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Research Title: Study on toxicity and repellency activity of essential oils from rose,
lecch lime, lime, sweet orange and eucalyptus against human head
louse (Pediculus humanus capitis De Geer)

Researcher : Assoc. Prof. Dr.Mayura Soonwera
and Acting Sub Lt Watcharawit Rassami
Plant Production Technology Section
Faculty of Agricultural Technology
King Mongkut’s Institute of Technology Ladkrabang
Ladkrabang, Bangkok 10520 Thailand

ABSTRACT

Human head lice infestation (or Pediculosis capitis) is an important public health
problem, which affect million of children worldwide including Thailand. Currently, chemical
pediculicides have lost their efficacy, and alternatives such as essential oils from herbs
have been proposed to treat this parasitic infestation. The present study investigated the
toxicity and repellency activity of essential oils from rose (Rosa damascenna), lime (Citrus
aurantifolia), lecch lime (Citrus hystrix), sweet orange (Citrus sinensis) and eucalyptus
(Eucalyptus citriodora) against human head louse (Pediculus humanus capitis) and
compared them with chemical pediculicides, malathion shampoo (A-lices shampoo®),
carbaryl shampoo (Hafif shampoo®), lindane cream (Hexin lice killer cream®), Benzyl
Benzoate (Khun Lung®) and chemical repellent, DEET (Sketolene Shield®). The result
showed that, all essential il at 6 pl;fcm2 was more effective pediculicidal and repeliency
activities than at 3 pl/cm2 and all essential oil in coconut oil showed more toxic and
repellency activity than in ethyl alcohol. The highest toxicity and repellency activity was
shown by rose oil with 100% knock down rate and mortality at 30 min. and KT, value of
4.65 min, LT,, value of 4.83 min. and LC,, value of 1.3 ul/lcm®. However, rose oil also
exhibited highest repellency activity against human head lice with RC,, values of 1.6-4.6

ullem” and RL;, value of 68.85 min. Moreover, this results showed more toxic and



repellency activity than all chemical shampoo and chemical repellent . For other essential

oils showed moderate toxicity and repellency against human head lice.

Key words: human head lice, herbal essential oils, repellency, toxicity
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AeTan uananniideil a1 malathion ‘Tﬁ'Lﬂumuﬂ?:n@n"tuwﬁumﬁwﬁ’mmmgwﬁﬁuﬁ
panszu iirsuunRAuiuluineteaingenLe Lasneaunalng sauiatiin e
TulszmadannEwuen carbaryl Miludautlssnenlunmy ihandaiuaiidnmuyeituai
WiAnuzE i vananiin el szmeee sdia1singn e permethrin WAL
phenothrin %qﬁﬁmﬁium?ﬁﬁ'ﬂmewﬁlfu Hua innusizaludingen uazuzFlusan
ﬁﬂLwﬁm (Abdel-Ghaffar and S_emmler, 2007; Canadian Paediatric Society, 2008; Forrester
et al., 2004; Goldstein and Golstein, 2010)

st lsinuninazias ialymssuiaraamnuy Tandinansznu o
dunmsnauusauds s lidnmninsunaiuedneds deznaufuiieriudniueiinodam
ugwﬁﬁﬁm?mﬁﬁqmﬁ:ﬁmﬁﬁﬁmmnfuf“]'qri@’lﬁﬁmﬁ’ummﬁuLﬁﬂ']l,ﬂuﬂzmmﬂ R
unaneAans LLﬂzﬁﬂﬁﬁ?ﬂﬁm"ﬂﬁmxuﬁn’luﬁmmﬁ’%qmLLufwm"Lumﬁ’ﬂmrTuﬁﬁm Ny

Tuuaneiidaandauinndinisldaisei dam =y 1dun1stngansn laainivani 1Ena49mmn

uysdsanfanistiiniuenssmeansagulnsunlialuntsindauarldwnnywdfon G
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wudqiq:ﬁ’umm:mmqnﬁ‘ﬁﬂqu‘l,wmmmﬁmﬁ@mﬂuumﬁﬁ g lilunasmindamn
uyedfld duiuTunenszmeainusznn auimy ganausa Suniing azlaiven nxlattig
Fudanau uaznsvaen HuainlimnusdnaliRunn aadldn LT, Ml 27.9, 363, 4.2,
534, 72.3, 70.6 ua¥ >300 uiAua ey luansians phenothrin  Waz pyrethrum Faifly

ansiaildunmuilungulninsesd wudidnalunisindnmnuyed 167 Taanwudn LT, wiaiy

E
= o A v

k2

23.1 UAT 25.3 UM ATNRYAU (Yang et al., 2004) uananilgefimeaudniniuenszmeann
Az PRUTU YTUNZNT TUALTN (tea tree oil) WTUANINART (larvender oil) WAy
a’l s -d‘ = L7 = o 9 o o a1 ot
tiiulsauss (rosemary oil) Minaf lunastawa 1o lunisiadnmayeed sl (Gold, 2012;
Sneath et al., 2011; Toloza et al., 2008)

atilsintufisnasudiidunan siaain A nuanaafinguin duneussive
nuna dnT azlastiou avlatven Wilnleiud ga@dsa uasinszwa Winadvidlunisiidnld

ar 1

AYERU LATAANTE1BUWINYEE (Yang et al, 2004) uanaINNITiuMaNsZINEaINNT

q q

ayuinsun lflunistlesiuindniuusdudadifinenuindaiusiaaniggyulnsnaaain
farusatanilesiunidnnuusdlamy &unles (Accacia  concinna), teauin (Annona
squamosal), M¥aaIle (Averrhoa  bilimbi), NEiWew (Averrhoa carambola), Inu§adnaIwn

ar

(Artemisia annua), @z\A" (Azadirachta indica), in3uUWm (Citrus paradisi), ftudu (Clitroria

&

=

ternatea), afiudy (Curcuma  longa), amIAURARA (Eucalyptus — globulus), @ein (Melia
azedarach), [UndnA (Myristica - fragrans), NIUNA (Syzygium aromaticum) UATHZIN
(Tamarindus indica) Tns@nfasianisayuinsineqmaniinn o il ddeu uasiia
TeveuINyet (Abdel-Ghaffar et al., 2010; 2012; Carpinella et al., 2007; Heukelbach et al.,
2006; Intranongpai et al., 2006; Medhlhorn et al., 2011; Rassami and Soonwera, 2013a;
2013b; Rossini et al., 2008; Soonwera et al., 2009; Soonwera and Wangsha, 2008)
ufanmnfft?\iﬁmm'mdwﬂLrﬂumﬂﬂﬁmuuiwa‘ uasfirRwileaanotiiafianans
i lilunsilasiuindnunuyeed i duwmnyanngie (Zingiber zerumbet), I (Zingiber
officinale), \wa (Zingiber montanum), Waa" (Zingiber ottensit), %ﬁvu"ﬁ'u (Curcuma longa),
afudau (Curcuma  zedoaria), AUNNIA1 (Curcuma  aromatic), ATiuA (Curcuma
aeruginosa), T=Wa (Piper sarmentorum), W (Piper betle), AlA (Piper retrofractum), winlne
(Piper nigrum), @=A"u (Piper argyrites), NzWI9u (Zanthoxylum limonella), uzngm (Citrus

v

hystrix), NzUN9 (Citrus  aurantifolia), &Wam (Citrus  madurensis), &N@LIUINY (Citrus



reticulata), AWNANIAN (Tacca chatrier), HNUWNTY (Polygonum  odoratum), uzauilau
(Phyllanthus emblica), 91U1i" (Acorus calamus), §utlas (Acacia concinna), Mida (Coleus
amboinicius) (831 UaTdTIINE, 2554)

o ar c?’ ar < :; o 27 3 dg}.d o A r.lgj ot

dwiuthrimenszmeanisaguinsmiinn i unimeseslua il 5 alinfe Wi
VBNTLIMENUATL HE11 Hengn §HAu uazgr dlda Tnathifunenssmeannisayulngia 5
atiatl Tnadaulvaiiinn lnrannsunnd tnedasmwanuanldlu Table 1 Aadiulfidimin
ansntin i lunistlesiuindnunuyudlifoateadanan duatraninivdaiinou

daeadsreingiazinan il lunsiidamuyudsag



Table 1 List of herbal essential oils and their therapeutic property tested in this study (neun

UWATATLY, 2542)

Herbal Essential Qils

Therapeutic proterty

Rosa damascenna Mill oil

(Rose oil)

Citrus hystrix DC oil

(Leech lime oil)

Citrus aurantifolia (Christm. &
Panz) oil

(Lime oil)

Citrus sinesis Osbeck oil

(Sweet orange oil)

Eucalyptus citriodora Hook ail

antidepressant, antiphlogistic, antiseptic,
antispasmodic, antiviral, aphrodisiac, astringent,
bactericidal, cholagogue, cicatrisant, depurative,
emenagogoue, haemostatic, hepatic, laxative, nervine,

stomachic, uterine substance

__deodorants, tonics, digestion, purify the blood,

antiameabic, mosquito repellent

antiseptic, antiviral, astringent, aperitify, bactericidal,

disinfectant, febrifuge, haenostatic, restorative, tonic

antitumoral, antiseptic, improves microcirculation and
immune stimulant (increases white blood cells),

improves memory, relaxation

analgesic, anti-bacterial, anti-inflammatory, anti-
neuralgic, antic-rheumatic, antiseptic, antispasmodic,
antiviral, astringent, balsamic, cicatrisant,
decongestant,  deodorant, depurative, diuretic,
expectorant, febrifuge, nypoglycaemic, rubefacient,

stimulant, vermifuge, vulnerary
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il lunsadnidunenszmaimalilunimeaesil 5 1tinRe nuaiL Uznge
2 9
uzue fuAu uaz  ganddda Tnaiufsagulnnwaidaanunaesneg uastiannainniy
1 3 E 4
wanszivglnediAe)deuandly table 2 wazfield duiunenszmaudouaniivinduven

=

szmeudaziia uazianiiunenssivenfidoudszneuste el luntmaas

AauAnall table 3

- Table 2 List of herbs, part used, location for extract essential oils tested in this study

Common name

Scientific name Part used Location
Family
Rose flower Chiangmai

Rosa damascenna Mill

F.Rosaceae

Leech lime fruit Rayong
Citrus hystrix DC

F.Rutaceae

Lime fruit Nakhon Ratchasima

Citrus aurantifolia (Christm. &
Panz)

F.Rutaceae

Sweet orange fruit Chiangmai
Citrus sinensis Osbeck

F.Rutaceae

Eucalyptus leaf and stem Bangkok

Eucalyptus citriodora Hook

F.Myrtaceae
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Table 3 Formulation of herbal essential oil tested in this study

Type of essential oils active ingredient
Rose ail 5%, 10% rose oils + ethyl alcohol
95 ml, 90 ml

5%, 10% rose oils + coconut oils

95 ml, 90 ml

Leech lime oil 5%, 10% leech lime oils + ethyl alcohol
95 ml, 90 ml
5%, 10% leech lime oils + coconut oils

95 ml, 90 ml

Lime oil 5%, 10% lime oils + ethyl alcohol
95 ml, 90 ml
5%, 10% lime oils + coconut oils

95 ml, 90 ml

Sweet orange oil 5%, 10% sweet orange oils + ethyl alcohol
95 ml, 90 ml
5%, 10% sweet orange oils + coconut oils

95 ml, 90 ml

Eucalyptus oil 5%, 10% eucalyptus oils + ethyl alcohol
| 95 ml, 90 ml
5%, 10% eucalyptus oils + coconut ails

95 ml, 90 ml

3.2 msiiusansannuyeiiialdlunisnaaas

d: G =l p = = o = = b= =
mmmnmwmgwmﬂmmmLuﬂumﬂuaanmﬂum@mugﬁﬂ Watiatnaauaiung

uazliaunsodsainreneiinaliluaniwiesd §iiiinig duiulunsfiumuysedive 1l
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[ ¥ b4
NIMARBIALRBIiLAINAN WrayaAaiid Ui lunismaseadiinisiiumnuyedain
=3 ar o=l A:dl I [ ar =l ar = =3 L
wndnissuniduwnainiantinGauaninGeuluianaianseic npanng 3ansiuing 19wl
latiaaat Uy e W N UEEIANAILUNTEATEIRENANEAI NN LU ANATARN LA LAY

PILTINMHY LT LANFBURLNUNAIILNA 25x30x15 TH. NTAIAUNALIAILNTTANENTBY No.1 U

9 v
Uit sasiuAtanszansiag ldunuyedndesas 200 /2 anduiimuysgnaunnd

£ = e =l s = = s = 2 2
H'ENIJQ‘].IG]H']@‘HQQ‘VIB’} FANYUUA Aauzwplulatinisinems ao1tumalulagnszaauiniiEl

