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Research Title: Insecticidal activity of essential ocils and shampoos base on
Citrofortunella microcarpa (Bunge) Wijnands, Citrus aurantium L.
and Citrus hystrix DC. against Pediculus humanus capitis De Geer

Researcher : Assoc. Prof. Dr. Mayura Soonwera
Plant Production Technology Section
Faculty of Agricultural Technology
King Mongkut's Institute of Technology Ladkrabang
Ladkrabang, Bangkok 10520 Thailand

ABSTRACT

Head lice infestation cause by Pediculus humanus capitis De Geer occurs
throughout the world and an important public health problem in Thailand, especially in
schoolchildren ages 5-12 years. The present study investigated the efficacy of herbal
essential oils and herbal shampoos from Citrofortunella microcarpa (Bunge) Wijnands,
Citrus aurantium L. and Citrus hystrix DC. against head lice and to compare them with
carbaryl shampoo (Haﬁf®: 0.6% w/w carbaryl) in order to assess their in vitro and in vivo
efficacy. For in vitro study, dose of 3 and 6 }Ji:’cm:Z of each herbal essential oils or herbal
essential oil or herbal shampoo were applied to filter paper than head lice were place on the
filter paper. The mortalities of head lice were recorded at 1, 5, 10, 15, 30, 60 and 120 min.
All herbal shampoo was more effective pediculicidal activity than all herbal essential oil and
carbaryl shampoo with 100% mortality at 60 min, LT, values ranged from 0.23 to 0.98 min
and LC,, values ranged from 0.53 to 1.05 pl/cmg, meanwhile carbaryl shampoo caused
70.0+12.34% mortality, LT,, values of 4.52 min and LC,, values of 3.05 _ul/cmz. For in vivo
test, the results showed that all herbal shampoo was more effect]ﬁe pediculicide than

carbaryl shampoo with 95.0-100% of cure rate, after the second treatment, on the other '



hand carbaryl shampoo showed 72.44+5.38% of cure rate. On cure rate indicated the order
of pediculicide in the herbal shampoos as C. hystrix shampoo >C. microcarpa shampoo

>C. aurantium shampoo.

Key words: human head lice, herbal essential oils, repellency, herbal shampoos, Eradication of

pediculosis
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Permethrin fis1eudninai ifianzFeludniden1esuymt (Abdel-Ghaffar and Semmler,

2007; Burgess, 2009)
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mnﬁmuuiwamdﬁ winaziiunidn uaslddsslamiluntsdesiuindamnnyudan

Uaaadandimsldansinidaasst surelianAeazanlusenie waziduldnsiufunason



2.2 yiddeiiiaadas
z'iw%’umamawmﬂfaﬂum';‘11'1Nﬁmﬁm*ﬁmﬂﬁmwuiw?ﬁ’qlugﬂﬂmﬁm’wﬂmzmax
uazuznnanuinslunstlasiuinds mwwmﬁu feauammaaesdiil
Yang et al (2004) i"mmud'm&ﬁﬁuuﬂm:mamnﬁwmmﬁmﬁNﬂm?mﬂ'ﬂfaemﬁ

nywel Ganudninugaalfa (Eucalyptus  globulus), pennyroyal (Metha  pulegium),

= ]

marjoram (Origanum majorana) uazlsaus? (Rosmarinus officinalis) ﬁqwmqmmmmm

L4
o

syl TnaflAn LT, Fafl 42, 7.0, 1.4 1T 14.3 Wi AL dmLtidunenssmveaes
&udn (C. aurantium) &udaaunnu (C. reticulata) Waz&NAY (C. sinensis) HANMITUR LA
nyweluszAulunans Tngfan LT, Fafl 573, 47.1 W62 43.8 T AANARL NETILAZT
nd (2556) MeuImIRTuMeNsEIEAINTY 5 1l NUA1L (Rosa damascenna) HEU
(Citus aurantifolia) Nzngm (Citrus hystrix) §uAw (Citrus sinensis) Wazg)ATRLFE (Eucalyptus
citriodora) ﬁﬂmuLﬂuﬁwﬁmmugm"lm:ﬁuﬁmefi i Imawudﬁﬁm’umm:mﬂqumﬂﬁ
naRngalunImmaaes Inaduanalfnnysdnie 100% wain1smaaee 30 Wil A0 LT,
WL 4.83 UNA UAE LG, WAL 1.3 plicm” $89addfAe ﬁwﬁwﬂm:mﬂgmaﬂﬁﬂ NTUNM
uznga wazfuau lnaien LC,, 1iau 3.10, 7.5, 9.30 uaz 18.0 plem’ AmNANAL Tz
carbaryl shampoo, malathion shampoo Uas Benzyl Benzoate {1 LC,, (1 2.0, 3.30 ua
21,50 pl/om’ s lindane cream finasENNTANLTIR VLY agAN sanadeiseanusn
Fitu tea tree (tea tree oll) FearALNTUAN Melaleuca alternifolia WiaRlunsindnsagay
uazFfiutreawnanedlnaiaaududu 1% fuaialfimiugsdnig 100% luean 30 i
(Campli et al., 2012) Lananigiiseudaiuatinwaes (avender off), lemon tea tree ol

Y e 5 g ok c\ 3 = as -
wazthsuanmAnIReEY (Melia azedarach) TWnaanialun1sindnll uazmalAndaaaumuyme]
(Carpinella et al., 2011) atslsfimuaiseeaudn wanRiidauL sEnauann tea tree oil 43
HaR lunnsindnwnye I duiRnail (Heukellbach et al., 2008) &ML unaulnsfidane
muﬁfé‘fﬂd'}mmmﬁquﬂ*’ﬂumiﬁﬁmLmuuwﬂﬁ’uﬂﬁﬁfwﬂu wrnyayulnsnanazian
(Azadirachta indica) IneaN31E9UTR9 Heukelbach et al., (2006) WUAIWTNHAININARAZ AN
Fuainmnuyseinig 94.0% MAINITNAGE 3 TH. luanisdl permetnrin uavinlfimangsd
ANel 74.0% muﬁ’xzﬂ'aﬁﬁﬂmudﬂerim;mnLuﬁma:Lmﬂ'ﬂﬁmﬁfyfq'luﬂﬁiﬁﬂé’mﬁaLﬁw’fmm:‘w
BN Y WE LLﬂzLﬁ'ﬂﬁ’]%LTNWuﬂ:LmﬂiﬂﬁTZNNiﬁﬂﬁLﬂumﬂWU'ﬁ’] lunsgszanaseusnifnne

AU 97%  UATMAINITATEHNAIEUTNNAZIANATT 2 WnigaInnsiduimn 100%
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(Abdel-Ghaffar and Semmler, 2007; Abdel-Ghaffar et al., 2012) WBNANAUELINTIENIUI

