasaens 19¥UALAT ABN1TAIBYDIAI
1 o & Ikt 9 = o = & N o
goumuybd ¥anan1smaaeil liwa ) lummaRenuaisem 433 uaz 4.34 Fawudn vasns
=1 2y o v o A “ o q Yo+ o
NAND4 0.5-5.0 Wi nwuya dudh nazuzau nansmanesanga Tasiinaviliaeeunnuywd

A8 321314 80.0-100, 76.0-100 1A 72.0-100% ANFIAY 589893178 usunuzdaiu mm uznddu
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=1 é - o 1 d [ 1
siWenas i uzndunie nszlau nazuzdn Falinavi liaae eunmuypaa1s A4t 84.0-96.0, 80.0-
96.0, 80.0-96.0, 76.0-96.0, 72.0-96.0, 72.0-96.0, 72.0-92.0 Ua 72.0-92.0% ﬂﬂlﬁ'lﬁl‘ll HAINITNADDY
=1 ' A =Y o S A o 9 a1t
10.0 1% w1 uwuyayu lwsieunnsiia sndu usuynse Tau dn uazuzen navi id0eu
U 4 = @ @ 1 o 1 o
MINYHEME 100% Faunsuyayu Tnsdus i Idageumuyuine 521319 72.0-96.0% Wl
=~ o =1 o [ o U
MINAaed 15.0, 30.0 1Az 60.0 Wi usuyasu Twsynatia likavi Iidae eumunyudans 100% au
a o o ° @ 1 o w
NN AT HUIANIAZUFNYINDS BN T U Nnarh A9 eunuYBIAIY 16.048.0 AT 32.0-100% MAY
MINAADA 0.5-60.0 WA MUAIAL
dmTuasah 436 fie A1 LT, veasuyi1¥lunisnaass anududu 0.005, 0.02 nag
0.03 HAAAAIADA T IUBUAINAT eiamsmwme?m’aummuuﬁ' warlsingn sy Insnneiia
9 - @ A 4 9 g A j = o Ya v
Wnansnaass llumnmadadudes Weanududuvs ssuwmuiy Inmilvalssuyeam
fg = L] 1 =
WY BIMBINAYU HAiAT LT, Yesas Tasnwud nsuydudrivinadngalunminanes Tasiia
LT,, Yoo gaszning 0.2-0.6 wIf sesaqnde nyunusay 43 mm uzivedu uzidenig e
a o L4
fuifin nszlay uzuduaie nazuzdn aatl 0.3-0.8, 0.3-1.0, 0.4-1.1, 0.4-1.1,0.4-1.2, 0.4-1.2, 0.5-
~ o o o [ a =Y =
1.7, 0.5-1.4, 0.5-1.1 18z 0.6-1.2 1% i dy davSunsuyassnui@n uazuwangmes umiu s
LT,, 551314 51.0-65.1 1A 2.9-23.4 U1 Mua 19y
5 @ A A 0 i ¥ W A o Yo ot Fs
& 1miua13199 437 AeA1LC,, (A1 LC, aannduduiih Ifaaseunnuywdaisly 50%)
Ao anwduduyensyayu Insnmninfuvensymegmalda waznauiue NI smedy
H&IN13NAABT 5.0 IR NEravh A ge U uyBane Ysiagh usuydudnauiniuven
a Do 9 3\ o ) A o A ¥ A
sumogaaiaa uazusuydndwauiniuneusymoedy ldnamsnaasuniiouduae Ivinad
Haalunisnaass Tasiisl LC,, Worhqa fe 0.004 HaAansden s 1usUANIAT AR luvme
A ~ A @ A v A o A & - A A
Huyriiaoug Inanisnanceaniounufe nsnyuzdU 42 NN NTABNIN NZBN NZIVOYY
nse Tau 1in e dedu uasuzuiaade A1 LCy, 19110U 0.006, 0.007, 0.008, 0.008, 0.008, 0.009,

0.010, 0.010, 0.010 1220.016-0.017 HAAAATABMINITUANAT AIAIAL



4 o) ¥ o d o g a an 1
?'I'I‘J'Nﬁ 4.33 ﬂammuwuﬁuu']ws 11 ¥uUa NﬁSJHWHUTT?JiJi%!ﬂU%’H HENWINDIINNITU HAZHTUWAISHUIAN ﬂ']'lil!ﬁlﬁﬁl 0.005 unaanine

a T o 1 4 o a wa
MITUFUAINAT ADNITATBYDIAIDDUNMIUYBY HAINITNAABS 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 1AL 60.0 U ﬂwiuﬁmwﬁmﬂguﬂmi EPL

I Filter Paper Contact Bioassay

A o o an
msmﬂmammuq‘uu (%) £ SD/AMAINTINADDY (UMN)

ll%nﬁﬁlﬂgﬂﬂaﬂﬁ

0.5 1.0 5.0 10.0 15.0 30.0 60.0
nselau (C. sphaerica) 60.0+18.8a 64.0+8.9a 80.0+14.1a 80.0+14.1b 88.0+10.9b 96.0+8.9a 100a
';{'J (C. formosum) 64.048.9a 72.0+10.9a 84.0+8.9a 96.0+8.9a 100a 100a 100a
1WA (O, indicum) 60.0+18.8a 72.0£109a 88.0+10.9a 96.0+8.9a 100a 100a 100a
iwin (E. gratum) 64.0+8.9a 64.048 9a 68.0+10.9b 68.0+10.9c 100a 100a 100a
:m%‘?}u (S. aculeatissimum ) 60.0+18.8a 68.0410.9a 88.0410.9a 92.0+10.9a 92.0+10.9ab 92.0+10.9b 100a
WLIONI (S. torvim) 72.0+17.8a 80.0+14 1a 88.0+10.9a 88.0410.9ab 96.0+8.9ab 96.0+8.9a 96.0+8.9a
VLA (G. schomburgkiana) 64.0+8.9a 72.04£10.9a 80.0+14.1a 96.0+8.9a 100a 100a 100a
nzufunio (. milobanum) 68.0110.9a 7604892  88.0+109a 96.0+8.9a 100a 100a 100a
nzutdu (S. indicum) 56.0+32.8a 68.04+10.9a 88.0+10.9a 92.0+10.9a 96.0+:8.9ab 100a 100a
U0 (S. stramonifolium) 64.048.9a 68.0+10.9a 80.0+14.1a 80.0+14.1b 88.0£10.9b 92.0+10.9b 100a
dud1 (C. aurantium) 600+18.8a 680t109a  84.0489a 100a 100a 100a 100a
UBUWN HEITREST! (positive control) 16.0+£16.7b 44 0+16.7b 48.0+10.9¢ 52.0+10.9d 60.0x14.1¢c 60.0+14.1¢ 68.0+22.8b
wn‘\gﬁizwnlﬁﬂ (negative control) 8.0+10.9b 20.0+12.1c 24.0+£8.9d 28.0+10.9 36.048.9d 40.0+14.1d 40.0+14.1c
CV% 238 18.0 11.9 10.9 9.1 5 7.3

n ow I} e ¥4 @ o @ . ' aad ar X &
' guaunuman undmaurdadassau nnilount hiuan@1an19atan sA UAIIT 0 95% A3035N 15 DMRT

6C1



y a Y o ~ =1 a an "
MI1N 4.34 Nﬁmﬂﬁl!‘ﬂﬂﬁﬂl}u‘lwi Il BUA Hﬁnumuﬂau‘i:mm’fu uwmwa?mmu l!ﬁzlﬁfﬂﬂ‘ﬁixﬂﬂlﬂﬂ ﬂ?]ﬂli’u'ﬁ‘u 0.02 Uananine
a 1 a1 d @ =
AINBUAUAT ADNITAIVDIAIVDUIMIUNUBYY HONNITNANBY 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 Az 60.0 1-11'?] ﬂ18‘1uﬁﬂ1“ﬁa\1ﬂgﬂuﬁﬂ1i %?ﬂ

1 Filter Paper Contact Bioassay

MRV WWE (%) + SDAIAMFININAADY (U7)"

uruyn ldman

0.5 1.0 5.0 10.0 15.0 30.0 60.0
nizlau (C. sphaerica) 60.0+18.8b 68.0+10.9a 80.0+14.1d 84.0+8.9b 92.0+10.9b 100a 100a
2
7 (C. formosum) 72.0+10.9ab 84048 9a 96.0+8.9ab 100a 100a 100a 100a
WA (O, indicum) 64.0+8 9ab 68.0+10.9a 84.0+8.9¢d 84.0+8.9b 100a 100a 100a
IR (E. gratum) 64.018 9ab 72.0£10.92 88.0+10.9bed 96.048 .9a 100a 100a 100a
WOV (S. aculeatissimum) 72.0410.9ab 80.0414.1a 80.0+14.1d 84.0+8.9b 96.0:+8.9ab 100a 100a
NZA%E)WN (S. torvum) 68.0+10.9ab 84.0+£16.7a 96.0+8.9a 96.0+8.9a 100a 100a 100a
YEAU (G, schomburgkiana) 68.0t10.9ab 80.0+20.0a 92.0410.9abe 100a 100a 100a 100a
uzm’qm’%a (S. trilobatum) 76.0+8.9a 80.0+14.1a 84.0+8.9¢cd 96.0+£8 9a 100a 100a 100a
Wz 3IAU (S, indicum) 68.0+10.9ab 80.0+14.1a 88.0+10.9bcd 100a 100a 100a 100a
NN (S. stramonifolium) 68.0410.9ab 68.0110.9a 84.0+8 9¢cd 92.0+10.9ab 100a 100a 100a
Aud (C. awrantium) 72.0410.9ab 84.0+8.9a 100a 100a 100a 100a 100a
wwwwesiunIu

16.0+16.7¢ 48.0+10.9b 60.0+18.8¢ 64,08 9¢ 80.0+12.1c 84.0+8.9b 88.0+10.9b
(positive control)
mu‘qmmmﬁn
12.0410.9¢ 16.048 9¢ 20.0£12.1F 20.0412.1d 24.048.9d 36.0+8.9¢ 40.0+14.1c

(negative control)
CV% 17.7 16.3 94 8.4 5.0 4.1 33

* Fuavaundolunnamandadissaeaviioudu Tluanmanandan seAua e 95% #2031015 DMRT

0¢l



4 a Y =) [ a an '
FH‘ENﬁ 4.35 Nﬂﬁlﬁlﬂl!‘suﬁﬁuu.lﬂi 11 KU nanumuwamxmnﬁ’u lLWﬂ!WEJ{llI‘I’IiN HAZHFUNAITHUIAN ﬂ’nmﬁ’mf‘u 0.03 uananine

a v v o [ =} A ea
AT VB UANAT ABNIANTUDIAIDIUIMNIVUYBE HAINITNAABY 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 110 60.0 UIN ﬂWfJGl'l—lﬁﬂ'l‘ﬂ'ﬁﬂQllﬂUﬂﬂ'li ﬂyllﬁl

% Filter Paper Contact Bioassay

N1TAILINALIM LG (%) + SDAIAMAINSNARD (U1H)"

uwuyh limaaos
0.5 1.0 5.0 10.0 15.0 30.0 60.0

nszlau (C. sphaerica) 72.0+10.9a 84.0+16.7abc 92.0£10.9a 96.0+8.9a 100a 100a 100a
&
A2 (C. formosum) 80.0£14.1a 92.0+10.9a 100a 100a 100a 100a 100a
NN (O. indicum) 80.0+14.1a 84.0+8 9abc 96.0+8.9a 100a 100a 100a 100a
1In (E. gratum) 72.0+17.8a 84.0+16.7abc 96.048.9a 96.048.9a 100a 100a 100a
u¥0VU (S. aculeatissimum) 84.0+8.9a 92.0+10.9a 96.0+8.9a 100a 1002 100a 100a
UZIVOWI (S, torvim) 76.0+8 9a 84.0+8 9abc 96.0+8.9a 100a 100a 100a 100a
WA (G. schomburgkiana) 72.0410.9a 84.0+8 Sabc 100a 100a 100a 100a 100a
wendun3o (8. milobatum) 72.0+£10.9a 80.0+14.1abc 96.04£8.9a 100a 100a 100a 100a
ugn AU (S, indicum) 80.0+14.1a 88.0+10.9ab 96.0+8.9a 100a 100a } 100a 100a
uEon (S. stramonifolium) 72.0+£10.9a 76.0+8.9bc 92.0+£10.9a 96.0+8.9a 100a 100a 100a
Fud (C. aurantium) 76.0+8.9a 88.0+£10.9ab 100a 100a 100a 100a 100a
AWMU

32.0+10.9b 72.0410.9¢ 72.0£10.9b 80.0+14.1b 96.0+£8.9b 100a 100a
(positive control)
!L‘meﬁ'iSNN!ﬁﬂ

16.0+8.9¢ 20.0+£12.1d 24.048.9¢ 40.0+14.1c¢ 40.0+14.1c 40.0+14.1b 48.0+10.9b

(negative control)
CV% 16.5 13.4 94 6.2 32 3.1 2.6

o ' a oA o w & ' ' and o A &
dnnvaunaslunodsfiaundidausny smilouny lluanman e ssAuaF0IY 95% A2035015 DMRT

Iel
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3197 4.36 A1 LT, veauruyi 19lumsmaass neniniuvenszmedy densnovednisaum

A a s ar 1 r ~ ~ an
wypd e duradunsmilFlunimanswaazatia anmeudu 0,005, 0.02 naz 0.03 iinddns

ADAIIUBUAIAT
e LT, (Marga-gega/ani) / aanndudu (addnsaon s s dnms)
urnyhldnanos
0.005 0.02 0.03

nizlau (C. sphaerica) 1.4 (0.4-2.4) 13(0.3-2.3) 0.5(0.2-1.8)
ﬁ’) (C. formosum) 1.0(0.7-2.3) 0.5(0.4-2.0) 0.3(-)
1NN (O. indicum) 1.1 (0.9-2.4) 1.0(0.9-2.1) 0.4 (0.2-0.5)
1R (E. gratum) 1.7 (1.2-5.8) 0.9 (0.8-2.1) 0.5(-)
wzifladu (S, aculeatissimum) 1.1(0.1-2.2) 0.6 (0.3-2.3) 0.4 (0.3-0.5)
NIOWIA (S. torvum) 1.2(0.9-2.4) 0.5(-) 0.4 (-)
AU (G. schomburgkiana) 0.8 (0.7-2.0) 0.5(-) 0.3(-)
w3 unI 0 (8. rilobatum) 1.1(0.8-2.6) 1.1(0.7-2.4) 0.5(-)
wzu AU (8. indicum) 12 (1.0-2.5) 0.7(0.5-2.0) 0.4 (0.3-0.6)
WD (S. stramonifolitm) 1.2(1.0-27) 1.0(0.7-2.4) 0.6 (0.4-1.8)
dudh (C. aurantium) 0.6 (0.5-2.0) 0.4 (0.3-0.6) 02()
HBUWIWOS I U

23.4(14.5-36.9) 9.6(2.8-15.9) 2.9(1.3-4.4)

(positive control)
=3
UBUWATEAUAD

(negative control)

65.1(45.7-128.6)

60.7 (41.8-127.4)

51.0(35.6-98.0)

i o a1 R
" Lethal Time 50 (L T,) Mot nanhl¥dse uveammnwimeliasanin
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4 1 » ~ - :‘ o
M13199 4. 37 A1 LC, vousuyh 15 unisnaaes nanhniunenszmegaadaa naznauiniu
1 @ 1 M v w 4 1 =
Ham:muﬁn ABaNITINTUBIAIBBUIMINYBY snaﬁnwﬂﬂullwuﬁiﬁu A1INATDIAASTUA AU

Ut 0.005, 0.02 1AL 0.03 TAAAATABATUBUAIAT NAINIINAABY 5.0 U

LC",, (Awhga-Aigeqaai)/ arundudu (adansden1s miruRmnag)

4
urunnl5lunisnanes

? a e ? o
Wauu TN“”BNT:I“UQﬂ]ﬂﬂﬂﬁ W HUINUHONT Slﬂﬂa‘u
0.010 0.010
N3z lau (C. sphaerica)
(0.004-0.014) (0.005-0.014)
z 0.007 0.007
A7 (C. formosum)
(0.002-0.013) (0.004-0.010)
0.008 0.008
NN (O. indicum)
(0.003-0.013) (0.002-0.013)
d 0.010 0.010
N (E. gratum)
(0.005-0.014) (0.001-0.015)
- A 0.009 0.009
UIUDVU (S. acideatissimum)
(0.003-0.013) (0.005-0.012)
. 0.008 0.008
WZVONIA (S. torvian)
(0.002-0.012) (0.003-0.015)
. 0.006 0.006
LAY (G. schomburgkiana)
(0.002-0.012) (0.001-0.008)
= 0.017 0.016
AN IA (S. trilobatum)
(0.014-0.020) (0.005-0.020)
- 0.010 0.010
W2UIWY (S, indicwm)
(0.006-0.014) (0.006-0.018)
» 0.008 0.008
00N (S. stramonifolivwm)
(0.003-0.013) (0.003-0.012)
., 0.004 0.004
AU (C. awrantium)
(0.001-0.011) (0.001-0.008)
T TRt TA(ERY 0.017 0.017
(positive control) (0.011-0.022) (0.011-0.022)
HBUWATZHUIAN 0.058 0.058
(negative control) (-) (-)

! ) ' Ao ° @ 1 A A
' Lethal Concentration 50 (LC.) Winuna manmduduvesmsifinah Idd e ounmaiyudao a3 anila
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4.4.3 wamaqswuuaqu"lmﬁ'& 11 vila neninfunesszmagduda unywesum3u uaz
UYHYEITNAEN AenInIave IR Tamand
13199 438 e navesusuyauIng 11 viia sawiiuveuszmogaiddda Tdud
nszTau @2 mn1 iin wzifetu uzfenas ueau uzudunde wzndsdu urdn uazdud Ao
Wty 3 528U A 0.005,0.02 1AL 0.03 TAAAATABAIINIFUAINAT ABAITAILUBIAUAN TN
w8 1Agri1N13NAABIY Filter paper contact Ha1l3109 71 FuduToveavmynd e duraiy
nwuy i 19 lumsnanedaziinfianududuga 0.03 iaddasdensuuanas) inarild
Sas1mImuearadu Tomnpdgunaniiaamdududind 0.005 naz 0.02 faddnsde
MINBUALAT) Fewudt Aenuduti 0.005 Toaddaasden NuEUALAT MAININAAL 0.5-30.0
widt i dud Wnadfigalumananes Tasiinari I uan Sonmingdae szn3ne 68.0-100%
sp9auNAe INNzAY uzdov wn ady auzndunie mn amdonasatn nszlau nozuedn
Feiimavh AR Tavgudane & 11 68.096.0, 64.0-96.0, 60.0-96.0, 72.0-92.0, 68.0-92.0, 64.0-92.0,
60.0-92.0, 60.0-88.0, 72.0-80.0 110 68.0-80.0% ANAIAT & IUUWUWATZHAIAN HAZHFUWINGS HINTU
finavh WdaduTonmuugaie 5e1119 4.032.0 10z 4.0-48.0% ATNA1AU HAINITNANDA 60.0 UTH
Usingdr usenpu Insmeumariia ondu uwuymat nszTeu uazuzdn i lddadniom
WY HEAY 100% AIunTNYFTIABU TNAABAIIAEYDIA AN TUMIBE 331319 92.096.0%
duiudsz Ang nmveaayayulwsi 19 unsmanesaududu 002 iaddasdearsis
wpudmas nea i lua319.430 3 swanimeasslumsie Iiwa T hunmaRgduas e 438
Taodsing 1 wdanismanes 0.5-15.0 uid usmydudr Wnaatiqalunismaass Tagiinari i
d oMy g sYnIs 68.0-100% sesasnAe AT ueau uzdenae uzifunie nizTau
mm 0 uedledu wsudady uazuzan TraviE A oy dato Al 76.0-96.0, 76.0-96.0,
72.0-96.0, 68.0-96.0, 76.0-92.0, 68.0-92.0, 68.0-88.0, 64.0-88.0 L1A 80.0-84.0% AR HAINIINAABY
60.0 117 U311 usumanu Twsnasiia endu nsuwaszlau navi imuyndais 100%
MUY AT THIAN Lz MES MU THaABN1SA BB IR AAN TIMINYHE 3TM19 4.0-36.0
A 12.0-52.0% HAIRY HAINTNARBY 0.5-60.0 W1 a1 131991 4.40 Ao HavBaIWA T
Tunmsnaasennududi 0.03 adaasdensusuAnns den1sneusaadn Tonnin e aua
msneaesi el Tummafsatums e 438 uag 439 Tagwu i wdsnmanes 0.5-10.0 Wi

9w 2 a 9 P ~ o Yo @ o o v
HEUWaual a3 uasizau 1‘H‘Nﬁﬂ'li1‘]ﬂﬁi)dﬂ7lt!ﬂ TﬂﬂMﬂﬁﬂ11ﬂﬂ11ﬂuiﬂiﬁ1ul§ﬂﬂ¢nU TTHUINN 88.0-
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100, 84.0-100 132 76.0-100% MU AL s0saunAe uwuyuzniunie uzudidu nszlau uzena
¥ & o v o w =1
wzi¥ediu mn Wn tazuzdn Fainavh liaudu oy poate Al 80.0-96.0, 80.0-96.0, 76.0-96.0,
80.0-92.0, 80.0-88.0, 76.0-88.0, 76.0-88.0 1z 72.0-88.0% AINEIAY NAIN1TNAABY 30.0 UIN WU
“ a a A A 4 A o q Vo d o s
uruyayu Iwsifeunnsiia ondu nsuydln uadedu nazuzdn inmh IMaaduismuyuday
100% dauusuyayu Tnsduq Inavi ddaauTomuyudaie ssning 92.096.0% nasnmaaes
1 a o - 1 o
60.0 w1 i1 nwuyasyu nsyastia Trvavi ldaudn Sonmangudme 100% daunsuyaszran
pazisuymes um3Iu Tnavi IfAaduTsnuyudae 8.040.0 1Az 24.0-64.0% AMAIAU MAINTI
NANBY 0.560.0 N AWFIAY
AUMIIMN 4.41 AB A1 LT,, vasuuyi 14 Tun1smanes anududu 0.005, 0.02 uag 0.03
finAaaIdemIEUAINAT ABMIAITVBIAAANTEINYBE mats1ng 31 uruyaau Tnsn neiia
¥ a oA A ) A X o s a Yo d o
Mwammaaed ) lummeReanuas ileanuuduyassnymuiu linavi 1vid uaudsveam
o 2 a ) ' 9 Y Aada A
UYHEAIBMINAIU HazilA1 LTy, Heoas Tagny i1 nsundudr Iinadnigalunisnanes Taoiis
LT,, oofigasening 0.6-0.2 wiit sesaqnfe iruyuzau ad uzniunie uztanas uzudedu
¥ W
uzieodu uzan mn1 aszlau uazidin il 0.3-0.7,0.3-0.8,0.3-0.9, 0.3-1.9,0.3-1.6, 0.4-1.0, 0.5
1.1,0.5-13, 0.5-0.9, 0.5-1.5 ¥19 @ 10d 181 ATMTUUSUNAS SHUIAD HAZISUWINDS MU TiA

LT,, 351319 59.0-72.5 118 20.8-47.5 N a1ud 19



y a Y a @ a a
M99 4.38 paueansuyayulns 11 wia saudvuiuvenszmogaalaa nsuymes wmiu naznsuyassnuan anududu 0.005

-~ Aa 1 o ' @ o o [V
UADNDRTADAII UL UAINAT ﬂﬂﬂ']iﬂ]ﬂ‘llﬂ\]ﬁ')!ﬁlﬂUlT’T'IlJ'i—!Hfj’ﬂﬁ\iﬂ'liﬂﬂﬂﬂ\i 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 uaz 60.0 u1ﬁ ﬂnﬂuﬁﬂ‘lw

e

’E]siﬂﬁ‘ljaﬂﬁ #1873 Filter Paper Contact Bioassay

NISMIRALIMINLYG (%) + SD/AIaMAINTINARDY (W)’

nwuni ldnaand
0.5 1.0 50 10.0 15.0 30.0 60.0

nszlau (C. sphaerica) 72.0+£10.9a 72.0410.9abc 76.0+8.9ab 76.0+8.9¢ 76.0+8.9¢ 80.0+14.1b 92.0+10.9a
2
N7 (C. formosum) 72.0+£10.9a 80.0+12.1a 80.0+12.1ab 80.0+12.1bc 80.0+12.1bc 92.0+10.9ab 100a
NN (O, indicum) 64.0+8.9a 64.0+8.9bc 80.0+12,1ab 80.0+12.1bc 80.0+12.1bc 92.0+10.9ab 96.0+8.9a
iin (E. gratum) 60.0+20.0a 60.0+20.0c 80.0+£12.1ab 80.0+12.1bc 88.0+10.9abc 88.0+10.9ab 100a
WIUOVY (S. aculeatissimum) ~  64.0+894a  72,0+10.9abe 84.0+8 9ab 92.0+10.9ab 92.0+10.9ab 96.0+8.9ab 100a
NEITONI (S, torvum) 60.0+20.0a 60.0+£20.0c 68.0+22.8b 88.0+17.8abc 88.0+17.8abc 92.0+10.9ab 100a
AL (G. schomburgkiana) 68.0+10.9a 68.0+10.9abc 76.0+16.7ab 84.0+16.7abc 92.0+10.9ab 96.0+8.9ab 100a
w3 un3o (S, trilobatum) 68.0+10.9a 76.0+8.9ab 80.0+14.1ab 88.0+10.9abc 92.0+10.9ab 92.0+10.9ab 100a
uzn 3R (S, indicum) 60.0+20.0a 64.0+8.9b¢ 72.0+10 9ab 80.0+12.1bc 80.0+12.1bc 96.0+:8 9ab 100a
uzdn (S. stramonifolium) 68.0£10.9a 72.0+10.9abe 76.0+8 .9ab 80.0£12.1bc 80.0+£12.1bc 80.0+12.1b 96.0+8.9a
dudh (C. aurantium) 68.0+10.9a 72.04+10.9abc 88.0+10.9a 96.0+8.9a 96.0+8 9a 100a 100a
nwWesIuNI U

4.04£8.9b 20.0+8.9d 28.0+10,9¢ 32.0+¢17.8d 40.0+14.1d 48.0422 8¢ 48.0+£22.8b
(positive control)
umumﬁ'z‘:wmﬁﬂ

