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LABORATORY AND FIELD TRIAL OF DEVELOPING
MEDICINAL LOCAL THAI PLANT PRODUCTS AGAINST
FOUR SPECIES OF MOSQUITO VECTORS

Yuwadee Trongtokit', Yupha Rongsriyam', Narumon Komalsmisrs', Pasivips Krinadaphong!
and Chamnam Apiwathnasom'

'Department of Medical Entomology, Faculty of Tropical Medicine, Mahidol University;
‘Department of Pharmicy, Faculty of Pharmacy, Mahidal University, Bangkok, Thailand

Abstract. Oils of Syzyginm aromuricum (clove) and Zmthorylum [monella (mikoen), widely e
exiEntial oils mmlmumwuurﬂuwmmu 10 experimenta
repellent products in gel or cream fovm agninst Ardes aegypri, Cilex quinguefinscinms, and Anoph.
etes dirus under laborstory conditions, using the human-arm-in-cage method. Two produces thay
pave the kngeal-lssting complete protection were selocted b examine their repollency againgt o van.
ety of mosquito species under fiekl conditions. In laborasory sesis, 0.1 g of sach proclact wis agplied
i 3x 10 em of exposed aroa on & volunteer's forearm, whils in field trials, 1.0 g was spplied to each
volunseer ‘s leg (from knee to snkle). In the laborstory, the gel dosage form contained 2% clove oil
{ﬂut!-jnrIﬂi-:hm:phlﬂimtmdlmhmn{ﬂdmmmmlphu-lﬂdupﬂm
agamst tree mosquile species and gave significantly loager complete prosection tmes of 4-5 hoars
than all other developing products. Therefone, iheir efficacy in the field was evalusted, Under fisld
W.HEMWMHh4MﬂmH.TEMIMﬁM
spplication, wheress Gel B and 20% dest (di-methy] benramide) provided oaly 85.8 sod 82 7% re.
peliency after trestiment, rexpectively ngninst Ae. aegypr, daytime-biting mosquites. For nighttime-
bitimg, the 3 repeflents under development yielded squally excellent (average 97, 1 %) repellency for 5
hours against the predominan Cr. quingifarciany and Marsonia uniformis, bt they gave B0.0%
repellency sgainm Co sritaeniorynchus and Cr. gedidur, This finding demonstrated the effective-
matﬂﬂﬂnﬂﬁdEmﬁwhpﬂH&hﬂnﬂmnﬂmﬁuqﬂm&m
masguito species.

INTRODUCTHOMN
The chemical control of pathogen-transmit-

phytechemical strategies from plants, to deplaie
of incapacitate vector populations, remaining

ting modquito vectors is likely to be very signifi-
cant in reducing the incidence of discases sach as
malaria, dengue fever (DF), dengue hemorrhagic
fever (DHF), filariasis, Japanese encephalitis (TE)
and yellow fever, which are still major public
health problems for people in the developing
world. The main burdens aro adverse effects, as
tion occur after long-term application (Curtls «f
al. 1997). Up to the present time, the search for

Ciormespondence: Narumon Fomalsmisra, Déspartamaen
of Entomeadogy, Faculry of Tropics| Medicine, Mahidol
Llr versaty, 4200 Rajvithi Road, Banglkok 10400, Thai-
lamd.

Ted: #66 (D) 2354-9100-19 ext 1843; Fax: +66 i) 2643
S582

E-madl: imnkmd, mahidolac.th
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popular research. Personal protection using
plant-based repellent is an apparently practical
and sconomical way of preventing the transmis-
shon of these diseases 1o humans. Although deet
{di-methy] benzamide)-bused repellent is well-
known for its excellent repellency against mos-
concern whout rare reports of severe reactions o
this substance, Moreover, deet does attach to hard
plastics and many consumers do not like its odor,
For these drawbacks, plant-based products are
maore favored and citronells from Cymbopogon
nardus yiclds the most popular insect repellents,
and has spread world-wide, with various com-
mercial formulations in many concentrations
(Curtis «f al, 1989; Thorsell er al, 1998; Govers
et al, 2000; Fradin and Day, 2002; Moare # af,
2002}, Another plont-hased product with a lemon-