WTNYAN grapefruit (Licatack’) WLaR NI AR fu T wazldraqimnse wazidianin
Lmumﬁmﬁ‘lﬂm:uuLﬁﬂﬁlﬁmm WUAMEINNTATERN 2 ARevinas 10 A Winmeannidum
iiay 100% (Abdel-Ghaffar et al., 2010) NesUAzdTIANd (2554) TIENTUNTINARDIUTNY

I
= e

ayulnsuaeriinfifluasienisaereawnuystiluan wiea fiAnne itu usuynsiie 33 na
E 2 3 v
wamn 18udu 18uden Aununan a8uRn Tena Wy AUR Winlne azAiu wzuadu nznge
urun duan dudaamnu Fepnaan fnuwss uzanadlan 9 udes uasyide uanannild
fisseuinurunaindesuiy nxstle nzias Insgaiaqaing dydu Sundind nunguaz
uzay AlnaAlunisnaaes Inafinadanisaneresiatandaininysdligaluanan
Vel A1nAT (Intranongpai et al., 2006: Rassami and Soonwera, 2013a, 2013b; Rossini et
al., 2008; Soonwera et al., 2009; Soonwera and Wangspha, 2008)
] [ f o = - o t gd = P
dvFuindunanszmeaannirayulns it lunimesesluaielll 3 1lln As
vifuvauszmeanduan fudn waznznga wazuanyayulnsaanfiansznaduns 3 1ilail 1ive
v
dhun i lunmeasdlunisiasfuindaunuyeeicluanwiFeunnas uazlunisdr il 14l
ar © g o [~ ar = eil dl = < ar o =j
astlasiuidanaysdiuaninGeuidumi TazdinadseidninFauiidumimes
uwmuynashiunensseanitassgadui 3 slal froaulaandusiading MnFeu e
& 1 v L%
Avie 3 1 iluweninan ldiadueinis tsziuaninenisam1e 10auyEed A9Tu 1hluain
o 1 v
fuanflassnamunieenia Taaananisenaaesiontls fnwids udle winaiuAy doaaat
' ﬂgll’ | | = e | 9 k4
s0e sinTmalsn wazdondasams doudndiasswAnmNEIRe uNaNRREY MThlaRa e Ui
2 =4 ar = o = ar ] ot t ' =
Viasdauila fiananiduns uile wanlafin uasinwafiowly dmitnzngaui wudn Harsmwanilu
fsening Ae MEinmngueanimasszunluadaulaiin u ufandedau ufainimuiile
mate ladu pdwdieu andeu utiangnuiuluied MEFnwndueinimisgRatans ung
a ! Py 1 ° ot H e es(’ll; o
anen u Mluasinszgunldadnane uazduiiadarludrivdsasen uanainiiuinduain
Ranafigmadudaeulnnlstuald IndiRasiuansuinsgiu kojic acid Suflussniaiiiiienld
TunanAusiATed 1019 W90 (AusindgAian unndnendeguanasnil, 2557,

Carvalho-Freitas and Costa, 2002; Costa et al., 2013; Waikedre et al., 2010)
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3.3 mshusansannayedannnindeunidumluanaianseils ngaunwe

pnuyrdRAEanITIAzaTuNge g niwReasysedifiasadipguaims
[ j o 2 = ase =& o =3 L dl 2
uazlianunrninenaeeiuglfludedfiminn: falinnsfussusenuuyedineldlunne
@ e = =i ! = L Lrar <
naaasnnaninFauidumn ulnGewsine Wonansianssd Inaldfuanuiivtey usz
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arnudndeangeuranislseFen anaredilszdndu agununeuniaseausasisadeu Gl
aa =3 e =l . % = =l
AENITINUIMNAYREATNIENT7UBY Rassami and Soonwera (2013a) Tne v atiu nanaiduny
e WA NAILLNTZ AN HAUENAT AN NLUI AN ERRTUIA 30x30x5 T4, UAILfiL
- dF .
29UTIMNY T IANABURENUNAIIUIA 25x30x15 TN, TNAUNADITAIALNIZALNTEN
1 v H b v
Whatman No 1 figuiin g yiuidawmnuywdldnaeafsaunad naasas 200 o a1t
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Family ok
da . 4 . Cd e AMIINAINURBUTEIRY/
FOAINLARAL dunhan g WARRINLAL o . i
5 AFNNIRNARIIBANTNTD
ekl
#isa 1Waanaa NS Hydrodistillation
Calamondin HA Ethanolic Extraction
Citro fortunella microcarpa
(Bunge) Wijnands
F.Rutaceae
FUF wRanua TS Hydrodistillation
Sour orange HA Ethanolic Extraction
Citrus aurantium L.
F.Rutaceae
AZN3A Waenwa UWATTITINN Hydrodistillation
Leed lime Ha Ethanolic Extraction
Citrus hystrix DC,
F.Rutaceae

= b — —
15199 2 d9uilsEnataeaun AN TEIvE Lm:mummnﬁmm &udn WATHZNGA

TRAYDINT

. d o e
faudsznaunnmy

fUIN(C. microcarpa)

U (C. aurantium)

uzn3a (C. hystrix)

1, 5, 10% INTURBUTUAIIINFNIALU 99, 95 LT 90% U4
SIS PVIIRTEA G o)

o
a

1,5, 10% &IRNAINENTA (WTUNFUIA)

1, 5, 10% WAURANTLREINFUE L1 99, 95 LAz 90% Vs
D SPITTEL D bt
1, 5, 10% FIFNANNFUE (UTNNFUT)

1,5, 10% mﬂuﬂam:mﬂmnmngﬂ‘lu 99, 95 WAz 90% VDI
DTN R bl
1,5, 10% SIRNANNULNIA (LTURUENIA)
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AMALTNTURANS ) AantsAneasTnay e luia sl jiRnne

anfiunmaaadinedanng Filter Paper Contact mMNAEN13184 Yang et al (2004)
Az Rassami and Soonwera (2013a) MLEUANINAAENILLL CRD 112 Anaaes (FI’]?N"?I‘ 2)
uazil negative control AernunEni1a 4mFU positive control  Ag carbaryl  shampoo

K v
(carbaryl 0.6% wiw) luusiazfanaaesdl 3 91 udazulaemaaadlivinuymd 20 f2 Aullunig
9 ~ ,; ot ] - Vs n

Toe 14 autopipet UHAUINUNANTZIVBILAALTUA positive control & negative control AN

Wudin 0.51 pliom? 2.55 pliem® uas 5.10 wlicm’ ldns2An1#ns89 Whatman No 1 #919luanu