4.0+8.9b 8.0+10.9d 12,0+£16,7d 16.0+8.9¢ 20.0+8.9¢ 32.0+£10.9d 32.0+£8.9¢
(negative control)
CV% 18.6 16.8 16.1 13.8 13.6 12.2 9.3

o ' a ] o - - ' ' and w 4 &
T anavamanlunodfiaunddesnusmilousy hiuandmuadan seAun vy 95% 42075015 DMRT
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ATTIN 4.39 HaUBDILFUW YU

~ 1

a ¥ oo ~ o = a
ul'ﬂi 11 ‘HHﬂNﬂN‘N'INuﬁﬂuimﬂﬂgﬁ]ﬂﬂﬂﬁ uwwwaﬁumu HAZHFNWAISHUIAN mmufu‘ﬁ’u 0.02

A A ~ ' v 9w w
HADDATADATIINIEURAIUAT ?’lﬂﬂ'l5?‘]13119\39‘1?!?\3J?Uﬁ113ﬂ-§15l8j{T’T'ﬁﬂﬂ'ﬁ‘ﬂﬂﬂﬂ\i 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 uaz 60.0 w1 meluanin

ﬁmﬂﬁﬂvami /2077 Filter Paper Contact Bioassay

A15A 10 AUIM NG (%) + SD/AIAMEIMINAADY (W)

uruynlinaan
0.5 1.0 5.0 10.0 15.0 30.0 60.0
Nz len (C. sphaerica) 76.0+8 9ab 80.0£12.1a 84.0+8.9ab 88.0+£10.9a 92.0+£10.9ab 92.0+109a 92.0+10.9b
Fd
A (C. formosum) 76.0+8.9ab 80.0£12,1a 84.0+8.9ab 96.0+8.9a 96,0+8.9ab 100a 100a
NN (O, indicum) 68.0+10.9ab 72.0+10.9a 84.0+8.9ab 88.0+10.9a 92.0+10.9ab 100a 100a
lﬁﬂ (E. gratum) 76.0+8.9ab 80.0+12.1a 84.0+8.9ab 88.0+10.9a 88.0+10.9ab 92.0+£109a 100a
WVOUY (S. aculeatissimum) 68.0+10.9ab 72.0410.9a 80.0+12.1b 84.0+89a 88.0+10 9ab 92.0+10.9a 100a
ULIVDWN (S. torvum) 72.0+10.9ab 76.0+8.9a 92.0+10.9ab 96.0+8.9a 96.0+8.9ab 96.0+8.9a 100a
AU (G. schomburgkiana) 76.0+8.9ab 80.0+12.1a 96.0+8.9ab 96.0+8.9a 96.0+8.9ab 100a 100a
wzudunso (S. trilobatum) 68.0+£10.9ab 76.0+8.9a 84.0+8.9ab 96.0+8.9a 96.0+8.9ab 100a 100a
IR (S, indicum) 64.04:8.9b 80.0+12.1a 80.0+12.1b 84.0+8.9a 88.0+10.9ab 100a 100a
uzon (S. stramonifolium) 80.0£12.1a 80.0+12.1a 80.0+£12.1b 84.0+8.9a 84.0+8.9b 88.0+10.9b 100a
dud (C. aurantium) 68.0+10.9ab 76.0+8 9a 92.0+10.9ab 96.0+8.9a 100a 100a 100a
BB NI U
12.0+10.9¢ 20.0£14.1b 24.0416.7¢ 40.0+20.0b 48.0+17.8¢c 52.0+109¢ 52.0+10.9¢
(positive control)
mm*qﬁs:umﬁ‘n
4.0+8 9¢ 8.0+£10.9¢ 16.0+£10.9¢ 24.0+8.9¢ 24.0+8.9d 32.0+10.9d 36.0+£10.9d
(negative control)
CV% 154 11:5 13.1 13:1 123 8.8 54

" Fuavaundolunndsiamdsdeny anioud TueamamandanssauauFesiu 95% d2095m3 DMRT
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A1519N 4.40 HAUBILTUY ﬁlalll.l'W‘i Il ‘Huﬂﬂﬁllu'lNuﬂﬂuizlﬁﬂQﬂTﬁﬂﬂﬁ UFUWINBIIUNIU HASHTUYTISHUIAN mmlﬂnﬂu 0.03

aoa

= ' a v o g w [ ]
HADNDATADAI NI URAINAT ﬂﬂﬂ'liﬁ]ﬂ“llﬂ‘iﬂ?!ﬂﬂ?ﬂlﬁ]lluﬂé’ﬁﬁ0ﬂ1iﬂﬂﬁﬂ\1 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 uag 60.0 UM fnﬂiuﬂfn‘"

EY aoen 9/ Ay . .
‘Hmﬂg‘Uﬁﬂﬁ f38737F Filter Paper Contact Bioassay

NSRRI WBE (%) £ SDIAMAININAADY (U1T)"

uwnyilinaana

0.5 1.0 5.0 10.0 15.0 30.0 60.0
n3e1au (C. sphaerica) 76.0+8.9ab 76.048.9ab 92.0+10.9a 96.0+8.9a 100a 100a 100a
&
N (C. formosum ) 84.0+8.9ab 84.0+8.9ab 92.0+£10.9a 100a 100a 100a 100a
NN (O. indicum) 76.0+8 9ab 80.0412.1ab 84.0+8 9ab 88.0410.9a 96.0+8 9a 100a 100a
1A (E. gratum) 76.0+8 9ab 76.0+8.9b 84.0+8.9ab 88.0410.9a 96.048.9a 96.0+8.9a 100a
w0 (S. aculeatissimum) 80.0£12.1ab 80.0+12.1ab 84.0+8 9ab 88.0410.9a 96.0+8.9a 96.0+8.9a 100a
NI (S, torvum) 80.0£12.1ab 84.0+8.9ab 92.0+10.9a 92.0+10.9a 100a 100a 100a
AU (G. schomburgkiana) 76.0+8.9ab 92.0+10.9a 96.0+8.9a 100a 100a 100a 100a
weudunso (S, trilobatum) 80.0+12.1ab 84.048.9ab 92.0+10.9a 96.0+8.9a 100a 100a 100a
WA (S, indicum) 80.0+12.1ab 84.048.9ab 96,048 9a 96.048.9a 100a 100a 100a
uEdn (S, stramonifolium) 72.0+10.9b 72.0£10.9b 72.0+£10.9b 88.0+17.8a 88.0+17.8a 92.0+10.9a 100a
dud (C. aurantium) 88.04£10.9a 92.0+10.9a 100a 100a 100a 100a 100a
R N LT EAY

24.0416.7¢ 40.0414.1c 48.0422 8¢ 64.0+26.0b 64.0426.0b 64.0+26.0b 64.0+£26.0b
(positive control)
HBUWATIHUIAN
8.0+10.9d 16.048.9d 24.0+8.9d 32.0£10.9¢ 40.0+14.1c 40.0+14.1c 40.0+14.1c¢

(negative control)
CV% 12.9 12.5 13.7 13.6 10.7 9.4 78

1 ] - o 5 o ey
1 Fuavaundolunnaamawndadissavsvitounu hiuandmanandanssAuauEFoI 95% A1875115 DMRT
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1 1 1 z o ~ s 1 o
M31A 4.41 A1 LT, vosuwuyn I5lumanaass naaniniuvensyimegaiallda asnsaisue

i Tomangpd deduiadunyuyi 1§l un1smaaswanzaiia aamudu 0.005,0.02 1ag 0.03

HANAATADATT IUTUALIAS

da v
uruwnlinano

T;l v 8 " a ¥ ¥ a aa ' a
L 50 (M9 1qﬂ'ﬂ1q\1qﬂ/u‘|“)f ANUUVNIU (HADAATADA T NIFUAINAT)

0.005 0.02 0.03
nszlau (C. sphaerica) 0.9 (0.8-3.1) 0.6 (0.4-1.8) 0.5 (0.5-2.0)
ﬁ’) (C. formosum) 0.8(0.7-2.1) 0.5 (0.4-2.3) 0.3 (0.1-1.6)
WA (O. indicum) 13(0.1-2.7) 0.9(0.8-2.3) 0.5 (0.4-2.0)
100 (E. gratum) 1.5 (0.5-2.5) 0.6 (0.4-2.1) 0.5 (0.4-2.0)
weifodiu (3. aculeatissimum) 1.0(0523) 1.0(1.0-2.6) 0.4(03-1.9)
WLAOWN (S. torvim) 1.9(1.0:9.5) 0.6 (0.5-1.8) 03(0.2-1.6)
uzAl (G. schomburgkiana) 0.7(0.3-2.0) 0.5(0.3-4.1) 0.3(-)
uzudun3o (8. trilobatum) 0.9(0.8-2.6) 0.8 (0.6-2.2) 0.3(0.2-1.6)
wznddu (8. indicum) 1.6 (0.8-3.9) 0.9 (0.8-2.4) 03(-)
uzon (S. stramonifolitan) L1(LO-3.1) 1.0 (1.0-4.6) 0.5(-)
&udh (C. aurantiuom) 0.6 (0.5-2.3) 0.4(0.3-2.2) 0.2 (0.3-0.5)
NN NI U

47.5(34.8-78.2) 41.4(30.2-66.3) 20.8 (6.8-44.7)

(positive control)
UBNWATEALIAD

(negative control)

72.5(52.0-135.3)

67.6 (48.5-124.7)

59.0(40.9-120.6)

= - - & A&
" Lethal Time 50 (LT,) migoa narmhaaduianniyudme Tlasamiia
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mn i vz uzienis zau uzndunaie vzudidu uzdn navdudr Nanuudu 3 szaAy
A Aan [ a ' v d o o o
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. ' v o s A @ e o 1
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naaedazriiana Nududuga 0.03 Tadansaemaruruamas) Inavlisanmaaiovesd
a o 43 = :, 1 A Ao v = &
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naangaluminanes Tagiinavi IiauduSumnuyudnio 521314 80.0-100% 383909317 YUY
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A & 1 o A
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J o =] o aAa ° o ad o
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& ' A 2y ¥ o d A
MY BRI 521319 88.0-100% 03 3u1Ae uwnyad dud 1 uzndsdu nszTau din uziiewas
A =] oA =) o Yo o o o @ 4:;’
wzudunde urdn mm tazazidiedu linayh IdaaanIom Iy vdans A3 80.0-100, 76.0-100, 76.0-
¥
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M13NARBY 30.0 1Az 60.0 114 Ung i1 nrummlnanariia inavi IdduduSomauyvdas
o o a o = ~ [ - ) ]
100% dmunsnasEAA nuaznBINyMe s B3 U TnadenismovasdaRnTomIuypg ST
4.0-36.0 1102 12.0-52.0% AUFIAD HAIN1INAAB 0.5-60.0 WM AIWAIAD 1ATAIIIN 4.44 A0 HA
vaanruyi 14 un1snanesn ey 0.03 iaddasdens uudnas Aemsaisvesd uaniomm
o & 1 =) o A ' @
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& o - o [ ci‘
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=Y . =1 o o o  a [
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=] s o a o =Y =
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FTNI19 59.0-72.5 1AL 20.8-47.5 U A ud 1AL
i q‘ A g o
AIUATIN 4.46 ABA1 LC,, A AITITUYB Iy ayu Tns RN UMe NI IMegan
Allda uaznaiviueusEMedy NAINIINAAB4 5.0 Wi NiRav A uAN eIy B A
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ﬂl‘ilﬁﬁ 4.42 Nﬁﬂlﬂ\ill‘h’ﬂﬂﬂyu.lWi 11 wawﬁnuwuwemzm&ﬁu uwwﬂmas’mmu HASHFUYAISHUIAN ﬂ’J'Iill“ﬁJlﬁ?u 0.005 unaanine

MIUVUAAT ADNTA1BVDIA AN ToINYBE AINI1INAABE 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 1Az 60.0 WA meluanimiesdfianis

#2977 Filter Paper Contact Bioassay

NFAUIRAVIM NG (%) +SDAIAMEINIINAR (U1H)"

urnyhlinaana
0.5 L0 5.0 10.0 15.0 30.0 60.0

nyeTau (C. sphaerica) 68.0+10.9ab 72.0+10.9b 84.0+16.7abc 92.0+10.9abc 96.0+8.9a 100a 100a
2
A2 (C. formosum) 64.0+8.9ab 64.048.9b 76.0+8.9bc 80.0+14.1c 88.0+10.9a 100a 100a
N (O. indicum) 64.0+8.9ab 64.0+8.9b 76.0+8.9bc 84.0+8.9bc 92.0+10.9a 92.0+£10.9a 96.0+8.9a
in (E. gratum) 64.0+8.9ab 64.0£8.9b 76.0+8.9abc 80.0+14.1c 92.0+10.9a 100a 100a
WIVOVY (S. aculeatissimum) 44.0+24 4c 44,0424 4c 44.0429.6d 48.0+33.4d 64.0£10.9b 76.0+8.9b 96.0+8.a
LV (S. torvum) 60.0+28.2bc 60.0428.2b 72.0+£10.9¢ 80.0+14.1c 88.0+10.9a 88.0+£10.9ab 88.0+£10.9a
WA (G. schomburgkiana) 80.0+14.1a 920410 .9a 100a 100a 100a 100a 100a
wzntun3o (S. wilobatum) 68.0+10.9ab 76.0+8.9b 96.0+8 9a 96.0-8 9ab 100a 100a 100a
TR (S, indicum) 72.0+17.8ab 76.0416.7b 88.0+10.9abc 92.0+10.9abc 92.0£10.9a 96.0+8.9a 100a
uzdn (S. stramonifolium) 68.0+10.9ab 68.0410.9b 92.0+8.9ab 96.0+8.9ab 96.0+8.9a 100a 100a
dud (C. aurantium) 60.0+£28.2bc 64.0£21.9b 84.0+16.7abc 96.0+8.9ab 96.0+8.9a 96.0+8.9a 100a
HANes I3 Y

4.0+8.9d 20.0+£8.9d 28.0+10.9¢ 32.0+17 8e 40.0+14.1c 48.0+22 8¢ 48.0+22.8b
(positive control)
umm‘ﬁszwmﬁﬂ

4.048.9d 8.0+£10.9d 12.0£16.7f 16.0£8.91 20.0+8.9d 32.0+£10.9d 32.0+8.9¢
(negative control)
CV% 23.2 20.0 16.2 13.9 11.6 11.3 94

i Y d ad 5 A o
' guavaundslunndaumdidesay ariioudt Biuenaianandan ssduauEeiu 95% d2033mM3 DMRT

wl



] IS ¥ o o o [~} A an ]
Fl]‘JNﬁ 4.43 Nﬁ‘llﬂ\i!!‘]fidwuﬁuu‘h“i 11 ‘]f‘l;lﬂﬂﬁllll'lii‘llﬁﬂﬂi&lﬂﬂﬁ’ﬂ HEUWINDTIUNTU HAZUFUWTITSHULAN ﬂ']’l?JLﬂSJ‘Iﬁ-I 0.02 ¥anonine

a T v g o [ awa
AMIUFUANAT ADN1TA1BVBIANANTIINYBE NTININAABY 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 1Az 60.0 uH niwluanmdeslfiians

#87T Filter Paper Contact Bioassay

NMTAIR ALY INYEE (%) + SD/aMAINIETNARDY (1H)

u‘uuwﬁ‘l‘ﬁ’mam

0.5 10 50 100 15.0 30.0 60.0
nselau (C. sphaerica) 68.0+10.9b 76.04¢8.9bcd  92.0+10.9a 100a 100a 100a 100a
3. (C. formosum) 80.0+14.1ab | 84.048%c 88.0+10.9a 100a 100a 100a 100a
NN (O. indicum) 68.0+10.9b 68.0+£10.9d 84.0+89a 88.0+10.9a 88.0+£10.9a 100a 100a
i (E. gratum) 68.0+10.9b 72.0410.9cd 88.0+10.9a 92.0+£10.9a 100a 100a 100a
uzt%%u (S. aculeatissimum) 52.0+10.9¢ 52.0+10.9¢ 52.0+10.9b 56.0+8.9b 68.0+22.8b 100a 100a
BLIVOW (S. torvim) 68.04+10.9b 68.0+10.9d 84.0+8.9a 96.0+8.9a 100a 100a 100a
WA (G schomburgkiana) 88.0+10.9a 100a 100a 100a 10()a| 100a 100a
weufunio (8. wilobatum) 68.0+10.9b 84.018.9be 100a 100a 100a 100a 100a
WUTIAU (S, indicum) 76,018 9ab 88.04109ab  92.0=10.9a 96.048.9a 100a 100a 100a
NN (S. stramonifolium) 72.0£10.9b 72.04109¢d 92.0+10.9a 92.0+£10.9a 92.0+10.9a 100a 100a
dud (C. aurantinm) 76.00189ab - 84.0t16.7bc  96.0+894a 100a 100a 100a 100a
u‘unqmaﬁmﬁu (positive control) 12.0+£10.9d 20.0£14.11 24.0+16.7¢ 40.0+20.0c 48.0+17.8c 52.0+10.9b 52.0£10.9b
UTNWATTHUIAN (negative control) 4.0+8.9d 8.0+10.9f 16.0+10.9¢ 24.0+8.9d 24.0+8.9d 320£109¢  36.0+10.9¢
CV% 17.4 16.2 13.9 10.9 10.9 43 42

" Fuavanndolund mamdsdeonysivilousu hiuendan atan sedunnFeiu 95% 42035013 DMRT
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y =3 Y o = o A Aan '
A5199 4.44 Nﬁﬂ]ﬂ@!!‘ﬁﬂﬂﬁlguiﬂﬁ' 11 waﬂﬁuumuﬂamzmnﬁ'u HFNYINDIIUNTU HAZUFHWATTHNUIAN mmu?wﬂ’u 0.03 ynaaATAD

a v o g w d [ 2
AT TUBUALNAT ADNTABVDIAUANIVHIUYBY HAIN1TNAABN 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 a< 60.0 'I-l.'l‘ﬁ mu1uﬁmwﬁ'a~1ﬂ;1uanw

o

A1975 Filter Paper Contact Bioassay

NN UMY (%) £ SDAIaMAININAAD (U1h)"

uwiildnanas

0.5 1.0 5.0 10.0 15.0 30.0 60.0
nszlau (C. sphaerica) 76.0+8.9abed 88.0+10,9ab 100a 100a 100a 100a 100a
W‘f’l (C. formosum) 84.0+16.7abc 92.0+10.9ab 96.0+8.9a 100a 100a 100a 100a
1WA (O, indicum) 84.0+8 9abc 84.0+8 9ab 96.0+8.9a 100a 100a 100a 100a
10 (E. gratum) 84.0+8 9abc 88.0+10,9ab 100a 100a 100a 100a 100a
uzl%?}u (S. aculeatissimum) 60.0424 4d 60.0+24.4¢ 64.0+29.6b 72.0+33.4b 92.0+10.9a 100a 100a
NLVOWN (S, torvum) 68.0+£10.9cd 76.0+16.7b 92.0+10.9a 92.0+10.9a 100a 100a 100a
AU (G, schomburgkiana) 92.0+10.9a 100a 100a 100a 100a 100a 100a
wzudunso (S. wrilobatum) 80.0+14.labc  88.00+10.95ab 100a 100a 100a 100a 100a
Wz dadu (S, indicum) 88.0410.9ab  92.0410.9ab 100a 100a 100a 100a 100a
1J:§ﬂ (S. stramonifolium) 72.0+£10.9bcd 80.0£14.1b 96.00+8.94a 100a 100a 100a 100a
dud (C. aurantim) 88.0+10.9ab  92.0+109ab  92.0+10%a  96.0+8.9a 100a 100a 100a
ll‘iﬂlﬂulWG;ll.l“r’lq‘iu (positive control) 24.0+16.7e 40.0+14.1d 48.0+£22.8¢c 64.0+26.0b 64.0+26.0b 64.0+£26.0b 64.0+£26.0b
l!‘lm'lgﬁiwmaﬂ (negative control) 8.0+10.9¢ 16.04+8.9¢ 24.0+8.9d 32.0+10.9¢ 40.0+14.1c 40.0+14.1c 40.0+14.1c
CV% 18.2 16.0 14. 14.3 8.5 7.8 7.8

n o " 4 2 A o o o ' ' an w A &
amvaundo g e asd sy simileusu Tiuanaan19a6an seAunAeITL 95% d2038015 DMRT
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y ' 1 3w 9 [ v g W
MINN 4.45 A LTﬁoﬂﬂﬂllwuﬁ1‘ﬁuﬂ1iﬂﬂﬂﬂﬂ HAUL N UMBUIZINETH ABNITAIBVDIA ALY

[ ]
& a/ s (3 4

muyud e dudasunsuyhlFlunisnaassudazetia aAauudu 0.005, 0.02 uaz 0.03

HANAATABM I 1UYUALIAT

LT, (A 1ga-mgega/ui)/ anndudu (iaddniaon miusunmag)

wruyii 19naans
0.005 0.02 0.03

n3e1au (C. sphaerica) 0.9 (0.4-2.5) 0.7 (0.3-1.9) 0.4 (0.3-0.5)
&9 (€. formosun) 0.7(0.4-2.1) 0.3(0.2-1.6) 0.3(0.1-0.3)
IWN (O. indicum) 1.4(1.1-3.2) 1.0(0.7-2.4) 03()
in (E. gratum) 1.4(0.8-322) 0.8(0.7-2.1) 0.4(0.2-0.5)
um%?‘m (S. aculeatissimum) 5.2() 3.6(1.8-22.7) 2.1(-)
UZIVONN (S. torvum) 1.8(0.63.2) 1.0(0.8-2.4) 0.7(0.3-1.9)
WEAU (G. schomburgkiana) 0.6(0.2-3.1) 0.3 (0.1-1.8) 0.2(0.1-1.5)
uzu3unso (8. milobatum) 1.3 (1.0-3.0) 0.5 (0.3-0.6) 0.4(0.2-0.5)
weu 39U (8. indicum) 1.4(0:8-3.2) 0.4 () 0.3 (0.1-0.5)
nzon (S. stramonifolium) 0.9(0.5-2.0) 0.7 (0.3-1.9) 0.5(-)
dud (C. aurantium) 0.4 (0.2-0.5) 0.3(0.1-0.4) 0.2 ()
uNWOS MU

47.5(34.8-78.2) 41.4(30.2-66.3) 20.8(6.8-44.7)
(positive control)
HUWATEHAD

72.5(52.0-1353) 67.6(48.5-124.7) 59.0 (40.9-120.6)

(negative control)

4 e o o & A&
" Lethal Time 50 (LTy) voaa naih i &dudmmngwdmn hindaniia
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ﬂ‘ T E.i g a L) L r -
A19199 4.46 A1 LC,, uosuni 15 lunisnaass saniniuvensumegaalda uagwauiniuven

v o d o A e W { v =
53!11('%11 ADMIIATVBIAAANIUTTNYBY lﬁﬂﬁﬂﬂﬁﬂﬂll‘ﬁﬂﬂﬁmfnuﬂ‘l‘i‘ﬂﬂﬁa\illﬁﬂz'ﬁuﬂ 314

WUt 0,005, 0.02 AL 0,03 TAAAATABAITINIFUAINAT NAINIINAABY 5.0 UIN

v
o

LC",, (Awhga-Aigegaai)/ anududu (laddnidons niuaneg)

sy l¥nanna — — —
Ha WU u‘dﬂuizmuqmnﬂﬂﬁ HANHINUHDUT SIH Uﬁ’ﬂ
- 0.008 0.008
N3z lau (C. sphaerica)
(0.004-0.015) (0.002-0.013)
& 0.007 0.004
N7 (C. formosum)
(0.002-0.012) (0.001-0.008)
0.010 0.009
N (O. indicum)
(0.004-0.015) (0.002-0.013)
4 0.008 0.006
N (E. gratum)
(0.001-0.013) (0.002-0.009)
a4 0.008 0.020
VZIVDVM (S. aculeatissimum)
(0.002-0.010) (0.014-0.027)
. 0.009 : 0.008
UZIVOWL (S. torvum) -
(0.001-0.014) (0.002-0.012)
. 0.006 0.003
UzAU (G. schomburgkiana)
(0.002-0.016) (0.001-0.011)
. 0.007 0.005
WIUN 3 (8. trilobatum)
(0.002-0.012) (0.002-0.005)
- 0.010 0.005
NI (S, indicum)
(0.006-0.014) (0.003-0.008)
- 0.009 0.006
Wzon (S. stramonifolivm)
(0.002-0.015) (0.001-0.005)
g & 0.005 0.002
AU (C. aurantium)
(0.001-0.011) (0.001-0.011)
UFUWNBININTY 0.049 0.049
(positive control) (-) =)
UFUWATTHIAN 0.066 0.066
(negative control) () =)

I ’ - 3 ' 4 3 o o A 4
" Lethal Concentration 50 (LC.) winuna A namndiuvesmshtinailddududommmsdaolileianiia



147

4.5 wamanameuilszansmwvearhaiuaa s anandadumeg densnig

<

a1 s s JGI £ a wn
Y8391280 HZFIFHIBveIHyd luamnie sl iAms
o o - d = TR Y - ¥
4.5.1 wavaarhsiuayulnga 7 sila usauyme Sum3u uaihiug uvaes ven1snle
o d
YDA IBBUIMIN YYD
:1 = 3’ a ~ ] :’ o - g 1 s
3199 4.47 Ao waveniniuayulns 7 wiia 1aun iniunsiie viudes Iudunuia
g o ’ g \ o ﬂy Al a’
dnfunansznitansfienanviiudes nxfienauiiuduning) viiudesnaniudunuial uaz
= g r ol q‘ r =) m A '
nronAuUIUS BN N IIUAUNIIA NANWLTUTY 3 55AT AB 0.005, 0.02 1AL 0.03 HaAdAIALD
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ﬂ'ﬁNﬁ 4.47 Nﬂﬂlﬂ*ﬂﬁ']ﬁuﬁuu.}w{i 7 ¥UR l!ﬁfﬂ“ﬂl“ﬂgmﬂiu I!ﬁxuul‘l—lﬂ?!'ﬂﬁﬂq ﬂ?‘lul‘ﬁu{u 0.005 HAAAATADAIT IIHUAINAT ABNITAY

YBIAIBOUIMINYBE NAINIINAABE 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 1Az 60.0 Wi meluaninie)§iiAn s A2877T Filter Paper Contact

Bioassay

Y v oy w
i ldveang

MIAUINAUN YME (%) = SDATAMAINMINAAD (W1T)

0.5 1.0 5.0 10.0 15.0 30.0 60.0
N0 (7. zerumbet) Ob Ob Ob Ob 0b Oc 0od
L . . ; /
VNUDOU (C. zedoaria) Ob 0b Ob Ob Ob Oc
FUAUNR (Curcuma sp.) Ob Ob 0b Ob Ob
n=ho (7. zerumber)
& Ob Ob Ob Ob Ob Oc 4.(8.9cd
~yiudou (C. zedoaria)
nzilo (Z. zerumbet)
o Ob Ob Ob 0Ob 0b Oc 4.0+8.9cd
+NUAUNIND (Curciena sp.)
Prd
Yudou (C. zedoaria)
L. Ob Ob Ob 0b Ob 4.048.9¢ 16.0=16.7¢c
+NUAUNINA (Crrcuma sp.)
-
2N (Z. zerumbet)
&
+'I.IlJu‘E¥'ElU (C. zedoaria) Ob Ob Ob Ob Ob 28.0+10.9b 32.0£10.9b
FIMUAUNG (Crorerana sp.)
dniudamao (negative control) 0b ob Ob Ob Ob 0c od
usymesnin
16.0=16.7a 44.0£16.7a 48.0£10.9a 52.0+10.9a 60.0x14.1a 60.0+14.1a 68.0+£22.8a
(positive control)
CV% 25.6 224 14.4 14.1 17.6 22.0 28.9

T ] 0 T 0
'Fuavaundvlunndmawndidiss o sinfioudsu Tiuspdamuadanszauaudesiu 95% 4203515 DMRT

6%l



4 g @ =Y d A %’ o < o oA 1 - v
M1T19N 4.48 Nﬂﬂlﬂ\iu1huﬁ1‘lu‘]‘1ﬂi 7 HUA UFHYINDIUNTY uazumummﬁm ﬂ”al'lﬂl"l?lﬂf‘l-l 0.02 HAAAAITABDANINUBUAIUAT ABNITAY

@ 1 o [ a e o .
VBIAIDBUIMIUY VY HAIN1TNAADY 0.5, 1.0, 5.0, 10.0, 15.0, 30.0 1Az 60.0 I ﬂ'ltlchlﬁﬂ‘lﬂﬁﬂﬂﬂgllﬂﬂ'ﬁ ﬂy’JElTh’ Filter Paper Contact

Bioassay
§ o i AISAIURAUN Y HE (%) £ SDAIaMAEIMINARD (17)"
dniuilimeans
0.5 1.0 5.0 10.0 15.0 30.0 60.0

neiio (7. zerumbet) 0b Ob 0b Ob 0b od 4.048.9d
VIHSOU (C. zedvaria) 0b Ob 0b 0b 0b od 12.0£10.9d
MUAUNINGY (Crrcuma sp.) Ob Ob Ob Ob Ob 0d 0d

a_ .
NN (Z. zerumbet)

2 Ob Ob Ob 0Ob 0b Od 8.0+£10.9d
+UNUTOU (C. zedoaria)
nzio (Z. zerumbet)

.. Ob Ob Ob Ob Ob 0d 36.0+8.9bc
+NUAUNINA (Curcuma sp.)