W = gy '
AMMIMNTANANTLIS naamny el lunmasesral

3.3 nManasasanuTiuRBTasiiuransTeTiamg e aEd

m’mLﬂuﬁmmfﬁﬂ’wﬂmzmm@mmgwﬁ&u livdaninusilunisinfa 6psnas
@au (KT, Knock down rate) Wazdnsan1gmae (LT, Mortality rate) uazld3snasnaaaaiuy filter
paper contact ANNATNITNARDIUA Yang et al. (2004), Toloza et al. (2008) WAz Rassami
and Soonwera (2010) TAEAIGUHUAIINAGBILLIL CRD H 24 Eﬁ'\mmﬂm (table 3) WAz positive
control A8 malathion shampoo, carbaryl shampoo, lindane cream WAz benzyl benzoate #9u
negative control AalantaLaANRERE waztiuEnEe WudasAmanaail 3 91 wiazdn 1
Wy 20 F1 MINTENTT184 WHO (WHO, 1981) Atliunsnaaasiasld autopipet eAtnTY
NANTZIME UARZTUA LAY positive & negative control ldnTzAINIa1 No.1 fingluanumaans
LAURNAUENAN 5 TN, §9.1.2 T, “l%wjﬁ’uﬁ'mmmwﬁ 20 A7 A NAILUBNTEAIENTEN IULARZA Y
Lﬁfa'lﬁLumgwﬁﬁuﬁﬁﬁﬂﬂ’uuam:mﬂ, positive Wa% negative control tufinuanisnaaailae
ﬁ’uﬁﬁmumfmgmﬁﬁﬁ@unnq 5. UNAAUATL 1 1. %qﬁyuqmma‘wmam UNBATIAALTDILAN
uye AmFuuAnInuinITaaU eI NYEEAg meéism"lmﬂ?iﬂuim TAuLUNTzAN 4N T8
(Toloza et al., 2008) Hﬁd@ﬁﬂﬁ?luﬁUﬁﬂNﬂﬂﬁ?Wﬁlﬁ’adﬂﬂ’rﬁ/ﬁl?’}ﬂ’]iﬂﬂm}ﬂdLﬂﬁuiéﬁﬂﬁﬂﬁlﬂ’ﬁ‘ﬂ’u
F—iﬁmummuwﬁﬁmanﬂj 5 W AUATU 2 TH. UANINIUTFARLNIIAIEIDIUINYETAD 1)
sy Ay Tindauluadnane uazliweuluamiadue s (Tolaza et al., 2008; WHO,
1981) nammaAtiLAuauNYEdTae fasnma iz alaninmuysemnaaalunis

VARBNATIAARLNUNAAIREsTe tie liTuinuan 1A erasm N datnaiieanss AN
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2

P = = < < P . ' . o
dayanldlUdinrzdinanuunun 1 TnaAaeaii 1918 uazuANAIHLANANITe4ARAs ne

a

DMRT #1A1 KT, , LT, LC,,

3.4 nsvnaaalszAndnmnaanihiuenszmeaiacing qRan1g ANy Ed

ANTUNINARAIAILATNITT04 Toloza et al. (2008) uaz Yang et al. (2004) Tl
filter paper method 21UNUN1INAREIWLILI CRD § 21 a;d‘ﬂrﬂﬂ’ad (table 3) waz positive control
Aia DEET dau negative control Aeiniuuzning uazieviauaanssed uiazdmaaedd 3 41
Lwi@:“fiwﬂ%tmméwﬁ 20 52 (WHO, 1981) Tuusasmistmaaessniiunisdaiine Tnszaenses
No.1 AREuMNNANEUEIAUENA 5 T, aantiutianszaeenidiu 2 day dowit 1 veaenda
waanagad (eriaiuizwin) 0.25 wa. doufl 2 veamitfunensswausazelin 025 A,
mn‘tfuﬁ'mﬁzmwmmmqmuumuwmﬂmLﬁumﬁuﬂ'ﬂmq 5 i, g4 1.2 9N, Uanemnuysd
AMLUNTZATHNID ATuAE 20 1 Tufinuanimaaad Ineniuduaumniyediinaeuluatlu
nnfiveatfumessmeaudazain 107 5. 10, 30 uaz 60 wIH ﬁﬁfagﬂﬁlﬁﬁg”mmmmm

¥

An31N191a (repellency rate) Aatl

!

Repellency rate = Nc =Nt | X100

Nc+Nt

Nc = the number of lice in the control zone

Nt = the number of lice in the treated zone

v
ar

Tun1sAnsIdmIINITANE NTaaL Lme?"in*nmﬁyﬁﬁuwﬂmzmmﬁms&wq TN
negative WAz positive control ﬁiﬂmmgwﬁlfu HasAnmetvazdunie nsudnsmniemis
(LT,  Sm3In13aau (KT,) Asinasla (R)  uszAorsdindulunisle (RC, = median
repellency concentrations) ldatiedniauiazifiulsslamTlunminnanimeaaedlwmmniiu

LARAUINAR uazlamnuyueaAtilssAnsnng wazilaaniuaall
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4.1 aamsnaaasaniiiiuisranhiuranssinagingig graimayed
uan1aansly Table 4 Aacazastidunanszme 5 1iin Acsdingu 3 plem® u
UTuNzniI TuNsnEn (negative control) WAZHARATUFN IR IMNAINATIANAIATIE
(lindane cream, carbaryl shampoo, malathion shampoo, benzyl benzoate; positive control)
AANIFARLIBAMINYTNAINITNAREY 30 LAY 60 U1 HANINAARILIT NI TuMeNTTIME
annuauliinaananlummaaed Insduaii liwnuysdaau1i 80.5£3.10% uaz100% waa
NIMAASY 30 UAT 60 WM MINAAL IaafiAT KT, Uaz KT, Wiy 12.72 usz 36.75 w1
9 [} 2
AANANAL AruFnindureusy e iafsesasinfe Uadunanssmeanusnga ganalaa
d1Au uazuzng Anain limaystiasuls 18.3+42.48, 15.0£1.07, 8.30£0.98 UAz5.0£0.83%
ar =i n: =l 1 ﬂy ar = s 2 =
NEINTITNAABY 30 U LAZHANINAABIT 60 Wil Usingdrthifunenszmeeaaldalinam
TuseAuresann AuRosiitureNssaNsnin HxW9 uasdNAulasidnnisaauaaumn
NYwiAD 41.80+8.83, 20.80+4.50, 18.50+2.35 WAz 15.704.05% minadu Tnafidn KT,
WinriL 67.52, 86.15, 102.67 UAx 270.48 WA ANHAIAL WazHiA1 KT,y 9y 113.89, 113.90,
162.61 UAY 680.65 U AUAINL WanFaURgUHANI ARSI NINTUNBNIZ NG 5 1Ta
2
AutuNenT9 uaskAaineindam g aseidna sl dmngdiuasnimaass 30
ot b % 5 1 o o o o ar o

W WsTunswiIa waz lindance cream lafinavinliiuyiaauld Tunaendun carbaryl
£ dr:i 1 = [ & o ar = a = = o k7 a
shampoo  Linanngalunduuaninsinidninianansaidan e Asdnani iy
aayulh 80.20+2.80% T89A9NIAE malathion shampoo WAz benzyl benzoate Huanlimn
HUHETAAL 70.50+1.54 UAY 10.25+1.98% RINAIAY UANAINTEI N InAINITMased 60

=i o 8 dd‘ ¥ Cl = o 73 &«
U carbaryl shampoo flaasllinanngaranisaauaemuysed lnafinailivnuysdaay
16 93.50+5.10% 529AIM1AD malathion shampoo, benzyl benzoate LA lindane cream A
M limnyedasu 1l 85.5045.40, 20.50+3.75 WAz 5.80+0.35% MNAAL uaziilonFauiiay
A7 KT, UA9n141 carbaryl shampoo liinanngn TnatiAn KT, AN4ARe 5.48 U 19984N1AB
malathion shampoo, benzyl benzoate, lindane cream TneiiAn Kl ATl 19.82, 178.43 uas

v ] ]
612.80 WfiRNAIAL souiailauReuiiaual KT, §9wud carbaryl shampoo Hinaniign
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ar

89A9HAY malathion shampoo, benzyl benzoate WAz linedane cream N Kl.qs ﬂd§51.24,
68.89, 310.58 Az 1,020.53 W1¥ AMAAL saadanudniniumenialifinasadamnng
aauraduINyEanaealaan lun1maaes u,ﬂ:ET@wudqﬁﬂﬁuwﬂm:mamnqumu‘lﬁm@m?
wmmﬁ'ﬁﬁNmﬁﬂﬁmep:rﬁﬁau‘l,ummmmG‘anjﬁmﬁﬂﬁmfﬁmﬂmﬂmﬂﬂﬁz}’amﬁ:ﬁnﬂmﬁm
(KT, = 12.72 Wi, KT, = 36.75 W)

nan1MARedll Table 5 AONATINNTLMENTZME 5 T0n ANy 6 pliem® Tu
Yinsfunznsag dusnsig (negative control) UATHARATUNNIAAWNIAINANTANRUATIEN
(positive control) ABNITAALITBIUNINYEEUAINITNAGES 30 W7 Nﬂﬂ’i"]ﬂgrj%{’]ﬁuwﬂm‘:mﬂ
annuauliinadfigalunimasesiaafinainivuyedaau 100% TA1 KT, 1Az KT,
WL 4.67 uaz 8.50 WTAINATAL 78309 AT Ie TN U7 Nznge aAaLlng
warfraulnefnavinlimuyudany 48.85+4.02, 36.70+2.73, 36.70+1.51 Uz 20.0+1.54%
HAINTNARDY 60 WIT Ly RNt saaLIIesUN YA 58.30£3.12, 60.70+10.85,
55.35+10.85 UAz 30.10¢3.15% AINGIAL UATHAY KT, A4TL 45,10, 47.18, 56.88 uAT 158.48
W7 AuAL ToaadaiAn KT, Aef 85.35, 89.65, 128,32 UAY505.24 W mudd dau
mﬁmﬁ’mﬁﬁﬁmmmi,gil:rﬁmnmﬂﬂﬁﬁ’qLmﬂ:ﬁ*xfuuﬂﬂmngrjwﬁqm?mam 30 W1 carbaryl
shampoo  liinannan Taailnain limuuwdasy 81.7011.98%  se1adu1fie malathion
shampoo WAL benzyl benzoate ﬁwﬂﬁﬂﬁmmgwﬁﬁﬂuﬁdi{?OEDﬂ.54 Uz 15.041.83%
AMNAIAL 49U lindane cream  ldfinadanIsAALA UM NYEET UAINIINAREY 60 WIT HA
Usng91 carbaryl - shampoo  flaasliinafiia lun1mnasdlasfinanaliionuysdais
95.70+7.50% TR4AIN1AR malathion shampoo, benzyl benzoate WWaY lindane cream Huam
iayedag 85.35£510, 20.70:7.50 Waz 5.0£0.54% Aiwddy TnendleFauidiaus
KT,, L1 carbaryl shampoo Witaddign lunimasesidudulaniie KT, fesfiandie 5.40
U1 7898911AR malathion shampoo, benzyl benzoate WAz lindane cream AN KT, fail
18.79, 184.90 uaz 602.45 WM AINATA UAzHA KTy, FaTl 12,75, 66.89, 330.55 UAE
1,039.87 W Mg souedanu AT unE Wiy negative control luifinangns
AALIIBIMINYHERaaAaT UM TAaeY

uanTnaaedlu Table 6 Aanavesinduvenszme 5 4ia Anadindu 3 prem® lu

2 &
WITUNENE9 T UNZNEI9 (negative  control)  WASKAR AN AWMNATIATAUATIZH

(positive control) ABNITANEIBIUINUHENAINIINAALY 120 WIT HaLlsngdniunanszme
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nuanulinanngalunimaseenednant liuvnugeenig 100% A1 LT, uay LT, wiiy
14.50 WAz 22.10 UM 989A9NNAD carbaryl shampoo, malathion shampoo, Sﬂﬁugﬂﬁaﬂﬁﬁ,
benzy! benzoate, Jﬁﬁuuﬂu?:Luﬂu:ngm, difumenssmenzg, difusensamedud s
lindane cream Imsduainliiiviuusdnng 73.50£8.15,  70.18+7.50, 43.35+10.80,
30.20+4.70, 25.5041.37, 25.10+1.45, 18.70+4.15 WAz 1.70¢0.54% muaiu laeiAn LT,
FaTl 15.18, 30.15, 125.75, 285.08, 500.43, 583.63 AT 638.79 WT AAAIAL suvaiiAn L
ATl 28.86, 60.80, 228.54, 604.51, 1,131.14, 1,135.49 Uz 1,140.18 W1H ML asidlsf
A WL Wi9ae 1Tl negative control TifnasianagaaeaINY
nansmanadly Table 7 ABNATeATUMaNTEIME 5 THa A1y 6 uliem’ lu

WduNznEn 1TUNEN39 (negative control)  WAZRARAUFANAIMNIAINANTIARAUATIZE

(pOSitiVB COﬂthl) Eiﬂﬂ'ﬁﬂ'm“ﬂmLuﬂugﬁﬁﬂﬁ\?m’mmﬂm 120 u'ﬁ;] N@‘Ll?’m{]d'] ﬁ’lﬁu‘lﬂ'ﬂu
A Lo o g @ - 2 T aral
?xlfﬁﬂQﬁﬂ'lﬂllNﬂﬁﬂﬁﬂiuﬂq?ﬂﬂﬂﬂqﬁfﬂ&lﬂLﬁqﬂlélﬂ'ﬂﬂqﬂ 100% THAN LT50 ez LTQO AL 4.83