1
o 1 oer

v
NARBUAUENUAUENAN 5.0 91 g4 1.2 a1 Tl iBemaaysdiun-] U1 20 A7 99

a

v
174

aeuunszanEnsasluuAazany e Wimuysiduradnimenssing udazanadindu 74
positive& negative control Aqgl ﬂé’qmnﬁuﬁuﬁnmﬁm?mm}mmmwa‘lmwia:wﬂaawmam
Tuiaan 5, 10, 15, 30, 60 LAz 120 UNH NAINITNAREY AMFLINUTIFIARUN 1A UM N
Aia wnuyed i llaReulmniane TiinnsiadeumazemnaiAuaIws (Rassami and
Soonwera, 2013a; Toloza et al., 2008) mummm@ﬂfuﬁﬂmummgwﬂﬁmﬂ&uﬁmmmﬂﬁ
aziden Taeniimnayedyng dluudasnienaaeansiasauni e undeainesle e
nstufinuani e rasmanysdidadi i anduihdayaf il sinaniy
LN TNARBIRIIe 1 UAEMIANINIANG TSR IRLAR DMRT (P<0.05) #aaamAn

Lethal Time (LT,)

35 mevesauilszAninmaassanainduin dud1 uaznenga ANNTNTY
fine 9 AansaeralmIayEEluanwianliRnng

sufiunnmaaasinedsnig Filter Paper Contact MINA5N19189 Rassami and
Soonwera (2011) WAz Rassami and Soonwera (2013b) 114LUNUNTMAAENLLL CRD 12 @9
[ v
NAREY (AN1199 2) wazil negative control Af 11 dqu positive control An Carbaryl 0.6% w/w
) y = H i ' 3 - o o a o .
Tuusiaz@manedd 3 91 uaazmiaanaseldimuywed 20 fa Auliunisingld autopipet vem
wsnnsInATusiazaiin uay positive control WAL negative control Anudndu 051 pliem?,

255 ullem’® uaz 5.10 pliem’ ldnseAENges Whatman No 1 #ianeluanunasaaiduciiy

1
o =l
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AUENANN 5.0 T3 g9 1.2 11 A1nduldyfudsmnayeedinn 191 20 Fo 9NeLNNIEANY
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positive& negative control A8 MAIRINTUTUANNANIIAELRLMNY T IULARZ TN ENAADS
T19a1 5, 10, 15, 30, 60 UAZ 120 WIT MAINIMAASY EIVFLINUIARAUNNIANETBUMINYME
= [ ] o 1 ] di = &
An wnuyedldinu Blndsulnadenie lifinnniadeulnizemiaiAuems (Rassami and
Soonwera, 2013a; Toloza et al., 2008) atnelsfinulunismsatiudiuaumnyseimaiu
Fasnsialiazidaalagtdimiuyseyng  dlundazniianasenaadaunIsaeniy

¥ = =!' 2 o R £ 1 dl 2’/ o ei
ndesanedle alinisiuiinnansanarasuysedlded e antuhdayan il
AATITiHaANLLUN ARl wazmANuANsinTasAl At TRtdE DMRT (P<0.05)

FANVINUNA Lethal Time (LT,,)

36  manasaLlsEAvEnmaathduranssve uazianyandaan dadh uas
uzngalunistlasiuidnwnaysdaasininiFausinlsaFausiee luanaiansss
NZINN

ffiunislaadaidenisaFeausiwiun 3 TaFauluensiansels ngamw luusas
TsaBeufnRenineyszning 512 TR umn Indauas 50 e udn naur A 1FlumssaRunng
Wumnreudntin@eu M inmusiees Rassami and Soonwera (2012) ABvnWLWNNY 1 6
vise'ld (Readidan) 1 Wav LnArzaain Rt Anautudlum (Pediculoss capitis) Inelu
usazlss Fuuitadnfidumnesndsil

=
Ta@Fauh 1:
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o
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1 v
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NANTA 4 UL 10 AU ATTHNALE Hafifshampoo”(carbaryl 0.6% wiw)

o o

dninsaniunistag Wsntn Gauwsasnguassunfautiyaunimuadnewmu auau
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41 mamsnaseulssAndawresidiunenssineanduan dud uazuengn

ANLINTUANS ] AaNsaEaNYEe luamniasljisnas

nannInaaadly Table 3 AanaTetnTuaNIzMEANdLAR (C. microcarpa) &udn
(C. aurantium) wazuznim (C. hystrix) Avnadindu 3 priem® Tuiniunengig fennsmeved
Nyl (P. humanus capitis) uanIwvealfiiznng TaevinnnmaaeeBeufeu ity
NN (negative control) WA= carbaryl shampoo (positive control) Kan1TMAaadlLIa130
it Usngdn shifunensswedndrinanimanedifigalunimanes Fednavinlnuywed
ANEl 24.0+4.18% FAIAINIAY ﬁﬂﬁuufam:mwzngﬂ uasinfunensrveduan taafuaiili
wnyeedRng 19.2043.70 WAy 12.0+2.74% MINAWL @131 carbaryl shampoo Hkailimn
NYwEIAE 66.0£9.66% ﬁau&wﬁuu:w%miﬂﬂmasifam'rmw@\nmugﬁﬁ UAIN1INAREY 60

it wudninfumenssmedudndaliuaafiynlunmesasduia Tneduain Wunuyudane
30.2+2.86% 9B4AIHIAR ﬁ']ﬂ’uwam:mﬂu:ngﬂ wasinfunenszedaan Teiluarin o
NutiRne 22.044.60 WAY 20.0+3.54% AINAIAL Tneiunznialiduasennsmnsaaam
nywl uaz carbaryl shampoo Heavialiimuysenie 48.0421.04% uanannilisfew Sy ey
A LT, (50% Lethal Time) Havl#1ngin carbary! shampoo Iiuadfigalunimmaaasiaafiin
LT, teufiqn An 6235 wil sesanAe duvenssmedudn ThiumanssmEnnga uaz
nifuvenszmeduan Taedad LT,, Wi 63.50, 65.15 uaz 85.67 W1l AINANAL
wanamaaedli Table 4 Aanazestnifmenszmeanndiian (C. microcarpa)
(C. aurantium) WAzuzngA (C. hystrix) Turnsiunen Aamidudu 6 ullcm’ AanMIANETa
WNywetl (P. humanus  capitis) ’lmmwﬁmﬂﬁﬁﬁmﬂmaﬁ'\mmmﬂmn_l?‘ﬂmﬁﬂuﬁ’uﬁ']ﬁu
u;w%"ﬂq (negative control) WAY carbaryl shampoo (positive control) NAN1INARELITINGI
UAINITMARRY 30 U ﬁﬂﬁ’uuﬂm:mﬂﬁuﬁﬂﬁwﬂ?\ﬁqm'LumﬂnmmimaﬁNﬂﬁw’lﬁmmwﬂ'
A8 51.20£3.56% FE4ANNIAD fnifunenszvanzngn waxduan Tnaduain iy
37.6042.19 Uar 22.40£2.22% midnd TaeifleuBaufiaulssavanmasaninfumansave
mﬂﬁmm‘:qm’w’u%\i 3 4%im MU carbaryl shampoo LLﬂ:ﬁﬁﬂ’uu:w%‘ﬁa WU carbaryl shampoo