&

V510U (C. zedoaria)

oL Ob 0b Ob Ob Ob 16.0£21.9¢ 28.0:17.8¢
+NUAUNINGA (Crrcumna sp.)
Ao (Z. zerumbet)

2
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mm'sgma%au 134 (positive control) 16.0+16.7a 48.0£10.9a 60.0+18.8a 64.04:8.9a 80.0£12.1a 84.048.9a 88.0£10.9a
CV% 25.6 14.4 11.3 10.9 10.4 27.5 21.9
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P NIAIUIRDUIY LMY (%) = SDAIa MAININAG (U1N)"
iniuildnaaog :

0.5 1.0 5.0 C 100 15.0 30.0 60.0
n=Wo (Z. zerumbet) Ob Ob 0b Ob 0b Oc 28.0426.8d
'
Viudou (. zedoaria) Ob Ob Ob Ob 0Ob Oc 28.0+17.8d
NUAUNIA (Crrcuma sp.) Ob Ob Ob Ob 0b Oc Oe
nzio (Z. zerumbet)
v Ob 0Ob Ob Ob Ob Oc 40.0+14.1cd
+yludeU (C. zedoaria)
- ’
NEND (Z. zerumbet)
D Ob Ob Ob Ob Ob Oc 52.0+10.9bc
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&
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. Ob 0b Ob 0b Ob 28.0417.8b 40.0:24.4cd
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N0 (2. zerumbet)
&
+yiIUB0U (C. zedoaria) b 0b Ob 0Ob Ob 36.0:8.9b 68.0::10.9ab
~NUAUMNGY (Cwrcuma sp.)
W ImAn 1 (negative control) Ob ob Ob Ob b Oc 0e
R RN
32.0£10.9a 72.0£10.9a 72.0+10.9a 80.0+14.1a 96.0+8.9a 100a 100a
(positive control)
CV% 15.5 13.0 13.0 10.4 9.4 18.5 26.5
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¥ 1 1 =y ~ =Y ' -1
futiniunlflunsnaassudazyiia A UG 0.005, 0.02 1AL 0.03 HAANATABAIIIUFUAINAT

LT", (Maga-migaga/ui)/ armeudu (laddnsdon msuamas)

I o - L4
Wi lamaans

0.005 0.02 0.03
Ao (2. zerumber) NA” 85.5(-) 65.6(-)
wiiudou (C. zedoaria) NA L11:6(75.9-359.1) 65.6(-)
NUAUNING ) (Curcuma sp.) NA NA NA
nzio (Z. zerumbet)

= 85.5(-) 77.4(-) 53.1 (45.8-64.2)

r B (C. zedoaria)
nxiio (Z. zerumbet)

85.5(-) 63.2(-) 56.3(-)

LNUAUMNGL (Curcuma sp.)

2
VU (C. zedoaria)

FNUAUMNAN(Crrcuma sp.)

nzio (2. zerumbet)

85.0(66.9-161.1)

71.3(58.6-98.9)

60.6 (51.2-76.6)
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NA NA NA
(negative control)
R ST UG E TR IEAY
23.4 (14.5-36.9) 9.6(2.8-15.9) 2.9(1.3-4.4)

(positive control}

' 9 o 1 E]
" Lethal Time 50 (LT,)) %063 namhlddoe vueanniyudaohlasamiia

*Not Available (NA) g8 Tiannsndinsiziimmaada 14
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3 1 ? : ' v d a d A
M31991 4.54 A1 LT, vesinivayu nsn 16lunismaass densarsvesdnauionmnuyud iile

o a o z

FuranuiiiunlFlunisnaasauiaazsiia auguau 0.005, 0.02 1A 0.03 1AAAATABAIII

FHUHALNAT
. LT, (Ashga-migegaanit)/ anmidudu (iadansaen s 1iauAnng)
Uniuiil¥manes
0.005 0.02 0.03
N0 (Z. zerumber) NA” NA NA
&
viudou (C. zedoaria) NA NA NA
’]"meuﬂlﬂi’ﬂ(thumasp.) NA NA NA
-~
AEND (Z. zerumbet)
g NA NA NA
+yudou (C. zedoaria) ;
4 .
NEND (7. zerumbet)
oo NA NA NA
FNUAUMNG (Curcuma sp.)
VU (C. zedoaria)
oL NA NA NA
FIUAUNNIAN (Crrcuma sp.)
Az (7. zerumbet)
Y 68.7 64.4 61.3
+"lliluﬁ’i)[} (C. zedoaria)
o (-) (-) (-)
+Nuaunal (Curcuma Sp.)
P e o ™
WINUD N ADI
NA NA NA
(negative control)
TG ER, 47.5 414 20.8
(positive control) (34.8-78.2) (30.2-66.3) (6.8-44.7)

" Lethal Time 50 (LT,) wnodia naii lidudnimeamyuiaehlasaniia

% Not Available (NA) Hinuiia hisnsainsiziamaada 1§
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FURLAT MAINIINAABY 60.0 U

LC",, (Awga-figegaani)/ aAnududu (ladansden s wauamag)

¥ o daw
Uniunlinaaes — ——
fAl00U AAUANIY
A 2
N=VD (Z. zerumbet) NA NA
&
WIUSoU (C. zedoaria) NA NA
TIUAUNIIA (Curcuma sp.) NA NA
nziio (Z. zerumbet) 0.240
2 NA
+UHUDBY (C. zedoaria) (-)
neAe (Z. zerumbet) 0.025
1 ar NA
+IUAUNUD N (Cwrcuma sp.) (0.019-0.037)
2w
VUUDDY (C. zedoaria) 0.094
o NA
+NUAUNNIAT (Crrcuma sp.) (0.054-0.010)
nzile (Z. zerumbet)
2 0.024 0,051
+UNUaDY (C. zedoaria)
L. (0.017-0.035) (-)
+NUAUNHIAT (Curcuma sp.)
e 4 -
HIHUD NI
NA NA
(negative control)
T TG (BT 0.008 0.019

(positive control)

(0.004-0.011)

(0.013-0.027)

o > P WS I 2
" Lethal Time 50 (LT,,) iona nanh ideeu uazdudisovaamniyutaio hlnsmil

" Not Available (NA) wineda hignnsodmsizimmansa 14
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AzNe (Z, zerumbet) + Viuday (C. zedoaria)
. 84.0+8.9a 84.08.9a 84.0:£8.9a
+ NUAUNND (Curcuma sp.)
UFUYWBS INIU (positive control) 0b 0b 0b
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CV% 15.5 15.5 15.5

T A v a P > T y i 3 ot
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CV% 8.9 8.9 8.9
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Oe Oe Oc
(negative control)
CV% 92 53 5.3
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AL MUATY AB 87.0, 59.0, 55.0, 48.9 110Y 35.0% AMAIAL (Bachok ef al. 2006)

othelsiay nansdisaemsifumveudniinitoumdetueyuia Tuszndadl 2558-
2559 Tunsail SN sTIIRve B SgATURL fp 38.3% Feeaiu &9 mssziaveam
wypdhudminFoungesueyuiadiegluszaudigunn edinansenudeguninveainiiou
oyandgaiiuediaty manzmssanaveamaudluaming sueymandgsiisasimathum
Y BINN 5% VBeS 1M 1IN BUBUUIANT N 1013 1599 39 Clore (1988) 31691431 The
nation pediculosis association v@dlszmaauigamin Avusnauainasgulunsszuiaveam
WYBIUINATT 5% Ao Husasimsssnavesmuypifisuasisasguninveadniluediann

o ¥ d

¥
AaiuNIIIzIIAvR A MInBounY T UeYLa Tuven da 10U 10z a1an 32109 A FIMANMIUAS
=] @ ! o ' o N E
Saifudaninaszinavesmuniigaasauasisaogu W aRnin B sundarueyiia i
v - ar o @ o s ~ -
BYNNUIN aﬁﬂ?iﬁ)ﬂd'ﬂTl!u’]“ﬂ]qjuﬂ15'ﬂﬁﬂﬂuﬂT%ﬂlﬂ1uHHUﬂlﬂu]zﬁﬂ nazidaeans Tﬂ gra ooy

9/ ~ o P ar [l a o A F=y 3’; =)
mﬂﬂsmimumms1:ﬂmi‘luaumwmqmmwmaqmnumiﬂumgawwmaanﬁw

o_ g :’ s
5.2 M3ANEINISMIIA Tumsypad ey Ins

¥
o o

] A o o ' @ Y o 1 3 o
dniuayu Insiviradngalunisnaassdiga lumaywd fe dilunauszniainiu
¥ \ ar o z’ ' %
nxfie-+uiiudes+ Nuauninat Tasmuisadudenisin linnuypdld 100% nasnisnaaes 12
v & a oo = " Y " Y o 2
fu FaaeandeadunuIteues ugs1 quiIse (2559) s Uniunauszn hainiuviiudes
y . » . 2 o ¥
59% + Twa 5%, 13iu Twa 5% + 11981 5% nazaiuuIaa 5% + viiugas 5% Inalunsdues
1 o1 A A W as v [} o o A '
a13Wn lumuypaafige Ae 100% NaaN13NAABI 15 T4 8619 13AMINEINTILIUNINBUY
=) oda v e Y =) o w w9 ar o v
ayu Iwsnndislunedsirdalinad lumsfisaavanisveamnuyudde Tagwud nsuyain
NUNMINS (Curcuma aeruginosa) NUUNA (Curcuma aromatica) 1Wa (Zingiber cassumunar) U4

(Zingiber officinale) Inwad (Zin giber ottensii) 1AEN A (Zingiber zerumbet) Tnadlunisiivada



175

g o o

¥
a =3 a oA
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10% flszant mmlunslessumsnavesgamoild midy 17.0 naz 16.0 wid uazfesndy
MIAavedges ATy 14 ML 185.0 HAY 155.0 WA AWAIAY naniuiuveuszmennuiiudesss
finavir A uanTommiiogesa1s1ua10 87.5% TagliA1 LD, 1Y LD,IMIAY 5.9 uaz 9.4
TuTasnsudenadninveamaia A1Ua1AY (Chaiyasit ef al. 2006) MEAING MBI ZIME9IN
viludooman ity 22.5 1Az 45.0 ppm ﬁqﬁnav‘iﬂﬁqnﬁwqmﬂﬁmmu 100% MAIN1INAADY
24 %1714 Taedi A1 LC,, 1A% LC,, WA 33.4 0% 83.3 ppm AMAIAY (Champakaew et al. 2007)
sudaiinenuimIasannnsitedasignmuaziotaezaa s Iinan lumadidada@u iy
AT sue 943 1Ay apsriiafe gas 1Y BIe Cx. gelidus Wa¥UA Cx. Quinquefasciatus Famu
asafausenziie anududi 1,000 ppm inasi e 1man 2 wiiaaauld 100% Tunar 1
#3139 uaziifn KTy, 9171 18,0-20.0 119 (Kamaraj et al. 2010) 40z a 13819100 I0A 301301
veauaylanae Tsiimu fanusudy 500 T Tasnfudednadas T fgmigemmiuais
95.0 11a% 100% nAaMsNAaes 48 $3 Tua nazfnavhligniigaduldesais 100% waz 100% naa

NITNANDY 48 ‘lnf"’ﬂm (Bucker et al. 2013)

5.3 MSANMINIANTARIBOU HAZA IR TBVE IMNYNIA BN INS
‘i]1ﬂﬂ1‘iaﬂﬂ1ﬂitﬁﬂ%ﬂ?ﬂﬂﬂﬁl!%ﬂﬁﬁgl&hi#ﬁ 11 wile nenfufunenszimedu uag
difunenszmegaduda Aty 0.005, 0.02 uag 0.03 ToAAnITABAIUYUANAS ABATS
aovesaIseuazaudu o uund luanimyiesl1ian1s 82877 Filter paper contact WU
sy dudrfinaminiuvensavedy wionanihniuneuszimegaidlda anududu 0.03
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Pediculosis capitis among kindergarten in Ladkrabang area, Bangkok,
Thailand
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Institute of Technology Ladkrabang, Bangkok 10520, Thailand
*Corresponding Author: mayura.soon@gmail.com, ksmayura@kmitl.ac.th

ABSTRACT
Pediculosis capitis also known as head lice infestation, a public health problem affecting
mainly children aged of 3-12 years worldwide, including Thaichildren. The present study was
to determine head lice infestation levels in Thai kindergarten, during. June to August, 2013.
A Total of 702 kindergarten aged 5-6 years old from 5 selected primary schools of
Ladkrabang district (eastern area of Bangkok), Thailand were examined for head lice. The
overall head lice infestation rate was 32.05% and infestation rate was higher in girls (62.85%)
than in boys (0%). The infestation rate among girls varied from 62.75 (6 years old group) to
62.96% (5 years old group). Our data indicated that pediculosis capitis is an important public
health problem affecting kindergarten in eastern area of Bangkok, and the parents should
activated the children regularly to clean their hair with anti-head lice product at least 3 times

per week.
Keywords: Pediculosis capitis, head louse, kindergarten

1. Introduction
Pediculosis capitis (or head lice infestation) is ubiquitous parasitic skin disease caused by
head louse  (Pediculus humanus capitis De Geer; Pediculidae; Phthiraptera)"?. Head louse
is a wingless obligate ectoparasites of human, feed on the human blood. Therefore, the
clinical symptoms of pediculosis capitis are pruritus, lymphadenopathy, conjunctivitis,
allergic reaction and chronic heavy infestation may lead to anemia®*". Moreover, head lice
infestation affect million of children worldwide, especially in children between the ages 5 and
11 years in both developed and developing countries generally, rates are hevier among
girls” %), However, girls are 2 to 4 time more frequently infested than boys, especially in rural
and developing areal”). In addition, the high level of lice infestation have also been reported
from all over the world, varied from 1.6% to 87.0%'*. In Thailand head lice infestation is a
serious problem affecting more than 23.0% of the schoolchildren in eastern area of Bangkok
(urban area) and more than 80% of the schoolchildren in Ratchaburi province area (rural

arca)w‘ml. In addition, the nation pediculosis association of USA which defines head lice
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infestation rate more than 5% has been considered to be an epidemic[”]. Therefore, the statu5200
of primary schoolchildren in Thailand is the epidemic condition. The aim of this study were
to determine the prevalence of head lice infestation among kindergarten in primary school
from Ladkrabang area, Bangkok, Thailand.

2. Materials and Methods
The total of 702 kindergarten (aged 5-6 years/old), including 358 girls and 344 boys from
five primary schools in Ladkrabang. districk, the eastern of Bangkok, Thailand were
examined for head lice during the period June to August, 2013. All the selected schools were
Thailand government owned. The examinations were conducted with the approval of the
head techers and in collaboration with school teachers. For the diagnosis of head lice, the
entrie head was examined carefully after parting the hair, special attention was paid to the
nape of the neck and behind the ears. The child was considered infested if at least one living
adult, or nymph, or viable nit (egg) were detected™'?. The satatistical analysis of result were

performed using the chi-square test.

_ 3.  Results )
Head lice infestation was observed in 702 kindergarten in five selected primary school,
including 344 boys and 358 girls, 255 children of them showed at least on living adult or
nymph or viable nit and the overall infestation rate was 32.05%. However, the infestation rate
among school varied from 30.76% to 34.10% (Table 1). The lowest was 30.82% in 5 years
age group and highest was 33.15% in 6 years age group (Table 2). Overall boys (344) were
not infestation rate. The severity of infestation rate among girls in different age groups as
shown in Table 4. The 5 years age group were high infested than 6 years age group, with
infestation rate of 62.96 and 62.75%, respectively.

4. Discussion
In our data showed, overall head lice infestation rate among kindergarten (5-6 years old) was
32.05% and infestation rate in girls was 62.85%. However, infestation rate in this study
shows the problem of head lice among kindergarten especially in girls. Moreover, infestation
rate among kindergarten in Ladkrabang district, Bangkok, Thailand is higher 5%, which
defines an epidemic importance!'!!. The highest infestation rate 62.85% as shown in girls, this
is in accordance with 82.12% and 47.12% infestation levels found in 2009 and 2012 from

(1% and Bangkok!®, Thailand. This tendency has also been

[16]

school girls in Ratchaburi province
reported many author in diffent countries like Malaysia“”, Iran!'"), Turkey”sl, Banglades
Argentinam], Brazil'® and Jordan!""). In addition, the infestation with head lice is important
public health problem affecting kindergarten in Bangkok, Thailand. Finally, the prevalence of

pediculosis capitis decrease with increasing life standards, high income, better health care
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system and the parents should activated the kindergarten regularly to wash their hair with

anti-head lice product a least 3 times per week.

Table 1 Prevalence of pediculosis capitis among kindergarten by school

School ~ No.examined No. Positive % Pediculosis capitis

1 132 45 34.10

2 127 42 33.07

3 139 45 32.37

4 135 41 30.37

5 169 52 30.76

Total 702 225 32.05
P value ns

Table 2 Prevalence of pediculosis capitis among kindergarten (aged 5-6 years)

Age No. examined No. Positive % Pediculosis capitis
5 331 102 30.82
6 371 R o 3315

Total 702 225 32.05

P value ns

Table 3 Prevalence of head lice infestation among different sexes

Gender No. examined No. Positive % Pediculosis capitis
Girl 358 225 62.85
Boys 344 " 6
Total 702 225 32.05

P value < 0.0001

Table 4 Severity of pediculosis capitis among girls in different age groups

Age No. examined No. Positive % Pediculosis capitis
5 162 102 62.96
6 196 123 62.75
Total 358 225 62.85
P value ns
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ABSTRACT
Repellent properties of citrus essential oils derived from lime (Citrus aurantifolia
(Christm.Panz.) Swingle), sour orange (Citrus aurantium L.), Citrofortunella microcarpa
(Bunge) Wignands and sweet orange (Citrus sinensis Osbeck) were evaluated as repellents
against female Aedes aegypti (L.) mosquito and compared them with a commercially
available repellent (IR3535, ethyl butylacetylamino propionate 12.5% w/w: Johnson’s Baby
Clear Lotion Anti-Mosquito®) Each test repellent was applied in 2 diluents: coconut oil and
ethyl alcohol at 0.33 ul/em? on the forearm of volunteers. Repellents in coconut oil afforded
longer protection time against the bite of A. aegypti mosquito than those in ethylalcohol. The
essential oil of C. microcarpa gave the highest protection time (55.0-66.67 min, 100%
protection) than other citrus essential oil repellents tested both in coconut oil and ethyl
alcohol. While, IR3535 exhibited repellent activity with 100% protection from bite of 4.
aegypti for 2.30 to 3.30 min. Our data showed that C. microcarpa oil is an effected
green repellent for A. aegypti mosquito that is safe for humans, domestic animals and

environmental friendly.

Keywords: Citrus essential oils, repellency, protection time, dedes aegypti

1. Introduction
Mosquito. borne disease, such as dengue fever (DF), dengue hemorrhagic fever (DHF) and
chikungunya fever are serious public health problems world wide, especially in Africa and
Asial"?l. Howeve, dengue hemorrhagic fever continues to be one of the major public health
problem in Thailand, and Aedes aegypti mosquito has been incriminated as the primary
vector®!. The incidence rates of the disease have been increasing, it is estimated that more
than 200,000 people suffer annually from dengue attacks'). Moreover, the World Health
Organization. (WHO) reported that about 40%. of the world’s population is now at risk of
dengue and the only way to prevent dengue virus transmission is to combat the
disease-carrying mosquitoesm. Therefore, mosquito control and personal protection from
mosquito bites are currently the most important measures to control mosquito transmitted
disease!®. In fact chemical repellents such as DEET (N-N-diethyl-M-methylbenzamide),
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IR3535 (ethyl butylacetylamino propionate) are popularly used as the first line of mosquito

control owing to their quick action and considered to be useful in reducing and preventing the
mosquito vectors. Never the less, it has been. reported that chemical repellents are not safe
for public use!”). unpleasant smell, oily feeling to some users, potential toxicity and skin
irritation problems!®. As a result, the mosquito repellents base on plant essential oils may be
a possible alternative as one of the methods in preventing mosquito vectors also
compatible with human life and environmental friendly'!. In addition, plant essential
oils are reported to have repellency against mosquito adults such as essential oils from
Cymbopogon nardus"'®), Curcuma aromatica'", Anethum graveolens, Kaempferia galanga,

Zanthoxylum piperitum'?,  Zingiber cassumunar, Ocimum basilicum?),

Syzygium
aromaticum™, Juniperus communis'>), Origanum vulgare[”]. Therefore, the objective of
this study was to investigate the repellency. of citrus essential oils derived from Citrus
aurantifolia, Citrus aurantium, Citrofortunella microcarpa and Citrus sinensis against
females of Aedes aegypti and to compare them. with chemical repellent, IR3535
(ethylbutyacetylamino propionate 12.5% w/w : Johnson’s Baby Clear Lotion

Anti-Mosquito®).

2. Materials and Methods
2.1 Plant materials and citrus essential oils
All citrus plants in this study was identified, aulhenticated and submitted at Plant
Production Technology Section, Faculty of Agricultural Technology, King Mongkut’s
Institute of Technology Ladkrabang (KMITL). The fruit of each plant material was
extracted for essential oils by water distillation. These essential oils were prepared at
0.33ul/em” in coconut oil/in ethyl alcohol. All formulation were kept at room temperature

before testing.

2.2 Chemical repellent

IR3535 (12.5% w/w ethylbutylacetylamino propionate; Johnson’s Baby Clear Lotion
Anti-Mosquito®), a common chemical repellent for children in Thailand, was purchased from
IDS Manufacturing Co., Ltd, Thailand.

2.3 Test mosquito

A. aegypti egg was obtained from Entomological Laboratory, Faculty of Agricultural
Technology, KMITL. The eggs were hatched in a glass cup with 250 mL of water and then
transferred batches of 200 larvae to white plastic trays (30x35x5 cm.) Fish food
(OPTIMUM?®, cude protein min 28%) was added for 1%, 2™, 3" and 4" instar larvae at
8.00am and 4.00pm each day to each tray for the successive two weeks until pupation of all
larvae. The pupae were collected weekly and kept in a holding cage (30x30x30 cm.) for
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Adults were reared at 32.50+1.20°C and emergence a relative humidity of 64.80+3.50% with205
a photoperiod of 12h light followed by 12 h dark (12L : 12D). Adults were fed on 5% glucose
solution and nulliparous females of 4-5 day old were used for repellency tests. Before testing,
the glucose solutions were removed from the holding cage for 12h.

2.4 Repellent bioassay

The four citrus essential oils were tested against A. aegypti female under laboratoly
conditions using the arm in cage method!'®! following WHO (2009)!"”). Six humun volunteers
were recruited from the healthy students and lecturers of Faculty of Agricultural
Technology, KMITL. The volunteers for the repellency test had no history of dermatological
disease or allergic reaction to mosquito bites or repellents. All volunteers signed an informed
consent form after having received a full verbal/written explanation of the test objectives. The
research proposal was approved by the research committe of Fuculty of Agricultural
Technology, KMITL. The timing of the tests was tested during the day time from 8.00 am to
4.00 pm. Moreover, befor testing, the volunteer’s arms were washed and cleaned thoroughly
with distilled water and the left arm was used for treatment and the right arm for control.
Both arms of volunteers were covered with rubber sleeve with a window area of 3x10 cm on
the ventral part of forearm. one hundred microliters of each repellent was applied to the
treatment area of left forearm of each volunteer and allowed to dry on the skin for 1 min.
After applying the test repellent, the volunteer was instructed no to rub, touch or wet the
treated area. The right arm acting as a control was exposed for up to 30S to mosquito case
(30%30x30 cm.) containing 250 nulliparous female mosquitoes (4-5 days old). If at least two
mosquitoes landed on or bite the control arm, the repellency test was then continued. The test
continued until at least two bites occurred in a three-minute period. In addition, if no
mosquitoes bite during a three-minute period, the arm was withdrawn from the mosquito
cage. The protection time or repellency test period was carried out every 15 min until at least
two mosquitoes bite during the three-minute period and then the repellency test was stopped.
The time between applications of the repellents and the two first mosquitoes bite was
recorded as the protection time. Percentage of protection was calculated for each repellent

using the following formula'®!.