WAz 9.60 UM ANNANAL PAIANHAAR carbaryl shampoo, malathion shampoo, tsfunay
TTAMBNENGA, iﬂﬁuu@uimm@ﬁﬂﬁﬁ, dfunenssmenzuae, daluvenszvedudu,
benzyl benzoate uas lindane cream Tnafinavinlimiuuueanig 73.8048.10, 72.50+12.15,
68.70+7.80, 65.80+10.03, 60.17+4.48, 45.33£10.64, 30.70+8.14 WA 28.505.4 ATNAAL
TneififAn LT, tinfiu 10,15, 28.85, 50.70, 57.10, 58.70, 112.56, 264.68 unz 650.45 w1
ATNRIAL WATHAILT,, Fil 25,78, 45.28, 92.80, 110.50, 124.50, 20923, 54156 uaY
1,138.20 WM AINGIAL Immf’]ai'uu:w’éwmﬁuﬂﬁiﬂm?mﬂﬂnmm’mlémfi

nan1Taaedly Table 8 AaNAUETNTUNENTEIME 5 TiA ALY 3 pliem® Tuie
NEALAANDITA LAVDALAANEEAA (Negative control)  WATHARAIFANI4ALUIAINANTIAT
&3ATIZY (positive control) ABNITARLYIBIMIHNUEENAINITNARES 30 U1 m@ﬂﬂngfhﬁ'}ﬁu
wauszvanuanylfinadignlunimaaedasfinainliwuysdacy 100% el KT, uas
KT,, WML 6.34 uaz 30.45 U 9894911A8 carbaryl shampoo, malathion shampoo, gt
NBUTTIMEINZNIA, iﬁu”uwamzmﬂqmﬁﬂﬁﬁ, driTunanszve fidu, benzyl benzoate ua
ihmenss ez Tmﬂﬁmﬁﬂﬁamwwﬁﬂauﬁqu80.3011.03, 73.30£1.80, 21.70+1.32,
20.0+1.89, 13.30£1.96, 10.0£1.10 uaz 5.0£0.83% mudnau laeninufuazwing ua lindane
cream THHNAABNNTARLVDUMIHYIE UAINITNARDY 60 mﬁmﬂmﬁmﬂmﬂmﬂgdwfﬂﬁumu

szmanuatu liinaangalunimaseddaeiinaii liimuysdaay 100% 999a981A8 carbary!
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shampoo, malathion shampoo, iﬁﬁuﬁﬂN?tLMﬂutﬂgﬂ, ﬁﬁﬂ’umm:i:magﬂﬁﬁﬂﬁﬁ, ‘Li/ﬁsi’uwau
sumedinAn, TiveNEMENEI, benzyl benzoate WA lindane cream laainanilimn
nyedaauli 90.3045.10, 85.10¢5.40, 25.15+5.45, 21.17:0.60, 15.80£3.50, 15.0+1.80,
13.35+2.11 WAY 3.150.45% muaau TaalaAn KT, winril 6.34, 7.83, 20.22, 90.96, 109.98,
203,12, 205.97, 218.09 UAT 236.72 U AN PINATIAN KT, Wiy 30.45, 46.59,
62.76, 182.35, 190.61, 310.58, 351.80, 330.55 uax 534.45 uM mua1AL Ineensa
uaaneaed kinasen1saauIsuINYEERaAaT luNMAsE

HannInaaadly Table 9 AnLATaITIMaNIT Ve 6 Tiin A iy 6 ul/em” Tue
NEALBANaFad (negative control), - NARANTNNGANYEEIAIMATANAILATITT (positive
control) FAENIFARLYBUMNNLEE UAINITNAAEY 30 WAT ﬂﬁ‘ﬂﬂ{]‘i’]ﬁy’lﬁuﬁﬂuﬁ‘zmﬂQ‘Wﬁ’]‘l.lﬂl,ﬁ
N@ﬁﬁ@rﬂ‘lumiwmﬁm Tnadnain liwnuuedasy 100% 1A KT, wazAl KT,, Wil 6.14
uaz 13.57 WA AMNAAL T898981AR carbaryl shampoo, malathion shampoo, Yrfumen
sz AL AA, ﬁyﬁﬁumm:mauzngm, YinsTumenssmednA, dilumenss BNz uAs
benzyl benzoate lagiHtNNLEEAALIAL 80.30+2.03, 73.30+1.81, 60.50+.1.54, 45.0+2.73,
38.50+1.47, 36.70£1.65 Uaz 20.0%1.85% MAINA1AL lAY LANFALDANEERA WAT lindane
cream LUHRAABNIIAALIBIMINYEE UAINIINAREY 60 Wnlsngdn umenssvenvaL
danalinabiaalunimageddneduanilimauyuiasy 100%  tedasunfa carbaryl
shampoo, malathion shampoo, ﬁ%ﬁuu?}m:mﬂqmﬁﬂﬁﬂ, iflﬁ'uwam:mamngm, Yifunay
smBNAY, TTMeNTEMNEN, benzyl benzoate: Uas lindane. cream  Saiuainlimn
NL}HETZQ@U 93.30+5.10, 85.0+4.40, 63.33x11.60, 56.70+7.60, 40.10+£5.15, 38.53+1.80,
22.80+2.53 A 5.040.44% ANAWY unziiiefouiauan KT,y uaz KT, wioilmngd
‘Li"wﬁuwﬂmzmﬂqumui’:’mﬂﬁnaﬁﬁthnﬁimmaﬂqimﬂﬁﬂ'ﬂ KT,, WAz KT, ﬁ@aﬁqm 6.14 UAY
13.57 W1 9R98911AR carbaryl shampoo, malathion shampoo, ﬁﬂﬁuwamzmaqm?zﬂﬁﬂ,
iﬁﬁummzmamngm, Siume sz e AL, TiaNIsMEzINg, benzyl benzoate LAX
lindane cream InafiAn KT,, Aa 6.18, 17.22, 19.17, 43.76, 140.71, 142.71, 180.78 uay
610.55 Wit AudnAL s1aiaiiAn KT,, Winfil 46.59, 62.76, 139.71, 153.61, 428.58, 473.32,
558.47 Uz 1,103.78 WRALANAY Tneiaviauaanasad 3ailu negative control 1iliiflna

FANITARLIIBUMI N LT AAaAAT UM INAAEY

4 A O A4 MNNO)
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HanTARedl Table 10 AanATaNTUMANTEME 5 100 Aoy 3uliem’ T
VEALBANDIRA 1AVTAUBANATRA (negative control) WASHARAUTINIAANYHHAINETIAN
&A1z (positive control) ABNITANHTBIMNNYLE UAINITNARED 120 WIT wudTuven
szianrant linadfignlunimasasinefinaialifiviayedang 100% sosadnie carbaryl
shampoo, malathion shampoo, benzyl benzoate, ‘L{ﬁﬁuu'ﬂm:mamngm, ﬁ”'lﬂ'uwam:maﬂu
pALIE, 1iumesssie dAy, hiiumenstmenzng uas lindane cream Taefinainlifon
N‘Lé‘.l:ifjm’]ﬂ 85.0+5.40, 66.70+8.10, 30.30+£1.80, 25.20+£3.50, 25.17+1.60, 15.90x1.58,
15.0£0.25 UAz 1.85:0.54% MINAIGL IaaflAT LT, Vil 20.98, 23.30, 285.49, 552.74,
596.16, 619.53, 670.97 WARANG WL Taefien LT, 284 lindane cream lianunsnAuanili
wsnanTiganudnilen 47 §ail 669.61, 680,57, 695.73, 1,050.52, 971.21, 1,167.59 uaz
1,170.38 W1H AANAAL T9An LT,, 184 lindane cream laianuasnmianli e anLdn e
VBAUDANDEDA [T NAABNTAIHIBIMINY T AABAATIUN1TNARDY

HannmAnesli Table 11 Aanatindunenszive 5 aa aniduiv 6 pliem’ lulansa
uBANaaed 1aNIALEAN8aaRA (negative control)  UATHARAIINIR I EANNA1TIAT
Az nAINIITMAALY 120 U ﬂmngdwﬁ%ﬁumm:maqumu’lﬁmﬂﬁﬁqﬂumimmﬂm
Eﬂﬂﬁmﬂﬁ’ﬂﬁmmgwﬁmﬂ 100% TRNANNAAD carbaryl shampoo, malathion shampoo, liﬁﬁu
NaNTEIUEIEARLAE, ﬁyﬂﬁ’uﬁﬂm:mau:ngm, ez medidu, Tiiueussimauzina,
benzyl benzoate UAY lindane cream lasinani liinuyEeiATe 85.50+8.10, 68.30+7.50,
63.50+12.80, 56.70+7.60, 40.105.15, 38.83+1.94, 35.0£8.54 Az 1.70£0.75% MINAGU

ar

eu ey ioy LTy, WA% LTy, udarlsngdn iﬁﬁuu@m:maqumu ﬂﬁ‘rﬂ’ﬁa@m‘lumwmﬂm?mﬂ
fidn LT, uazlT,, veuflgafie 1223  uwax 2017 wA# madIfL sesasunAe carbaryl
shampoo, fﬂﬂ’umm:maqmﬁﬂﬁ@, malathion shampoo, ﬁyﬂﬁuuamzmﬂmﬂgm, ﬁﬁﬁuuﬂu
semediuan, benzyl benzoate uazisuveNszmEnzung el LT,, fail 14.89, 18.97,
20.30, 43.76, 140.71, 264.68 uaz 304.72 U ATHAAL WAZHAT LT, Tl 650.97, 669.61,
39.71, 153.61, 428.58, 541.96 uaz 770.91 w1 mua1au Inseniausansgas inananis
FNEUEN U THYHEIAAEANTNARDY

nan1snaaadlu Table 12 Aa LC,, (lethal concentrations at 50%) “]J'ﬂﬁ‘li"li:l’uwﬂﬂ
szwie 5 1iln lwinuiumeniie uasielaueanesed wazHARF AR ERIN @ TIAR

duamzi animaseddsngdniniumenszmennailaluihiiunewinlinan lunasiadnm
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=

ugﬁ:rﬂ"lé’mnnfiﬂumw‘ﬁmmaﬂﬂa‘mﬁ‘Eﬁﬁli’lﬂuwauitmaqumuiﬁwamﬁqmiﬂaﬁm LC,, lat
ﬁqﬂﬁﬂ 1.3 pllem’ TtirEnEg uas 1.40 ulfem® luensaLeanages dautinsfunanszive
Tiinu (utinifunznie)ilinai luszdusesasnie 1iunenssmagaalaa uzun
nznge uavdnau Tnafiaa LC,, iy 3.10, 7.50, 9.30 waz 18.0 plicm’ ANATGL UAZHANIT
neaeTesiTumaNTEIE 5 100 "Luvaw%mmanaaaﬁmfuﬂ’aﬂﬁngfiﬂﬁ/ﬂﬁummzmaqumu'lﬁ
naRfianlunmaaes Inefien L., il 1.40 pliom’ 1e4a9unie iﬁﬁummnuﬂgmﬁﬂﬁﬁ
nru9 Nenge wazdnau taefiAn LC,, winil 3.20, 8.30, 10.10 waz 22.0 pcm® AANATAL
FVFUNATBINARS U IARMIAINAATIdATIEiNLIAY carbaryl shampoo ’lﬁmaﬁ‘ﬁqﬂ‘ima
#A1 LC,, 711119 2.0-2.10 pifem’ 389898778 malathion shampoo, WAz benzyl benzoate Fail
AN LC,, 551919 3.0-320 uax 21.50-24.30 plicm’ AINAIAL 491 lindane cream i@ mnsn

AuAAN LC,, 16

4.2 pamsvaaadbunisiamnuysdraniiuuansseainme
naNTTARaed W Table 13 Aenazasniiunanszve 5 1hnal1udindu 1.5 piem® Ty
UUNEWTI9, DEET (positive control) uaziasiunznna (negative control) sien1slamnuywe

WAINIINAAS 5 WA Usngddunenssienuaiy uaz DEET Winalunaslamuywds

'
=

flan 100% setasAe HTueN s ELZNG TiueNTsvENENgR YTumensTmEYRY
auia hiluveassnedudn uazintuiewiie Tnefiualumslawnuuedls 600, 60.0, 50.0,
50.0 uAT 5.0% MINAIAL HdINIIMAREY 1017 Lsangdn DEET Winadngalunmmaaaslng
o 15 00.7045.7% sasasmnAe dumanssmen ey 2xune uenga AuAn uazgan
avsa lneinalunislawuyedlh 70.040, 53.548.3, 55.3+2.4, 45.041.4, 40.0+0% ANNAAL
ﬁquﬁqﬁuu:w’éqQ1ﬂﬁwaﬁianﬂi“idmewi}' UAINIINAREI 30 U Nﬂﬂ?ﬂﬂ{]’iﬂﬁ"]ﬁuﬁm\l
szmsnuauinadigalunislamnuystlanannsoldmansdld 65.3:3.3% seasnie
DEET wniuvenszmanzngs fadu gardUia wasuzung definasianiglsmnysdaae
55.543.7, 45.5+1.4, 45.041.4, 40,040 Uz 35.8+1.7% AMAWL dmFLN1MAREIT 60 w7
dsingin fﬁﬁuuﬂm:mﬂf;umu uaz DEET Winadianlunimmaaes Gedualunglamuygud

9

35.0£1.7 UAY 35.0+2.4% AINAIAL TRNAINNABTNTUNENTEMENENTA HEU0 BATRLAE uay

=

&uau Tnefinalunarlawuywd 16 18.5623.70,  15.01.4, 10.65+4.5 WAz10.3+3.4%

pnA1Y daunnsiunsniioldfinasenislamnuyeeiclungd 30 uaz 60 windIN1TAae
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=