Tinassansmarauwaysfinnndfuenssmeanionseadi Inefuaiilimaywsd
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v
A8 76.06.52% dutinduuzninlifinadenisansraaminyeed duiunanimaassluing

60 w1l Uangdn Srfumenssimaandudn uazuzngn Wnadfigalunimaaes Tnafiuavinlsf
WNYETBINE 64.2044.02 WAT 64.0+4.18% RANA" AL douthiiumenszmedinan Suarin 19
NYMEIAIY 87.0+4.47% Tnenirfunsninadifuasanismssesnuystidui ednglsf
puiflaReuRauAn Lethal Time 7 50% (LT4,) WaLsIngdn carbaryl shampoo 1'171%5“71'@61
Tummaaeslaailen LT, dufiqnie 8.56 u1fl vineAaudn carbaryl shampoo Hiss@nanm
AR eld 50% lunandu Ae 8.56 w1 dwfintunenszveaniizaszya
Fuiliuailusziusasnanniie fnsfunanssmeanndnda uzngn uazduin laeddn LT,
irfu 28.56, 35.18 UAT 67.54 W17l ATNAIAL

HANNINARANAIN Table 5 ABA1 LC,, (50% Lethal Concentration) yastniumey
szimpanduan Audn uazuznga samuysd lnsnFanfianlsz@ninndy carbaryl
shampoo WAINNINAREY 30 LAz 60 WIR  HanimmAseslunal 30 w1 wudn carbaryl
shampoo  WHaATgnlunmaneslneilen LC,, tanfigaita 3.89 ui/om? iumungaadd
carbaryl shampoo HNwgaAa M LR 789a3H0AR dnzuvenszednd nzngn uazkuan

Tnaildn LC,, Avil 6.05, 8.50 Uaz12.75 plicm’ AINAIAL

42  wamsvasaulssdndnnrasugayaindaan dud1 waznengn ANNLINTY
' 1 2 |
A1e ) Aan1smEasaREd lus Wil filRns

HANNTNAABILU Table 6 Ain HaTasLTNNaRLINTaINdNAR (C. microcarpa) §ndn (C.
aurantium) USTNZNA (C.  hystrix) Panddindu 3 pliem® AanismeaeamuysEaInIg

nAaad 1, 5, 10, 15, 30 uax 120 W1l lneiFeuiaussfvitnmsenismaemuyediy

5
]

carbaryl shampoo TransnaAsadtsngdl udenameaed 1 wii uauydudrlinanngnlu

q

o
=

nmaaad TnadnainIfinuysdaig 50.0611.1% T99R9NIAD WINHNZNZA WINYENAR UAT
i 9
carbaryl shampoo Tfluann Iimnuysein1afall 44.068.9, 40.0£10.3 waz 30.0+10.54%

ANAAL HAINIMARE 5 WA wudtusuyuzngn Wuaingalunimeses Inefnarialiiu
NYMERY 75.0411.9% TBNAINIAD UTNYENE uAan uazcarbaryl shampoo Taeflaa 1
wﬂﬂ’mﬂﬁqﬁ 52.0¢10.3, 50.0410.6 waz 36.0+10.65% AINAIAL UAIN1INAAL 10 U
wanyuzngadenslrinadlunimaneutwiin Inefuain lduyeedang 75.0£11.9% 7898907

e uruyAudn wannduan uas carbaryl shampoo Tmafinavinlviiniiiyudnig 62.0+11.4,



16

54.0+19.2 WA 36.0£10.65% AMNRIAL UAIN1INASEY 15 Wl natsngdn usuyuzngaely
nadngalunimases tnafuainlimanednig 80.0410.1% se9aw7e wnyduan uauy
&uf1 uaz carbaryl shampoo Teefinavialimiuywtinng 70.0£10.6, 64.0+16.8 uaz
40.0+8.67% MINAIFL  MAINIINASDY 30 UIT N wrszngadelianigalunis
naaad InefluainImuyeednie 83.0£3.1%  784ANIAS upuyduAn uanydudiuay
carbaryl shampoo Tefluavnlfwinyudang 80.0£132, 760111 uAr 50.0:12.2%
AN soneran1maaadliuingn 120w wm"]Ltﬂﬁwu:ﬂgmiﬁu@ﬁﬁqﬂlumwmm Tne
fuann I imuyednig 95.042.9%  TR4AINIAD Lpunduan unuydudn uaz  carbany
shampoo Tnafuainliivnaysednie Fail 80.0£13.1, 78.0+11:1 Uiny 48.0+11.08% ANSIAL
agelsfimuilen3uyfiauan LT, (Lethal Time i 50%) widn wrnyaengaliuaifian Ined
F LT, fngafe 3.74 wifl vneaaind winyuzngafilssAvanwATIgaTiva I vnuyednne
1#50% Twiandus e 374 Wit sesaannde unkydud wpanAan uaz carbaryl
shampoo AN LT, fiath 4.83, 9.98 LAY 35.20 W7 AR

Hansnaaas i Table 7 Ag uﬁmfammummu‘lwmﬁﬂéu%ﬂ (C. microcarpa) §né (C.
aurantium) WATNENZA (C. hystrix) fiAnudd 6 pl/cr? an1IANLTIMNNYLE (P. capitis)
Fufien fiennlssAvanmaesioryanings 3 988 fU carbaryl shampoo HENTNAGEA 1
it Uangdn ummdiaalinadfigalunimases wudaineialinsysdag 76.0£11.6%
10980A8 LI Adn LTNENA WA carbaryl  shampoo  Feflkara sy
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me‘}ﬁu%m gy &udn uaz carbaryl  shampoo %qﬂuaﬁﬂﬁmwgwﬁmaﬁqﬁ 94.0£10.1,
90.0410.5 UA% 70.0+13.10% ANHEFL UFIN1IMARES 30 1Tl WU uEnyNEn g liHaATign
Tunimaastuina Inefnai Iy dnng 100% $84801A wrnnduAn utndudn

uay carbaryl shampoo TeHNaNT I INYWEANE 96.0£9.2,  90.0£10.5 WAL 70.0£12.3%
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ANAIAL MEIN1INARET 60 UAT 120 W1l Harlsngdn wranylnsieanusianarnigalu
nsnaaed Inafinavinliimuywdnig 100% dau carbaryl shampoo FafluarialFimased
A8 70.0412.3 UAE 70.0£12.9% ANANFL  uanannilidfeuBenifieulssAnininaaumay
ayulnsuas carbaryl shampoo sanisaneTedmINye nenFeanifiaual LT, (50% Lethal
Time) wudnutuyduanlinadfignlunimanes Tnafen LT, feufigaiie 0.23 unfl 10989
AauguydNdn uuyaznga uaz carbaryl shampoo Tnedlen LT, il 0.88, 0.98 uax 4.52
U ATNAIAL