s
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like odor is derived from Lamon Evcalyplus (£u-
calypaur maculata citriodon). 1L was finst shown
o be an effective repellent in China: p-menthane
diol (PMD) was the active ingredient (Li & al,
1974; Curtis ef ai, 1989). PMD has shown par-
ticular promise as & repellent of botanical origin
because it gave good mosquito repellency, a4
long-lasting as deet, mnd more long lasting than
citronella when tests were carmied oot under labo-
rutory and field conditions. Moreover, its mam-
malian boxicily is lower than that of deet. [n ad-
dition, this repeflent has been found effective
against midges, ticks and the stable fly (Cuortis er
al, 198%; Trige, 1996; Trigg and Hill, 1996;
Geovere et al, 2000 Moore &1 al, 2002; Trongrokit
ef al, 2004a). The longest-tasting protection of
FMD, comparad with other plani-basad repelients,
and its pleasant lemony smell are no doubt im-
peortant Factors in the comimercinl success of these
products, This promising plant-hased repellent is
an example of finding and developing new phy-
fochemical apents that could be used for contral-
ling mosquito-bome diseases in endemic areas.

Our preliminary study (Trongtokit er af,
2004b) clearly demonstrated that essential oils
from Syzygium aromaticun (clove) and Zanthaoxy-
[ limownella (makaen) performed as mosquiio
repellentz aboul equally well as citronells oil, 5.
aromaricuen and Z Lmonella are availabbe tn Thas-
land, g2 they uwre local medicinal plants used in
folk medicine. Interestingly, & vield of 12.5%
wiw of makaen ofl is higher than the other plants
studiedl, 5o it seems to be more cost-effective than
the others,

Therefore, the present paper describes the
development of appropriate formulations from
these oils, inchading & fixative thit would increnss
efficacy with improved cost-cffectivencss, A labo-
rtory study and field triel were carriad ol o
evaluate the efficacy of the developing products.

MATEHIALS AND METHODS
Preparntion of plani-based repeliont formo-
Iations

Clove oil was purchased from Thad-Chai
Fiavours and Fragrances Industry Co, Litd
(Bangkok, Thailand), but makaen oil was ex-
tracted from £ limonells obtained from the north

32t

of Theiland, vsing steam distillation (Trongtold
£ ai, 200db), Eachof 1 formulations was varied
10 5 formulss sccording to active ingredient and
concentration. Prepamtion was cirried ot af the
Department of Pharmacy, Faculty of Pharmacy,
Mihidol University. The developing formulas ane
listed in Takble |.

Laboratory lesi mosquitos

The tested mosquito species were Aedes
aegypr, Ariopheles dirs and Claley quinguefiesciams.
These mosquitos were uninfected lnbomtory strains
and were reared for over 10 generations in the in-
sectary of the Insecticide Research Unit ot the: De-
pariment of Medical Entomology, Faculty of Tropi-
methods for mass rearing were slightly modified
frowm ihe procedure mentioned in the mamal *Rear-
ing techniques for mosquitos” (Limsuwan ef al,
1987). Non-blood-fod 4-5 day-old hungry female
mosqung were ised in labormiory lests.
Laboratory test procedure

The study used sin human subjects who
agreed 1o take pan in testing the repeflency of
each kind of developing product in the labora-
iory. This study was approved by ethical com-
mittee in |2 Jamunry 2004 before processing all
EX pErimEnts.

The repellency of the formulations was
evaluated using an anm-in-cage test (Schreck and
MeGovern, 1989 WHO, 1996). A subject’s srm,
wearing a glove, was covered with a rubber sleeve
with 3x 10 cm window. 0.1 g of each formulation
was applied and allowed to dry for | minote. The
other arm without eatment was used 2s the con-
trol and it was exposed to mosquitos in the cape
before each insertion of the mested srm. The mos-
quitos did not have time to gorge with blood dur-
ing thiz control exposure and they remained hun-
gry for exposure of the treated arm. IF at least 2
mosquitos landed on the control arm, the repel-
lency test was camied out. The treated arm was
exposed for | minoie 1o 250 hungry female mios-
quitos. Every 30 minutes afier treatment the
itreated arm was re-exposed to mosquitos and the
time ai which the first bite occormed was recorded,
Arm exposure st 30-mimute intervals continued
until two bites cocurred and one further exposure

was made o check that complele repellency had
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indeed failed. Duration {minute) of complete re-
pellency after application of repellent was re-
corded as the protection Hme, and was used as 5
mcasere of the repellent efficacy. The iests apainst
Ae. aegypti were conducted between 0900 hours
mvd 1500 hours, whereas those against An. dines
wnd Cx. quinguefasciatus were camied o from
1900 hours to 2400 howrs. OF 10 developing prod-
wcts, 2, which gave longest-lasting repellency,
wene selected for testing under feld conditions.
Field evaluation procedurs