Sadienuuifeudl RT,, (Repellency time) natls1ngd1 DEET ’Lﬁwmﬁqﬂumwmmimaﬁ
AT RT,, @9AARD 32.65 U UNIEAYINGY DEET atmnsnlavisailasiumnymeladliidinnn
sunauliuiudaie 32.65 WA Ta9ANN AN TEMENUAL N2NgR MU0 HaAU uazt
Aradsa Tasaursotlesdumnuyud il runoulilunean 30.85, 20.55, 18.53, 8.75 uac
8.50 umuANAL dauriuiumewino bisunsnAunnen RT,, &

nan1maaasiu Table 14 Reuasasinduvanszwe 5 9iin aorudindu 3.0 plicm? lu
vfunsning dfusensag (negative control) WA DEET (positive control) ABn7laMHYEE
uFINMAaes 5 witlsngdn difmenssmenuanuiuadnaalunimaaasatanls
sl 100% sesaRetnTueNssHINEING uEngn KU ye@lTa DEET waziiniiy
neni1n Ingdnalumslamauyeeils 95.551.4, 90.040, 90.00, 90.020, 80.0:0 UaT 5.0:0%
ATHANAL NAINTNAAEY 10 U7 umjmngfjﬂﬁ’ﬂﬁumm:mﬂqumuﬁﬂﬁm@ﬁﬁqm’lunﬁ
naaaslnsiinalunslawnasd 16 100% sedRuN A TN EE LAy apaLsa dzngm
Nzu19 uay DEET Aualunaslamanymeils 90.040, 90.0£0, 85.8+2.4, 80.5+0 UA80.0+0%
FANAIAL AUNAINIITNAAE 30 HaATINg9n ﬁ’ﬁﬂ’un@u?xmaqmmﬁqmiﬁﬂaﬁﬁqmiumi
naaadlngarnmnldmnuusdll 80.54370% Mgy sedasatiniunensmeduiu
uzn3n DEET gAalsa uazuzun diinalunislamnnuyuedX 80.000, 65.0£1.7, 55.9:2.4,
55.8+1.6 UAY 55.0£2.4% AINAAL A uTUNan1TNAae lWaaT 60 mﬁﬂmﬂgdqﬁwﬁumu
szmenuanufeadliinaniigniuntmanesineanunsnlawnuuwdly 556:2.4% 1e9asunie
TifumenTz e EAL Uznga gAALFE 110 uaDEET fiualunislimnuywedl 50.0:0,
45.3+3.3, 30.0+0, 30,040 WAL 26.7+1.7% MR dautinuuywinaliannsolaimuyee
1lunan 10, 30 1a2 60 W7 uAINITAREEeFLIfiEuAT RT, Naﬂmﬂgdf]ﬁ%ﬁuwﬂu
szmanuauliinannaninas o laldlfisnuusdurunauliuuiandden RT, wiafu
68.85 N7 savasnAe WTuvenszme fnAy HENGA MWD gAnALRE LazDEET Tnafiualy
nglawuye 6 s2AUTa9aIHN waziiAn RT,, Winfiu 58.70, 55.80, 45.0, 35.65 uax 35.55
U RANAAY Ao winn g saduann RT,, 1 TERRa s lamnuysdly
svezinandu (5.0 wil)

HanINAaadlu Table 15 AANATATNITUMANTEWE 5 THAAILELIL 1.5ucm” lu

LAVBALBANDTES WWNTALEANEEAA (negative control) WAz DEET (positive control) Aan17la

wnnyed nanmasedlunat 5 Wil dengdn DEET linaangalunimaasslauaninsls
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WNUYEE A 85.70+1.7% TENANNIAD UIHUNBNTZIMENUAIL EARLAR NZU10 Nznga uazd

8
o o

3u Radnalunislemnuyedaoil 855624, 853:34, 75737, 75.3+3.3 uax 70.0+0%
ATNAIAL NAINITNAAES 10 WIN mfmJmngfifl{iﬂal‘n’uwau':;:mﬂqumuiﬁm@ﬁﬁqmiunwﬂmﬂm
Tnafinalunislamnuyuels 85.041.8% 7898911AD DEET ﬁﬂﬁuwﬂm:magmﬁﬂﬁﬁ VEATRD)
uzngn uazduau Sailualunislamuyusdlddl 80.0£0, 757413, 70.0:0, 60.0:0 uaz

60.0£0% MINAAL nAIN1TNAREY 30 wAtiTIngdn dluvenssimanuatuliinaangnlunis

noaadlaainalunislawnuyudld 55.8043.3% sodasuiAe DEET 4NAu uzi1n gatddsa

%
e ar =l

wazuznga aeiiualunnslawuymdaall 65.742.70, 56.542.3, 45.3:3.5, 40.0+0 uax 35.0£0%
AINAIFL UAINTNAGEY 60 1T nan1snasestlsnsdn DEET Winangalunmasasinalu
narlamuyutli 35.842 7% sasaeHIRe ﬁ’qﬁuuamzmﬁqﬁmu HEWID HENGA UaTHNAUl
nalunislawnuued i 20.040, 15.3+4.3, 13.4+1.3 LAY 5.4+1.8% ﬁ?ﬁuﬁﬂﬁuuﬂmzmaqm
ausa Bidnalunsldwnaysd udainnmases 60 Wi panANItan LN lavisaueanaaed
(negative control) lafitialunislamnuysdnaanszazinatlunimaaes e fuuifaud
RT,, 137100791 DEET Vinarnanlunsmaaedanaiuirnls winuued liilfisnsunauléqeaniae
35.85 u (RT,, Wiy 3585 ) ?ﬂqmmﬁﬂﬁpﬂﬁummzmaqumu AuRu 9zun0 gan
auda uaznznga lnefldn RT,, ATl 30.56, 2867, 25,30 UAE 20.75 T AuAL dortavisa
uaaneaed (negative control) lifinalunaslamuednasainarlunimnaaas

LN MARadIL Table 16 AenaTaNTITUMaNIZME 5 T0n ALY 3ul/em’ lula
NDAUDANDEDA LOVDAWBANDEA (negative control) Waz DEET (positive control) Aen17laiund

Wy nan1maaadlum 5 wii ﬂ':mngd'uiy']ﬂ’uu@m:maqumu‘iﬁmﬂﬁﬁqm‘lumiwmﬂm
Tnefinalumslanangsd1s 100% sesnaneindunenszmeuzig ganadsa uznga dudu
waz DEET  dualunislamuyuedl5 97.010, 86.642.7, 85310, 85.0+0 WAL 85.0¢0%
AMNANAL UAINTNAREY 10 UIN ﬂiqngdﬂﬁwﬁuwﬂuixl,uaQumuiﬁﬂﬂﬁmaﬁﬁ@mlumﬂzﬁmﬂ
nysdlnaaimnsalannuysed 100% se9a901AD STz nzng yARLAE da
Ay uaz DEET lnedinalunislawnuywdlll 97.040, 85.3+3.4, 85.0+0, 80.5£1.4 UAz80.0+0%
AL udINMAaes 30 WiltnalsngdniniuenssmenuatuLaziznga el
nsmaaeslnsannsalsinuupdll 755613 1Az 75.562.4% AuidL teaaunAeiny
UANTLIMBNTUID ANAU DEET  wazgandlda dualunaslamnuyssd 75.341.4, 75.3+1.4,

56.6+1.7 UAY 53.3:3.4% ANA1AL AuFuranimmasedlungn 60 w dsingdninduven
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szmanuatudapalinangaanineinalunislamuywdls 40.0:0% sevnanAeinTuren
szmedaEu DEET wzuna wzngn uazga1ausia defiualunislamnaywdl® 35.0:0, 30.010,
25.041.7, 20.040 Uz 15.7+1.7% mudAsL WenBeuReus RT,, wudniniumenszve
feumnafiaeniiuinTugaidddaliiuaing DEET LL@:ﬂmﬂguarjﬂﬁ/wﬂ’w'amzmﬂrgwﬂulﬁ
naRgaRaunsnlamuyedlbiliusuniulfuiuiigalneiidl RT,,  windu 52.85  wil
50989HAE TiTumenss e iy NENIA WU DEET uazgpAuda Ineildn RT,, wiadl
48.50, 45.58, 45.35, 38.67 uaz 30.80 U AMNANAL daulaniauaanagas (negative control)
ifnalunslamuystinaannarlunimeaaes

HANTNAaadlY Table 17 ABNATRIAN RC,, (50% repellency concentrations) il
Ardiureninfunensave uaz DEET finalunisldmuuyudll 50% teamuyudili
Tunsmaaaa Naﬂﬁﬂgdﬂ‘l‘fﬂLTuwamzmﬂnn"nﬁmiuﬁlﬁﬁuu:w’éqqiﬁwalnmﬂdLmugmﬂlﬁ
Andnluensaueanaaad LLﬂ:xf’lﬁumm:maLﬁﬂunnmﬁmﬂﬂaﬁuﬁq;J’uwam;magmaﬂﬁﬂ
Minalunglawnysel#angd DEET dwFUNanAREIB I EN T e LW
Usngdiniumenszmenyan inariigalunimanes Tnafid Ro,, tisafigaie 1.6 plom?
wneas e nanuTgisluns s gl e e
Lﬁniﬂﬂﬂ’mm’:?nia’mwugmﬁléﬁﬁmnnfi’wﬁ"}ﬁuuﬂm:mmﬁﬂﬁu’] WAz DEET dwiunanis
NAAeITALsERHRE NN T RAY Hznga Hzung DEET waziiuvenszmegan
Ala GailAn RO, i 3.5, 5.1, 6.4, 12.7 uaz15.8ulcm’ Aua1iy drusanimeasdliie
m%mmanﬂa@ﬁﬂﬁngdﬂﬁﬂﬁw@m:mﬂqumuﬂ’ﬂﬁuaﬁﬁqﬂhmmmamimgﬁ@h RC,, Winfiu
a6ulicm’ TaenenTAe WsuaNTzmeANAY Nz 1znge DEET wastiilumenszmegan
avlsia Tnaiildn RCy, 1 4.8, 9.6,12.5, 12,8 WAY 15.9 plicm’ ANAAL

uannmaaesly Table 18 - uaz 19 Aenatasinfuvenszmanuatuagudiniu
sulicm’ Wiintunswsng uazivBALEANaERs HENIARLIAZNITANETRITIEE uazTiAaTY
dindin 3 piem? hninfunzwing uazievidaueaneaed tunslamnuyud %qﬂmngmmﬂﬁy’\ﬁu
u@m:mﬂmeu“lmfm’uu:w’éﬂﬂﬁuﬂmiwmamﬁi”ﬂuma‘mu n1mane uaznslamnuyue i

Andluensauasnagasd

9
]

AMNRANITNAREIATHLIIINTUMENTTIENUATU THRARTINAENTAAL NNFAE LAZNNT
Tauywd Tnanwudinaodndiugs suiem’ Winafuinnda# 3 piiem® Sanalunaslailiiug

Tl luuuanrafeafuaefadndn 3 prem® Winalunslalddnd 1.5 piiem® dauiu
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H 9 2 k2
dourlsznaulflunsuantnimenszieainsepiunatsngd tduszwiie dudounas
nhnInndeniaweansasdialunisla uazsdanisaareamiuysd sauiedalsnguada
wdunenszmenuaue liinanimaaesnndindniusinidnmnainansiaiidaunmsinng

40m 29uaan sl lunslawnadiag (DEET)

s

asiqlsinuLTunatumnnz lunsazi WS unan A et N1 97196 110

q

i
oed

uyrtniaulaanivseflfqge vsziidunanszmanuatuiun Midudoudsznaulu

U
1 -2 h- 73

WPATRIANDNANANETLA TIaAAEIATEA aANITAALaY fTalea Wauuaiiize 1n5a Aans
néuillaiiey (antispasjimodic) WHAMNEANYNIINA (aphrodisiac) HrnanIuinIuNa il

ukavIe32 U396y feszune duszn (emmenagogue) M ltinauuay sriudszaim g
¥

ar

1 2 i
$1ane (tonic)  Iaaluniemranfanusittnided i duvensomanua vt

L4 3 2
Usz@nininandaalunistndnieininie anla wasAndan fuidaasnaIn1finlge

q

<4 as g © o 4 E 1 [ o Y v
1047 ULALALE Unpanngn anaanisilantsssninen ufidaniies wazlfuaunaeeiluulilin

ar

Auidlssanmaunininngnun® (@i Insadang s, 2557; mituan, 2557)

& e

v ]
PITNHARA A M AT s Tiematadounn udeniundniugiann
= r:’/ N ) dl‘ = ar L] s i 1 -:-lgl l
ANTLANANIATIZIINAIN carbaryl, malathion WAY lindane EJNNﬂmnmmm@mmﬂmﬂmmﬂu
Uaeadtlunsbunlindauusa idudnpmsizaisinidans e igasnnlilunis

AdnuuasARg NN ineas i datududoulszneuaaandnAudn1damnuyen

=

E4
i ldiudniudriindunmeetsnn meazidnliiniiumudeasiaidaassingnil

'
il

saunuAn e lignsn fuars i lafusanuendianaels asfisneaudianeg
1 ¥
waeAutina N suiile i uandusiiidaunuuedainaisaldanssid e puantgul

7789747 malathion  MTudaulszneulunguniidnmnuysiiiuinansenuin liszuy

ar

AAnAlusemaAndeue uasinemliung dou carbaryl  Aiflugauilszneuvautuy

o

N
a
Adnmnyrduaetiainansenusdaszuunisadyiuinasaan inliAausiludn i
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Ghaffar and Semmler, 2007; Forrester et al., 2004; Madke and khopkar, 2012)
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5.1 dgilnanisise

anuan1sAnEANluiy uszgnilunislaresiniuvensseainguany uenga

¥ a el - i b winr il

Nzun AR uazgAAURaRe N NYE (P. humanus capitis) TiuwuagL Ffadl
5.1.1 dfunenszwmenis 5 alialwinfumewialinaaisanudufivuasgnilunis

lawmnuystand luensaueansasd

5.1.2 dnuvensTmennainiszAuadindugs 6 piem® uas 3 pem’ Winanasie

NsARY N13ane uaznIs lamsyednndianudindu 3 piiem® uaz 1.5 plicm’
uy ar £ = 3 ' { L 9
5.1.3 ihuwenszmanuauinafiaden saay e uaznislawnuused Tos i
HARNINNIIHARAUT NI AUNIANATIATIAILATIEV (carbaryl shampoo, malathion shampoo,

lindane cream WA benzyl benzoate Waz DEET)
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Table 4 Knock down activity of five essential oils in coconut oils and chemical pediculicides

against head lice at 3 pl/(:rra2

Treatments/time (min.) (%) knock down L Kl
30 60 (min.) (min.)