Percentage of protection =100 —  No. of mosquitoes biting or landing x100

No. of mosquitoes released
2.5 Statistical analysis

The mean protection time was used as a standard measure of repellency of citrus essential oil

repellents and IR3535 (Chemical repellent) against A. aegypti. Differences in significance
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were analyzed by One-way analysis of variance (ANOVA) and Duncan’s multiple range test

(DMRT) comparisons by SPSS for windows (version 6.0)

3. Results
Table 1 and Table 2 shows the protection time in minute and percentage of protection of
citrus essential oil repellents in coconut oil and in ethyl alcohol at 0.33pl/cm” and TR3535
against A. aegypti. in the laboratory. All citrus essential oil repellent in coconut oil provided
higher repellency activity (93.60 to 100% protection for 61.67 to 76.67 min) than all citrus
essential oil repellent in ethyl alcohol (97.80 to 100% protection for 11.0 to 66.0 min). On the
other side, IR3535 showed 87.60 to 100% protection for 1.33 to 3.33 min. While, coconut oil
showed 97.73 to 100% protection for 10.0 to 13.0 min and ethyl alcohol showed no
repellency activity against 4. aegypti. In addition, all citrus essential oil repellent provided
higher protection time and percentage of protection than IR3535, coconut oil and ethyl
alcohol. However, the C. microcarpa oil in coconut oil exhibited the highest repellent activity
with 100% protection for more than 65 min followed by C. sinensis oil , C. aurantifolia oil

and C. aurantium oil with protection time of 64.33, 61.67, 54.0 min, respectively,

4. Discussion
Our data clearly revealed that citrus essential oil in coconut oil at 0.33 p.l/cm2 offered 100%
protection from bite of A. aegypti females for more than 50 min. C. microcarpa oil exhibited
the highest repellent activity with 94.67 to 100% for 66.67 to 76.67 min from bites of 4.
aegypti. The result coincides with the earlier result of other researchers, which reported that
essential oils from C. microcarpa showed repellent activity against 4. aegypti and C.
quinquqfasciatusm. However, C. microcarpa oil also showed the insecticidal effect against
housefly (Musca domestica) showing LCsqof 15.3 19%'3), Therefore, C. microcarpa oil can be
considered to be used as green repellent in mosquito control instead of chemical repellent.
Moreover, C. microcarpa is native plant in Southem Thailand""?’ and fruit of this plant had
been used for carminative, cough, colds and sore throat or applied externally for itching. that
safe repellent for humans and friendly to the environment. Moreover, allergic reaction in this
study clearly indicated that citrus essential oil repellents did not show any allergic effects

such as skin irritation or hot sensation rashes.
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Table 1 Repellency of Citrus essential oils in coconut oil and chemical repellent against 4.

aegypti at 0.33 pl/cm?

Protection time in min Protection
Test repellents
(mean+SD) (%)
61.67+2.89ab' 100
C. aurantifolia oil
71.67+1041a 93.60
54.0+10.58b 100
C. aurantium oil
65.0+£7.91ab 96.0
66.67+7.64ab 100
C. microcarpa oil
76.67+10.79a 94.67
64.33+1.15ab 100
C. sinensis oil
74.33+8.14a 94.40
10.0£5.0¢ 100
coconut oil
13.0+£5.79¢ 93.73
2.30£l1.16d 100
IR3535
17.67£2.51¢ 87.60

' Means of protection time in each column, followed by the same letter are not significantly
different (one-way ANOVA and Duncan’s multiple RangeTest, P<0.05)
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Table 2 Repellency of Citrus essential oils in ethyl alcohol and chemical repellent against A.

aegypti at 0.33 pliem?

Test repellents Protection time in min  Protection
(meantSD) (%)
C. aurantifolia oil 50.0+11.18b' 100
61.67+2.89a 98.53
C. aurantium oil 11.0+£6.93¢c 100
WREEL 73T 98.20
C. microcarpa oil 55.0+11.18ab 100
66.0+7.94a 97.92
C. sinensis oil 17.0£1.73¢c 100
22.0+6.93¢c 97.80
ethyl alcohol 0d 0
IR3535 1.33£0.58d 100
3.33£1.53d 87.58

208

' Means of protection time in each column, followed by the same letter are not significantly
different (one-way ANOVA and Duncan’s multiple RangeTest, P<0.05)
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Pediculicidal Potential of Ethanolic Extracts from Thai Medicinal Plants
Against Head Louse (Pediculus Humanus Capitis De Geer, Pediculicidal:
Phthiraptera) in Vitro
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Abstract

The pediculicidal effect of ethanolic extract from 5 species of Thai medicidal plants
(Adenanthera pavonina Linn., Centella asiatica (Linn.) Urban, Oenanthe stolonifera Wall,
Solanum trilobatum Linn. and Spilanthes acmella Murr) against adult of head lice (Pediculus
humanus capitis De Geer, Pediculidae; Phthiraptera) and compared them with lindane
(Hexin®) in order to assess their in vitro. Doses of 3 pl/’cm2 and 6 pl/cm® of each treatment
were applied to filter paper and ten head lice were place on the filter paper. The mortalities of
head lice on the filter paper were recorded at 10, 30 and 60 min by steriomicroscope. All
medicidal plant extract at 3 pl/em® and 6 pl/cm® were more effective pediculicide than
lindane with mortality ranged of 37.6-98.8% at 60 min, On the other side, lindane showed
mortality ranged of 20.5-25.2% at 60 min. Moreover, all medicinal plant extract at 6 ul/cm?
showed more effective pediculicide than at 3 pl/em’. The most effective pediculicide was
dose of 6ul/cm2 of S. trilobatum extract, exhibited 98.8+1.3% mortality and LTs, value of 8.7
min., followed by the extract from 4. pavoniva, O. stolonifera, C. asiatica and S. acmella with
LTso values of 20.7, 27.8, 40.5 and 62.4 min., respectively.

Keywords: Pediculicide, head louse, ethanolic plant extract

1. Introduction
Head louse (Pediculus humanus capitis De Geer: Pediculidal; Phthiraptera) is an obligate
ectoparasite of human that causes pediculosis capitis''. Symptoms associated with infestation
are constant itching and scalp irritation!'*). However, head lice occur worldwide and go with
human in all corners of the world'>*). Moreover, head lice are an emerging social problem,
not only in economically poor countries but also in practically all other societies”®!. In
addition, head lice infestation affect million of children worldwide, including Thailand,

(1.4]

especially in children between the ages of 3-12 years' ™', and can be found in any sex, race,

economic status, family background or social class in both developed and developing

countries”.
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In Thailand, head lice infestation is a serious problem affecting more than 23.0% of the2|9
school children in the eastern area of Bangkok (urban area) and more than 80.0% of the
school children in Ratchaburi province area (rural area)[""”. However, the control of head lice
worldwide depends primarily on the continued application of organochlorine (DDT and
lindane), organophosphorus (malathion), carbamate (carbaryl), pyrethrin, pyrethroid
(permethrin and a-phenothrin) and avermectin (ivermectin-originated from Streptomyces
avermitilis insecticides)[sl. Unfortunately, several of common chemical pediculicides have
lost at least in part, their efficacy due to increasing resistance of head lice against chemical

(3.8]

pediculicides such as permethrin or allethrin*"®. In addition, the high cost of anti-lice

products (especially in the USA, where treatments cost US $150 upward) make people

hesitate to buy and use effective products at an early stage of lice infestation, so that

2 Recently, there has been a

great interest in the use of plant extracts as new control alternative to synthetic insecticides!'?,

infestation spread from infected children to other children

and are good candidates for safer control agents that may provide good anti-lice activity and
low levels of evolved resistance!''l. Moreover, the need for alternative options for head lice
treatment, combined with the growing tendency to use non-toxic, natural products,
particularly since children are the usual recipients, has prompted a number of scientists to
search for new control products from plants, products that should combine good anti-lice
activity, low levels of resistance and safely!'®'"!. However, plant-based compounds such as

Acorus calamus'™, Acacia concinna®, Averhoa bilimbi', Azadirachta indica'®, Citrus

paradisem], Eucalyptus grandis[m'. Eucalyptus camaldulensis'', Eucalyptus tereticornist"),

U and Tamarindus indica”’ have been taken

Piper retmﬁ'aczum“”, Syzygium aromaticum
into account for their activity against head lice and their hits. Therefore, the aim of this study
was to evaluated the potential of pediculicidal activity of ethanolic extracts of five species
from Thai medicinal plants (Adenanthera pavonina Linn., Centella asiatica (Linn.) Urban,
Oenanthe stolonifera Wall, Solanum trilobatum Linn. and Spilanthes acmella Murr) against
head lice (Pediculus humanus capitis) and to compare them with lindane (Hexin®, 1.0% w/w
lindane) in order to assess their in vitro activity. Moreover, 4. pavonina, C. asiatica, O.
stolonifera, S. trilobatum and S. acmella have long been considered to have therapeutic
properties for human such as external use for infected wound and abscess, treatment of sore

throat and thirst, carminative, expectorant, and anti pyretic (Table I)“S‘”J'.

2. Materials and Methods
2.1 Collection and Preparation of Plant Extracts
The seeds of A. pavonina, leaves of C. asiatica, whole plants of O. stolonifera, fruits of S.
trilobatum and whole plants of S. acmella were collected from Bangkok and Nakhon
Ratchasima province, Thailand. The plant taxonomic identifications were made by plant
taxonomist of plant Production Technology Section, Faculty of Agricultural Ladkrabang
(KMITL), various parts of plant materials were air-dried for 7 days in the sade at rhe
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environmental temperatues (32.5+1.5°C, day time). The 1,000g of dried and powedered ofz20
each plant material was soaked in 2,000 ml of 95% ethyl alcohol at room temperature for 5
days. The crude extract was separated by suction filtered and the filtrate was concentrated to
dryness with a rotary evaporator at 70°C until the ethyl alcohol completely evaporated. Each
of plant extrat was kept in closed boottle and placed in the refrigerator befored being used
standard stock solutions were prepared at 10% by dissolving in ethyl alcohol, which was used
for the bioassays.

2.2 Chemical Pediculicide Positive Control and Negative Control

1. Lindane cream (Hexin Lice Killer Crcam®, 1% w/w lindane) a common chemical pediculicide
in Thailand was purchased from Krungdheb Pharmacy LTD, PART. 783 charoennakorn Rd,
Bangkok, Rasburana, Bangkok 10140, Thailand and used as positive control

2. Ethyl alcohol was purchased from Siribuncha Co., LTD 50/4 Mu7 Banggruay-Sainoi Rd.,

Nonthaburi province, Thailand, used as negative control

2.3 Collection of Head Lice (P. Humanus Capitis)

The collection of head lice adult were collected from infested school children between the
ages 3 and 12 years. with the approval of their parents, by combing the hairs of infested
school children at a primary school in Ladkrabang District Bangkok, in April 2014-June 2014
with a fire-toothed combs. Head lice were obtained and pooled by carefully removing them
from the fire-toothed combs into clean plastic boxes. Afterwards, head lice were transported
to our laboratory. The head lice were identified by Entomologist from Faculty of Agricultural
Technology, KMITL.

2.4 Filter Paper Contact Toxicity Bioassay

(.17 "was used to evaluate the toxicity and mortality of

A filter paper contact bioassay
ethanolic extracts from five species of Thai medicinal plants (4. pavonina, C. asiatica, O.
stolonifera, S. trilobatum and S. acmella), chemical pediculicide (Hexin Lice Killer Cream®,
1% w/w lindane) used as positive control and ethyl alcohol used as negative control. Doses of
3 pl/em? and 6 pl/em? of each plant extract were applied to the filter paper (Whatman® No.1,
4.80 cm in diameter), and after drying for 30 s., each filter paper was placed on the bottom of
a Petri dish (5.0 cm in diameter). Afterward, selection of 10 adults of head lice under a
dissecting microscope and 10 adults of head lice were placed on the filter paper. For lindane
and ethyl alcohol were simultaneously run as positive control and negative control,
respectively. The mortality of head lice on the filter paper were recorded under sterio
microscope at 10, 30 and 60 min. The criteria for mortality of head lice were strict and were
defined as the complete absence of any vital signs such as gut movement, movement of limbs,
antennae or movement of legs with or without stimulation using forceps“‘ls]. All treatments

were replicated 10 times. The mortality data was analyzed with Ducan’s multiple rang test
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(DMRT) using SPSS for windows version 16.0. The LTs, value was calculated using probit22]

analysis.

Table 1: List of Thai medicinal plant, part used and Therapeutic property(1617.

Scientific name/Family ;
o— Part used Therapeutic property
Adenanther pavoninaLinn. seed external use for infected wound and
Red Sondal wood tree abscess
F. Leguminosae
Centella asiatica Linn. leaf treatment of sore throat and thirst,
Asiatic Pennywort anti-pyretic, diuretic, anti-diarrheal,
F. Umbelliferae external use forbum and woud
Qenanthe stoloniferaWall. whole plant carminative, anti-asthmatic, cough
F. Umbelliferae remedy, anti-emetic, ingredient for
Thai stylesauna
Solanum trilobatum Linn.  fruit expectorant, anti-pyretic, diuretic,
F. Solanaccac bitter tonic
Spilanthes acmellaMurr. - whole plant anti-pyretic, as mouthwash, relief
Para cress of pharyngitis, local anesthetic for
F. Compositac toothache
3. Results

The pediculicidal activitives of five species of Thai medicinal plants on mortality of head

lice, compared with lindane (positive control) and ethyl alcohol (negative control), at 3
p.l/cm2 concentrations as shown in Table 2 and 6 p‘l/cm2 concentrations as shown in Table 3.
All ethanolic plant extracts at 6 pl/cm’ concentrations were more effective pediculicide than
3 p.l/cm2 concentrations and the median lethal time (LTs, value) of all ethanolic plant extract
(except C. asiatica extract) at 6 ul/em® showed significant differences over at 3 ul/em? (Table
4). at3 j,Ll/cm2 concentrations, all head lice treated with all of ethanolic plant extract showed
mortality ranged from 37.6+0, 92.0% at 60 min and LTs, value ranged from 22.8 to 68.7 min,
on the other side 79.5% of head lice in positive control group and 100% of head lice in
negative control group survived druing the observation peroids, repectively. The most
effective pediculicide was 4. pavonina extract with 92.0% mortality at 60 min. and LTso
value of 22.8 min. followed by the extracts from C. asiatica, S. trilobatum, O.
stolonifera, and S. acmella with 65.8, 63.8, 56.8 and 37.6% mortality and LTso value of 43.5,
51.9, 56.2 and 78.7 min., respectively. The results of the pediculicidal activity at 6 ul/em®
concentrations are shown in Table 3. The most effective pediculicide were the extracts from
A. pavonina and S. trilobatum with 98.0-98.8% mortality and LTso value of 8.7-10.8 min.
Meanwhile, 100% of head lice in negative control group and 74.8% of head lice in positive
control group survived during the observation periods (25.2% mortality, LT so value of
80.9 min.).

The mortality rate of head lice treated with the extracts from C. asiatica, O. stolonifera, and S.
acmella ranged from 41.8 to 74.8% and LTs value ranged from 27.8 to 62.4 min.
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4. Discussion 299
Our data showed that head lice treated with all pethanolic plant extract from 5 species of Thai
medicinal plants caused mortality ranged from 37.6 to 98.8% mortality and LTso value
ranged from 8.7 to 78.7 min, and more effective pediculicide than positive control (lindane)
and negative control (ethyl alcohol). However, at dose of 6 pl/cm?, the extract from 4.
pavonina and S. trilobatum were highly effective as pediculicide with 98-98.8% mortality of
head lice at 60 min and LTs, value of 8.7-10.8 min. Moreover 4. pavonina and S. trilobatum
are common medicinal plant in Thailand and have been extensively used for traditional Thai
medicine. Seed of 4. pavonina had been used for external use for infected wound and abscess
and fruit of S. trilobatum had been used for expectorant, antipyretic, diuretic and bitter tonic
(Table 1). In addition, fruit of S. trilobatum are used for several Thai local food 4. pavonina
and S. trilobatum extracts are suitable to be used as an alternative product for head lice
control because they are good and safe alternative due to less toxicity to children than
chemical pediculicide (lindane) and easy biodegradability. While, lindane is harmful for
children and side effects such as burning sensation, red spot and irritation of children scalp
were found after application with lindane, In Thailand, head lice infestation is a serious
problem affecting the children in urban and rural areas, only in eastern of Bangkok area, the
infestation rate was more than 23.0% of primary school children®. Thus, pediculicides base
on plant extracts are suitable for head lice control of Thai school children. However, the
important point the active ingredient should be tested for acute and chronic toxicity in vivo

chemical trail before it is used as a plant extract as pediculicides for head lice treatment.

Table 2: Pediculicide effect of ethanolic extracts from five species of Thai medicinal
plants on mortality head lice (P. humanus capitis) at 3 ul/cm?.

= i 7
Treatment 1 0/6 Monaht];gtmc (mm.)60 LTso (min.)
Adenanther pavonina 29.6£2.9a° 84.4%6.2a 92.0+2.5a 22.84
Centella asiatica 11.2+4.1b 47.4+3.9b 65.8%8.2b 43.50
Oenanihe stolonifera 0.2+1.9b 43.6x4.1b 56.8+5.8b 56.20
Solanum trilobatum 35.0+4.1a 43.0£3.5b 63.8+3.1b 51.5
Spilanthes acmella 8.6+2.4b  24.0+5.l1c  37.6+3.8¢c 78.7
lindae (positive control) Oc 10.3+x1.9¢ 20.5+3.8d 87.4
ethyl alcohol (negative control) Oc Oe Oc ns

ns = Not computed by Probit analysis
*Precent mortality within the same column, followed by the same letter are not significantly different (one-
way ANOVA and Duncan’s Multiple rang test, P<0.05)
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Table 3: Pediculicide effect of ethanolic extracts from five species of Thai medicinal
plants on mortality head lice (P. humanus capitis) at 6 pl/cm?.
% Mortality/time (min.)

Treatment 10 30 60 LTs0 (min.)
Adenanther pavonina 34.4+4.8b" 90.0+3.8a 98.0+3.5a 10.8
Centella asiatica 15.063.7c  49.4+4.1b  70.0+6.5b 40.50
Oenanthe stolonifera 13.6+2.4c 59.6%6.5b 74.8+8.6b 27.8
Solanum trilobatum 70.2+4.2a 88.4+8.2a 98.8x1.3a 8.7
Spilanthes acmella 12.6+3.4c 29.8+4.2c 41.8+4.9¢c 62.4
lindae (positive control) 0d 14.6+3.9d 25.2+3.8d 80.9
ethyl alcohol (negative control) Oc 0d Oc ns

ns = Not computed by Probit analysis
* Precent mortality within the same column, followed by the same letter are not significantly different (one-
way ANOVA and Duncan’s Multiple rang test, P<0.05)

Table 4: LTso values in min. of ethanolic plant extracted from five species of Thai
medicinal plant against head lice at 3 pl/cm? and 6 pl/em?.

Plants extract LT? IE?:::’:) R LT?;EE:;}) ™ P
A. pavonina 22.8 10.8 <0.05"
C. asiatica 43.5 40.50 <ns""
O. stolonifera 56.2 278 <0.05
S. trilobatum 51.9 8.7 <0.05
S. acmella 78.7 62.4 <0.05

** ns not significant
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Abstract
Lavicidal and pupicidal bioassay were carried out in the laboratory to assess the efficacy of
cthanolic extracts from three species of piperaceae plant (Piper nigrum L.; Piper
retrofractum Vahl and Piper sarmentosom (Roxb.)) against the fourth instar larvae and pupae
of filarial mosquito vector (Culex quinquefasciatus (Say)) and to compare them with
temephos 1% w/w (Sai GPO-1%)) The laval mortality was recorded at 0.5, 1, 3, 6, 12 and 24 h.
Pupal mortality was also recorded at I, 12, 24 and 48 h. and probit analysis was used to
analyze the data. The results showed that Py (P. retrofractum + P. nigrum) proved to have the
greatest activity against larvae with LTso value of 1.20 h. and 100% mortality at 3 h.
Moreover, Py (P. retrofractum + P. nigrum) also exhibited high level of effectiveness against
pupae with LTso value of 1.25 h. and 100% mortality at 6 h. On the other side, temephos
showed LTso value in larval stage of 0.11 h. and 100% mortality at | h. Unfortunately,
temephos did not show any mortality of pupae within 48 h. On the mortality and LTs, values
of larvicidal and pupicadal stage of Cx. quinquefasciatus indicated the most effective
larvicide and pupicide was Py (P. retrofractum+P. nigrum). Ps (P. retrofractum+P.
sarmentosom), Py (P. nigrum+P. retrofractum+P. sarmentosum), Ps (P. nigrum+P.

sarmentosom), P, (P. nigrum) and P (P. retrofractum), respectively.
Keywords: Larvicide, Pupicide, Piper, Culex quinquefasciatus

1. Introduction
Mosquitoes are the major vector for the transmission of serious human and domestic animals
diseases. such as Lymphatic filariasis, malaria, dengue fever, yellow fever and heart worm
disease'"?). However, Culex quinquefasciatus (Say) mosquito is one of medically important
vector of Lymphatic filariasis caused by Wuchereria bancrofti which is a widely distributed
in tropical and subtropical region including Thailand"!. Moreover, 120 million people in 83
countries worldwide are infected with W. bancrofti and 44 million people have common

chronic manifestation®*”).
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However, Chemical insecticide have been for several decades in controlling mosquito vectors,, ¢
as they have a quick knock down effect. On the other side chemical insecticides have often
led to the disruption of natural biological control system and outbreaks of insect pest
species and insecticide resistance in Cx. quinquefasciatus mosquito has been
reported®”). In addition, the harmful effect of chemical insecticides on the environment and
the undesirable effects on the non-target population and human being are creating further
problems[s]. Therefore, natural insecticides are generally pest specifia, biodegradable, usually.
Nonallergic to human as well as nontarget organism!”). In present years, plant products and
phytochemicals have been studied for the control of mosquitoes vectors. Moreover, plant
products may be a possible alternative to chemical insecticides, as they are effective and

. + . . . 2
compatible with human, domestic animals and environment!'*'?,

However, piperaceae plants are used in traditional medicide for a long time in Asian and
African®™®" and as food flavouring and pest control agents!'*). In addition, some piperaceae

plants such as Piper marginatum Jacg!", Piper nigrum[s"°], Piper Iongumm, Piper
retrofractum Vahl"”', Piper ribesoides Wall'®, Piper sarmentosum Roxb!® and Piper
aduncum Linnt"*). are well known piperaceae plants, have been investigated for mosquito

control such as larvicidal activity, repellent activity and oviposition deterrent activity.

Therefore, phytochemicals in piperaceae plants can be used as an alternative to synthetic
insecticides For mosquito vector control, the aim in this study was to evaluate the efficacy of
the ethanolic extracts from three species of piperaceae plants (P. nigrum, P. retrofractum

and P. sarmentosom) against larvae and pupae of Culex quinquefasciatus.

2. Materials and Methods

2.1 Piperaceae Plant Extract

Various parts of piperaceae plants (fruits of P. nigrum, fruits of P. retrofractum and leaves
and stems of P. sarmentosum) were collected from Chantaburi and Nakhon Ratchasima
province, Thailand. The piperaceae plants were identified, by plant taxonomist of plant
production Technology Section, Faculty of Agricultural Technology, King Mongkut’s
Institute of Technology Ladkrabang (KMITL), Bangkok, Thailand. The 1,000g of dried and
powdered fruits, leaves and stems of each piperaceae plant was soaked in 2,000ml of 95%
ethyl alcohol at room temperature for 5 days[S]. The crude extract was separated by suction
filtered, and the filtrate was concentrated to dryness with a rotary evaporator at 70°C until the
ethyl alcohol completely evaporated. Each of piperaceae plant extract was kept in closed
bottle and placed in the refrigerator befored being used. Standard stock solutions were
prepared at 10.0% by dissolving in ethyl alcohol, which was used for the bioassays. (Table 1).

2.2 Mosquito Culture
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The eggs rafts of Culex quinquefasciatus were obtained from entomological Laboratory,227
Faculty of Agricultural Technology, KMITL. The eggs were hatched in a glass cup with
250ml de-chlorinated water, then transferred batches of 200 larvae to white plastic trays
(30%x35x5cm) containing 1.5L of de-chlorinated water. The larvae were fed with fish food
(KANSHOU®, 38% protien). The feeding continued until the larvae transformed into the
pupal stage. The fourth instar larvae and pupae were used for bioassays. All experiment was
carried out at 32.5+1.2°C and 64.8+3.5 C relative humidity (RH), with a photo period of 12h
light and 12h dark(12L:12D)

2.3 Chemical Insecticide (Positive Control)

Temephos (1% w/w temephos; Sai GPO®-1) was used as positive control. Sai GPO®-1 (1%
w/w temephos), a common chemical larvicide in Thailand, was purchased from The
Government Pharmaceutical Organization, 75/1, Rama VI Rd, Ratchathewi, Bangkok 10400,
Thailand.

2.4 Larvicidal and Pupicidal Bioassay

The larvicidal and pupicidal bioassay were conducted according to the World Health
Organization (WHO,2005!"™") and Phasomkusolsil and Soonwera!'®, Ten immature stages
(fourth instar larvae/or pupal stage) of Cx. quinquefasciatus were taken in 150ml glass jar
containing 99ml of distilled water and Iml of test solution. Temephos 1% w/w (Sai
GPO®-1) was used as positive control and 10% ethyl alcohol was used as negative control.
No food was provided during the treatment. The larval mortality was recorded at 0.5, 1, 3, 6,
12 and 24h. while pupal mortality was recorded at 1, 12, 24 and 48h. The criteria for
mortality of larvae were considered dead if they were incapable of rising to the surface or did
not show the characteristic diving reaction when the water was distrurbed"*'). The lethal
time for 50% mortality (LTso) values were calculated using probit analysis and differences in
significance were analyzed by one-way analysis of variance (ANOVA) and Duncan’s
Multiple Range Test (DMRT) by using SPSS for windows, version 16.0.