HANITNAAY U Table 8 AR NATAY LLmuwuﬂ:guWWT@ﬁnéfu%m (C. microcarpa) &ud1 (C.
aurantium) WATNENgA (C.  hystrix) AaN13ATEIUMINYE InaFaueusl LC;, (50%
Lethal Concentation) T1ina 30 waz 60 w1 TnailFauiiiensn LC, i carbaryl shampoo WA
nsnAaaslua 30 wit Usngdusuyszngn Wuasfigalunimaaes Inefld1 LC,, tinfiu
1.05 pliem” sedadanie winniian uzdudn unz carbaryl shampoo deflAn LC,, il 1.12,
1.25 uax 2,95 plicm’ ANEISL MAINMIMAREY 60 W1 Hadsngdutyuzngad WinaRTign

[

Tunmeaedduan InaflAt LC,, iaffu 0.53 plicm® $a9avsnfe utnyduan winydudn uaz

¥

carbaryl shampoo Iagiflen LC,, #atl 1.05, 1.11 WAz 3.05 plicm’ RINAFL

& &
43 uanevagaulszRvinmmaaniniunenssve uasuTayANdNan fudn uazazngn
TunmsilasiuidaunaysdaasintinGauanlsufeaus g Tuasansiia nganns

¥
nanimaaaslu Table 9 An walunnsdausunayuln s nailn uaz carbaryl

shampoo lasznandminiFaunidumnuyye (Pediculosis  capitis) -~ Inavinnraszuuiin

o 14

v ¥
Un Fuusaurunayulntiinsie wazcarbaryl shampoo 2 AT NALATIAY 3 Ju HalsIng

4 1 o
drluntsaszuanfninFauluafei 1 waunduanlinadfanlunimasse Inalinaninliidn

o

tnFuumaidumnuywedll 74.76£17.54, 68.67421.28 WAL 21.1125.09% AINAIAL WAIRIN

v ]
% IS

1 3 Ju Weviinnsmmanudn wndnFeuaulafdelnuysedeg uuATeeivianisarziuaas
§ v

uruyuAazEiAR1AENRN ndeRIntil 1 JU in1aea Han1maaaelsngdn dminFuu

= o = ) o o vl = o g v a

RarzuuiauTundEn wazuaunuznga Iualunisiidnumuyud iangs naiinainliiAn

tnFauniglaifluimn (Pediculosis  capitis)  100% 7aa481A® WiNWENET uaz carbaryl

shampoo

4 AOOON
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= =l a o 40 o & ot o or =l ?1 ar ol a ]
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] ¥
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Table 3 Pediculicidal activities of three essential oils from Citrofortunella microcarpa

(Bunge) Wijnands, Citrus aurantium L., Citrus hystrix DC. at 3 pl/cm2 in coconut oils,

coconut oil and carbaryl shampoo against Pediculus humanus capitis De Geer.

Treatments/time (min.) (%) Mortality LTsazf (min.)
30 60
C. microcarpa oil 12.0£2.74b" 20.0+3.54b 85.67
C. aurantium oil 24.0+4.18b 30.242.86b 63.50
C. hystrix oil 19.20+3.70b 22.0+4.06b 65.15
coconut oil (negative control) Oc Oc 0
carbaryl shampoo 66.0+9.66a 48.0£21.04a 62.35

(positive control)

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

way ANOVA and Duncan's multiple rang test)
#50% Lethal Time = LT,
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Table 4 Pediculicidal activities of three essential oils from Citrofortunella microcarpa
(Bunge) Wijnands, Citrus aurantium L., Citrus hystrix DC. at 6 pl/cm2 in coconut oils,

coconut oil and carbaryl shampoo against Pediculus humanus capitis De Geer.

Treatments/time (min.) (%) Mortality LTSDZ (min.)
30 60
C. microcarpa oil 22.40¢2.22¢”  35.80+3.55C 67.54
C. aurantium ol 51.20+£3.56b 64.20+4.02b 28.56
C. hystrix oil 37.60+2.19¢ 64.0+4.18b 35.18
coconut oil (negative control) 0d Od 0
carbaryl shampoo 76.016.52a 87.0x4.47a 8.56

(positive control)

Vo mortality in each column followed by the same letter are not significantly different (one-
way ANOVA and Duncan's multiple rang test)
? 50% Lethal Time = LT,
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Table 5 LC,, values against head lice among herbal essential oils in coconut oil andcarbaryl

shampooat 30 and 60 min.

Treatments LC,, values (pl/cmz)ﬂ

30 min 60 min
C. microcarpa shampoo 12:/5 8.82
C. aurantium shampoo 6.05 5.37
C. hystrix shampoo 8.50 5.88
carbaryl shampoo 3.89 3.58

(positive control)

Y50% Lethal Concentation = LCg,



Table 6 Pediculicidal activities of three shampoo from C. microcarpa, C. aurantium and C. hystrix and carbaryl shampoo at 3 |J|/Cﬂ'!2

against P. capitis.

Treatments (%) mortality / time (min.) LTSOZI (min)
1 5 10 15 30 60 120
C. microcarpa 40.0£10.5ab”  50.0£10.6b  54.0¢19.2b  70.0+10.6ab 78.0¢15.2ab 80.0+13.2ab 80.0+13.1ab 9.98
shampoo
C. aurantium 50.0+11.1a 62.0410.3b 62.0+11.4ab  64.0£16.8b  68.0+11.7b  76.0¢11.1b  78.0¢11.1b 4.83
shampoo
C. hystrix 44.048.9a 75.0£11.9a 756.0%11.9a 80.0+10.1a 85.0+5.1a 90.0+4.5a 95.0+£2.9a 3.74
shampoo
carbaryl shampoo  30.0+10.54b = 36.0+10.65c  36.0+10.65c  40.0+8.67c  66.0+9.66c  50.0+12.20c  48.0+11.04c 36.20

(positive control)

"o mortality in each column followed by the same letter are nat significantly different (one-way ANOVA and Duncan’s multiple rang test)

?50% Lethal Time = LT,,

ve



Table 7 Pediculicidal activities of three shampoo from C. microcarpa, C. aurantium and C. hystrix and carbaryl shampoo at 6 pl/cm2

against P. capilis.

Treatments (%) mortality / time (min.) LT,,? (min)
1 5 10 15 30 60 120
C. microcarpa 76.0+11.6a" 82.0+16.4a 90.0+11.2a 94.0x10.1a 96.0+9.2a 100a 100a 0.23
shampoo
C. aurantium 56.0£11.8b  70.0£10.5ab  86.0+12.8a 90.0£10.5a ~ 90.04£10.5a 100a 100a 0.88
shampoo
C. hystrix 50.0+£10.8b 83.0+£7.5a 90.0x10.1a 96.0+10.1a 100a 100a 100a 0.98
shampoo
carbaryl shampoo  48.0+12.53c  50.0+£10.04c  70.0£2.33b  70.0+13.10b  70.0+12.3b  70.0£12.3b  70.0%12.9b 4.52

(positive control)

Vo4 mortality in each column followed by the same letter are not significantly different (one-way ANOVA and Duncan's multiple rang test)

?50% Lethal Time= LT,

74
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Table 8 LC,, values against head lice among herbal shampoos andcarbaryl shampoo at 30

and 60 min.
Treatments ‘ LC,, values (uliem?)”