R. damascenna oil 80.5+3.10a" 100a .79 36.75
C. aurantifolia oil 50+0.83d  18.50+2.35d 102.67 162.61
C. hystrix oil 18.30+2.48c  20.80+4.50d 86.15 113.90
C. sinensis oil 8.30+0.98c ~ 15.70+4.05d  270.48 680.65
E. citriodora oil 15.0+1.07¢c 41.80+8.83¢ 67.52 113.89
coconut oil (negative control) Od Oe 0 0
lindane cream 0d 5.80+0.35e 612.80 1,020.53
(Hexin lice killer Cream®}
carbaryl shampoo 80.20+2.80a  93.50+5.10a 5.48 51.24
(Hafif shampoc)@)
malathion shampoo 70.50+1.54b  85.0+5.40ab 19.82 68.89
(A-Lices shampoo®)
Benzyl Benzoate (Khun Lung®)  10.25+1.98c  20.50+3.75d 178.43 310.58

¥ 9% knock down in each column followed by the same letter are not signiﬂcéntly different
(one-way ANOVA and Duncan’'s multiple rang test)
- KT,, = 50% knock down time

¥KT,, = 90% knock down time
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Table 5 Knock down activity of five essential oils in coconut oils and chemical pediculicides

against head lice (P. capitis) at 6 pl/crn2

Treatments/time (min.) (%) knock down KTSOZ KT%y
30 60 (min.) (min.)

R. damascenna oil 100a" 100a 4.67 8.50
C. aurantifolia oil 48.85+4.02¢ 58.30+3.12¢ 45.10 85.35
C. hystrix oil 36.70+2.73cd  60.70+£10.85c 47.18 89.65
C. sinensis ol 20.0+1.54d 30.10+3.15d 158.48 505.24
E. citriodora oil 36.70+1.51cd  55.35+10.85¢ 56.88 128.32
coconut oil {(negative control) De Qe 0 0
lindane cream Oe 5.0+£0.54¢e 602.45 1,039.87

(Hexin lice Killer Cream®)

carbaryl shampoo 81.70+1.98b 95.70+7.50a 5.40 12.75
(Hafif shampoo®)
malathion shampoo 70.50+1.54b  85.35+5.10ab 18.79 66.89

(A-Lices Shampoo®)

Benzyl Benzoate (Khun Lung®) 15.0£1.83d 20.70+7.50d 184.90 330.55

¥ % knock down in each column followed by the same letter are not significantly different
(one-way ANOVA and Duncan'’s multiple rang test)
? KT,, = 50% knock down time

KTy, = 90% knock down time
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Table 6 The mortality rates, LT,, values and LT, values against head lice among five

essential oils (in coconut oils) and chemical pediculicides at 3 |JI/cm2

Treatment

(%) mortality at 120 min. ~ LT,;” (min.)

LT,,” (min.)

R. darmascenna oil

C. aurantifolia oil

C. hystrix oil

C. sinensis oll

E. citriodora ol

coconut oil (negative control)
lindane cream

(Hexin lice killer Cream®)
carbaryl shampoo

(Hafif shampoo®)
malathion shampoo
(A-lices shampoo®)
Benzyl Benzoate

(Khun Lung®)

100Ya 14.50
25.10+1.45d 583.65
25.50+1.37d 590.43
18.70+4.15d 638.79

43.35+10.80¢ 125.75
Oe 0
1.70+0.54e 838.83
73.50+8.15b 15.18
70.18+7.50b 30.15
30.2124.70cd 285.08

22.10
1,135,49
1,131.14
1,140.18

228.54
0
1,240.24

28.86

60.80

604.51

Yo mortality in each column followed by the same letter are not significantly different (one-

way ANOVA and Duncan’s multiple rang test)

7T, = 50% Lethal time

YT, = 90% Lethal time
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Table 7 The mortality rates, LT, values and LTg, values ag'ainst head lice among essential

oils (in coconut oils) and chemical pediculicides at 6 pl/cm®

Treatment (%) mortality at 120 min. LT~ (min.)  LT,,” (min.)
R. damascenna oll 100"a 4.83 9.60
C. aurantifolia oil 60.17+4.48c 57.10 110.50
C. hystrix oil 68.70+7.80bc 50.70 92.80
C. sinensis oil 45.33+10.64d 112.56 209.23
E. citriodora oil 65.80+£10.03bc 58.70 124.50
coconut oil (negative control) of 0 0
lindane cream 28.50+5.40e 650.45 1,138.20
(Hexin lice killer Cream®)
carbaryl shampoo 73.80+£8.10b 10.15 25.78
(Hafif shampoo®)
malathion shampoo 72.50+£12.15b 28.85 45.28
(A-lices shampoo®)
Benzyl Benzoate 30.70+8.14de 264.68 ' 541.56

(Khun Lung®)

Vg mortality in each column followed by the same letter are not significantly different (one-

way ANOVA and Duncan’s multiple rang test)

?LT,, = 50% Lethal time

¥LT,, = 90% Lethal time
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Table 8 Knock down activity of five essential oils in ethy alcohol and chemical pediculicides

against head lice at 3 plicm”

Treatment/time (min.) (%) knock down KT502’ KT%&’
30 60 (min.) (min.)

R. damascenna oil 100a” 100a 6.34 30.45
C. aurantifolia oil 5.0£0.83e 15.0+£1.80d 205.97 351.80
C. hystrix oil 29770+1.32¢c 75kt Sbe 90.96 182.35
C. sinensis ol 13.30+1.96cd -~ 15.80+3.50d 20312 310.58
E. citriodora ol 20.0£1.89c ~ 21.17+0.60cd  109.98 190.61
Ethyl Alcohol (negative control) Oe Oe 0 0
lindane cream Oe 3.15+0.45¢e 236.72 534.45
(Hexin lice killer Cream®)
carbaryl shampoo 80.30+£1.03b  90.30+5.10ab 7.83 46.59
(Hafif shampoo®)
malathion shampoo 73.30+1.80b 85.10+5.40b 20.22 62.76
(A-Lices Shampoo®)
Benzyl Benzoate 10.0+£1.10de 10804 2N -d 218.09 330.55

(Khun Lung®)

" % knock down in each column followed by the same letter are not significantly different

(one-way ANOVA and Duncan’s multiple rang test)

? KT, = 50% knock down time

¥ KT,, = 90% knock down time
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Table 9 Knock down activity of five essential oils in ethyl alcohcl and chemical pediculicides

against head lice (P. capitis) at 6 pl/cm2

Treatments/time (min.) (%) knock down KTSGZI KTQO?"
30 60 {min.) (min.)

R. damascenna oil 100a"” 100a 6.14 13.57
C. aurantifolia oil 36.70+1.65e  38.53+1.80d 142.21 473.32
C. hystrix ol 45.0+2.73de  56.70x7.60cd 43.76 153.61
C. sinensis oil 38.50+1.47e .~ 40.10+£5.15d 140.71 428.58
E. citriodora oil 60.50+1.54c ~ 63.33£11.60c BONL7 139.71
Ethyl Alcohol (negative control) Og 0g 0 0
lindane cream 0g 5.0+£0.441 610.55 1,103.78
(Hexin lice killer Cream®)
carbaryl shampoo 80.30+2.03b  93.305.10ab 6.18 46.59
(Hafif shampoo®)
malathion shampoo 73.30£1.81b 85.0+£4.40b 17.22 62.76
(A-Lices shampoo”)
Benzyl Benzoate (Khun Lung®) 20.041.85f 22.80+2.53e 180.78 358.47

¥ o knock down in each column followed by the same letter are not significantly different

(one-way ANOVA and Duncan’s multiple rang test)

= KT, = 50% knock down time

¥ KT,, = 90% knock down time
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Table 10 The mortality rates, LT, values and LT, values against head lice among five

essential oils in ethyl alcohol and chemical pediculicides at 3 pi/cm2

Treatment (%) mortality at 120 min. ~ LT,? (min.)  LT,,” (min.)
R. damascenna oll | 100"a 20.39 30.81
C. aurantifolia oil 15.040.75ed 670.97 1,170.38
C. hystrix oil 25.20+5.50d 552.74 1,059.52
C. sinensis oil 15.90+£1.58ed 619.53 1,167.59
E. citriodora ol 25.17+1.60d 596.16 971.21
Ethyl Alcohal Of 0 0
(negative control)
lindane cream 1.85+0.54f ns ns
(Hexin lice Killer Cream®)
carbaryl shampoo 85.0+5.40b 20.98 669.61
(Hafif shampoo®)
malathion shampoo ©6.70+£8.10c 23.30 ©80.57
(A-lices shampoo®)
Benzyl Benzoate 30.30+1.80d 285.49 695.73

(Khun Lung®)

Vo mortality in each column followed by the same letter are not significahtly different (one-

way ANOVA and Duncan’s multiple rang test)
?|T,, = 50% Lethal time
YT, = 90% Lethal time

ns = not computed by probit analysis
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Table 11 The mortality rates, LT, values and LT, values against head lice among essential

oils in ethyl alcohol and chemical pediculicides at 6 p!/cm2

Treatment (%) mortality at 120 min. ~ LT,,” (min.)  LT,," (min.)
R. damascenna ol 100”a 12.23 2017
C. aurantifolia ol 38.83+1.94d 304.72 770.91
C. hystrix ol 56.70+7.60cd 43.76 153.61
C. sinensis oil 40.10+5.15d 140.71 428.58
E. citriodora ol 63.50+£12.80c 18.97 3974
Ethyl Alcohol Oe 0 0
(negative control)
lindane cream 1.704£0.75e ns ns
(Hexin lice killer Cream”)
carbaryl shampoo 85.50+8.10b 14.89 650.97
(Hafif shampoo®)
malathion shampoo 68.30+7.50¢c 20.30 669.61
(A-lices shampoo®)
Benzyl Benzoate 35.0+£8.54d 264.68 541.56

(Khun Lung®)

Yo mortality in each column followed by the same letter are not significantly different (one-

way ANOVA and Duncan’s multiple rang test)

?LT,, = 50% Lethal time
. LT,, = 90% Lethal time

ns = not computed by probit analysis
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Treatment/ formulation

LC,, (uifcm®)

in coconut oil in ethyl alcohol
R. damascenna ol 1.30 1.40
C. aurantifolia oil 7.50 8.30
C. hystrix oil 9.30 10.10
C. sinensis oil 18.0 22.0
E. citriodora ol 3.10 3.20
lindane cream ns* Ns*
(Hexin lice killer Cream®)
carbaryl shampoo 20 2.10
(Hafif shampoo®)
malathion shampoo 330 328
(A-lices shampoo”)
Benzyl Benzoaie 21.50 24.30

(Khun Lung®)

ﬂ LC,, = 50 % Lethal Concentrations

*ns = not computed by Probit analysis
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Table 13 Repellent activity of five essential oils in coconut oils and DEET against head lice

at1.5 uh’cm2

Treatment % Repellency/time(min.) R

5 10 30 60 min. (min.)

R. domascenna oil 100a” 70.0+0b 65.5£3.3a  35.0¢1.7a 30.85
C. aurantifolia ol 60.0+0b b55:513:3e 3584176 15.0%1.4bc 18.53
C. hystrix oil 60.0+0b 55:5%2:4¢ 45.5+1.4b 18.5+£3.7b 20.55
C. sinensis oil 50.0+0c 45.0+1.4cd 45.0+1.4b 10.3+x3.4C 8.75
E. citriodora oil 50.0£0c 40.0+0d 40.0+0c 10.65+4.5¢ 8.50
LEET 100a A rox51a S B RE3.ak 35.0£2.4a 32.65
(positive control)
coconut oil 5.0+0d Oe 0d od ns”

" (negative control)

o repellency in each column followed by the same letter are not singnifcantly different

(one-way ANOVA and Duncan’s multiple rage test)
? RT,, = 50% Repellency time

¥ ns = not computed by Probit analysis
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Table 14 Repellent activity of five essential oils in coconut oils and DEET against head lice

at 3.0 yl/cm’

Treatment % Repellency/time(min.) RTSOQ

2! 10 30 60 min. (min.)

R. domascenna oil 100a" 100+0a 80.5+3.7a  55.5+2.4a 68.85
C. aurantifolia oil 95.5+1.4a 80.5+0b 55.0+2.4¢ 30.0+0cd 45.50
C. hystrix ail 90.0+0a 85.842.4ab . £65.0+1.7bc 45.3+3.3b 55.80
C. sinensis ol 90.0+0a 90.0+0a 80.0+0a 50.0+0ab 58.70
E. citriodora il 90.0+0 90.0+0a 55.8+1.6¢ 30.0+0cd 35.65
DEET 90.0+0a 80.0+0b 55.9+2.4¢ 25. N/ d 35.55
(positive control)
Coconut oil 5.0+0b Oc 0d Oe ns’

(negative control)

Vo repellency in each column followed by the same lefter are not singnifcantly different

(one-way ANOVA and Duncan’s multiple rage test)
? RT,, = 50% Repellency time

Y s = not computed by Probit analysis
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Table 15 Repellent activity of five essential oils in ethyl alcohol and DEET against head lice

at1.b pi!crn2

Treatment % Repellency/time(min.) RTSOZ

5 10 30 60 min. (min.)