3. Results
The LTs, value of the piperaceae plant extract against the fourth instar larvae and pupae of Cx.
quinquefasciatus are presented in Table 2. The piperaceae plant extract Py (P. nigrum+P.
retrofractum) exhibited the highest toxicity against 4" instar and pupae of Cx. quinquefasciatus
with LTsy values of 1.21h., followed by Ps (P. nigrum+P. sarmentosum), P7 (P. nigrum+P.
retrofractum+P. sarmentosum), Ps (P. retrofractum+P. sarmentosom), P\ (P. nigrum) and P,
(P. retrofractum) with LTso values of 1.35, 1.63, 1.88, 2.15 and 2.81h., respectively. While P3
(P. sarmentosum) and ethyl alcohol (negative control) did not show any mortality within 24h.
On the other hand, temephos (positive control) exhibited higher toxicity than all formulation

of piperaceae plant extract with LTs, value of 0.1 Th. Moreover, Py (P. nigrum+P. retrofractum)
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also exhibited the most effective pupicide against pupae with LTsp value of 1.25h., ﬁ:)llowe':g28
by Ps (P. retrofractum+P. sarmentosom), P; (P. nigrum+P. retrofractum+P. sarmentosum),
Ps (P. nigrum+P. sarmentosum), P, (P. retrofractum) and P (P. nigrum) with LTso values of
1.85, 2.84, 5.23, 34.78 and 38.85 h., respectively. While, P3 (P. sarmentosum) ethyl alcohol
(negative control) and temephos (positive control) did not show any mortality within 48h. All
formulation of piperaceae plant extract (except P; (P. sarmentosum)) showed higher

pupicidal activity than temephos.

Likewise, all formulation of piperaceae plant extract (except P3 (P. sarmentosum)) also in
duced 100% mortality against larvae at 6h. (Table 3). Moreover, Py (P. nigrum+pP.
retrofractum) had the greatest larvicidal activity with 41.0+5.7% and 100% mortality at 1
and 3h., respectively. Mortality of larvae ranged after | and 3 hour-exposure, there were
from 2.2+1.7 to 41.0+5.7 and from 52.8+7.8 to 100% However, Py (P. nigrum+P.
retrofractum), Ps (P. retrofractum+P. sarmentosom), Pg (P. nigrum+P. sarmentosum) and P,
(P. nigrum+P. retrofractum+P. sarmentosum) also exhibited the highest toxicity against
pupae with 100% mortality at 12h. (Table 4) . On the orther side P, (P. nigrum), P> (P.
retrofractum) and P (P. sarmentosum) did not show any mortality within 12h. However, P,
(P. nigrum) and P, (P. retrofractum) exhibited mortality of pupae ranged from 55.8+8.1 to
7 58.0+6.7% after 48 hour-exposure. While, P; (P. sarmentosum) ethyl alcohol (negative
control) and temephos (positive control) did not show any mortality within 48h.

Table 1 List of piperaceae plant extracts tested in this study
No. Name of material Formulation

P, Pepper (Piper nigrum L.)

P, Long pepper (Piper retraofracrum
Vahl.)

P; Cha-phu (Piper sarmentosum
Roxb.)

P, Paper (P. nigrum) + Long peper
(P. retrofractum)

P Long pepper (P. rerofractum) +
Cha-phu (P. sarmentosum)

Ps Pepper (P. nigrum) + Cha-phu
(P. sarmentosum)

P- Pepper (P. nigrum) + Long pepper
(P. retrofractum) + Cha-phu

(P. sarmentosum)

10%s crude extracts of P. migrum fruits in ethyl
alcohol

10% crude extracts of P. retrofractum fruits in
ethyl alcohol

10% crude extracts of P. sarmentosum leave +
stem in ethyl alcohol

5% crude extracts of P. nigrum fruits + 5%
P_retrofractwm fruits in ethyl alcohol

5% crude extracts of P. retrofractum fruits + 5%
P. sarmentorum leave + stem in ethyl alcohol

59 crude extracts of P. nigrum fruits + 5%
P sarmentosum leave + stem in ethvl alcohol

3.33% crude extracts of P. nigrum fruits + 3.33%
P. retrofractum fruits + 3.33% P. sarmentosum
leave + stem in ethvl alcohol

4. Discussion
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Piperaceae plant extracts exhibited high potential benefit for mosquito control as larvicide,,q
and pupicide. However, larvicide and pupicide based on plant extracts for mosquito control
are successful way emerge into adults. In recent years, the use of natural insecticides for the
larval and pupal mosquito control are successful to reduce the immature stage populations
and they are biodegradable and ecofriendly products, usually non allergic to human as well as

[9,20]

non target organism'*”. Moreover, our studies confirmed the larvicidal and pupicidal

activites of P. nigrum+P. retrofractum extracts against the immature stage of Cx.
quinquefasciatus. In the previous study, in Thailand strain of Aedes aegypti, chaithong et all®
reported that ethanolic extracts of P. longrum showed more remarkable larvicidal potential
than P. sarmentosum and P. ribesoides, showing LCsp values ranged from 2.23 to 4.80 ppm
and LCos values ranged from 8.13 to 14.07 ppm. However, the aqueous extract of P.
retrofractum showed LCso values of 135 and 79 mg/l against the early fourth instar larvae of a
Thailand strain of Cx. quinquefasciatus and Ae. aegypti'?. Additionally, aqueous and ethanolic extracts
of P. nigrum caused mortality against larvae of Cx. quinquefasciatus’®. Some of the piperaceae plants
such as P. longrum and P. guanacastcnsis and their bioactive constituents are reported to have
remarkable larvicidal activity against various mosquito species such as Cx. pipiens pallens,

Ae. aegypti, Ae. togoi and Ae. atropalpus™®.
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Table 2 LTsg values of piperaceae plant extracts against fourth instar larvae and pupae of
Culex quinquefasciatus mosquito. _
LT (h)in LT (h.) m pupal
Treamment larval stage stage

P, (P nigrum) 215 38.85

Py (P. retrofractum) 2.81 34.78

P; (P. sarmentosion) 0* 0°

Py (P. nigrum + P. sarmeniosum) 1.21 1.25

Ps(P. retrofractum—+ P. sarmentosum) 1.88 1.85

Py (P. nigrum + P. sarmentosum) 1.35 5.24

P, (P. nigrum + P. retrofractum + P. sarmentorum) 1.63 284

Temephos (positive control) 0.11 0

Ethyl alcohol (negative control) 0* o

LTsg vahue = Lethal time for 50% montality at 93% confidence it
* did not show any mortality of larvae and pupae

Table 3 Larvicidal activity of piperaceae plant extracts against the fourth instar larvae of

Culex quinguefasciatus s
Treatment % Mortality*SDAime (b.)
0.5 1 3 6 12 24
P, P_nigrum) ob° 23%1.7d | 57.026.9b | 100a | 100a [ 100a
P, (P. retrofractum) 18217 | 5.421.7 | 52.8£7.8b | 100a | 100a | 100a
P: (P. sarmentosum) 0b od 0c 0b 0b 0b
P, (P. nigrum~+P_sarmentosum) | 6.422.8b | 41.025.7b 100a 100a | 100a | 100a
Ps (P. retrofractum+ P. 0b 27.656.1b| 52.2x6.2a | 100a | 100a | 100a
sarmentosum)
Ps(P. nigrum ~ P_sarmentosum) 0b 37.8=33b| 95.6%6.3a | 100a | 100a | 100a
P, (P.nigrum = P.retrofractum 0b 274=3.9c| 90.4=7.1a | 100a | 100a | 100a
+ P. sarmentorum) b
Temephos (positive control) 93.2z36a| 100a 100a 100a | 100a | 100a
Ethyl alcohol (negative control) 0b od Oc 0b 0b 0b

*Means ofmontality percentage m each column, followed by the same letter are not smgnificantly
differrent (one-way ANOVA and Duncan’s Multiple Range Test, P<0.03)

5. Conclusion
The excellent larvicidal and pupicidal activities for P. nigrum+P. retrofractum extract
demonstrate their potential use as natural insecticides. Moreover, these results may be useful
for developing newer posibly safer, biodegradable and ecofriendly product and more
effective larvicidal and pupicidal product against immature stage of Cx. quinquefasciatus.
Finally, P. nigrum and P. retrofractum grown throughout Thailand and Southeast Asia, are
listed as a source of herbal drugs in the Thai Herbal Pharmacopoeial®'). The fruit of both
piperaceae plants in Thai traditional medicide textbooks are reported to be useful for

treatment of bronchial asthma, bronchitis, muscle pain and other maladies?.
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Table 4 Pupicidal activity of piperaceae plant extracts against the pupae of Cudex quinquefasciatus

Treatment % Monality=SD/time (h.)
1 2 3 4
PP nigrum) ue” Ub SUEI06  55.8=8.16

Py (P. retrofractumy 0c 0b 9.622.9b 58.0£6.7b
P (P. sarmentosum) Oc 0b 0b Oc
Py (P. nigrum+P. sarmentosum) 12.8%2 6a 100a 100a 100a
Py (P. retrofractunt+P. sarmentosum) 7.4%3.4b 100a 100a 100a
P (P. nigrumrtP_ sarmentosum} 1.440.9¢ 100a 100a 100a
P: (P. nigrum+P. retrofractum+P. sarmentorum) 9212 8a 100a 100a 100a
Temephos {positive control) Oc 0b 0b Oc
Ethy! alcohol (negative contral) 0c 0b ob 0c

*Mems of mortality

 each cohumn, followed by the same Jetter are not singnificantly differrent {one-way
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ANOVA and Duncan’s Multiple Range Test, P<0.05)
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Abstract
The pediculicidal activities of ethanolic extracts from three species of Thai edible plants
(Centella asiatica (L.) Urb., Limnophila aromatic (Lam.) Merr. and Parkia speciosa Hassk.)
against head louse (Pediculus humanus capitis De Geer, Pediculidae; Phthiraptera) and to
compare them with lindane (Hexin® as positive control) in order to assess their in vitro. The
doses of 3 pl/cm? and 6 pl/em® of each treatment were applied to filter paper, and ten of head
lice adults were place on the filter paper. The mortalities of head lice on the filter paper were
recorded at 10, 20, 30 and 60 min. by sterio-microscope. All plant extract at dose of 6 ul/em?
exhibited higher pediculicidal activity than at dose of 3 pl/em?®. The highest pediculicidal
activity was shown by (. asiatica extract at dose of 6 ul/cm? with 71.8+8.3% mortality at 60
min. and LTs, value of 30.3 min. and LTs, value of 3.5 p.lf'cmz. followed by the extracts from
P. speciosa and L. aromatic with 60.0+7.9 and 45.0+10.0% mortality and LTso values of 48.8
and 63.8 min. and LCs; values of 8.2 and 12.83 p.l/cml, respectively. While, lindane (positive
control) showed mortality ranged of 3.2+0.5 to 5.0+0.4% and LTs, values ranged of 530.8 to
608.3 min. Moreover, all head lice in negative control group (ethyl alcohol) survived during

the observation periods.
Keywords: Head lice, ethanolic plant extract, pediculicidal activity, Thai edible plant extract

1. Introduction
Head louse (Pediculus humanus capitis) is a major public health problem to children and
their parents around the world!". Each year millions of children are infested with head
lice™, and in the USA, 4-8 million children between the ages of 3-12 years are treated
unnecessarily for head lice annually, with amounts to 64% of all lice treatments'*!. Therefore,
The USA schoolchildren are lost of 12-24 million. school days annually. Currently, several
chemical pediculicides have lost in efficacy for head lice treatment due to head lice resistance
and chemical pediculicides are very harmful for human health and high toxic to children!*>*!,

In addition, the high costs of anti-lice products (especially in the USA, where treatments cost
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US $ 150 upwards) mark people hesitate to buy and use effective products at an early stage of

the lice infestation, So that infestations spread from these head leading finally to among
group members!"®!. As a result, non-toxic alternative options are hence needed for head lice
treatment and prevention and natural products from plants such as plant extracts, plant
essential oils are good candidates for safer control agents. However, they may provide good
anti-head lice activity and low levels of evolved resistance!"®). Moreover, plant-based
compounds such as Azadirachta indicd®, Cinnamomum zeylanicum[m], Cymbopogon nardus"",
Cymbopogon winteratust", Piper retroﬁ‘actun#'z] and Citrus pwadise“” have been documented
activity against head lice. Therefore, the present study was to evaluated the pediculicidal
activities of ethanolic extracts from three species of Thai edible plants namely, Centella
asiatica (L.) Urb., Limnophila aromatic (Lam.) and Parkia speciosa Hassk. Against head lice
(P. humanus capitis) and compared them with lindane (Hexin®, 10% w/w lindane as positive
control) and ethyl alcohol as negative control in order to assess their in vitro activity.
However, C. asiatica, L. aromatic and P. speciosa are common plants of Thailand. C.
asiatica also serves dietetic purpose in the form of green leafy vegetable and in the
preparation of juice, drink and other food product!'*!, Moreover, L. aromatic is a local
plant of the North-Eastern Thailand and this plant used for Thai local soup and other foods.
The leaf, stem and root extracts of L. aromatic have antioxidant and anti-inflammatory''>'%),
In addition, P. speciosa is a local plant of the Southern Thailand and the seeds have a
pediculiar smell and can be eaten raw or cooked. Half-riped seeds are also usually pickled in
brine. However, P. speciosa seeds contain many nutritional values such as protein, fat and
carbohydrate. They are also a good source for minerals and seeds have a considerable amount

of vitamin ¢ and a-tocopherol (vitamin AN Gl

2. Materials and Methods

2.1 Collection and preparation of plant extracts

The three species of Thai edible plants in this study were collected from the local market of
Ladkrabang district, Bangkok, Thailand. The plant identifications were made by plant
taxonomist of Faculty of Agricultural Technology, King Mongkut’s Institute of Technology
Ladkrabang (KMITL). The leaves and stems of C. asiatica, Whole part of L. aromatic and
seeds of P. speciosa were air-dried for 5-7 days in the sade at the environmental temperature
(32.2+1.8°C, day time). The 1,000g of dried and powered of each plant material was soaked
in 2,000 ml of 95% ethyl alcohol at room temperature for 5 days. The crude extract was
separated by suction filtered, and the filtrate was concentrated to dryness with a rotary
evaporator at 70°C until the ethyl alcohol completely evaporated. Each of plant extract was
kept in closed bottle and placed in the refrigerator before being used. Standard stock solution
were prepared at 10% concentrations by dissolving in ethyl alcohol, which was used for the

bioassays.
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2.2 Chemical pediculicide (positive control) and negative control :

1. Lindane cream (Hexin®, 1% w/w lindane) a common chemical pediculicide in Thailand, was
purchased from Krungdheb Pharmacy LTD, PART. 783 charoennakorn Rd, Bangkok,
Rasburana, Bangkok 10140, Thailand and used as positive control

2. Ethyl alcohol was purchased from Siribuncha Co., LTD 50/4 Mu 7 Banggruay-Sainoi Rd.,
Nonthaburi province, Thailand, used as negative control

2.3 Collection of head lice (P. humanus capitis)

The collection of head lice adult were collected from 250 of infested schoolchildren between
the ages 3 to 12 years with the approval of their parents, by combing the hairs of
infested schoolchildren at 5 primary schools in Ladkrabang district Bangkok, in April  to
June 2014, with a fire-toothed combs. Head lice were obtained and pooled by carefully
removing them from the fire-toothed combs into clean plastic boxes. Afterwards, head lice
were transported to our laboratory at KMITL, The head lice were identified by Entomologist
from Faculty of Agricultural Technology, KMITL.

2.4 Filter paper contact toxicity bioassay

A filter paper contact bioassay'”! was used to evaluate the toxicity and mortality of ethanolic
extracts from three species of Thai edible plants (C. asiatica, L. aromatic and P. speciosa),
chemical pediculicide (Hexin®, 1% w/w lindane) used as positive control and ethyl alcohol
used as negative control. Doses of 3 ul/em® or 6 pl/cm2 of each plant extract were applied to
the filter paper (Whatman® No.1, 4.80 cm in diameter), and after drying for 30 sec, each filter
paper was placed on the bottom of a Petri dish (5.0 em in diameter). Afterward, selection of
10 adults of head lice under a dissecting microscope and 10 head lice adults were placed on
the filter paper. For lindane and ethyl alcohol were simultaneously run as positive control and
negative control, respectively. The mortality of head lice on the filter paper were recorded
under stereomicroscope at 10, 30 and 60 min. The criteria for mortality of head lice were
strict and were defined as the complete absence of any vital signs such as gut movement,
movement of limbs, antennae or movement of legs with or without stimulation using
forceps[z’”]. All treatments were replicated 10 times. The mortality data was analyzed with
Duncan’s multiple rang test (DMRT) using SPSS for windows version 16.0. The LTs, value

was calculated using Probit analysis.

3. Results
The pediculicidal activitives of three species of Thai edible plants on mortality of head lice
and compared with chemical pediculicide (Lindane as used for positive control) and ethyl
alcohol as used for negative control, at 3 ul/'cm2 concentrations as shown in Table 2 and at 6

;11/(:m2 concentrations as shown in Table 3. On the LTsy values (median lethal time) showed
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that all ethanolic plant extract at dose of 6 ul/em® were more effective pediculicide than at2
dose of 3 pl/em? (Table 1). At dose of 3 pl/em?, all head lice treated with all ethnolic plant
extracted exhibited mortality ranged from 10.0+2.1 to 64.2+4.5% and LTso values ranged
from 43.5 to 67.5 min. and these results showed more toxicity than lindane. However, 96.2
and 100% of head lice in positive control group (lindane) and negative control (ethyl alcohol)
survived during the observation periods, repectively. For the dose of 6 ul/cm?, the highest
pediculicidal activity was shown by C. asiatica extract with 71.8+8.3% mortality at 60 min,
LTso values of 30.3 min and LCsy values of 8.2 and 12.8 ul/cmz, respectively.
Unfortunately, lindane (positive control) showed 5.0+0.4% mortality and LTs, values of
530.8 min. However, 100% of head lice in negative control group (ethyl alcohol) survived

during the observation periods.

Table 1 LT, values in min and LCs values in pl/cm” of ethanolic plant extracted from three

species of Thai edible plants against head lice (P. humanus capitis).

LTso (min)’ LTso (min) LCsp (nul/em™)”
Plant extract A . )
at 3pl/cm at 6pul/cm” at 60 min
C. asiatica 435 30.3 %) ¥
1. aromatica 653 63.8 12.8
P. speciosa 67.5 48.8 8.2

"LTso = median lethal time

s . >
LCso = median concentration

Table 2 Pediculicidal activity of ethanolic extracted from three species of Thai edible plants,
positive and negative control on mortality of plant head lice (P. humanus capitis) at dose of

3u]/cm2.

% Mortality/time (min) .
Treatment = LTs¢ (min)

10 20 30 60
C. asiatica 15843.2a" 24.8+t45a 48.8+42a 64.2+4.5a 43.5
I. aromatica 11.242.6a  15.04£22b 21.6+49b  43.6+7.5b 67.5
P. speciosa 10.0£2.1a 14.6£2.5b 32.0+4.7ab  46.2+4.3b 65.3
Lindane(positive control) 0b Oc 0Oc 3.220.5¢ 608.3
ethylalcohol(negativecontr
N 0b Oc Oc Oc 0

0

" Percent mortality within the same column, followed by the same letter are not significantly
different
(one-way ANOVA and Duncan’s Multiple rang test, p<0.05)
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Table 3 Pediculicidal activity of ethanolic extracted from three species of Thai edible plants,

positive and negative control on mortality of plant head lice (P. humanus capitis) at dose of

6ul/cm’.
% Mortality/time (min) .
Treatment LTso (min)
10 20 30 60
C. asiatica 245+32a" 32.5+4.8a 53.8492a 71.8+9.3a 303
: 45.0+10.0
1. aromatica 18.4+3.6b 24.0+£3.6b  31.2+2.3b 63.8
c
21.2+5.2a
P. speciosa b 24.6+3.0b 41.4+49ab 60.0+7.9b 48.8
Lindane(positive control) Oc Oc Oc 5.0+£0.4d 530.8
thylalcohol ti t
cl)y alcohol(negativecontr Ho A Oc od 0
0

" Percent mortality within the same column, followed by the same letter are not significantly
different
(one-way ANOVA and Duncan’s Multiple rang test, p<0.05)

4. Discussion
The results of this study showed that head lice treated with all plant extracts caused mortality
ranged from 43.6 to 71.8% and these results were more higher toxicity than chemical
pediculicide (lindane). The C. asiatica extract exhibited highly effective as pediculicide with
more than 70% mortality of head lice In addition, on the pediculicidal assay indicated the
order of pediculicidal activity in the ethanolic extracts from three species of Thai edible plants
as C. asiatica > P. speciosa > 1. aromatic. However, C. asiatica is a common edible plant in
Thailand and it also serves as a good source of various macro and micronutrients, proteins
and vitamins such as ascorbic acid, thiamine and carotene!*!. Moreover, C. asiatica has been
used for several hundred years in. folk medicines in Asia including. Thailand such as
treatment of vomiting, urinary calculi, scabies, jaundice, elephantiasis, wound healing, burns,
skin diseases, fever, diarrhea, amenorrhea and also for relieving anxiety and improving
cognition!"*?'!. Therefore, (. asiatica extract are suitable to be used as an alternative product
for head lice treatment, since they are good and safe alternative product for children
especially pre-schoolchildren and kindergarten and they also due to less toxicity than
chemical pediculicides. On the other side, several chemical pediculicides may be harmful to
humans espescially when they applied to the head where the scalp is particular permeable. In
addition, children have less developed immune systems, underdeveloped detoxification
mechanisms and undergo rapid growth they more susceptible and sensitive to toxic effects of

[22]

chemical pediculicides'=™. Meanwhile, lindane is an organochloride marketed in 1%

concentration shampoo or cream. This agent has been used to treat head lice for more than 50
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years but recently come under increased scrutiny because of its toxic adverse effects.

Moreover, lindane has neurotoxic properties similar to those of DDT, killing lice by
overstimulation of the parasite’s central nervous system. Although lindane was one
considered a primary treatment of head lice, poor efficacy and serious adverse events have
resulted in use restriction. In addition, resistance to lindane of head lice are widespread and
has resulted in decreased efficacy in the United States™™ (US.). However, our data indicated
that lindane have lost their efficacy for head lice treatment (the mortality ranged from 3.5 to
5% at 60 min). Unfortunately, primary schoolchildren in Ladkrabang area, Bangkok,
Thailand are habituated to treat pediculosis with lindane and other chemical pediculicides.
Finally, the suggestion for head lice eradication, the schoolchildren should be cream their
hairs with anti-head lice products based on plant extracts, plant essential oils herbal

shampoos, these products are good, safe and suitable for Thai schoolchildren.

5. Acknowledgements
This study was financially supported by Faculty of Agricultural Technology, King Mongkut’s
Institute of Technology Ladkrabang., Bangkok, Thailand. The authors are grateful to all the
authoritries and teachers of the primary school in Ladkrabang area, Bangkok, where head lice

materials were collected.

References

[1] Bagavan, A., Rahuman, A.A., Kamaray, C., Elango, G., Zahir, A.A., Jayaseelan, C.,
Santhoshkumar, T., and Marinuthu, S. 2011. Contact and fumigant toxicity of hexane
flower bud extract of Syzygium aromaticum and its compounds against Pediculus
humanus capitis (Phthiraptera: Pediculidae), Parasitology Research, 109 (6),
1329-1340.

[2] Soonwera, M. 2014. Efficacy of herbal shampoo base on native plant against head lice
(Pediculus humanus capitis De Gree, Pediculidae: Phthiraptera) in vitro and in Vivo in
Thailand, Parasitology Research, 113 (9), 3241-3250.

[3] Mumcuogly, K.Y., Meinking, T.A., Burkhart, C.N. and Burkhart, C.G. 2006. Head
louse infestation: the “no nit” policy and its consequences, International Journal
of Dermatology, 45 (8), 891-896.

[4] Burkhart, C.G. 2004. Relationship of treatment-resistant head lice to the safety
and efficacy of pediculicides, Mayo Clinic Proceeding, 79 (5), 661-666.

[5] Toloza, A., Vassena, C., Gallardo, A., Gonzalez-Audino, P., and Picollo, M.I. 2009.
Epidemiology of Pediculosis capitis in elementany schools of Buenos Aires, Argentina,
Parasitology Research, 104 (6), 1295-1298.

[6] Yang, Y.C., Choi, H.Y., Choi, W.S., Clark, J.M. and Ahn, Y.J. 2004. Ovicidal and
adulticidal activity of Eucalyptus globulus leaf oil trepernoids against Pediculus

422



[7]

[8]

[9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

[18]

247
humanus capitis (Anoplura: Pediculidae), Journal of Agricultural and Food Chemistry,

52 (9), 2507-2511.

Gur, I. and Schneeweiss, R. 2009. Head lice treatment and school pollcies in the US in
an era of emerging resistance: A cost effectiveness analysis, Pharmacoeconomics, 27
(9), 725-734.

Abdel-Ghaffar, F., Al-Quraishy, S., Al-Rasheid, K.A.S., and Mehlhorn, H. 2012.
Efficacy of single treatment of head lice with a neem seed extract: an in vivo and in
vitro strudy on nits and mortile stages, Parasitol Reseach, 110 (6), 277-280.

Schmahl, G., Al-Rasheid, K.A.S., Abdel-Ghaffar, F., Klimpel, S. and Mehlhorn, H.
2010. The efficacy of neem seed extracts (Tre-san®, Mite Stop®) on a broad spepectum
of pests and parasites, Parasitology Research, 107 (6), 261-269.

Yang, Y.C., Lee, H.S., Lee, S.H., Clark, J.M. and Ahn, Y.J. 2005. Ovicidal and
adulticidal activities of Cinnamomum zeylanicum bark essential oil compounds and
related compounds against Pediculus humanus capitis (Anoplura: Pediculidae),
International Journal for Parasitology, 35 (4), 1995-1600.

Rossini, C., Castillo, L. and Gonzalez, A. 2008. Plant extracts and their components as
potential control against human head lice, Phytochemistry Reviews, 7 (1), 51-63.
Rassami, W. and Soonwera, M. 2011. Effect of herbal shampoo from long pepper fruit
extract to control human head louse of the Ladkrabang Children, Bangkok, Thailand,
Journal of Agricultural Technology, 7(2), 331-338.

Abdel-Ghaffar, F.. Semmler, M., Al-Rasheid, K., Klimpel, S., and Mehlhorn, H. 2010.
Efficacy of a grapefruit extract on head lice: a clinical trial, Parasitol Reseach, 106 (2),
445-449.