30 min 60 min
C. microcarpa shampoo 1.12 1.05
C. aurantium shampoo 1.25 1.1
C. hystrix shampoo 1.05 0.53
carbaryl shampoo 2.95 3.05

(positive control)

¥'50% Lethal Concentation = LC,,

Table 9 The cure rate of pediculosis capitis among schoalchildren after the first and second

applications.
Treatments % cure rate

1* application 7 2" application
C. microcarpa shampoo 89.72+13.34a" 100a
C. aurantium shampoo £68.67+21.28b 95.0£12.69a
C. hystrix shampoo 74.76x17.54ab 100a
carbaryl shampoo 21.11£5.09¢ 72.44+5.38b

(positive control)

Y94 cure rate in each 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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Abstract Head lice infestation, a worldwide head infesta-
tion caused Pediculus humanus capitis De Geer, is an im-
portant public health problem in Thailand. Several chemical
pediculicides have lost in efficacy due to increasing resis-
tance of lice against insecticide. Therefore, non-toxic alter-
native products, such as natural products from plants, e.g.
plant extract pediculicides, are needed for head lice control.
The aims of this study were to evaluate the potential of
pediculicidal activity of herbal shampoo base on three spe-
cies of Thai local plants (dccacia concinna (Willd.) DC,
Averrhoa bilimbi Linn. and Tamarindus indica Linn.)
against head lice and to compare them with carbaryl sham-
poo (Hafif shampoo®; 0.6 % w/v carbaryl) and non-
treatment control in order to assess their in vitro. Doses of
0.12 and 0.25 ml/cm?® of each herbal shampoo 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 1, 5, 10, 30 and 60 min by sterio-microscope.
All herbal shampoos at 0.25 ml/cm” were more effective
pediculicide than carbaryl shampoo with 100 % mortality at
5 min. The median lethal time (LTs) of all herbal shampoos
at 0.25 ml/em® showed no significant differences over at
0.12 mVem® (P<0.01). The most effective pediculicide was
T. indica extract shampoo, followed by Av. bilimbi extract
shampoo and Ae. concinna extract shampoo, with LTsg
values <1.0 min. Our data showed that all herbal shampoos
have high potential of pediculicide to head lice treatments
for schoolchildren.

W. Rassami (<) - M. Soonwera

Entomology and Environment Programme, Plant Production
Technology Section, Faculty of Agricultural Technology,

King Mongkut’s Institute of Technology Ladkrabang, Ladkrabang,
Bangkok, Thailand
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Introduction

Head lice (Pediculus humanus capitis De Geer; Phthiraptera:
Pediculidae) are wingless insect and an ectoparasite that has
been confined to the scalp and hair, live on the head and feed
on the scalp of human for thousands of years (Araujo et al.
2000; Heukelbach et al. 2006a). The head lice infestations
(Pediculosis capitis) are widespread throughout the world and
more common in schoolchildren between the ages of 4—
13 years and can be found in any sex, race, economic status,
family background or social class in both developed and
developing countries (Burgess 2004, 2009; Falagas et al.
2008; Mumcuoglu et al. 2009). The mode of transmission is
most commonly via direct head-to-head contact and indirect
transmission by sharing combs, brushes, caps, hats, pillows or
other personal items of a person with head lice. However, head
lice are not known to transmit infectious agents from person-
to-person (Nutanson et al. 2008; Canadian Paediatric Society
2008). They feed by injecting saliva with vasodilatory prop-
erties into the scale to draw blood of human (Ko and Elston
2004). The clinical manifestations of head lice include pruri-
tus, scalp impetigo, papules, excoriation, local erythema, cer-
vical and occipital lymphadenopathy and chronic heavy
infestation among schoolchildren may lead to anaemia
(Frankowski et al. 2010; Ko and Elston 2004; Diamantis et
al. 2009). Thus, head lice infestation cause not only physical
symptoms but also psychological distress because children
believe that head lice infestation is a result of being dirty
{Oh et al. 2010). However, the number of head lice infestation
case has increased worldwide since the mid-1960s, reaching
hundreds of millions annually (Gratz 1997; Falagas et al.
2008). The high levels of infestations have also been reported
from all over the world, ranging from 1.8 to 87.0 % (Burkhart
and Burkhart 2006; Feldmeir 2012, Falagas et al. 2008;
Gutierrez et al. 2012), and head lice infestation represented
an important problem of public health.
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The control of head lice worldwide (including Thailand)
depends on chemical insecticides, such as organophosphate
insecticides (malathion) and carbamate insecticides
(carbaryl), despite that chemical insecticides are very harm-
ful for human health and toxic for children. Children have
less developed immune systems, underdeveloped detoxifi-
cation mechanisms and more susceptible and sensitive to the
toxic effect of chemical insecticides (Abdel-Ghaffar and
Semmler 2007). Moreover, malathion has also been found
to disrupt the immune system, and carbaryl is a potential
human’carcinogen (any substance that produce cancer)
(Davis et al. 1993; Rassami and Soonwera 2011;
Swadener 1992). Unfortunately, several topical head lice
treatments base on chemical insecticides failed to obtain a
head lice control, and increasing resistance of head lice
against chemical insecticides have been reported in several
countries (Burgess 2009; Burgess and Burgess 2011;
Burkhart and Burkhart 2006; Hunter and Barker 2003;
Heukelbach and Feldmeier 2004; Mumcuoglu et al. 2009).

Many plant-based products have been suggested as
alternative products for head lice control because they
are good and safe alternatives due to their less toxicity to
human than chemical insecticides and easy biodegrad-
ability (Bagaven et al. 2011; Heukelbach et al. 2006a,
b; Toloza et al. 2010a).

Plant-based compounds such as neem (4zadirachta ind-
ica), Henna (Lawsonia inermis), grapefruit, Vitex agnus
castus, Eucalyptus sp., Tea tree oil (Melaleuca alternifolia),
Syzygium aromaticum, Melia azedarach, Curcuma longa,
Zingiber montanum, long pepper and bergamot essential oil
have been taken into account for their activity against head
lice and their nits, and could represent to confine the emer-
gence and the spread of head lice infestation (Abdel-Ghaffar
and Semmler 2007; Abdel-Ghaffar et al. 2010a, 2012;
Bagaven et al. 2011; Campli et al. 2012; Carpinella et al.
2007; Gallardo et al. 2012; Greive and Barnes 2012;
Marimuthu et al. 2012; Mehlhom et al. 2011; Heukelbach
et al. 2006b, 2008; Rassami and Soonwera 2011; Semmler
et al. 2009, 2010; Soonwera et al. 2009; Toloza et al. 2010b;
Yang et al. 2004)

Accacia concinna (Willd.) DC, Averrhoa bilimbi Linn.
and Tamarindus indica Linn., belonging to the family
Leguminosae, Oxalidaceae and Leguminosae, respectively,
are common Thai local plants and have long been

considered to have medicinal properties for human skin
disease, anthelminite for round worm, expectorant, external
itching and infected wound (Faculty of Pharmacy, Mahidol
University 1992). Fruits of Ae. concinna, Av. bilimbi and T.
indica are commonly used for several Thai foods. The
biological activities of Ac. concinna, Av. bilimbi and T.
indica extracts were shown to have insecticidal activity
against head lice (Soonwera 2004)

The aims of this study were to evaluate the potential of
pediculicidal activity of herbal shampoo base on three spe-
cies of Thai local plants (Ac. concinna, Av. bilimbi and T.
indica) against head lice and to compare them with carbaryl
shampoo (Hafif shampoo®; 0.6 % w/v carbaryl) and non-
treatment control in order to assess their in vitro.