R. domascenna ol 85.5+2 4a” 85.0+1.8a 55.843.3a 20.0+£0ab 30.56
C. aurantifolia oil 75.743.7ab 70.0+0b 45.3+3.5ab 15.5+4.3b 25.30
C. hystrix oil 75.3+5.33b 60.0+0c 35.0+0b 13.4+1.3b 20.75
C. sinensis oil 70.0+0b 60.0+0c 55.56+2.3a 5.4+1.8c 28.67
E. citriodora oil - 85.3x3.4a 75.7+1.3ab 40.0+0ab Oc 23.58
DEET 85.7£1.7a 80.0+0a 55.7+2.7a 35.842.7a 35.85
(positive control)
Ethyl alcohol 0c 0d Oc 0c ns”

(negative control)

Yo, repellency in each column followed by the same letter are not singnifcantly different

(one-way ANOVA and Duncan's multiple rage test)

d RT,, = 50% Repellency time

“ns = not computed by Probit analysis
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Table 16 Repellent activity of five essential oils in ethyl alcohol and DEET against head lice

at 3.0 plicm’

Treatment % Repellency/time(min.) RT,.”

5 10 30 60 min. (min.)

R. domascenna oil 100a" 100+0a 75.5+1.5a 40.0+0a 52.85
C. aurantifolia ol 97.0+0ab 97.0+0a 75.3t1.4a 25.0+1.7bc 45.35
C. hystrix oil 85.3+3.4b  85.3+3.4ab 75.5+2.4a 20.0+0c 45.58
C. sinensis oil 85.0+£0b 80.511.4b 75.311.4a 35.0+£0ab 48.50
E. citriodora oll 86.6£2.7b 85.0+0ab 53.3¢3.4b 1R(X].7C 30.80
DEET 85.0+0b 80.0+0b 56.611.7b 30.0x0ab 38.67
(positive control)
Ethyl alcohaol Oc Oc Oc Od ns”

(negative control)

Yo repellency in each column followed by the same letter are not singnifcantly different

(one-way ANOVA and Duncan’s multiple rage test)
? RT,, = 50% Repellency time

¥ns = not computed by Probit analysis
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Table 17 RC,, values of five essential oils and chemical pediculicides against head lice

Treatment/formulation RC,, (pl/cmz)y
in coconut oil in ethyl alcohol
R. damascenna ol 1.6 4.6
C. aurantifolia oil 6.4 9.6
C. hystrix oil 5:1 125
C. sinensis oil 35 4.8
E. citriodora oil 15.8 15.9
DEET (positive control) 12.7 12.8

v RC,, = 50% repellency concentrations
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Table 18 Insecticidal effect of Rosa damascenna oil against Pediculus humanus capitis

Formulation

6 plfcm2 in coconut oil 6 pl;’cm2 in ethyl alcohol
Knock down (%) 100 100
at 60 min
KT, (min.) 4.67 6.14
KT, (min.) 8.50 13.57
Mortality (%) 100 100
at 120 min ‘
LT (i) 4.83 128
LT,, (min.) 9.60 20.17

LC,, (ul/cm’) 1.30 1.40
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Table 19 Repellent activity of Rosa damascenna oil against Pediculus humanus capitis

Formulation
3 ul/crn2 in coconut oil 3 pl/cm2 in ethyl alcohol
% Repellency 55.5t2.4 40.0£0
at 60 min
RT,, (min.) 68.85 52.85

RC,, (ul/icm’) 1.6 4.6
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Fig 1 Comparison of knock down activity from Rosa damascene oil, carbaryl shampoo,

malathion shampoo, benzyl benzoate and lindane cream against Pediculus humanus

capitis at 30 and 60 min.

&z = Y o Y ¥ < =2 @ 1 ¥ o v L% 1%
enansiiluenansianulidmsumsldanunenisdnwwingu lieygelmhluldusylesiamunisn

Lidnsdilag vsdu BnviinulilvnauUaaiion wagdesonddaudnveaenaismnasaninisiiluly



43

10 -

we R, (laMascena ol
0

0 o= EET
% 10 -
repellency gy
o0 -

4§ -

30

N

10 -

0 :  ime (min)

Fig 2 Comparison of repellency activity from Rosa damascenna oil (3.0 pl/cm2 in coconut

oil) and DEET against Pediculus humanus capitis at 5, 10, 30 and 60 min.
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1. Introduction

Head lice infestation also known as pediculosis capitis is
the infestation of human hair and scalp cause by head louse
(Pedicudus humanus capitis De Geerjl1,2} Head lice are obligate
blood—feeding human ectoparasites. They are connected to
human hosts during all life stage and feed on only human
blood, do not occur on pests or other animals and do not have
wings and cannot jumpl!-6l. However, head lice are generally
spread through direct transmission via head—to—head
contact with an infected person is the major route or indirect
transmission by sharing clothing, hairbrushes, hats, towels or
other personal items of a person already. Head lice infestation
is usually detected by three type of evidence; itching and
inflammation of the scalp and neck, sighting of lice and
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detection of eggs attached to hair shafts/4-61.

The clinical symptoms, of head lice infestation are pruritus,
lymphadenopathy, conjunctivitis, allergic reaction have been
frequently seen more infested children and chronic heavy
infestation among schoolchildren may lead to anemia [1-7.
In addition, head lice infestation causes not only physical
symptoms but also psychological stress hecause children’
believe that head lice infestation is a result of being dirtyls.
However, head lice are a common infection in school-age
children worldwidel.10]. In high—income countries, school—
aged children aged 3—11 years are the most frequently affected
despite therapeutic advances(2). Millions of cases occur
annually and it has been estimated that children in the United
States miss 12-24 million days of school per year because
of head licel2.9.10]. Moreover, the increase in prevalence
of head lice during the 1990s, research interest in human
louse infestation is now greater than at any time since world
war [[11]. The high levels of lice infestations have also been
reported from all over the world, varied from 1.66,~874(121.
However, The variation of infestation rate may be due to
several factors including the eradication methods, number of
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head-to-head contacts, diagnostic techniques, school head
lice policy (no—nit policy), pesticide resistance, and knowledge
regarding head licel13,14].

In Thailand, head lice infestation was found to be the most
common among primary schoolchildren. The prevalence of
head lice infestation among primary schoolchildren in 1988
has also reported by Thavara et all!5], the infestation rates were
57.7, 52.3, 44.1 and 36.6 in Northeastern, Southen, Central and
Northern part of Thailand, respectively. In 2009, Thanyavanich
et all16] have reported the high infestation rate of head lice
among primary schoolchildren near the Thai~Myanmar
border in Ratchaburi province, Thailand and infestation rate
varied from 84.30q; to 88.40%. For Chinese refugees residing
in mountainous areas in Chiangrai province, Northern part
of Thailand also reported by Fan et all17], the infestation rale
was 52g, in Akka girls and 19.7¢;, in Han girls. According to the
national pediculosis association of USA which defines head
lice infestation rate more than 5¢ has been considered to be an
epidemic(14.18]. Therefore, the status of primary schoolchildren
in Thailand is the epidemic condition. The objective of this
study were to determine the prevalence of head lice infestation
among primary schoolchildren from Ladkrabang district,
Eastern area of Bangkok, Thailand.

2. Materials and methods

The total of 3799 primary school children (aged 5-12 years
old) including 1901 girls, 1898 boys from 12 primary schools
in Ladkrabang district, the eastern area of Bangkok, Thailand
were examined for head lice during the period May 2011 to July
2011. All the studied schoals were Thailand Government owned.
The most of the studied girls had long hair and the boys had
short hair. The examinations were conducted with the approval
of the head teachers and in collahoration with school teachers.
The entire head was examined carefully although special
attention was paid to the nape of the head and behind the ears,
for a period of 5 min. Head lice infestation (or Pediculosis) was
defined as the presence of at least one living adult, nymph and
viable nit (eggl19-25]. However, the viable nits were defined
as nits which were within 1 em. from the scalp and plump,
shiny and tan to coffee colored with an intact operculumisl.
Head lice were collected and transported 1o Entomology and
Environmental Laboratory, Plant Production Technology
Section, Faculty of Agricultural Technology Ladkrabang,
Ladkrabang, Bangkok as previously reported by Rassami and
Soonweral26). After the examination the infested children were
removed head lice using a plastic fine tooth comb and were
treated with herbal o1l and herbal shampoo (anti-head lice
shampoo) from our Laboratory[26l. The statistical analysis of
results were performed using the chi—square test.

3.Results

Head lice infestation was observed in 3799 primary
schoolchildren including 1898 boys and 1901 girls, 892 of them
showed at least one living adult, nymph and viable nit. The
overall infestation rate was 23.48¢. The lowest was 12.629 in
12 years age group and highest was 30.13¢, in 8 years group, as
shown in Table 1.

Table 1.

Prevalence of pediculosis capitis among primary school children (aged
5-12 years).

Age Nocxamined  No posiive  ePediculasis
5 S R S
i s s 67 gy
7 674 150° 2670
8 S51 166 30013

0 135 con

1 1012 2343
iz i 79 1262
ol o 892 2348
Pyalie S <0.001

The infestation rate among school varied from 18.812, to 29.75¢,
(Table 2). Girls were high significantly infested than boys, with
infestation rate of 46.92¢, and 0o, respectively as shown in
Table 3. Overall boys (1,898) were not infestation rate The lowest
of head lice infestation was 12 years age group and highest
level was 8 years age group (P<0.001) as shown in Table 4.

Table 2.

Prevalence of pediculosis capitis by school.

ePediculosis
2891
2273
2314
28.13
1891
2593
2285

i
2975
2190
2550
18.81

1892 2348

o RS TS EGR
= oy LR

Total

Table 3.

Prevalence of pediculossi capitis by sex.

Gender _ No.cxamined  No.posiive  gPediculosis
Girls S0l LR e 49
Boys 1898 : D o

Total Gy e e ey g

P value : : 00001
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Table 4.
Severity of pediculosis capitis among girls.

Age  No.examined  No positive  sPediculosis
5 120 65 5407

6 135 - 67 49.63
Ty 32 180 55.21

8 ' 297 ; 166 5589
97 220 99 45.0

10 : - 286 3 4720
fien e 214 1 4719
o sm o as07
Total = SiEnEaas e 46,92

> valy o : : <0001

4. Discussion

In our study was conducted among the 5-12 years old in 12
primary schools from Ladkrabang Distriet, eastern area of
Bangkok, Thailand. The 23.48¢ infestation rate found in this
study shows the problem of head lice among schoolchildren
especially in schoolgirls aged 5-12 years. The previous studies
in Thailand by Thavara ez {151, Thanyavanich et alli6] and Fan
et all'”] have reported the high infestation rate among primary
schoolchildren in both urban and rural areas varied from
36.6% to 88.49,. However, infestation rate among Thai primary
schoolchildren is higher than 5 According to the national
pediculosis association of USA which defines an epidemic
when infestation rate of more than 5¢,(27.28]. Therefore, the
status of primary schoolchildren (especially in schoolgirls) in
Thailand is the epidemic importance.

Moreover, high level of lice infestation have also been
reported from all over the world(12). The high level infestations
were reported by Saddozai et al(29] in primary schools of Quetta
City, Pakistan with infestation rate of 87¢, 59¢ in primary
schools from the eastern Napal(30], 48.9¢, in primary school
of Baghdad, Iragl31], 35¢ in primary schools of Kelantan,
Malaysial32] and 29.7%, in elementary schools of Buenos Aires,
Argentinall9. However, lower infestation rate were reported
by Oh et ali8] in primary schools from urban and rural areas
of Korea with infestation rate of 4.1¢8], 1.6¢; in primary school
from urban and rural areas of eastern Poland[33], 3.3% in
primary school from Bobigny, Francel34] and 1.6¢ in primary
school of USAI35). In addition, the variation of infestation
rate may be due to several factors such as the school head
lice policy, eradication methods, number of head—to—~head
contact, personal hygiene, overcrowded dwellings, economic
condition, family income, attitude of less concern about head
lice infestationl29,36]. Therefore, the prevalence of pediculosis
decrease with increasing life standards i.e with high income,
accessibility and consumption of water and better health care
systeml[33].

The higher prevalence of head lice in primary school
children (aged 5-12 years old) than in other age groups is in
accordance with other studies(19.29). Akhter et /37 found that
the prevalence of pediculosis was higher in population of <15
years old group (22.15¢) than that in population of 16-25 years
old group (18.339), 26-45 years old group (13.20%) and =45
years old group (10.0%). Also, school children tended to mix
more with person of the same age and contact at a school or
home were more intimate than at a work placel13].

Age and sex affect head lice infestion, our study showed
that girls were more infected with head lice 46.92¢) than
boys (0%). In girls the infestation rate varied from 26.07¢ to

55.89¢; with maximum infestation in 8 years old group. This is
in accordance with 1009 and 86.12¢, infestation levels found
in 2004 and 2009 from school girls of Ratchaburi Province,
Thailand(16l. This tendency has also been reported many
authors in different countries like Indial36], Pakistan(27.38,39],
Malaysia[32], Iran(27,40], Taiwanl41], Venezuelal42], Brazil43},
Egypti#4], Turkey(#5] and Greece[28].