Joshi, K. and Chaturvedi, P. 2014. Therapeutic efficiency of Centella asiatica (L.) Urb.
an overview, International Journal of Pharma and Bio Sciences, 4 (1), 135-149.
George, E.S., Korath, A. and Joseph, A.K. 2014. In vitro propagation of Limnophila

aromatic (Lam.) Merr, an Ornamental and medicinal aquatic plant, Internationnal

Journal of Applied Research and Studies, 3 (3), 1-4.

Sribusarakum, A., Bunyapraphatsara, N., Vajragupta, O. and Watanabe, H. 2004.
Antioxidant activity of Limnophila aromatic Merr., Thai Journal of Phytopharmacy, 11
(2), 11-17.

Kamisah, Y., Othman, F., Qodriyah, H.M.S. and Jaarin, K. 2013. Parkia speciosa
Hassk: A potential phytomedicine, Evidence Base Complementary and Alternative
Medicine, 2013, 1D709029, 1-9.

Maisuthisakul. P., Pasuk, S. and Ritthiruangdej, P. 2008. Relationship between
antioxidant properties and chemical composition of some Thai plants, Journal of Food
Composition and Analysis, 21 (3), 229-240.

423



[19]

[20]

(21]

[22]

248
Ching, L.S. and Mohamed, S. 2001. Alphatocopherol content in 62 edible tropical

plants, Journal of Agricultural and Food Chemistry, 49 (6), 3101-3105.

Gan, C.Y. and Latiff, A.A. 2011. Antioxidant Parkia speciosa pod powder as potential
functional flour in food application: Physicochemical properties characterization, Food
Hydrocolloids, 25 (2011), 1174-1180.

Gohil, K.J., Patel, J.A. and Gajjar, A. 2010. Pharmacological review on Centella
asiatica : A potential herbal Cure-all, Indian Journal of Pharmaceutical Sciences,
72 (5), 546-556.

Abdel-Ghaffar, F., and Semmler, M. 2007. Efficacy of neem seed extract shampoo on
head lice of naturally infected human in Egypt, Parasitol Reseach, 100 (2), 329-332.

424



e

PSSO e Wtee ey o= R IR YUMo WY Tl Lr i e

HIGHER EDUCATION FORUM
www.prohef.org

Higher €ducation Forum

Certificate of Attendance

International Congress on Natural Sciences and Engineering
May 7-9, 2015, Kyoto, Japan

Orawan Wongnet
King Mongkut's Institute of Technology Ladkrabang

has attended the conference and presented a paper entitled

""Pediculicidal Activities of Ethanolic Extracts from Thai Edible Plants

Against Head Louse (Pediculus Humanus Capitis De Geer) in Vitro"

Chief Executive Committee

il 5




250

LSBE

International Conference on
Life Science & Biological Engineering

ACEAT

Annual Conference on
Engineering and Technology

ICFA

International Conference on
Fundamental and Applied Sciences



251
Life Sciences (1)

UGUISU, 6F
13:00-14:30, Thursday, November 5

Session Chair: Prof. Mayura Soonwera

LSBE-1700
Pediculicidal Potential of Herbal Shampoos from Zingiber officinale Roscoe and Camellia
sinensis (L.) Kuntze on Mortality of Head Louse (Pediculus humanus capitis De Geer)
Mayura Soonwera | King Mongkut’s Institute of Technology Ladkrabang

LSBE-1701

Pretreatment of Cellulose from Cassava Rhizome by Two-Stage Chemical Reagents for High
Yield of Bioethanol Production

Anissara Ontanee | Khon Kaen University

Bunpot Klinpratoom | Khon Kaen University

Chalerm Ruangviriyachai | Khon Kaen University

LSBE-1709

Molecular Cloning, Expression and Characterization of a-Globin from Crocodile (Crocodylus
siamensis) in Pichia pastoris

Preeyanan Anwised | Khon Kaen University

Theeranan Temsiripong | Sriracha Moda Co.,Ltd.

Sompong Klaynongsruang | Khon Kaen University

LSBE-1716

Endophytic Bacteria as Potential Growth Promoters in Para Rubber Seedling
Kulwadee Khotchanalekha | Khon Kaen University

Saowanit Tongpim | Khon Kaen University

LSBE-1721

Alkaline-Acid Pretreatment and Enzyme Hydrolysis of Vetiver Grass for Bioethanol
Production

Khajeewan Subsamran | Khon Kaen University

Polson Mahakhan | Khon Kaen University

Jutaporn Sawaengkaew | Khon Kaen University

96



252
LSBE-1694

Toxicity of Herbal Essential Qils as Larvicide and Pupicide Against Immature Stage of
Housefly, Musca domestica L.

Aksorn Chantawee | King Mongkut's Institute of Technology Ladkrabang
Mayura Soonwera | King Mongkut's Institute of Technology Ladkrabang

97



01¢

253

a[qejieAe Apualnd jo A)oIxo} dy) pue apiolndipad [ed1wayd 01 IUBISISAI 31| PIY Ul ISeIIdUl
ue 0} aNQ . RISV Pu® adoing ‘eijensny Spewud ‘uedef ‘BIDWY INOS ‘BOLDWY YLION
‘wopSury panup) ‘eunuadiy se Yons sLIUNOD [BIIAIS Ul PaLI0dal UdIQ dABY SIPIDIIASUL [BOIWIAYD
jsureSe 901 peay JO 20URISISAI SUISBAIOUL Y} ‘QUOJAUIYL ", SOPIdINOIPad [edrayd J132YJuAks
jsurede 201] peay Jo aoue)sisal uiseasoul o) pesj sapIondIpad [BOIWAYD J1IAYIUAS JO suoneordde 10§
301[ PEAY JO [ONUOD By} “IOAIMOH " SIPIdNDISUL proayjaikd pue (jK1eqJed) SIapIoNdasul ajeleqled
‘(uonprejew) sapronaasut sjeydoydourSio {(auepul|) s3pIdNIASUL AULIOYIOUETIO SB YINS IPIdII0asul
[eo1wayo onayjuks jo suoneoijdde panunuod ayy uo Ajuewlid spudsdop apImplIoM 391 pesY JO
[0U0D Y} “A[UALINY *(, . SIBY pUB smof[id ‘saysniq ‘squod paleys Se Yyans [BNPIAIPUI paIsqjul U JO
sguiBuojaq [euostad yim 108IU0d Y3noay) pealds 10a11pul pue [eNpIAIPUL Pajsajul Ue JO pesy ay} yum
19RIU0D 1031IP AQ SINOO0 SASED SO Ul UOISSILISURI) 3II[ PEAY YL *(P]O SIeak ¢]-¢ SaTe Y3 uaamiaq
uaIp[Iyo ul A[eroadsa ‘priom ayy moydnoy) wejqod yyeay aijqnd Jofew e si smided siso[noipad
“IOAOIOJN "[,|SSIUSSIISAI pue ured ‘sieds ‘ewozo9 ‘s3uijjams apou ydwik] ‘suonepnxa ‘[eLiediun
‘UoneWIWRUl UYS ‘snjnid SNOULIOUS O] ped] ABW pUR JUSWISSBUEQWS [BIO0S pUEB SUIYdll e
swoydwAs ureur ‘I9A9MOoH ‘[E]sﬁep 0¢ Ajoewirxoxdde 10§ 9AI[ [[Im J[npe Ue pue safes Jeisul Ygnoiuy)
amjeur o) sAep (-8 24inbar sydwAu ‘yojey o} sAep (-, a4nbas suN npe pue (amyewiur) ydwiu
“(882) nu :safe)s 2J1[ 1OUNSIP 32.Y} SABY 91| PedY JO 9942 aJ1j Y[, |, ,PEIY UBWINY ¥ UO drey ul
a[ok 911 919]dwos sy spuads pue poojq uewny KJuo uo padj pue s3eis 41| [[e ulnp sisoy uewmy
0] pa1oduu0d (“10ana( suidpy snuvwny SHIRIPa) S ASNO[ PEdH "IPIMP[IOM ULIP[IYD JO suol[jiw
109))e yoiym ‘wajqod yjeay sgnd uowwod e st spides sisojndIpad Jo uonelsajul 301 pEIH
uoyINpoLuy |

oodweys [BQISY ‘YUDAL2LY WRHOUW Y “DIIPUI DIUAIIIT ‘KA [BPIDLNJIPAJ :PIOMADY

(¢ 1) spouad juawiiadxa ayy
Suninp paaiains (19jem) dnoid |011U0D SA1BTIU UI ] pe3Y ||V 'Zu.m/]ﬂ 01°1 Jo anjea 057 pue O¢'S
01 67°7 Wwoyj padues anfea 05T ‘utu G| 18 ANjeLow 9448-08 pasned oodweys [AIeqied d[IyMuBdN
Lwo/M 00°1 JO anjeA )T pue ¢B°[ JO enjeA 0517 ‘unw g je Apjenowr %00[ Yim oodweys
yuvasa.y F AQ pamojoj ‘Zum/m 8¢ JO anjea 057 pue Z'Q JO anjeA 0S]T ‘uiw (] e Aijeyow
%001 Yim oodweys mampur (G Jo Zum/[ﬁ £8°81 sem apoinaipad 2And3y2 Jsow ayj, - woyd
87'9 JO 3SOP UBY) 2AIO3JJ2 I0W oM W/ £g'§] JO 3sOp j8 judwieasy ||y ~oodwreys [Kz.[eq.reo
uey) ap1o1noipad 9A1103J3 2I0W JIdM OO(ZIILUB[{S [eQ1aY [[ JeY) P2[e2Aal }Nsal 3y [ ~2d0IS0IOIWOII)S
Aq urw ¢ pue o] “ ‘] 18 papiosa sem Jaded 12111y oY) U0 901 peay Jo Anjeuow oy ~1oded oy oYy
uo padse|d a1am 291] peay ua], “1aded 19y 03 parjdde sem wo/[H /g'g[ pue LWo/[m 87°9 18 oodureys
[8QJaY YOEH "04J4 UL 1I3Y) SSISSE 0) JOPIO Ul (JA1eqIEd A/M %970 ‘j0odweys JiyeH) oodweys [Areqted
yum woayy pasedwos pue (es)denyiyg 3epindipad 1930 3 SUIdpd snupuiny Sninapad) 1| peay
Jo synpe isureSe (aesoesaqiSuryz) ‘douSen xo oLdl] yuvALaLy tinwiowy pue (SeadelUd[[1(]) ] PIIpUl
puap ‘suepd [eurdipaw 1ey] Jo sa10ads om1 woyy soodweys [eqiay Jo ANAnde [eprornoipad sy,

PRHSqY

wod [reunoy@)zsduoq-d
pueiey | ‘Sueqenjpe] A3o[ouysa], Jo musu|
s ny3uopy Sury| ‘ASojouyoss] JeiynoLIBy Jo Aynoey ‘ASojouyda], uononpold juejd Jo Jusunteda(
BIIMU00S BINABIA pu® ):mﬁqu uBMeI)

(*1999 3 spide)) snuewIny SN[NIIPIJ) SN0
peaH isurede (3LadesaqIdurz) 11314 YUBAIIIY WNWoWy pue (983deIUd|[I(q)
-] ed1pu] BIud[i(J U0 3aseq soodweys [eqIIH JO ANADIY [BPIdIASU]
€691-44dS1



T1¢

254

uo paoejd 2Jom 291] PEAY ()] JO UOIII[IS ‘PIEMIdYY "(JISWEIP W ()°C) YsIp 11ad B JO wonoq 3y
uo paoed sem saded 11y yora ‘so¢ 10j Sulnp Jaye pue ‘(JSIDWEIP Ul "WIG' | "ON  UBUWIBYM )
Jaded 19111} a3 01 parjdde asom oodweys [eqioy yoea jo Zwo/gﬁ L8'81 pue w1 §T'9 JO $350(]
"[g]}PEIU0D Jaded J9)[1] © AQ 201 pEaY JO UOIIDI[[0I JIYE UIW ()f ULYILM PIME]S SBeM 1S3) OJJIA U]
Kesseorq ¢'C

‘sjuated pue sIaydea) Yiim UOIBIOqe[[0d ul pue [ooyds Arewiid

® JO Jopanp oyl Aq paroidde sem uoNo2[[0d 291 peay 10j [oo0joud ayl “TLIANM ‘ASojouysa],
[eamnousy jo Aynoe wolj isiSojowouy Aq payyuapl a1om A3yl pue A10jeioqer] [edr3ojowoiuy
01 pauodsuen) d1om 01| peay ‘UONDI[[0d JOYY ‘G107 ‘A 01 S10Z ‘YdIeN Juunp ‘puejieyf,
“joySueg 1oLISIp Fueqen|pe] ul pajeso] sjooyss Arewnid je siedak ¢[-/ jJo dnoid aFe Jy) uddaMIdq
uaIp[1ysjooyds Arewiid pajsdjul WOJJ SQUIOD PIYI003-2dlf AQ PIIIS[[0D oM SyIdDI snunwiny “J
(stirdv) snuvunpy “J) 3517 peay Jo uoyad[o) €7

‘Jonuoo aanisod

se pasn pue pugiey] doujacid eypunyied “pr] ‘0) Suumoenuely SQ[ wol paseyoind sem I
‘pueiey . ul ap1o1norpad [BOILUSYD UOUIWOD B ([AIeqIed A/M %9°() © ®00dmeqs JiyeH) oodweys [Areqie)
(jox3u0)) aayedaN) ocodweys Aqeq pue ([013U0D) IANISOJ) IPIINIPIJ [BIUWYD T'T

‘Bu11s91 210J0q aunesadwa) wood e 3day
pue “TLINY ‘ASojouyoa] [einynouSy jo Anoeq ‘K101eioqer juejd [BUDIPIA 3yl Aq papiaoid
a1om ooduweys [2qJay Jo [y ‘puepiey ] “joySueg ‘(TLIAM) Sueqerjpe] A8o[ouysd |, Jo misu|
s ymySuopy Sury ‘ASojouyda JednynanSy jo Aynoeq ‘A30jouyda ], uoydnpoiq iuejd Jo jusuiiedaq
JO 1s1uRl0q AQ paynuapl osom saroads juejd OM] ‘1oAsmo}] ‘puejiey] ddulaoid euiiseydiey
UOUMEN WOJ] Pa1d3[[09 21am Aprus SIY) Ul Dojpul DIU3|ji(] PUB YUDALdLY winwowWy JO S1iny ayJ,

sooduweys [eqIaH pue S[BLIBA JUBld [T
SPOYIdIAl PUE S[BLIABIA T

lergrPdomg ul aAleAIasaId POO) SB AXISNpUl POOJ 9Y) UL pIsn e yuva4a.4y ‘' “uonippe
u] ‘sanAIOE a%zeump JIUO[0D Y} SAjenUE puB [BIqOIOIWIUR dANdadioou-nue ‘Alojewiwejjul-nue
JO juswjeasy oy} Joj - pasn  Ajjeuonipenl yuvaidLy ‘p - IOAOION - "pueliey] Suipnjoul
BISY 1SBAYINOS Ul sjue[d [BUIDIPaW puB 201dS UOWIWIOD JSOUl Sy} JO 3uo Si jue[d IsAY] Woweped
weis Se Mouy Os[e )1 pue seadelaqidulz Ajlwe) 3uojaq s1 “doulen) Xd LRl YUDALIL) WnUOUl
‘1oAOMOH “olwapidijiadAyyue pue sajeqelp Jo Judunean Joj pasn ose st juejd ay; A[jeuonipes) se yons
san[ea snnadelayy pood SuiAey si QUIdIPaW [RUONIPRI) SB Pasn Se Jue[d 9say) JO )Ny pue jieq Jes|
YL “IA03IOIN [, P TUHP Sur[00d & se pasn pue Jegns yim pauajaams si doinf oiproe ayJ, “A[al pue
wel jo uope.mdcué pue saLUnd Jo SuLloAe]) Yy} ul pasn A[apim ale syinyy adul ayJ, "eIpUl JO §)SI0J
U22151I9A9 puUE JSOW Ul SMOIS pue J3jawelp ul Ul §"7[-§°L 1INy piey pue a31e[ sieaq yaIym Wy3ioy ul
‘I 08-0€ ‘9311 U131 ue s1 (sraoelud[[I(] :AJlWe) patput P11 "KNATIR O4]14 UL 131} SSISSE 0}
Jopio ut (JAIequed A/M %9°( ‘goodweys jyeH) oodweys [Aieqted yum way) pasedwod pue ("1330a(
siidpo snuvwny snnaipa ) 01| peay jsulede yuvaia.ny wnwowy pue papul piuafji ‘A[pweu sqiay
Jo savads om) woiy soodureys [eqiay Jo AjAnoe sapioinoipad jo [enusjod Ay sjen[eAd 0} alom
Apris SIy} JO SOANDR[QO dYl ‘BU0JAUY, [y MNIIUD|A2Z WNUWOWDUULD) PUE (  (DIIPUI DIYIDUPDIY
'{ﬂ]sn,mqois smifonyg . wljauoui wnpllxoqzuvz ‘[enPPHqua SHYIDIIAYJ [ SHUDIDI SRAODY
‘[giPl2uouy wnjAxoyjunz * 14214uDyd DI ] ‘(oIS UDABOY DIYSLUGY “( SROUIOqUID  SNYIDA1I2]d
‘QPAIDUAD] DLIOND) G qUINIG DOYLIAY  C SIPIOISIqLL dadid ‘(o912 4adid (o pURUNSSDO
A2qiBulz ‘. WnIpQOJLY WNUD|OS ‘(DO DUILISY SE Yons juefd /guew uo aseq synpoid ay) jo
Ananoe [epronnoipad pauodas sIoydoseasas Auew “I9AIMOH '[glz(u[;qepe.lﬁapo!q Asea pue SaANRLID)ER
aJes pue pood ale Aay) asnesaq ‘s1onpoid JANBUISIE M3U dIe SJUSIPAIBUI AR dAneALIDp Jue[d
woyy onpoid ‘JOA0ION (3Padu Auadin e sjuofe [eAOUIaI 201] PESY 9JBS PUB MIU ‘SJUdUIILII)



[4%4

255

sIsAJeUE 31qoid Aq paInduiod 30U = sU

JTY [ETIS] UEIPAW = SAN[BA ¥ 1T o

{50 0>d ‘351 Buey Jqdonjy s UEIUN( PUE VAONY AEM-3UO)

10319171p APUEDIJIUSTS J0U 3T JaP3] 3wes 31 Aq PAAO[jo] "UHM|OD SUES W UNALM ANJEUOUNIUADI] 4

- P6LT ¥L 8L 8T €€ v ot (e} AD

(joquod

" 19 ¥ A0 0 sanedau) TR

: . 2 5 s . A _ : (tonuod aansod)

0£S ®000ZF0008 TOOTFO008  EOOOIFO00S E000TFO008 R i i

01 EFG8F0096 EC60IF00T6 EBC60IF0088 ECOOIFO0SE oodureys p21pul (7

00z BLLCEFOOPE  BLLCEFO00L  BIFLEFO009 19C0EFOO0BF codureys yupaLy ¥

(o) 0 ] U O f UL € LI |

UITLLL, = UaUI]Eal

s b A 1S = AMEUOI %  § i

AT §7°9 1 sudpo snupwniy
‘d Jo Apeusowr uo soodureys jAreqieo pue sooduretys [eqIay 0] 3O JO2JJH T J[qEL

‘oodweys [AieqJed uey)
apro1[norpad 9AN93JJe 210w 2Jam Aprys siy) ul soodweys [eqlay 0m] ‘uonippe uf ‘oodureys [Aieqied
< oodweys yupaiay < oodweys paiput ‘(7 se A1anoe apioynoipad ayy pajesipul (sanfea %))
anjeA awn [BYId] uBIpaw ‘ANjeriow jo siseq ay) uQ ‘(sporiad juswiiadxa) urw ¢ | SuLnp paAlAIns
dnoi3 jonuod aAeSaU Ul 991 PeAY [[B UOACRIOIA " Wd/[1 O]° JO senjea 05T pue ulwl Og'S
0} 67°7 WoJ) padues an[eA 051 T ‘04 €L 9 IF00'+8 O3 00 03;00 08 Wwoly pagues 201 peay Jo Ajjenow
ay) pamoys oodweys [Aieqied “I2ASMOH “ wo/[ (' JO san[ea 057 pue uiw Gg° ;o anfea
0S T ‘utwt G| e Ajeuow o400] Yyium oodweqs yuvaus.y Y Jo um/[ﬁ L8°81 Aq pamojjoJ lu:)/[ﬂ
8G°0 JO sanjeA 05T pue uiw zO'Q JO anjea 0517 ‘urw Q] e ;(J,I|euoul %001 Yynm oodumqs poipul
" 3o ,wor £8°g] sem aplounmpad 8A10RY2 Jsow Ay, - wo/[vl 87'9 sem opiornoaipad 2A11091J2
alow sem L/ £8°8] 18 JuaUNEAN [V "€ S[qR], Ul umoys Se sudpo snupwny * g 1surede oodweys
[A1eqles soodweqs [eqIay om1 Jo urd/tl ur (sanje 05)7) SINJBA UOLIBIIUIOUOD [BYIS] UBIpIW Ay}
‘10A9MOH “AJ2A1392dsal ‘7 9[qe], pue [ 3[qel ur umoys a1e (syidpo shupwny *J) 21| peay isurede
Luo,qﬂ /8°81 pue wo,qﬂ 87°9 1' (131eMm) [onu0d aAneSau pue (jonuod aanisod) oodweys [Areqied
(oodumqs voipul g pue oodweys yuvata.y ) sooduweys [eqay omi Jo Ananoe [eprinoipad ayJ,

S)nSIY ¢

‘sisAJeue yqoid Suisn £q paje|nojed a1am (UOIRIIUSIUOD [BYI9] UBIPIW) IN[eA
05777 pue (wil) [BYId] UBIPIW) AN[BA 05T YL 0°9] UOISIOA SMOPUIM 10 SSJS Aq Sulsn (LYINQ)
159) a3ues ojdynw s ueoun(] Yum pazAjeue sem ejep A)enow oy, ‘sawn (] pajedsijdar arom
sjusawiean ||y [Oﬂsdao.l(g guisn uonenWINS INOYNM JO M STI[ JO JUIWIAOW 1O SBUUIIUER ‘SqUII|
JO juawaAow quataAow NG se yons sFus [e1IA Aue Jo duIsqe a1a[dwoo a1} Se paulep 21am pue
Pa10LI)S 219M 01| peay JO AN[BOW JOJ BLI9ILIO SY [, "UlW G pue (] ¢ ‘T 12 2d0dSOI0IWO0aIa)s Jopun
papi0da1 a1om Joded aeyjiy 2y) uo 201] peay Jo Ajjeuow ay|, "A[9A3dsal ‘[onuod sAnedau pue
aanisod se uns A[snooueynuis oodweys Aqeq pue oodweys [Kieqies ‘1oaamoy ‘Jaded 1931y oy



€TC

256

ALied 01 souesisse [eroueuly Suipiaosd 10y puepiey], “joysueg ‘(TLIAY) Sueqenjpe] ASojouyda],
10 ammnsuf s, ny3uoy Sury ‘ASo[jouysa] [eamnolISy Jo A)ndeq 01 [nJajels A[YSiy ale sioyine sy,
SJUSWIATPI|MOUDY S

"JURUIBAI] 901] Peay J0J $3onpoid SAIIBUIdIE MU SB PIAISS aq [[Im sooduwieys [BqIay om) pue
usJpjIys[ooyds rey] Joj apiornoipad se pasn aq 03 9jqelins ale oodweys yuva4asy " pue ooduweys
patput *( Uuo aseq ooduweys [eqIaY Y} AI0JAIAY], *[, ., RISV PUB adoing ‘eljensny Sewud( ‘uedef
‘pOLIDWIY YINOG ‘BOLIDWY YLON ‘wopSury] pajiuf ‘eunuadiy se yons saljunod [RIdAIDS Ul papodal
U22q SBY 2p10130asul [AIeqied 0) 2DUB)SISAI 01| peay ‘apisag '[Ozloodumqs [eQJay uey) suewny pue
SAUOW ‘SUIDIYD “SIBJ JO WIISAS SNOAIAU Y} 0] AIIDIX0) 2IOUW 1M 9PIdIIdasul [Areqied papodal
‘s19yoJeasal Auepy ‘(jA1eqied) SOpIdNOAsUl 2JeWRQIEd SB UONS JPISIOASUl [BIIWAYD ONISYIUAS
jo suoneoijdde panunuos ay) uo Arewd spuadap ‘puepiey], Furpnoul SpIMPIOM [01UOD 31|
peay ‘AjjuaLny [ ,SIPIOSIP JANSITIP UL SISLISIP YOBWIOIS T8I O} SUIDIPIW 3SIUIYY) [BUOHIpE.
® Se pasn A[UOWWOD B yuvadaLy “f JO SUNY dYJ *. SPHIAIOE SFEWEp JIUOj0d Y} Sajenuane
pue [eiqosorwnue ‘aAndasioou-nue ‘AI0JRWWE[JUI-IIUE SB YONS JUIOIPAWl [UOLIpEI) SB Pasn Os|e
S yupa4a.y ' “UOIPPe UL .., ULp Surjooo pue Ajjaf ‘wel ‘apdid ‘A1ng Se yans JuLp pue spooj
uBWNY SE PIsn aie  DIIPUl ‘g JO 1INY JO SPISS UIOAOION ‘[ AIOIBWWERUI-IUR pUE dlsaF[eue
Quiweypydwenue guadulgse oo} ‘gounqies ‘Fuiuosiod Amosawl AQ pasned SaI0S JOJ awily
Buo| ®© 1o suIdIpaW [RUONIPEI) SB PISN 318 pIIpul (] JO YInJ pue djieq Jes| 1aAdMOH “(wo/ 7|
JO sanjea 05T pue UIW (°G 01 67 7 Wolj paSues sanjeA 05 T) ooduieys jAieqsed ueys apidinoipad
SAIJO34}2 2IOW SEM EIEP ISAL} “IRAOBIOJA * W/ (°] 01 §C°( WOy paBueI SIN[eA 0577 pue ulWw 007
01 Z0'Q wody pagduer sanfea 05T ‘U G 18 AjjeloW 9400 Yum 331 peay suiede apiornoipad
2A1193]J2 jsouwl ay) a1am oodweys yupala4y 'p pue oodureys papui ‘(7 eyl pajedipul elep InQ

uoIsSnISI(] '§

SISATEUE JIQoId Aq paindwiod 10U = U
UOUENUAITOD [BTPS] WEIPSUL = SINJeA 05T

su {foguoa aaneSau) BB

or't (tonuoa 2ansod) oodweys [Areqred

B850 codureys o2ipur g

001 oodwieys yupalsLy 'V
() 19501 TUSUGERI]

sdpo snuvuny 4 jsuiede ooduweys [ATeqied pue soodwels
TEGIoY om] Jo wma/d ul (sanfea 05)T) s3n[eA UOHBIJUIIUOD [EYIS| UWEIPSA € J[qEL

sisATeue yqoig Aq pandwod jou = su

WY [E1PQ] UBIPIU = SINJBA LT

(50 0>d 1591 Buey apdonpy 5, UBDUN( PUB YAONY Lem-3u0)