Material and methods
Plant materials and herbal shampoo

The three species of Thai local plants were used in this
study, as shown in Table 1. The three species of Thai local
plants were identified, authenticated and submitted at Plant
Production Technology Section, Faculty of Agricultural
Technology, King Mongkut’s Institute of Technology
Ladkrabang (KMITL), Thailand. All herbal shampoos were
provided by the medicinal plant laboratory, Faculty of
Agricultural Technology, KMITL. All herbal shampoos
were kept at room temperature before testing.

Chemical shampoo

Carbaryl shampoo (Hafif shampoo®; 0.6 % w/v carbaryl), a
common chemical pediculicide in Thailand, was purchased
from IDS Manufacturing Co. Ltd., Pathumthani province,
Thailand and used as standard.

Head lice

Head lice (P humanus capitis) were collected by dry comb-
ing from the head of 120 infested schoolchildren at a pri-
mary school in Ladkrabang, Bangkok, Thailand, in
January—February 2012. After collection, head lice were
transported to Entomological Laboratory, Faculty of

Table 1 List of Thai local plants, part used, location and active ingredient of herbal shampoo tested in this smudy

Scientific name, family Part used  Location Active ingredient

Accacia concinna (Willd.) DC, Leguminosae  Fruit Chiangmai, Thailand 5, 10 % (w/v) crude extracts of Ac. concinna fruit
Averrhoa bilimbi Linn., Oxalidaceae Fruit Nakonratchasima, Thailand 5, 10 % (w/v) crude extracts of Av. bilimbi fruit
Tamarindus indica Linn., Leguminosae Fruit Nakonratchasima, Thailand 5,10 % (w/v) crude extracts of T indica fruit
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Table 2 Toxicity of herbal shampoo extracted from three species of Thai
local plants and chemical shampoo against head lice at 0.25 ml/cm®

Herbal shampoo LTsy (%) mortality/ P value
(min) time (min) (vs. negative
control)

1 5 10

Ac. concinna extract shampoo 0.53  90.0 100 100 <0.05
Av. bilimbi extract shampoo 048 96.0 100 100 <0.05
T. indica extract shampoo 044 98.0 100 100 <0.05

Carbaryl shampoo (positive ~ 1.83  48.0 96.0 100 <0.05
control)
Negative control 0 0 0 o -

Agricultural Technology, KMITL. The protocol for head
lice collection was approved by the head teacher of the
primary school and in collaboration with school teachers.

Bioassay

In vitro tests were started within 30 min after collection of
head lice. A filter paper contact bioassay was used to eval-
uate the toxicity and mortality of three herbal shampoos (Ac.
concinna extract shampoo, 4v. bilimbi extract shampoo and
T indica extract shampoo) and chemical shampoo (carbaryl
shampoo) to head lice. Doses 0of 0.12 or 0.25 ml/cm® of each
herbal shampoo were applied to the filter paper (Whatman®
Nol); 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 ten head lice were placed on the filter paper.
Negative control head lice were placed directly on the filter
paper with water (without any treatment). Carbaryl shampoo
(Hafit Shampoo®) was simultaneously run as a positive

.= -: //- \%'1”"*“ “““““““““““ —" )
90 4
80 -
704
2 60
k| : - Ac. concinna exlractshampoo
= .
E = i ’ =@~ Av. bilimbi extractshampoo
&2 a “ ~i T, indica extract shampoo
47 =se=Carbaryl shampoo
20 -
104
04 -
1 5 10
time (min.}

Fig 1 Pediculicidal activity of herbal shampoo extracted from Ac.
concinna, Av. bilimbi and T indica at 0.25 ml/cm® and carbaryl sham-
poo (positive control)

control. The mortalities of head lice on the filter paper were
recorded under dissecting microscope at 1, 5, 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 legs
with or without stimulation using forceps (Heukelbach et
al. 2006b, 2008). The criteria for pediculicidal activity of
treatments were defined at the LT value<1.0 min
(Soonwera et al. 2009). All treatments were replicated five
times. The LTs, value was calculated by probit analysis
(SPSS for Windows version 16.0).

Results

The insecticidal activities of herbal shampoo from
Ac.concinna, Av. bilmibi and T. indica at 0.25 ml/cm?
against head lice were compared with the common chemical
shampoo (carbaryl shampoo), as shown in Table 2. The
mortality and LTs; values revealed that 7. indica extract
shampoo followed by Av. bilmibi extract shampoo and Ac.
concinna extract shampoo were more toxic than carbaryl
shampoo (LTsp value of 1.83 min) and LTs, values were
0.44, 0.48 and 0.53 min, respectively. Using the strict crite-
ria for mortality, all head lice treated with all herbal
shampoos did not show any vital signs, 100 % mortality at
5 min. After 10, 30 and 60 min, mortality was 100 %
(Fig 1). All head lice in negative control group survived
during the observation periods. In the carbaryl shampoo
group (positive control), the mortalities were 48, 96, 100,
100 and 100 % at 1, 5, 10, 30 and 60 min, respectively
(Fig 1). All herbal shampoos showed significant differences
over negative control (P<0.05) and showed significant ped-
iculicidal activity (LTsq values <1.0 min).

Ae. concinna extract shampoo, Av. bilimbi extract sham-
poo and T indica extract shampoo were also toxic at
0.12 mVem® (Table 3). The pediculicidal activity was more
pronounced in 7. indica extract shampoo than Av. bilimbi

Table 3 Toxicity of herbal shampoo extracted from three species of Thai
local plants and chemical shampoo against head lice at 0.12 mliem?