This has been attributed to gender—related behavioral
differences, such as boys prefer playing outside only in brief
contacts during sports or rough activities, while girls tend to
play in small groups with closer contact (head—to—head contact)
with each other(44.46-48]. However, head—to~head contact
1s an important route of transmission as well as the passive
transference like share hair accessories, brushes, hats, combs.
In addition, hair length factor was found to be correlated with
head lice infestation. The frequency of children infested was
significantly lower when they had short hair and infestation
rate was significantly higher in children with long haii29]. In
our data, we found more than 40 times higher infestation rate in
girls than in boys. However, the infestation rate also changed
through the age groups of primary school. In some reports, it
has been indicated that there is a decrease in the infestation
rate with agel29.371. In our study, the schoolchildren aged 5-9
years showed a higher infestation rate (26.90¢;) when compared
with schoolchildren aged 9-12 vears (20.75%). Therefore, age of
schoolchildren was affecting the infestation rate in our study
with the same was also found to be correlating by Saddozai
et al(29), Ale et all39) and Akhter et @ll37). This finding may
be attributed to the possible more increasing close contact
thead—to—head contact) between children aged 5-7 years
old group than older children group. Finally, the infestation
with head lice is a common public health problem affecting
schoolchildren in Bangkok, Thailand. The infestation rate
among Thai primary schoolchildren in Bangkok is higher
than 5¢, this is the epidemic condition of head lice in primary
school in eastern area of Bangkok. In addition, the prevalence
of pediculosis capitis decrease with increasing life standards,
high income, better health care system. The suggestion for
eradicate head lice, the parents and teachers should activated
the schoolchildren regularly to wash their hair with anti—head
lice shampoo or herbal shampoo, 3-4 times per week.
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Abstract. Human head lice infestation is an important public health problem in Thailand.
Lice resistance is increasing, chemical pediculicides have lost their efficacy and thus
alternative products such as herbal shampoos have been proposed to treat lice infestation.
The present study investigated the efficacy of twenty nine herbal shampoos based on
zinbiberaceae plants, piperaceae plants and native plants against human head lice and
compared them with malathion shampoo (A-lices shampoo®; 1% w/v malathion) and commercial
shampoo (BabiMild Natural’N Mild®) in order to assess their in vitro efficacy. All herbal
shampoo were more effective than commercial shampoo with 100% mortality at 60 seconds
and LT5, values ranged from 11.30 to 31.97 seconds, meanwhile, commercial shampoo caused
14.0-15.0% mortality and LTs, values ranged from 83.96 to 87.43 seconds. The nine herbal
shampoos from Zingiber cassumunar, Piper betle, Piper ribesioides, Averrhoa bilimbi,
Clitoria ternatea, Plectranthus amboincus, Myristica fragrans, Tacca chantrieri and
Zanthoxylum limonella were more effective pediculicide than malathion shampoo with
100% mortality at 30 seconds and LT5; values ranged from 11.30-13.58 seconds, on the other
hand malathion shampoo showed LTs; values ranging from 12.39 to 13.67 seconds. LTy
values indicated the order of pediculicidal activity in the herbal shampoos as Z. cassumunar
shampoo > P. betle shampoo > Za. limonella shampoo > Av. bilimbi shampoo > P. ribesioides
shampoo > My. fragrans shampoo > T. chantrieri shampoo > Pl. amboincus shampoo. Our
data showed that eight of the twenty nine herbal shampoos in this study were of high

potential pediculicide to human head lice treatments for Thai children.

INTRODUCTION

Human head lice (Pediculus humanus
capitis De Geer) is a small ectoparasitic
insect that lives and feed on human beings
for thousands of years (Araujo et al., 2000;
Heukelbach et al., 2006; Intaranongpai et
al., 2006). Normally, human head lice
transmission occurs by direct host-to-host
contact (Takano-Lee et al., 2005). Even
though human head lice is not known to
transmit diseases from person-to-person,
however, their feeding activity irritates the
scalp, and scratching can lead to secondary
bacterial infections (Frankowski & Weiner,
2002; Gratz, 2006). It was found the average
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child with active pediculosis would lose 0.008
ml of blood per day (Speare et al., 2006).
Moreover, human head lice infestation
or Pediculosis capitis is a major public
health problem throughout the world. Lice
infestation has increased worldwide since the
mid 1960s reaching hundred of millions
annually, especially in schoolchildren
between the ages 5-11 years. The high levels
of lice infestations have also been reported
from all over the world, ranging from 1.8 to
87.0% (Al-Shawa, 2008; Falagas et al., 2008;
Davarpanah et al., 2009). In Thailand, human
head lice infestation is a serious problem
affecting more than 23.0% of the school-
children in the eastern area of Bangkok

62



(urban area) and more than 80.0% of the
schoolchildren in Ratchaburi province area
(rural area) (Thanyavanich et al., 2009;
Rassami & Soonwera, 2012).

However, the control of human head lice
worldwide (including Thailand) depends on
chemical insecticides such as organo-
phosphate insecticides (malathion), organo-
chlorine insecticide (lindane), carbamate
insecticides (carbaryl), pyrethroid insec-
ticides (pyrethrin). Regrettably, several of
chemical insecticides failed to obtain lice
control and increasing resistance of human
head lice against chemical insecticides have
been reported in several countries such as
USA, England, Australia and Argentina
(Burkhart & Burkhart, 2006; Burgess, 2009;
Clark, 2009; Mumcuoglu et al., 2009;
Sonnberg et al., 2010; Burgess & Burgess,
2011).

Thus, alternative topical therapies for
human head lice infestations are needed,
especially those containing plant-derrivative
active ingredients. Furthermore, many of
plant-based products have been suggested
as alternative products for human head lice
control because they are good and safe
alternatives and easy biodegradability
(Toloza et al., 2010; Bagavan et al., 2011).
However, plant-based compounds such as
Azadirachta indica, Artemisia annua,
Curcuma longa, Eucalyptus sp, Lawsonia
inermis, Melia azedarach, Syzygium
aromaticum, essential oils from bergamot
and tea tree have been taken into account for
their activity against human head lice and
their nits (Carpinella et al., 2007; Soonwera
& Wangsapha, 2008; Soonwera et al., 2009;
Toloza et al., 2010; Bagavan, 2011; Abdel-
Ghaffar et al., 2012; Campli et al., 2012;
Greive & Barnes, 2012). Consequently,
twenty nine plants from zingiberaceae plants,
piperaceae plants and native plants have
been considered since they have medicinal
properties in traditional Thai medicine as
shown in Table 1-3.

The aim of this study was to evaluate
the potential of pediculicidal activity of
twenty nine herbal shampoos based on
zingiberaceae plants, piperaceae plants and
native plants against human head lice and
compare them with malathion shampoo (A-
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Lice shampoo®; 1% w/v malathion) and
commercial shampoo (BabiMild Natural'N
Mild®) in order to assess their in vitro activity.

MATERIALS AND METHODS

Plant materials and herbal shampoos
Details of the twenty nine species from
zingiberaceae plants piperaceae plants and
native plants used in this study are shown
in Table 1, 2, 3 and were indentified,
authenticated and submitted to Plant
Production Technology Section, Faculty of
Agricultural Technology, King Mongkut’s
Institute of Technology Ladkrabang (KMITL),
Ladkrabang, Bangkok, Thailand. All of herbal
shampoo were provided by the Medicinal
Plant Laboratory, Faculty of Agricultural
Technology, KMILT. The formulation of herbal
shampoos are shown in table 1-3 and kept at
room temperature before testing.

Chemical shampoo

Malathion shampoo (A-Lice shampoo®;
1.0% w/v malathion) is common chemical
pediculicide in Thailand, was purchased from
HOE Pharmaceuticals Shn. Bhd. Lot 10,
Jalan Sultan Mohd. 6, Bandar Sultan
Suleiman, 42000 Port Klang, Malaysia and
used as standard.

Commercial shampoo

BabiMild Natural’N Mild® is a common
shampoo for children in Thailand, was
purchased from Greensville Co., Ltd. 31,
Chalongkrug 31, Lumplatiue, Ladkrabang,
Bangkok, Thailand and used as negative
control.

Human head lice

Human head lice were collected by a fine-
toothed comb from the head of 780 infested
schoolchildren 7-12 years old at 3 primary
schools in Ladkrabang area, Bangkok,
Thailand, during June — August, 2012. After
collection, lice were transported to Entomo-
logical Laboratory, Faculty of Agricultural
Technology, KMITL. The protocol for human
head lice collection was approved by the
head teacher of a primary school and in
collaboration with school teachers.
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Bioassay:

After collection of human head lice, in vitro
tests were started within 30 min. Immersion
test (Soonwera, 2004; Gallardo et al., 2012)
was used to evaluate the toxicity and
mortality of twenty nine herbal shampoos,
chemical shampoo (malathion shampoo,
positive control) and commercial shampoo
(negative control) to human head lice. 0.3 ml
of each tested treatment were applied to a
petri dish (5.0 cm in diameter). Careful
selection of 10 human head lice under a

dissecting microscope and 10 human head
lice were immersed for 30 seconds. Once
the exposure period finished, the lice were
transferred onto a filter paper (Whatman®
Nol, 4.50 cm in diameter) moistened with
0.1 ml of water that was placed in the bottom
of a petridish (5.0 cm in diameter) (Fig. 1b).
The mortality of human head lice on the
filter paper were recorded under dissecting
microscope at 10, 15, 30 and 60 seconds.
The criteria for mortality of human head lice
were strict and were defined as absence of
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Table 1. List of Zingiberaceae plants, part used and active ingredients of herbal shampoo tested in this study

Scientific name  Part used  Formualtion Therapeutic property
Curcuma rhizomes 10% (v/v) crude extract from antibacterial, anti-BPH, antiinflammmatory,
aeruginosa C. aeruginose rhizomes antioxidant, antipyretic.
C. aromatica rhizomes 10% (v/v) crude extract from antioxidant, antiprurigo, carminative,
C. aromatic rhizomes stomachic.
Zingiber rhizomes 10% (v/v) crude extract from anticontusion, antiemetic, antiflatulence,
cassumunar \ Z. cassumunar rhizomes antimicrobial, carminative, insecticide,
c insect repellent, spermicide.
Z. officinale rhizomes 10% (v/v) crude extract from anesthesia, antibacterial, antidiabetic,
Z. officinale rhizomes antifungal, antineoplastic, antioxidant,
antiviral, insecticide, nausea vomiting.
Z. ottensii rhizomes 10% (v/v) crude extracts from  anticontusion, antidysentery, stimulant.
Z. ottensii rhizomes
Z. zerumbel rhizomes 10% (v/v) crude extract from antibacterial, carminative, stomachic,

Z. zerumbet rhizomes

tonic.

Table 2. List of Piperaceae plants, part used and active ingredients of herbal shampoo tested in this study

Scientific name  Part used Formualtion Therapeutic property
Piper belle leaf 10% (¥/v) crude extract from antibactericidal, antihistaminic,
P. betle leaves carminative, local anesthetic, nematocide,
stomachic.
P nigrum fruit 10% (v/v) crude extract from antiamoebic, anfibacterial, antioxidant,

P retrofractum  fruit

P. ribesioides leaf

P. sarmentosum leaf

P nigrum fruits

10% (v/v) crude extract from
P retrofractum fruits

10% (v/v) crude extract from
P. argyrites leaves

10% (v/v) crude extract from
P sarmentorum leaves

antiyeast & mold.

antidiarrhoea, antiseptic, antitussive,
carminative, expectorant, preservative.

antiangina, antifungal, carminative,
expectorant.

antidysentery, appetizing, carminative,
expectorant.
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Table 3. List of native plants, part used and active ingredients of herbal shampoo tested in this study

Scientific name/Family Part used Formulation Therapeutic property

Acacia concinna fruit 10% (v/v) crude extract antidandruff, antipyretics,

Leguminosae from A. concinna fruits appetizing, expectorant, laxative.

Acorus calamus rhizomes  10% (v/v) crude extract antihypertensive, carminative,

Araceae from A. calamus rhizomes expectorant.

Andrographis paniculate leaf 10% (v/v) crude extract antidiarrhoea, antidysentory,

Acanthaceae from A. paniculaia leaves antiinflammatory, antipyretics,
expectorant.

Arcangelisia flava rhizomes  10% (v/v) crude extract antidiarrhoea, antidysentery,

Menispermaceae from A. flava rhizomes antimalaria, antipyretics,
appetizing, carminative, increase
blood supply.

Averrhoa bilimbi fruit 10% (v/v) crude extract antihemorrhoid, antipyretics,

Oxalidaceae from A. bilimbi fruits antitussive.

Av. carambola fruit 10% (v/v) crude extract antidysentery, antiinflammatory,

Oxalidaceae from A. carambola fruits antipyretics, antitussive,
expectorant, laxative.

Citrus awrantifolia fruit 10% (v/v) crude extract antiaphthous ulcer, carminative,

Rutaceae from C. awrantifolia fruits expectorant, nematocide.

C. hystrix fruit 10% (v/v) crude extract éntiamoebic, mosquito replant.

Rutaceae from C. hystriz fruits

Clitoria ternatea flower 10% (v/v) crude extract anti hair loss, antioxidant,

Leguminosae from C. ternatea flowers improve blood circulation.

FEupatorium odoratum leaf 10% (v/v) crude extract acceleration, antiinflamatory,

Asteraceae from E. odoratum leaves staunch, wound healing.

Mentha arversis fruit 10% (v/v) crude extract analgesic, antitussive.

Meliaceae from A. odorata fruits/

pH 7.0

Myristica fragrans fruit 10% (v/v) crude extract antidiarrhoea, antispasmodic,

Myristicaceae from M. fragrans fruits carminative, tonic.

Nigella sativa vhizomes ~ 10% (v/v) crude extract antidiabetic, antihistaminic,

Ranunculaceae from N. sativa rhizomes antiinflammatory, antioxidant,
antimicrobial, antitumor.

Phyllanthus emblica fruit 10% (w/v) crude extract antidiarrhoea, antipyretics,

Euphorbiaceae from P emblica fruits antitussive, expectorant,
nourish the heart.

Plectranthus amboinicus  leaf 10% (v/v) crude extract antipyretics, appetizing.

Labiatae from P. amboinicus leaves

Polygonum odoratum leaf 10% (v/v) crude extract antiflatulence, appetizing,

Polygonaceae from P. odoratum leaves carminative.