Jua12331p Apuedijrudis 10U 3T 113 JWES 273 AQ PoMO[[0] "TIIM{O) JUTEs Y} UIRLM AJI[elIonl JUDI 4

0z 01 gLl FF6I 98°¢T (el AD
{joquoa
su 20 20 q0 20 s s
(83 a3 @

67T Qe 91F00F8  QEL9TFOOFS  BELOIFO0FE  ECLOTFOOFS offdf,"mﬂ;:zf,?
700 2001 ®001 RS LIF008S 8 LITOOSS oodureys parpur G
<81 E001 QEFEEF0096 EYTPIF0008  E6YPIFO009  codweys yuoasssy

() o g I O ] T ¢ T | i
angEa 91T 1S F KEuoN % WREREIL

o/ 18781 1€ su1dpo snupuny
‘d 30 Aysyensows vo soodureqs [Areqrea pure soodureqs [eqIay 0) JO JAPH T 3[qeL



1474

257

spunodwos paje[as pue spunodwiod (10 [BIIUISS Yieq wnoup A2z wnuowpUnL) JO SINIAIOER
[EPLODNPE PUE [BPIJIAQ "S00T “[-A ‘UYY Pue "W “Me[D “S-M ‘104D “A-H 104D “D'A “Fue A
7€€-67€ (2) 001 ‘Yoavasay ABojonsvavg WASH ul suewuny pajoajul Ajjeinjeu
JO 921 peay uo oodweys JoBNXa Pass Waau Jo AJBdH "L00T N “Ie[uwag pue "] JejJeyD-[9pqy
11ST-L0ST (6) TS ‘Austuay) poo, puv [pnjnolasy fo [pumor (3eplnaipaq :einjdouy)
stindpo  snupwny snpnaipag suiede sprouadia) 1o jes| snnqopd smdAponiy Jo  ANAIOR
[EPION[NPE PUB [EPIDIAQ "H00T ‘[-A ‘UYY Pue "I “Je[D “S-M ‘104D “A-H ‘104D “I'A ‘Fue x
"0STE-142€ “(6) €11 ‘Yovasay A30jonsnng
‘pue[iey], ul oaja ul pue o4 ul (eidydelyiyd :SepIndIpdd ‘19D o( syidpo  snupwiny
snynopag) 01| peay jsutede jued sApeu Uo Iseq oodwieys [eqJay Jo Ased1yqd #1107 "N ‘BIaMU00S
"€v1-0€1 “(2) 99 ‘ABojorsdyd
puv Lystwayoorg apidnsag ‘siided snnorpad ‘301 pesy JO SUIBL)S DUBISISI urpawsad
Ul 20uBISISAl APy JO SIsA[eue Je[NIS[OIN 0007 T “HE[D pue "TV ‘alysuoas(
“qrf ‘uvewpg “W ‘eo-oumdel “f'S ‘UOSPO0D “SA  ‘UOSWEIHAN “S-M ‘UOOK “H'S 9]
‘Pre-8€€ (¥) 81 ‘UonI2fuy
pup A8o]01qo1py [po1ul]) ‘s1oadse onoudd pue [eordojoyseled ‘[edrul[d 21| pEAY Ul 20UBISISAI
apIo13dasu] ‘7107 ‘W “e[D pue ‘Q ‘mopisoyD “y ‘uz] “Z ‘uefpiag “§ ‘assaianog “y ‘puein
"8¢5-€€6 () ey “MBojouonuyg
[papapy fo pusnop “yewudq woly suonhendod 901 pedY uewNy Ul OUE)SISAL UOIYIR[BIA
pue uLyjauLad Jo Kaams ‘900Z ‘9'( ‘uasiadsap pue AV ‘UISSNWISEY “TA “LOUM “JA ‘USSUQISLIY
¢z L-12L (S) LE ‘“ABojowonsy jpaipapy fo jousnop sa1ry souang wiodj (3epindipad :einjdouy)
snided snnaipad ur A1191%0) utyjawadd Uo SISIBISUAS JO 109]J9 puB SapIdljoasUl 0) 23ueISISTY
0007 'N'd ‘BqJoz pue ‘A ‘IaUIBA YD ‘019n) aIngesno “A'D ‘BUASSBA “T'JA ‘OJ[0d1d
COE1-96¢1
“¢) ¢g1 ‘sorupipag fo Awappoy uvdriaw 931 pedH "S107 ‘d'D 9ZInyds pue ‘D ‘AUoA(Jg
"€0p-26¢€ (1) 9T ‘pusnor
Yyvag ppyy) SoMIvipaqd ‘ad peay :udodar [estul]) 0107 V[ ‘TUIYd0g pue “Tg ‘Dismoduel]
YZE-S1€ () 0€ ‘autorpawmorg (pordodf “OMIA Ul sy1dpa snuvuny
smnotpag isureSe oodweys [8qJay JO 1031J3 [ePIAINOIP3d ‘€107 ‘N ‘BI9MUOOS puB "A\ ‘luIessey
‘86Z1-S6Z1 ‘(1) v01 ‘Yowasay A3ojopsving ‘eUnUITIY ‘sally souang Jo S|OOYDS
Areyuowa)a u1 siides sisojnaipad jo ASojoiwapidy ‘6007 'V ‘OpIe[[eD pue ') ‘BUISSEA Y ‘BZO[OL
‘6L1-69% (1) €11 ‘Yoawasay A3ojonsvavg ‘snndgns sajaydouy
pue wnoljoIpUD WNJ1JOIDUD DUWMOIDAY] ‘Siidpo Snupuny snjnaipad [0Huod o} soporedousu
SpIXOIp WNIUBN] JO SISAYUAS PIIBIPIW-10BIXD wnjpqojLil wnupjoS "$107 'S ‘9sof pue
'S ‘uepueyIUR] Y ‘Uekayiyuey “d ‘RIo1y “D ‘0JURI “A'V TYUIY “V'V “IIYEZ “V ‘UeAeSeq
“7 ‘ferewey S ‘NYnWLR ] ‘TRWUSOYIURS <D ‘UBPISEAR[ “Y'Y ‘UBwnyey “D ‘rewnyeley
BYL-EYL
‘(1) 6 ‘auroipautoidy g “921] peay jo [eaowad ay) 10§ oodweys [eqioy med med e jo juswdojaadg
2007 “TT ‘ulySne o pue ‘d ‘Uuklg “v'd “4eystd “v'D ‘Suljed “W'S ‘PR “IN'D 988D
"801-+01 “(7) 1T Ypal 211qnd Jo jpuinop uvadoiny (p.4jua)
‘Kodjean], ‘lIosABY Ul SeaJe UBQIN pUB [eInd Ul SIOJOB} PaJeIOOSse S} pue souaeadrd
:spides sisonoIpad “€107 "L JoyIn] pue ‘Q ‘uedeqeq “y ‘njdoesedy] “y ‘g “W ‘ung[non
+06-106
Y1) 7 ‘autorpaworg pardod] fo puinor arfiong upisy ‘pueiey] Yoy3ueq Jo eale UIASED d)
ur uaapjiyd[ooyds Suowe spides sisojnoipad jo A3ojorwapidy 7107 "N ‘BI9MUOOS PUE “A\ ‘TUIESSEY
SIDUAIYIY

"Pa109]]09 2JoM S[BLIJBUI 301] PeaY 2Iaym ‘puejiey ] YoySueg
“poLnsip Sueqeype ur [ooyds Alewid Jo J0Jd2IIP Y} [[B O} PIPUAXD e Syuey], "Apnis siy} o



w il‘ HIGHER EDUCATION FORUM

‘ 1 www.prohef.org

Higher €Education Foru

Certificate of Attendance

International Conference on Life Science & Biological Engineering
November 4-6, 2015, Nagoya, Japan

Orawan Wongnet
King Mongkut's Institute of Technology Ladkrabang

has attended the conference and presented a paper entitled

"Insecticidal Activity of Herbal Shampoos base on Dillenia Indica L.

(Dilleniaceae) and Amomum Krervanh Pierre (Zingiberaceae) against

Head Louse (Pediculus Humanus Capitis De Geer, )

ChYéf Executive Committee

Mﬁé




) PR i it .
-

JUNE 8-10, 2016

Conference Proceedings

ICEAS
The International Conference on
Engineering and Applied Sciences




260

Conference Proceedings

June 08-10, 2016
Hong Kong

ICEAS
The International Conference on Engineering and
Applied Sciences



261

ICEAS

The International Conference on Engineering and Applied Sciences

ISBN 978-986-87417-1-3



262

Content

General Information for Participants.. 4

International Committees IE 3 w6

International Committee of ICEAS T m— 6

Conference Venue Information......escssssssssssssssssn .8

Regal Airport Hotel Floor Plan. B T R I—— 9

Conference SCREAUIE ... s s msssssssssnsssssassssamsssnss s s 10

Nature Sciences Keynote Speech T iaaz s MMy s004sssssnsaussmsusnaressrusnsnsnsinansurnorss 12

Oral SeSSIONS ...coinvninnsitonsitoessasmassasesusassississbass 14

Computer and INformation SCIENCES ...t . 14

ICEAS-17300.....c0mueucmsissansrsnsesssammsassnssssassnsiossssstassssssssassssssssmsnmssmssssssssnsisssassssssssssssnsssssssans 16

ICEAS- 1091 6.....cvtrueneussssisississsmmasmssnsasisssnsnisasssassassssssssssensasssisnsssssssssssssssassusstsssassasssssssssnans 25

ICEAS- 10986......c0c00ecsemerassssidsssmiiansinsedsissssissmssissssssinssssessssnssssessssssasssssssssssnstestnesassssasssssssass 36

ICEAS-17304.....c0c00e0eemsussiesimsinsensessssassasssssssssssnssassstassssss ossssssass et setnss HAsas L AT BR SRS SO 1SR SR 108 50

ICEAS-18425.....cc00000ee. .. 1 N i Yoo Wl (TS I . 9 NN WA, WS 60

Civil Engineering (1) & Environmental SCIenCe ..........cummmsmmserssmssmsssmassssssesnsssssssssasns 76

TCEAS:- 1 10D romemmsers o0 Wy fesesbibaiiyibease Y o (SN W — 77

IEEAS-1100 Fermmmpmgmmii. st e RAIUAAIE ANE .. Brrerormrareyermtsa o 0 LA 1 E— 88

TCEAS-1 1050 it hsciiinnesiesesbssseisnsmsansnainssasassssasassns susunsunsanadas iinans sR88toai sonsnsensasunssessensen sansane 96

LCEAS=1 04675, e A ST T UL L LTI IR 5 s afPins o oiemstiibus e spmagge el dlbassssss 109

(TN B R T o o SR SN VB AT /77~ . | PPESY - Y - SH— 120

Civil Engineering (2) & Geosciences and Petroleum Engineering ... 121

TCEAS-11037 . uuceveeisiiesinssuisi iasssssssisssnssssasastrassndosstsnsissinsmsasssssssssisanstsusssnrsiensisssssassssssssss 122

ICEAS- 172886....cc0ccuvuvnmsemrirsissssesisnmsssisnisesnasssssasssissisataesssssassssssasinsnssnssssiss ssssssssssna sesassnsns 130

ICEAS- 17289...0 0k eunrsessesseseesnrssessissseasssssivsissssssasssssssssssnssssasisisnsnsonsisensiasasssssonsssssssssssnsnss 131
Material Science and Engineering & System and Naval Mechatronic Engineering133

ICEAS-10951...... 00 Wimssrcasimers ot inciba b oo B Sicssnssssssaasf T ensaionasssinsinssasisnssassmsasssssssnssnoss 135

JCEAS-17281....cciciimiiermseasciiitsmmsnsmsasnssecasenssssssnssiins sansassassnsmsasss sasssssssssasasssnssassnsssansassssensn 144

ICEAS-L10970.cc0itrenrrensensessessmsmss sorsemssssasssssssassss anss ss st sessassssass s semsssssssmsssasssssssssassasssanssness 153

ICEAS-T10T L. eeicereccemcsnnsesssassssessssssssnsssssasssssasas s nssns s n s a s s sas a0 800 RRRRR SRR S RIS I R SRR SRR S 160

ICEAS-1BA15.....cooccieceicnstinienmssnisssssmnssnsssssenssssssns sisssont snnsanassanssnsenssnssnstssssats st ssnsanssnsssnssss 171

Electrical and Electronic Engineering & Mechanical Engineering ... 172

ICEAS- L0965, ...0uiiemeimnimssasissssssnssssssinssnisnsisissssstsssssntsnssnssntsstsssonsonsatantantssensensansuns sas sas sas sass 174

ICEAS- 10993......cco0nurireememssssassassssssessssssisssssssassnisesssnssasasssinsaosssnsissssssasasmrssnsnssssssrsasasassassass 177

TCEAS-17 307 o.icsiwssesississsasssascussssssssssssnussasrsssissassasisavssosnansanesnmnpensapusassass ..188

LICEAS-1097 7 ..ccociieseieneesensseississssssssissssassansansssssssassnsasssassssassssssss sss sessna seabeas0RE SO0 SR ROTBOE 00 195



263

ICEAS-10T90.......covemrnmmsrsemssssssessmsessassssssssnsasssssssssassasssssssssassssessssassssssssssssssssssnssassssssssense 207
ICEAS-17879 w217
Fundamental and Applied Sciences. 218
ICEAS-10954 S A B e SN RA 219
ICEAS-10956 E—— 228
TCEAS - L0095 5. m.eussossississsvessssassssyiassunsisscscus soiaiiassiianssssoayissvossossasismamuas pssnumsmssnsssnsoasyinings 238
ICEAS-10987.....ccocrseriscnsnsiisssmsnisssssnssnisssssnnnsesses 245
TEEAS-T TR ciiuuvcivivisusssisnossnsiandarioissss sasstsscss s teutecs s isusssmus i s sosia v goosinsias 247
Biomedical Engineering & Chemical Engineering.......cmmmmimsmi. 256
) (0 . W05 (112132 NN o N S —————— 258
ICEAS-10980.......cccimrrnrrnesssssssssnssississssssssmmssssissssssssasssisssissasssssasssssssssasnsasassssassssssasssnsss 268
ICEAS-109F 2. ... ccccc- i ihohohobtstahatadondonsiiensitianssassinsorensotihgs Nas sonsmssassasserssasasasinns 279
ICEAS-1097 3....commmsmmesy gt ot nrssssesooiradl Soverne et et sassssnonsos Mage Russosassssnsssansasunss 285
ICEAS 20979....... 8 iseesims Bupsretustsssssdiuns ien Ml o llhasssasssafboassassossasssnretigripssosssronnsnsenss 300
ICEAS-10974... W R C 5 o P S W VS 309
Poster Sessions (1)......ccommmimnsinses AT AN 1P Y ) M L SO W, " 317

Electrical and Electronic Engineering/ Civil Engineering/ Mechanical
Engineering / Computer and Information Sciences/ Material Science and
Engineering/ Fundamental and Applied Sciences/ Biomedical Engineering/
Geosciences and Petroleum Engineering/ Environmental Sciences ..................... 317

TCEAS- 109767,  .ciidusrssinsssinsssiitinsusinsssni iinsssninssoisasusns sonsashasssados inaes HiTeRoesersnssssnassssmissmsassons 322
ICEAS 10913, . ccstvsictinasebesses isssnnsrbostasssassbeninssnssass ot sssussnsiasnsse adsse 1ot s anins sespassessssustassassas 331
TCEAS17 305/ e adctceneeiurefoiibbans dffusssesifhidosatofinnmnnnshs tosmaolinass si¥ensssnsenf @h¥assakts dronsnnanass 341
[ICEAS-T0957 . iiiinnsisssssismsssssnssinsnssisssssnssissssssssssssssnssssasssnshsssssnsssssnsnsisusssnsassssssnssnsaes 342
ICEASS L T 3. i il he st e PRiiasBieRg oo fo o soan Bt amsmnmsasscorana S con oot sabbsensasnnnansnns 352
TICEASA 7 ZB...cconnnnrmnrssthdiomiaiidiisnsnoes Finidoonsonsiviiiszansiuusnareorsiassas ssfobthSiseanfisaifornasnsnsnsansansars 366
[0 7. 0 1 L A D . - S (RN * S A—— 379
ICEAS-10964.. . ciuu..ciivunensfiinisnsssssisssisssmserssivionssssansibsssnsmsnsssssasioesssinsasssnssssssnsasnsassasasssssnss 381
ICEAS-10983..... ..o ciiismmsmsnmnnsssisnrisnmsmsissmssimisinastnssssssssssssssassssssssssssssnssasns 383
ICEAS-10985......ccismmmmunmassnumnnmsssasassnssssssassaiibisseenssssnsassssnssasssassssissssstsssssssssnssssans sonses 386
ICEAS-17278.. st ssasas sessasssssas sissss sesssssssesssssss 388
ICEAS-17277 icssiscusessusesssasessssssmsasssassossossmnssssssssnsssssssmmenssassssnnsas srasas srasas seas s sesssssssmsmssnns 400
JCEAS-10950..... s sessssss s ssssass st ssas s senssssansss sanssssnsesssssnssssas 412
ICEAS-10988.......ccccnmmmnmsmmsunsnsunsmnsarssnssosssssmassssmsssnss sssossnsasssssonsasssssnsss sessssssonssss sessassnsas sons 421
TCEAS-TDS D sciiuiisuisissnotunsstiniossistosssississssinidessnsssusstsoniasas 440es gmmssimuns viss amsnistsssdsnieionsinis 433
ICEAS-173 10 cimeninnnsisisnmsiensmsisriesssssssssinassssssassussssssnsssssssssasassssssssassssssssssssasnssssssasssssns 435
TCEAS-T7 296 .::::0000ms:00susmsssasmmnsssisnssasssisssiosnsssssssssisasunsussasiasaniosavi sasusnstsassossassvsrasssansnasnsns 436
ICEAS-17292.....c0000eu0ussssesnsussssasuassassssssas ssssssssinsusasesissassssssnsssnonsei sosssasssassaninesumsi simasasanines sis 438
ICEAS-T 1034 ciiuisnisssissrssisnsmivssasssmsssassassassmsnssnunsanmsnssnssns semmssasans sms smsbes sOpEELA RIS ARRSA NSRS LS 103 439



ICEAS-11038
ICEAS-17270

----------------------------------------------------------------------------------------------------------------------

(5]

264



ICEAS-10956
Pediculicidal activities of three herbal shampoos from Cratoxylum formosum,
Moringa oleifera and Solanum trilobatum against head louse (Pediculus
humanus capitis DeGeer: Phthiraptera) in vitro

Orawan Wongnet* and Mayura Soonwera
Department of Plant Production Technology, Faculty of Agricultural Technology, King
Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand
p-bongz@hotmail.com

Abstract

The pediculicidal activity of three herbal shampoos from Cratoxylum formosum,  Moringa
oleifera and Solanum trilobatum against adults of head lice (Pediculus humanus capitis De Geer,
Pediculidae; Phthiraptera) and compared them with permethrin shampoo (Scully shampoo®,
0.5% w/w permethrin) a common chemical pediculicide in Thailand. In order to assess their in
vitro. Each herbal shampoo at 6.28p.lfcm2, 18.87pl/cm® and 31.40pul/cm* was applied to filter
paper. Ten head lice were placed on the filter paper. The mortality of head lice on the filter paper
was recorded at 0.5, 1, 5 and 10 min by stereomicroscope. Two herbal shampoos (C. formosum
and S. trilobatum) at all dose were more effective than permethrin shampoo with 100% mortality
at | min. and LTs values ranged from 0.02 to 0.36 min. On the other side, permethrin shampoo
showed mortality ranged from 32.0 to 60.0% at 1 min. and LTsq values ranged from 4.02 to
11.15 min., and LCso value was 19.89|,Ll/cm2. Moreover, LCsq value indicated the order of
pediculicidal activity in the herbal shampoos as C. formosum (0.1 lul/em?®y > 8. trilobatum
(0.23ul/cm?) > M. oleifera (92.85ul/em?). Our data showed that two herbal shampoos base on C.
formosum and S. trilobatum in this study were high potential pediculicides to head lice treatments
for Thai primary school children.

Keyword: Pediculicidal activity, Pediculus humanus capitis, Cratoxylum formosum, Moringa

oleifera, Solanum trilobatum

1. Introduction
Pediculosis capitis also known as head lice infestation caused by head louse (Pediculus humanus
capitis DeGeer) and this insect is a small ectoparasitic insect that lives and feed on only
human!'!. However, head lice infestation is an important public health problem throughout the
world, especially, in children. head lice are not known to transmit diseases from person to
person, but head lice infections cause itching of the scalp and neck and scratching can lead to
secondary bacterial infections. Moreover, in cases of large infestations the symptom showed
inflammation, urticarial and eczema of scale and neck and pain, restlessness apart from
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psychological and social distress!***. In addition, head lice infestation is a serious problem in
children between the ages 2 -15 years old, because children in this age group are more likely to
contact with other children as well as frequent sharing combs, brushes, hats and other
head-gear']. For the life cycle of head louse has three stage there are egg (nit), nymph and adult.
Generally, most nits are located approximately 6 mm from the scalp and hatch in 6 to 9 days.
The egg hatches and releases a nymph, which progresses through three molts before becoming
an adult (7 day after initial hatching). The mature adult louse is tan to grayish-white in color, has
six legs and is approximately the size of a sesame seed. Females will typically be larger than
males lay up to eight eggs per day and can reproduce for 2 to 3 weeks. Adult lice can survive
with a human host for up to 30 days. They are obligate human parasites and rarely live for longer
than 36 hours without a host. head lice are wingless and do not fly. The mouth of a louse is
designed to pierce the skin and suck blood from the capillary of the host 6], However, the control
of this insect population worldwide depends largely on the continued on repeated
applications of organochlorine insecticides such as (DDT and lindane),
organophosphorus insecticides such as (malathion), carbamate insecticides such as
(carbaryl) and pyrethin, pyrethroid insecticides such as (permethrin and d-phenothrin).
Their repeated use has often resulted in the development of resistance and increasing levels of
resistance to the most commonly used pediculicides have caused multiple treatments including
overdoses raising serious human health concerns!’). Furthermore, the resistance of head lice to
chemical pediculicides have increased and reported in many countries, such as United Kingdom
(UK), Australia (Northern Queensland) and Iris Republic®*'%. In addition, Plant herbal
shampoos may be an alternative source of materials for Pediculus humanus capitis control
because they constitute a rich source of bioactive chemicals and are commonly used as
fragrances and as flavoring agents for foods and beverages. Therefore, the present investigation
was to evaluate the potential of pediculicides activity of herbal shampoo from three species of
herbs namely, Cratoxylum formosum, Moringa oleifera and Solanum trilobatum against head
lice (Pediculus humanus capitis DeGeer.) and compared them with permethrin shampoo (Scully
Anti-Lice shampoo®™; 0.5% w/w permethrin) in order to assess their in vifro activity. The herbal
shampoos from the fruits of Moringa oleifera Lan is one of the best known and most widely
distributed and naturalized species of a monogenetic family Moringaceae. The tree ranges in
height from 5 to 10 m. with an open umbrella shaped crown, straight trunk between 10 to 30 cm.
thick and a corky, whitish bark. The plant subject to diameter and about 2.5 c¢m. in length!""'21,
Moringa oleifera grows well throughout the tropics and almost every part of the plant is of value
for food. The flowers, leaves and roots are used in folk remedies for treatment of tumor and the
seeds for abdominal tumors. Bark regarded as antiscorbic and exudes a reddish gum with
properties of tragacanth is sometimes used for diarrhea. Roots are bitter and act as a tonic to the
body and lungs. They are used as expectorant, mild diuretic, as stimulant in paralytic afflictions,
in epilepsy and in hysterial'"). In addition, Solanum trilobatum Linn (Solanaceae) the nightshade
(order Solanales) with 102 genera and nearly 2,500 species. It is a prickly diffuse, bright green
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perennial herb, woody at the base, 2-3 m. height, found throughout India, mostly in dry places as
a weed along roadsides and waste lands. The plant having much branched spiny scandent shrubs.
Leaves are deltoid or triangular, irregularly lobed. Flowers are purplish-bule in cynes. Berry are
globose, red or scarlet'). 1t is one of the important medicinal plant. The leaves contain rich
amount of calcium, iron, phosphorus, carbohydrates, protein, fat, crude fiber and minerals. This
herbal plant is used as medicine for asthma, vomiting of blood, reducing blood glucose level and
bilious matter phlegmatic rheumatism and several kinds of leprosy. It is also antibacterial,
antifungal, antimitotic, antioxidant and antitumouours'">.. For Cratoxylum formosum Dyer
commonly known as “Kuding Tea” in Southeast mainland china and “Tiew kon” in Thailand is
widely found in Southeast Asia and belongs to the family of Guttiferae. C. formosum is an
indigenous Thai vegetable that is traditionally consumed as leaves in Thailand!"®). It has been
used in Chinese medicine for treatment of fever, cough, stomachache, flatulence, diarrhea, food
poisoning, internal bleeding and peptic ulcer. It has also been used as a diruretic and for its
tonic effects. Cratoxylum formosum produces various secondary metabolites including
xanthones, anthraquinones, triterpenoids, flavonoids and phenolic compounds. Health benefits of
Cratoxylum formosum include applying the leaf to the skin to heal a wound. It has been reported

that the leaf extract showed strongly antioxidant and antimutagenic properties'' ',

2. Materials and Methods

2.1 Plant materials and herbal shampoos

The leafs of Cratoxylum formosum, fruits of Moringa oleifera and fruits of Solanum trilobatum
in this study were collected from Nakhonsawan (middle part of Thailand) and Nakhonratchasima
(Northeast part of Thailand) province, Thailand, However, all plant specimen was identified by
botanist of Department of Plant Production Technology. Faculty of Agricultural Technology,
King Mongkut’s Institute of Technology Ladkrabang (KMITL), Bangkok, Thailand. All of
herbal shampoo were provided by the Medicinal Plant Laboratory, Faculty of Agricultural
Technology, KMITL, and kept at room temperature before testing.

2.2 Chemical pediculicide (positive control)
Permethrin shampoo (Scully shampoo®, 0.5% w/w permethrin) a common chemical pediculicide
in Thailand, it was purchased from Sherwood chemicals Manufacturing Co. Ltd., Chacherngsao

province Thailand and used as positive control.