Herbal shampoo LTsq (%) mortality/ P value (vs.
: (min) time (min) negative
control)

1 5 10

Aec. concinna extract shampoo 0.96 82.0 94.0 100 <0.05
Av. bilimbi extract shampoo  0.75 88.0 94.0 100 <0.05
T indica extract shampoo 059 90.0 98.0 100 <0.05

Carbaryl shampoo 1.87 50.0 94.0 100 <0.05
(positive control)
Negative control 0 0 0 0 -

@ Springer



1414

Parasitol Res (2013) 112:1411-1416

extract shampoo and Ac. concinna extract shampoo. All
herbal shampoos (LTs, values of 0.53—0.96 min.) were more
toxic than carbaryl shampoo (LT, value of 1.87 min.); after
10, 30 and 60 min, mortality was 100 % (Fig 2). In the
carbaryl shampoo group (positive control), the mortalities
were 50.0, 94.0, 100, 100 and 100 % at 1, 5, 10, 30 and
60 min, respectively. For negative control, all head lice
survived during the observation period. All herbal
shampoos showed significant difference over negative con-
trol (P<0.05) and showed significant pediculicidal activity
(LTsq values <1.0 min). However, the pediculicidal activity
of all herbal shampoos at 0.25 ml/cm? showed no significant
difference over pediculicidal activity at 0.12 mlem® (P<
0.01), as shown in Table 4. Thus, pediculicidal assay
indicted the order of pediculicidal activity in the herbal
shampoos as T. indica extract shampoo>Av. bilimbi extract
shampoo>Ac. concinna extract shampoo (Table 4).

Discussion

In this study, pediculicidal activity of herbal shampoos
extracted from Ac. concinna, Av. bilimbi and T. indica were
exhibited against head lice with LT5; value<1.0 min and
100 % mortality at 10.0 min. The LTsy values of herbal
shampoos ranged from 0.50 to 0.96 min at 0.12 ml/cm?* and
LTs, values ranged from 0.44 to 0.53 min. at0.25 mV/cm” and
more effective than carbaryl shampoo (LTs, values of 1.83—
1.87 min.). These LTs, values are in accordance with previ-
ous finding of other herbal shampoo toxicity against head lice
(Rassami and Soonwera 2010; Soonwera et al. 2009).

On the basis of LTs, values, all herbal shampoos at
0.25 ml/cm”® were more toxic to head lice than at
0.12 ml/em?, but LTs, values of all herbal shampoos showed
no significant difference between 0.12 and 0.25 mlem®.
Therefore, the suggestion for the use of herbal shampoos
as pediculicide, the effective dose is 0.12-0.25 mlem”.

100 -

90

80 -
> 70+
= 804
Ts 50 < y = Ac. concinna extract shampoo
E 40 =i Av, bilimbi extractshampoo
= 30 s T indicg extractshampoo

20 - wvie Cazbaryl shampoa

10

0 3 :
1 5 . 10
time (min.)

Fig 2 Pediculicidal activity of herbal shampoo exfracted from Ac.
concinna, Av. bilimbi and T, indica at 0.12 ml/cm? and carbaryl sham-
poo (positive control)
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Table 4 LTs, values (min) of herbal shampoo extracted from three
species of Thai local plants against head lice at 0.25 and 0.12 mliem?

Herbal shampoo LTsq (min) at LTso (min) at P

025 mliem®  0.12 mlem®  value
Ac. concinna extract shampoo  0.53 0.96 ns
Av. bilimbi extract shampoo 0.48 0.75 ns
T. indica extract shampoo 0.44 0.59 ns

ns not significant

Thus, herbal shampoos extracted from three species of
Thai local plants (dc. concinna, Av. bilimbi and T. indica)
are suitable to be used as pediculicides for Thai school-
children because Ac. concinna, Av. bilimbi and T. indica
are common plants in Thailand and have been extensively
used for more than a thousand years in traditional Thai
medicine. Dried fruit of Ac. concinna had been used for
antidandruff and human skin disease, kernel seed of T.
indica was used for anthelminite for roundworm, and the
leaf and fruit of Av. bilimbi are used for expectorant, external
itching and infected wound (Faculty of Pharmacy, Mahidol
University 1992). However, since herbal shampoos claimed
as natural products (Heukelbach et al. 2006a) are biodegrad-
able, human and mammalian toxicity is considered low.
Likewise, carbaryl shampoo (positive control) is toxic to
human, and it also has been reported that carbaryl is a
potential human carcinogen (any substance the produce
cancer) (Davis et al. 1993; Swadener 1992). In addition, in
vitro pediculicidal activity has been reported for some plant-
based pediculicides such as Tea tree gel®, Lemon (Citrus
liman), Zingiber zeumbet extract shampoo, Zingiber offici-
nale extract shampoo and Curcuma longa extract shampoo
(Heukelbach et al. 2006b, 2008; Shrivastava et al. 2010,
Soonwera 2004). Rassami and Soonwera (2011) also
reported herbal shampoo based on 10 % long pepper
(Piper retrofactum) fruit extract which was shown to be
highly effective against head lice infestations in clinical. It
was recorded that more than 95.0 % mortality of head lice at
10.0 min after application of these herbal shampoos to
infested schoolchildren of Ladkrabang area, Bangkok,
Thailand as compared to 47 % mortality in the control group
treated with commercial pediculicide. Long pepper has been
used in traditional Thai medicine for a long time. Thus, long
pepper extract shampoo is a highly effective treatment for
head lice infestation; after the application of this herbal
shampoo, it did not show any negative side effect such as
erythema, skin irritation and burning sensation. The prod-
ucts from plant-based compound for commercial pediculi-
cide such as Licatack shampoo® (extract s of grapefruit),
Aesculo®Gel “L” (active compound noted, Cocos nucifera
oil), Wash Away Laus shampoo (active compound noted,
neem extracts), Picksan® Louse Stop Shampoo (active
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compound noted, neem extracts), Nopucid Qubit® (active
compound noted, geraniol, citronellol) and Nopucid Bio
Citrus® (active compound noted, bergamot essential oil)
showed to be highly effective against head lice, also
reported by Abdel-Ghaffar et al. (2010a, b); Gallardo et al.
(2012). Likewise, Abdel-Ghaffar et al. (2012) reported an
anti-louse shampoo (Licerner®) based on a neem seed ex-
tract which showed to be highly effective against head lice
and their nits in vitro and in vivo. Thus, the product from
plant-based compounds for anti-head lice has been devel-
oped for head lice treatment.

Therefore, the prevalence and degree of chemical insec-
ticide resistance of head lice to pyrethrin, permethrin, mal-
athion and carbaryl are expected to increase. Chemical
insecticides are very harmful for human health and toxic
for children. Alternative topical therapies for head lice in-
festation are needed. Thus, natural products, e. g. plant
extract products, are safe alternative due to their less toxicity
to human than chemical insecticides (chemical shampoo)
and easy biodegradability. Possibly, on the long term, plant
extract pediculicides are leading this growth and will replace
chemical pediculicides on the markets. Finally, although
herbal shampoos in this study showed to be highly effective
in vitro against head lice, the important point should be
tested for active ingredient of herbal shampoo acute and
chronic toxicity in vivo clinical trails before using herbal
shampoos as pediculicides for head lice treatments.
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