Tacca chantrieri rhizomes  10% (v/v) crude extract antiinflammatory, antifeedant

Taccaceae from T. chantrieri rhizomes of larvae, antihypertensive.

Zanthoxylum limonella fruit 10% (v/v) crude extract

Rutaceae

from Z. limonella fruits

carminative, increase blood
supply, nourish the heart.
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movement of limbs and gut, with or without
stimulation using forceps (Campli et al.,
2012). The criteria for pediculicidal activity
of treatments were defined at the LT5j value
< 60 seconds (Soonwera, 2004; Soonwera
& Rassami, 2011). All treatments were
replicated ten times. The mortality data was
analyzed with Duncan’s multiple range test
(DMRT) using SPSS for Windows version 16.0.
The LTy, value was calculated using probit
analysis.

RESULTS

The pediculicidal activity of six herbal
shampoo from =zingiberaceae plants,
compared with malathion shampoo and
commercial shampoo, is shown in Table 4.
All human head lice treated with all of herbal
shampoo showed 100% mortality at 60
seconds and LT, values ranged from 11.30
to 22.97 seconds, on the other hand 86.0% of
lice in negative control group survived during
the observation periods. The most effective
pediculicide was Zingiber cassumunar
shampoo with 100% mortality at 30 seconds
and LT5, value of 11.30 seconds, meanwhile
malathion shampoo and commercial
shampoo showed 100% and 2.0+4.22%
mortality and LT, values of 12.39 and
87.43 seconds, respectively. On the mortality

and LTs, values indicated the order of
pediculicidal activity in the herbal shampoo
from Zingiberaceae plants as Z. cassumunar
> Z. officinale > C. aeruginosa > C.
aromitica > Z. ottensii > Z. zerumbet.

The results of the pediculicidal activity
of eighteen herbal shampoos from native
plants are shown in Table 5. The results
showed that the five herbal shampoos from
piperaceae plants were more toxic to human
head lice than commercial shampoo with
100% mortality at 60 seconds and LTs
values ranged from 11.75 to 23.67 seconds,
meanwhile 85% of lice in commercial
shampoo group survived during the
observation periods. The mortality rate of

- human head lice treated with Piper betle,

Piper sarmentosum and Piper ribesioides
shampoo ranged from 8.0 to 13.0% and 41.0
to 99.0% at 10 and 15 seconds, respectively.
At 30 seconds, all herbal shampoo except
Piper nigrum shampoo exhibited 100%
mortality, on the other hand commercial
shampoo caused 2.0+4.22% mortality. The
pediculicidal activity was more pronounced
in P. betle shampoo and P. ribesioides
shampoo (LT5; values ranged from 11.75 to
13.24 seconds) than malathion shampoo
(LTsy values of 13.31 seconds). On the
mortality and LT;, values indicated the
order of pediculicidal activity in the herbal
shampoo from piperaceae plants as P. betle

Table 4. Toxicity of herbal shampoo extracted from six species of Zingiberaceae, chemical shampoo and

commercial shampoo on mortality of human head lice

% mortality+SD/time (sec.)

Type of the herbal LT5q
shampoo 10 15 20 30 60 (sec.)
Curcuma aeruginosa 7+4.8bV 31+11.9d 77+21.1c 100a 100a 16.67
C. aromaltica 2+4.2bc 40+12.4d 73+10.5¢ 100a 100a 17.14
Zingiber cassumunar 37+£13.3a 88+12.2a 100a 100a 100a 11.30
Z. officinale 7+£6.7b 77+8.2b 93+9.4ab 100a 100a 13.62
Z. ollensii Oc 3+4.8ef 27+4.8d 94+9.6b 100a 22.03
Z. zerumbel Oc 12+10.3e 30+13.3d 86+11.7c 100a 22.97
Positive control

(Cliciical SREmpo0) 33x8.23a 5b+16.5¢c 83+12.52be 100a 100a 12.39
Negative control

(Commercial shampoo) Oc 0f 1+3.16e 2+4.22d 14£9.66b 87.43
CV(%) 60.04 28.03 18.62 6.54 3.82

V 9% mortality within the same column, followed by the same letter are not significantly different (one-way ANOVA and Duncan's

multiple Range Test, P<0.05)
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Table 5. Toxicity of herbal shampoo extracted from five species of Piperaceae, chemical shampoo and

commercial shampoo on mortality of human head lice

% mortality=SD/time (sec.)

Type of the herbal LTso
shampoo 10 15 20 30 60 (sec.)
Piper betle 10£6.6bY 99x3.1a 100a 100a 100a 11.75
P nigrum Oc 5x8.5e 20x8.1c¢ 91+11.9b 100a 23.67
P retrofractum Oc 0d 20+22.1c 100a 100a 22.38
P ribesioides 8+9.1b 79+8.7b 99+3.1a 100a 100a 13.24
P sarmentosum 13+10.5b 41x21.8¢ 94+5.1a 100a 100a 15.01
Positi trol

- RRgE 3127.38a  46x10.75¢  85:7.07b 100a 100a 13.31

(Chemical shampoo)

Negative control

(Commercial shampoo) Oc 0d

0d 2x4.22c 16£7.07b 83.96

CV(%) 73.36 26.85

16.04 5.66 3.04

V9 mortality within the same column, followed by the same letter are not significantly different (one-way ANOVA and Duncan’s

multiple Range Test, P<0.05)

> P. ribesioides > P. sarmentosum > P.
refrofractum > P nigrum.

The results of the pediculicidal activity
of eighteen herbal shampoos from native
plants are shown in Table 6. Human head lice
treated with all herbal shampoo caused 100%
mortality at 60 seconds and LTy, values
ranged from 12.02 to 31.97 seconds, while,
commercial shampoo caused 15.0+7.07%
and LTs, value of 86.26 seconds. At 30
seconds, herbal shampoos from Averrhoa
bilimbi, Averrhoa carambola, Plectranthus
amboincus, Andrographis paniculata,
Citrus hystrizx, Citrus aurantifolia,
Zanthoxylum limonella, Acorus calamus,
Myristica fragrans, Mentha arversis, Acacia
concinna, Polygonum odoratum and Tacca,
chantrieri caused 100% mortality, followed
by herbal shampoos from Fupatorium
odoratum, Nigella sativa, Phyllanthus
emblica, Clitoria ternatea and Arcangelisia
flava caused 91.0£11.9, 88.0+7.8, 80.0+4.5,
76.0+5.2 and 50.0+21.6%, respectively. The
top five herbal shampoos from Table 6
were Za. limonella shampoo, Av. bilimbi
shampoo, My. fragrans shampoo, T.
chantrieri shampoo and Pl. amboincus
shampoo (LTy, values ranged from 12.02 to
13.58 seconds) and were more effective of
pediculicide than malathion shampoo (LTs,
value of 13.67 seconds).
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DISSCUSSION

In this study, all herbal shampoo from
zingiberaceae plants, piperaceae plants and
native plants evaluated against human head
lice showed 100% mortality at 60.0 seconds
and LT5, values < 356.0 seconds and more
effective pediculicide than commercial
shampoo (BabiMild Natural’N Mild®).
BabiMild Natural’N Mild® used as
commercial shampoo in this study is
commonly shampoo for Thai children, but
can not used for human head lice control.
The top of twenty nine herbal shampoo
in this study were herbal shampoos from
Z. cassumunar, P. betle, Za. limonella, Av.
bilimbi, P. ribesioides, My. fragrans, T.
chantrieri and Pl. amboincus and were
highly effective as pediculicide with 100%
mortality at 30 seconds and LTg; values
< 13.60 seconds, on the other hand, malathion
shampoo exhibited LT;, values > 13.70
seconds. However, these mortality and LT5,
values are in accordance with previous
finding of other herbal shampoos toxicity
against human head lice (Soonwera, 2004;
Soonwera et al., 2009; Soonwera & Rassami,
2011). Furthermore, Soonwera & Wangsapha
(2007); reported that Z. cassumnar shampoo
was highly effective as pediculicide with
100% mortality at 10.0 min. and LT5; value of
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Table 6. Toxicity of herbal shampoo extracted from eighteen species of native plant, chemical shampoo and
commercial shampoo on mortality of human head lice

% mortality+SD/time (sec.)

Type of the herbal LTy,
shampoo 10 15 20 30 60 (sec.)
Acacia concinna Oel/ 40+9.4ef 97+6.7a 100a 100a 15.65
Acorus calamus 1+£3.16e 76+9.6ab 97+4.8a 100a 100a 13.98
Andrographis paniculata 2+4.2de 56+16.5cd 98+4.2a 100a 100a 14.77
Arcangelisia flava 1+3.1e 12+19.3hi 22x24.4e 50+21.6d 100a 31.97
Averrhoa bilimbi 10+8.1bc 82+23.4a 97+6.7a 100a 100a 13.14
Av. carambola 1+3.1e 53+20.56cde 98=4.2a 100a 100a 14.93
Citrus auranlifolia Qe 31+19.6fg 856+9.7b 100a 100a 16.95
C. hystrix Oe 31+15.21g 86+8.4b 100a 100a 16.68
Clitoria ternatea Oe 30:13.21g 60+24.1cd 75x+4.1c 100a 20.90
Eupatorium odoralum Oe 28+7.8fg 78+23.0b 91+11.9b 100a 19.14
Mentha arversis Oe 52+14.1de 52+14.1d 100a 100a 17.54
Myristica fragrans T+4.8cd 80+16.3a 98+4.2a 100a 100a 13.33
Nigella sativa Oe 0i 9+8.7f 88+7.8b 100a 26.28
Phyllanthus emblica Oe 20+10.2gh 54x11.2d 80+4.5¢ 100a 20.97
Plectranthus amboincus 13+8.2b 66=23.1bc 99+3.1a 100a 100a 13.58
Polygonum odoratum 2+4.2de 31+9.9fg 68+12.2¢ 100a 100a 2257
Tacca chantrieri 3+4.8de- 86+13.5a 100a 100a 100a 13.47
Zanthoxylum limonella 31+19.1a 79+17.2ab 100a 100a 100a 12.02
Positive control

(Chemical shampoo) 28+6.32a 42+10.33def 79+9.97b 100a 100a 13.67
Negative control

(Commercial shampoo) Oe 0i 1+3.16f 3+4.83e 15£7.07b  86.26
CV(%) 11536 31.54 13.08 6.60 1.65

1 94 mortality within the same column, followed by the same letter are not significantly different (one-way ANOVA and Duncan’s

multiple Range Test, P<0.05)

8.86 min. Rassami & Soonwera (2010) also
reported that Za. limonella shampoo
exhibited high pediculicidal activity and
essential oil from Za. limonella was effective
to control Aedes albopictus (Das et al., 2003).
In addition, in vitro pediculicidal activity
has been reported for some plant-based
pediculicide such as tea tree (Melaleuca
alternifolia), lemon (Citrus limon), C:
longa, Annona squamosa, Canaga odorata,
Cymbopogon nardus and Cymbopogon
winteratus (Soonwera, 2004; Heukelbach
et al., 2008; Rossini et al., 2008; Shrivastava
et al., 2010).

Moreover, the herbal shampoo from Z.
cassumnar, P. betle, Za. limonella, Av.
bilimbi, P. ribesiodes, My. fragrans, T.
chantrieri and Pl. amboincus are suitable
to be used as pediculicides for Thai
schoolchildren. Besides, rhizome of Z.
cassumnar are used for anticontusion,
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antiemetic, antiflatulence, antimicrobial,
carminative, insecticide and insect repellent.
Leaves of P. betle and P. argyrites are used
for antibacterial, antifungal, carminative
and expectorant. Fruits of Av. bilimbi, Za.
limonella and My. fragrans are used for
antihemorrhoid, antipyretics, carminative
and antidiarrheal. Leaves of Pl. amboinicus
are used for antipyretic and appetizing,
rhizome of T° chantrieri are used for
antiinflammatory, antihypertensive, inclu-
ding fruit of Av. bilimbi and leaf of PL
amboinicus are commonly used for several
Thai foods (Faculty of Pharmacy, Mahidol
University, 1992).

However, plant-based product have been
suggested as an alternative products for
human head lice control because they are
good and safe alternatives due to their less
toxicity to human than chemical pedi-
culicides and easy biodegradability
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(Heukelbach et al., 2006; Bagavan et al.,
2011). Meanwhile, malathion has also been
found to disrupt the immune system of human,
thus malathion shampoo is very harmful for
human health and toxic for children (Abdel-
Ghaffar & Semmler, 2007). Therefore, new
generations of anti-head lice products from
plant-based compounds have been developed
(Feldmeier, 2012). Furthermore, the commer-
cial pediculicide products based on plants
such as Licatack shampoo® (extracts of
grapefruit), Aesculo Gel® “L” (active
compound noted Cocos nucifera oil), Wash
Away Laus shampoo® (active compound note,
neem extracts), Nopucid Bio Citrus® (active
compound noted, bergamot essential oil)
showed high effectiveness against human
headlice (Abdel- Ghaffar et al., 2010, Gallardo
et al., 2012).

Finally, while an herbal shampoo in this
study showed to be highly effective in vitro
against human head lice, the important point
the active ingredient should be tested for
acute and chronic toxicity in vive clinical
trails before it is used as a herbal shampoo
as pediculicides for human head lice
treatments. In addition, the infestation with
human head lice is a serious public health
problem affecting schoolchildren in Thailand
especially in Bangkok, the infestation rate
> 20% (Rassami & Soonwera, 2012). The
suggestion for human head lice eradication
is for the parents and teachers to inform the
infested schoolchildren to treat their hair
with anti-head lice shampoo based on plant
or herb shampoo at least 34 times a week
for 1 month.
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