2.3 Collection of head lice (P. humanus capitis)

P. humanus capitis were collected by fire-toothed combs from 250 infested primary
schoolchildren between the age of 5-13 years at primary schools located in Ladkrabang district
Bangkok. Thailand, during December, 2015 to February, 2016. After collection, head lice were
transported to Entomological Laboratory and head lice were identified by Entomologist from
Faculty of Agricultural Technology, KMITL. The protocol for head lice collection was approved
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by the research committee of Faculty of Agricultural Technology, KMITL and the director of a
primary schools and in collaboration with teachers and parents.

2.4 Bioassay

In vitro test was started within 30 min after collection of head lice by a filter paper contact!"”.
Doses of 6.28ul/cm?, 18.87ul/cm” and 31 .40pl/cm’® of each herbal shampoo were applied to the
filter paper (Whatman® No. 1, 4.5cm. in diameter), and after during for 30s, each filter paper
was placed on the bottom of a petri dish (5.0 cm. diameter). Afterward, selection of 10 head
lice were placed on the filter paper. However, permethrin shampoo and water simultaneously
run as positive and negative control, respectively. The mortality of head lice on the filter paper
were recorded under stereomicroscope at 0.5, 1, 5 and 10 min. The criteria for mortality of
head lice were stricted and were defined as the complete absence of any vital sings such as gut
movement, movement of antennae or legs with or without stimulation using forceps®”. All
treatments were replicated 10 times. The mortality data was analyzed with Duncan’s multiple
range test (DMRT) using by SPSS for windows version 16.0 The LTs, value (median lethal
time) and LCs value (median lethal concentration) were calculated by using probit analysis.

3.  Results
The pediculicidal activity of three herbal shampoos (C. formosum, M. oleifera and S.
trilobatum), permethrin shampoo (positive control) and water (negative control) at 6.28 ul/em?,
18.87ul/cm? and 31.40pl/cm? against head lice (Pediculus humanus capitis) are shown in Table
1 C. formosum shampoo was the highest pediculicidal activity with 100% mortality at 1 min., and
LTso value of 0.20 min., followed by, S. trilobatum shampoo and M. oleifera . shampoo with
92% and 16% mortality at 1 min., LTso values of 0.36 and 36.96 min. respectively. For
permethrin shampoo (positive control) showed 32% mortality at 1 min., and LTso value of 10.48
min. The results of doses of 18.87ul/cm?, C. formosum shampoo also showed the highest
pediculicide with 100% mortality at 1 min., and LTs value of 0.06 min., followed by, S.
trilobatum shampoo and M. oleifera shampoo with 100% and 20% mortality at 10 min., and
LTso value of 0.34 and 30.65 min. respectively. On the other side permethrin shampoo showed
44% mortality at 10 min., and LTse value of 11.15 min. (Table 2). The results of doses of
31.40pl/cm” as shown in Table 3, C. formosum shampoo also showed highest pediculicidal
activity with 100% mortality at 0.5 min and LTsy value of 0.02 min., followed by shampoo from S.
trilobatum and M. oleifera with 100% and 24% mortality at 0.5 min and LTs, values of 0.29 and
25.65 min., respectively. However, permethrin shampoo showed 60% mortality at 0.5 min and
LTsp value of 4.02 min. Moreover, this results of permethrin shampoo was less pediculicidal
activity than C. formosum and S. trilobatum them. However, the median lethal concentration
values (LCs values) in pl/ecm? of three herbal shampoos and permethrin shampoo against head
lice (Pediculus humanus capitis) as shown in Table 4. C. formosum shampoo also showed the
highest toxic to head lice with LCsq values of 0.1 Ipl/em?, followed by S. trilobatum shampoo
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and M. oleifera shampoo showed LCsy values of 0.23 and 92.85ul/cm®. Meanwhile, permethrin
shampoo showed LCso value of 19.89ul/cm?®. However, All treatment at 31.40pul/cm® was more
effective pediculicide than dose of 6.28 ul/em® and 18.87ul/cm®. Moreover, all head lice in
negative control group survived during 10 min (experiment periods).

4. Discussion

Herbal products have been used for thousands of years as folk medicine and therapeutic agents.
In the present study, Our data showed that C. formosum shampoo was the most effective
pediculicide against head lice (Pediculus humanus capitis) with 100% mortality at 0.5 min., LTso
value of 0.02 min. and LCso values of 0.11pl/cm?®. followed by, S. trilobatum shampoo with
100% mortality at 0.5 min., LTsp value of 0.29 min. and LCs values of 0.23ul/cm2. Moreover,
these data was more effective pediculicide than permethrin shampoo (60% mortality at 0.5 min.
LTso value of 4.02 min. and LCsp values of l9.89ulfcm2). However, C. formosum has been used
in folk medicine as an agent to prevent oral diseases, especially dental caries, It is believed to have
dental preservative effect against decay, pain, diuretic, gastric, tonic effects, diarrhea, flatulence,
food poisoning, cure colic and internal bleeding'*'*!. In addition, aqueous extract of S. trilobatum
showed pediculicidal activity against head lice (Pediculus humanus capitis) with 72% mortality
at concentrations 50 mg/L and LCso values of 35.14 mg/L. Moreover, S. trilobatum has been
used as folk medicine for treat respiratory disorders, bronchial asthma, hepatoprotective activity,
antibacterial activity, antioxidant properties, antidiabetic activity and treat several kinds of
Ieprosym]. However, Rajakumar er al”’!. reported that leaf aqueous extract of S. trilobatum
against the adult head louse, P. humanus capitis, lavae of cattle tick, Hyalomma anatolicum (a.)
anatolicum Koch. (Acari: Ixodidae) and fourth instar lavae of malaria vector, Anopheles
subpictus Grassi (Diptera: Culicidae). In addition, C. formosum shampoo and S. trilobatum
shampoo (100%) mortality at | min, and LTs, values ranged from 0.11 to 0.23pl/cm?) showed
more effective pediculicide than permethrin shampoo (60% mortality at | min. and LCso values
of 19.89ul/cm’). However, permethrin resistance to head louse populations appears to be
widespread in various countries such as USA, Czech Public, UK, France, Denmark, Israel,
Argentina, Japan and Australia®’!, Moreover, some synthetic pyrethroids (e.g. permethrin) are
classified by the US environmental Protection Agency (US. EPA) as class C possible human
carcinogens. German studies link exposure to permethrin and phenothrin with leukaemia,
lymphoid cancer and corneal damage after treatment with synthetic pyrethroids (permethrin
and phenothrin) is also reported!”®. Therefore, two herbal shampoos base on C. formosum and S.
trilobatum in this study were high potential pediculicides to head lice treatments for Thai children.
They are good, safe and suitable for head lice treatments in Thailand.
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Table 1 Effect of three herbal shampoos and permethrin shampoo on mortality of P. humamus
capitis at 6.28ul/cm?+

% Mortality + SDVe LTs? ¢
Treatmente — 45 rine T mine 5 mine 0 mine _ (min)oe
C Q
Jormosum  92.00+£10.95a¢ 100a¢ 100a+ 100a¢ 0.20¢
shampoo+
M o
oleifera 16.00+21 91be 16.00£21.91bc 16.00+21 91be 16.00+21 91c+ 36.96+
shampoo«
S. &
trilobatum  92.00+10.95a¢ 92.00+10 95a+ 92.00£10.952¢ 96.00+8.94a¢ 0.36¢
shampoo+
permethrin o

m:m 3200422 80b¢ 32.00+22.80b¢ 32.00:22 80b¢ 44.00+£16.73b¢ 11.15¢

control)}¥

water &
(negative Oce Oce Oce 0de nse
control)¢

CV (%)< 32.07¢ 28.33¢ 26.93¢ 22.64¢ - ¢

U Percent mortality within the same column, followed by the same letter are not significantly
different (one-way ANOVA and Duncan’s Mutiple Rang test, p<0.05)+

¥ LTso values = median lethal time+

ns = not computed by Probit analysis+

al



L
Table 2 Effect of three herbal shampoos and permethrin shampoo on mortality of P. humanus

capitis at 18.87ul/cm?e
% Mortality + SDV/¢ LTse? ¢

Treatment — 4 e 1 mine S mino 0 mine  (mine o
C P
Sormosum  96.00+8 94as 100a¢ 100a~ 100a¢ 0.06¢
M. oleife

. oleifera : : . N o
charmpoos 20.00+28 28b 20.00+:28.28b¢ 20.00+:28.28b 20.00+28 28bc 30.65¢
3. &
trilobatum  92.00£10.952¢ 96.00£8 94a¢ 96.00+8 94a¢ 100a¢ 0.34¢
shampoo+
permethrin &

Shm‘mm 36.00+35.77b¢ 36.00+35.77be 36.00+£35.77be 44.00£26.87b 10.48¢

control)«

water &
(negative Oce Oce Oce Oce nse
control)¢

CV (%)# 39.13¢ 36.88¢ 36.88¢ 29.140 - ¥

I Percent mortality within the same column, followed by the same letter are not significantly
different (one-way ANOVA and Duncan’s Mutiple Rang test, p<0.05)+

¥ LTse values = median lethal time«

ns = not computed by Probit analysis+
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“Table 3 Effect of three herbal shampoos and permethrin shampoos on mortality of P. humamus

capitis at 31 40ulicm? «

% Mortality = SD1/o L1502 @
L T 1 mine 5 mine 10mine _ (min) ¢
C E
Jormosum 100a¢ 100a¢ 100a¢ 100a¢ 0.02¢

M a
oleifera 24 .00+32.86¢¢ 24.00£32.86c 24.00+32.86¢c+ 24.00+:32 86c 25.65¢

S. P
trilobatum 100a¢ 100a» 100a+# 100a+» 0.29¢

60.00:20.00b< 60.00:20.00bc 60.00+20.00bs 60.00+20.00b<  4.02¢

(negative 0de 0de 0de 0de nse

control)«

CV (%)+ 27.09¢ 27.09¢ 27.09¢ 27.09¢ - ¥

1/ Percent mortality within the same column, followed by the same letter are not significantly
different (one-way ANOVA and Duncan’s Mutiple Rang test, p<0.05)«

2 LTso values = median lethal time+

ns = not computed by Probit analysis¢

Table 4 Median lethal concentration values {LCso values) in plicm? of herbal shampoos and
permethrin shampoo against P. humanmis capitise

Treatment+ LCsp! (ulem?) » i
C. formosum shampoo+ 0.11¢ 2
M. oleifera shampoo+ 92.85¢ o
S. trilobatum shampoo 0.23¢ .
permethrin shampoo (positive control)« 19.89¢ a
water (negative control)« nse sl

1" LCsq values = median lethal concentration+
ns = not computed by Probit analysis«
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Abstract
Head lice infestation caused by Pediculus humanus capitis De Geer. (Pediculicidae:
Phthiraptera) is an important public health problem throughout the word especially in
schoolchildren. Therefore, the present study investigated the efficacy of three herbal shampoo
from Elaeagnus latifolia L.: Elaeagnaceae, Flacourtia indica (Burm.f.) Merr. : Flacourtiaceae
and Garcinia speciosa Wall. : Guttiferae against adults and nymphs head lice, Pediculus
humanus capitis De Geer., and to compare them with chemical pediculicide (0.5% w/w
Permethrin, Scully Anti-Lice shampoo®) and baby shampoo (Johnson’s baby shamp00®) using
filter paper contact under laboratory conditions. Doses of 6.28 and 18.87 pl/cm? of each herbal
shampoo, permethrin shampoo and baby shampoo were applied to filter paper, and ten head
louse were place on the filter paper. The mortalities of head louse on the filter paper were
recorded at 1, 10, 30 and 60 min by sterio-microscope. The results showed that, E. latifolia
shampoo at 18.87 il/em® were more effective pediculicide than permethrin shampoo with 100%
mortality at | min; and LTso value of <1.0 min (nymph and adult). The most effective
pediculicide was E. latifolia shampoo, F. indica shampoo, G. speciose shampoo and baby

shampoo, respectively.
Keywords: Pediculicide, Herbal shampoo, Pediculus humanus capitis, Head lice

1. Introduction
Pediculosis capitis, or head lice (Pediculus humanus capitis DeGeer), are blood sucking insects
belong to order Phthiraptera which are specific parasites of human!"!. Life cycle of head lice
has three stage there are egg (nit), nymph and adult. Head lice are unable to properly grasp
course hair and are uniquely adapted to human head hair. Adult that successfully feed on a
human host may survive up to 30 days but cannot live more than 48 h?). However, head lice
infestations also consume important resources from public health institutions!”), especially in
children. Head lice transmission is mainly by direct head to head contact and indirect
transmission by sharing clothing, hairbrushes, hats, towels or other personal items!*].
Moreover, head lice do not transmit any pathogenic agents, complications derived from

parasitism such as pruritus, lymphadenopathy, conjunctivitis, allergic reaction!®’.
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In addition, head lice infestation is a serious problem worldwide in children between the age of
3 to 13 years olds are infested. Currently, pediculicides were controlled head lice worldwide
such as dichlorodiphenyltrichloethane (DDT), permethrin, pyrethrin/piperonyl butoxide (PPB),
malathion, benzyl alcohol 5% lotion and spinosadm. However, head lice resistance to most
pediculicide is widespread and increasing in frequency such as dichlorodiphenyltrichloroethane
(DDT), pyrethroids, malathion and permethrin®®, The pyrethrins and pyrethroids share a
common target site in the nervous system, voltage sensitive sodium channels (VSSC) and act
as agonistic neuroexcitants by prolonging sodium current, leading to nerve depolarization and
hyperexcitation followed by muscle paralysis and death!"”. Furthermore, the resistance of head
lice to chemical pediculicides have increased such as USA, United Kingdom, Argentina,

01 1n  addition, plant herbal shampoo are

Denmark, Australia, Europe and Asia
comparatively safer to humans and easy biodegradable. Therefore, this study investigated the
potential of pediculicidal activity of herbal shampoo base on E. latifolia, F. indica and G.
speciose against head lice and to compare them with chemical pediculicide (0.5% w/w
Permethrin, Scully Anti-Lice shampoo®) and baby shampoo (Johnson’s baby shampoo®™) in

order to assess their in vitro activity.

However, Elacagnus latifolia L., (Family: Elaeagnaceae) are distributed widely from the
northern regions of Asia to the Himalayas, Europe and North America''?.. In Thailand, E.
latifolia is an endemic fruit plant mostly found in the upper north of Thailand and considered to
be a very rich source of vitamins and minerals and bioactive compounds*") The fruit is
nutritionally rich and can be utilized for making chutney, jam and jelly[l3 | Flacourtia indica
(Burm.f.) Merr. belonging to family Flacourtiaceae, Thai name is “Ben” commonly known as
governor’s plum". This plant has been used as Thai medicine traditional such as Anti-itching,
anthelmintic agent, anti-diarrhea, anti-pyretic and dysentery 131 Besides, Garcinia speciosa
belong to family Guttiferae, Thai name is “phawa” or “Sarapee-paa” is a local plants of
Southeast Asia ranging from north, northeast and southern part of Thailand and peninsular
Malaysia to Indonesia and to some parts of Philippines[""”]. G. speciosa, has traditional used

in medicinal for diarrhea, skin wounds, burns, astringent agents, edemas, inflammation!' ",

2.2 Plant Materials

The fruits of £. latifolia and F. indica were collected in the local market at Chiangmai (North
part of Thailand) province, and fruits of G. speciosa were collected from Rayong (East part of
Thailand) province, Thailand. However, all plant specimen was identified by botanist of
Department of Plant Production Technology, Faculty of Agricultural Technology, King
Mongkut’s Institute of Technology Ladkrabang (KMITL), Bangkok, Thailand. All of herbal
shampoo were provided by the Medicinal Plant Laboratory, Faculty of Agricultural
Technology, KMITL. and kept at room temperature before testing.
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2.3 Chemical Pediculicide and Baby Shampoo (Positive and Negative Control)

I. Permethrin shampoo (Scully Anti-Lice shampoo”, 0.5% w/w Permethrin), a usual chemical
pediculicide in Thailand, was purchased from Sherwood chemicals Co. Ltd., Suan Luang
district, Bangkok 10250, Thailand.

2. Baby shampoo (Johnson’s baby shampoo®) is a common shampoo for children in Thailand,
was purchased from Johnson and Johnson (Thai) Pte Ltd, 106 Moo 4, Chalongkrug Road,
Ladkrabang district, Bangkok 10520, Thailand.

2.4 Bioassay

After collection of human head lice, tests were started within 30 min. A filter paper contact
bioassay''®! was used to evaluate the toxicity and mortality of three herbal shampoo (. latifolia
and F. indica and G. speciosa), chemical pediculicide (Permethrin shampoo, positive control)
and baby shampoo (Johnson’s baby shampoo®, negative control) to head lice. Doses of 6.28
and 18.87 pl/cm’ of each herbal shampoo was applied to the filter paper (Whatman® No 1; 5.0
cm in diameter). After drying for 30 s, each filter paper was placed on the bottom of a petri
dish. Careful selection of ten head lice under a dissecting microscope was done, and 10 nymphs
and/or adults head lice were placed on the filter paper. However, permethrin shampoo were
simultaneously run as a positive control and on the other side. baby shampoo were run as
negative control. The mortalities of head lice on the filter paper were recorded under dissecting
microscope at 1, 10, 30 and 60 min. The criteria for mortality of head lice were defined as the
complete absence of any vital signs such as gut movement, movement of antennae or
movement of lags with or without stimulation using forceps“sl. All treatments were replicated

five times. Differences in significance were analyzed by one-way analysis of variance
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(ANOVA) and Duncan’s Multiple Range Test (DMRT) using SPSS for Windows version 16.0.
The LTsq value was calculated by probit analysis.

3. Results

The pediculicidal activity of three herbal shampoos (E. latifolia, F. indica and G. speciosa)
against nymphs head lice and compared with chemical pediculicide (permethrin shampoo) and
baby shampoo (Johnson’s baby shampoo®) at 18.87 pl/cm’. At 60 min, the mortality and LTsp
values revealed that E. latifolia shampoo were more toxic than permethrin shampoo (84.0%
mortality, LTso value of 19.1 min) 100% mortality and LTso value of <1.0 min, followed by F.
indica shampoo, G. speciosa shampoo and baby shampoo with 80 to 84% mortality and LTsp
values ranged from 9.7 to 18.9 min, respectively. The most effective pediculicide was E.
latifolia shampoo with 84% mortality at 60 min and LTse value of 3.8 min. However, permethrin
shampoo caused 68% mortality and LTso value of 29.2 min. On the other hand, baby shampoo
showed 60% mortality and LTso value of 27.3 min (Table 1). At 18.87 ulicm?, E. latifolia
shampoo showed 100% mortality at 1 to 60 min, and LTso values were <1.0 min. Meanwhile, F.
indica shampoo, G. speciosa shampoo and baby shampoo showed 80 to 84 % mortality at 60
min, and LTse values of 9.7, 18.3 and 18.9 min, respectively. On the other side, permethrin
shampoo caused 84% mortality and LTs value of 19.1 min. (Table 2).

Furthermore, F. indica shampoo and G. speciosa shampoo were more toxic to adults head lice at
6.28 pl/em® with 84-88% mortality at 60 min and LTsp values were 14.5 and 29.2 min,
respectively. Meanwhile, permethrin shampoo caused 48% mortality and LTsp value of 47.1 min
(Table 3). Moreover, E. latifolia shampoo showed 100% mortality at 1 min, and [.Tsp value of
<1.0 min, followed by F. indica shampoo, G. speciosa shampoo and baby shampoo showed
ranged from 56-88% mortality, and LTso values were 12.5, 29.1 and 27.6 min, respectively.
While, permethrin shampoo showed 52% mortality and LTse value of 40.4 min. (Table 4). In
addition, all herbal shampoo at 18.87 plicm® was more effective pediculicide than 6.28

p.i/cmz.
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Table 1 LTso values and percent mortality of P. humanus capitis nymphs at 6.28 pl/cm?
concentration of three herbal shampoos and chemical pediculicide and baby shampoo at 1, 10,
30 and 60 minutes.

(%) Mortality/time (min) LTso?

Treatments 1 10 30 60 (min)
E. latifolia shampoo 84.0+16.7ak 84.0+16.7a 84.0+16.7a 84.0%16.7a 38
F. indica shampoo 72.0+11.0b 72.0+11.0b 72.0£11.0b 72.0+11.0b 273
G. speciosa shampoo 72.0£175b  72.0%17.9b 72.0£17.9b 72.0%17.5b 292
permethrin shampoo
(Scully Anti-Lice shampoo®) 60.0+31.6c 68.0+228c 680+228c 68.0+22 8¢ 292
baby shampoo ;
(Johnson’s baby s} 50%) 60.0£14.1c  60.0%+14.1cd 60.0+14.1cd 60.0£14 1cd 273

Y 94 mortality m each cohumn followed by the same letter are not significantly different (one-way ANOVA and
Duncan'smultiple rang test), ¥ LT5p= 50% Lethal Time

Table 2 LTsq values and percent mortality of P. humanus capitis nymphs at 18.87 pl/cm®
concentration of three herbal shampoos and chemical pediculicide and baby shampoo at 1, 10,
30 and 60 minutes.

{%) Mortality/ime (min) LT5%
Tofyfents 1 10 30 60 (min)
E latifolia shampoo 100ak 100a 100a 100a <1.0
F. indica shampoo 84.0:16.7b 84.0:167b 84.0:16.7b 840%167b 9.7
G. speciosa shampoo $0.0320.0b 80.0<20.0b 80.0=20.0b 80.0:20.0b  18.3
f’gﬁfﬁ’ﬁ;ﬁ:ﬁfﬁgmmﬁ) 80.0£0.0b  80.0:00b 80.0:00b 84089  19.1
baby shampoo

(Johnson's biby 2 o) 80.0+28.3b 80.0=283b 80.0=28.3b 80.0=28.3b 18.9

L'94 mortality in each column followed by the sameletter are not significantly different (one-way ANOVA and
Duncan's multiple rang test). 1 L Ts9= 30% Lethal Time
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Table 3 LTsg values and percent mortality of P. humanus capitis adults at 6.28 ulem?
concentration of three herbal shampoos and chemical pediculicide and baby shampoo at 1, 10,
30 and 60 minutes.

R (%) Mortality/time {min) LTs?
catmen 1 10 30 60 (min)

E. latifolia shampoo 68.0+11.0bL 68.0+11.0b 72.0%£179b 72.0£17.9b 185
F. indica shampoo 64.0+£26.1b 880+110a 83.0£11.0a 3880%110a 145
G. speciosa shampoo 84.0+16.7a 840+16.7a 84.0£16.7a 840+16.7a 25.2
permethrin shampoo -
(Scully Anti-Lice shampoo®) 36.0+35.8d 36.0+358c 48.0:228c 48.0+228c 47.1
baby shampoo ’
(Johnson’s baby st 0c®) 40.0£26.1c  52.0+17.9bc 52.0+17.9bc 56.0£21.9bc 29.7

1'%4 monalityin each cohinn followed by the same letter are not significantly different (one-way ANOVA and
Duncan’s multiple rang test), ¥ 1.T5p= 50% Lethal Time

Table 4 LTsq values and percent mortality of P. humanus capitis adults at 18.87 pl/cm?
concentration of three herbal shampoos and chemical pediculicide and baby shampoo at 1, 10,
30 and 60 minutes.

(%) Mortality/ame (min) LTy ¥
Trefpeat: 1 10 30 60 (min)
E. latifolia shampoo 100ak 100a 100a 100a <1.0
F. indica shampoo 64.0+26.1c 88.0:110b 88.0:110b 88.0:110b  12.5
G. speciosa shampoo §8.0+11.0b 880=110b 880=11.0b 88.0=11.0b 291
permetiio shatipod 32.0+22.84 440167d 520<110c 52.0:110c 404

(Scully Anti-Lice shampoo®)
baby shampoo

{(Johnson’s baby shampoo®)
1'% monality in each column followed bythe sameletter are not significantly different (one-way ANOVA and
Dunean’smultiple rang test), ' LTsz= 50% Lethal Time

52.0+17.9¢./520:22.8¢c 56.0+21:9c | 56.0£21.9¢c 27.6

4. Discussion
This study has revealed that E. latifolia shampoo at 18.87 pl/cm® were exhibited the most
pediculicide against head louse nymph and adult with 100% mortality at |1 min; (LTso values of
<1.0 min (nymph and adult), and more effective pediculicide than permethrin shampoo (0.5%
w/w Permethrin, Scully Anti-Lice shampoo®) and baby shampoo (Johnson’s baby shampoo®).
Thus, baby shampoo is commonly shampoo for children but can not used as pediculicide. In
addition, E. latifolia shampoo have been suggested as an new alternative products for head lice
treatment, and safe alternatives due to their non-toxicity to human, especially schoolchildren
than chemical pediculicide. However, E. latifolia is a type of edible fruit, Thai name is
“Ma-load”, it belonging family Elaeagnaceae, are distributed widely from the northern regions
of Asia to the Himalayas, northeast India, Thailand, Vietnam, Europe and also in North
America'*'"”!. The plant is growing to a maximum height of 3 m and expands maximally to 3
m with a growing speed of medium rate, and flowers are hermaphrodite (have both male and
female organs) and are pollinated by bees and the fruit is oblong in shape with a dark pink
color at the time of ripening!'®!. In Thailand, E. latifolia is an endemic fruit plant mostly found
in the upper north of Thailand and considered to be a very rich source of vitamins and minerals

and other bioactive compounds.
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It is also a source of essential fatty acids, which is fairly unusual for a fruit!! 1'% The fruit is
nutritionally rich and can be utilized for making chutney, jam and jelly and refreshing drinks
On the other side, permethrin shampoo showed 32.0+22.8 to 84.0+8.9 % mortality and LTso
values range from 19.1 to 47.1 min, and these results was less pediculicidal activity than three
herbal shampoos (E. latifolia, F. indica and G. speciosa). However, permethrin is a synthetic
pyrethroid with extremely low mammalian toxicity and adverse effects include pruritus,
erythema and edema!®®). Moreover, permethrin or pyrethrins and pyrethroids share a common
target site in the nervous system, voltage sensitive sodium channels (VSSC) and act as
agonistic neuroexcitants by prolonging sodium current, leading to nerve depolarization and
hyperexcitation followed by muscle paralysis and death to head lice 19 Nowadays, the
eco-friendly and nature pesticides from herb shampoos have been receiving attention as an
alternative green pesticide than to use the permethrin shampoo for controlling head lice.
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