The Neld evalumions were conducted in vari-
ous areas near Bangkok, Thailend, during both
day and night, to include & wide range of mos-
quitd vectors, Ratchathewi district (Bangkok),
Bang Bo (Samut Prakan Province) and Sai Noi
(Monthaburl Province) were selected for testing
aguinst nighitime-biting mosquitos. Toong Kru
(Banghok) was chosen for Ae. aegypri, the day-
time-hiting dominant vecior species,

The human-bait landing cusches were based
an a-4xdxd square design. Four experienced mos-
quitc-collectors (2 female, 2 male) sol in 4 different
positions and esied 4 treatments. The tresments
consisted of 2 developing products, 20% deet in
1% ethanol, and a negative control. The first de-
veloping product was a mixture of 10% clove plus
| 0% makaen cil in a gel form. The second was 20%
clove ol in a gel form. Nothing was applied (o the
legs of the negative conrol. One gram of the prod-
oct was applied evenly from knee to ankle of each
leg. Shons and shoes were wom 10 standandize the
exposire ared. (ther exposed untreated parts of the
body were protected against mosquitos attack by a
jacket with hood and gloves, covering the thighs
with a plastic sheet  Care was taken o minimize
contact of the trealed legs with clothing or other
matier between the bourly ests. Al the feld site,
the testers sat on chairs, M beast 10 meters apart and
collected ull of the mosquitos landing on their legs
in the specific area for a 40-minute period. Each
exposure period was followed by & 20-minute break
before the next mosquito collection was carmied out.
The tests wese nin in profected locations with mini-
mal wind disturbance, where mosquito landing or
biting activity was high. The test against daytime-
biting mosguitos, began s 0830 hours and obser.
vation continued o 1130 hours, whereas tests
agninst nighttime-biting mosquitos stared from

Wol 33 Moo 2 fime 2004

1630 hours, and the observation time contineed fior
3 hours (1830-2130 hours). Landing mosguitos
were aspirated into paper cups with a piece of ool
ton wool soaked in 10% glucose solntion placed
aver the net covering. Cups were replaced each hoor
o record hourly biting rates. The coptured mos-
quitcs were: brought to the lshorstory and identi-
fied to species under & stereo microscope. Each
insdividual received a different restment sach night,
and sat in a different position every 4" night. A ran-
domized block design was used. The subjests
wished their legs with soap after lesting, and again
the following moming. Washing and use of soap
ot deodorant after midday were prohibited. Skin
tritation was observed in the testing period.
Data analysis

The mean protection time was used a5 a sian-
dard measure of the repellency of 10 developing
products in gel and cream bases against three
mosquito species in the laboratory. Percent repel-
lency in the field rinl was calculated (Sharma and
Ansari, 1994 Yap er al, 1998). The resulis were
analyzed according to the following formula,

% Repellancy = —{?‘; 100

Where C is the sumber of mosquiios cof-
lected from the control areas and T is the number
collected from the trested sreas of the subjects.

Data from the ficld study were normalized
using natural log+1, then analyzed with a pen-
eril lincar model (GLM) in the Minitab Statisti-
cal Software package (Minitab Inc, Stte College,
PA) The effects of trestment, individual, and
from interactions between individual and treal-
ment, positicn and individual, and restment and
position were also analyzed,

Ethics approval
The Faculry of Tropical Medicine, Mahidol
University, granted full ethics approval.

RESULTS

Repellency of 10 experimental producis
ngninst 3 Isboratory mosquito spp in the laho-
ratory

Uinder labosatory conditions, the durstion of

xr
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complete repellency of the 10 dosage forms stud-
ied, ged and cream in 10% and 20% oil concen-
trations, was analyzed using the Minitab Statisti-
cal program. All observed protection times were
transformed [log (x+1)] and variance analysis by
LM was conductesd. The effect of mosquito spe-
cies (F=16.47; df=2, 179; p<0.0001), formula-
tion (F=54.73; df=l, 179; p<0.0001 ) and active
ingredient {F=24.24: df=4, 179; p<0.0001) on the
duration of protection was significant, but the ef-
fect of person was vice versa (F=1.32: df=5, | 79:
p=11.238). The duration (mimute) of complete pro-
tection time for each product in the gel form is
shown in Fig |. There was no repellency against
the three mosquito species from the gel base
(without any active ingredient). Concentration of
each active ingredient in the prepared formuls-
tion obviously affected the effective duration of
wction (Figs | and 2). OF 5 gel prodocts, Gel B,
containing clove oil 20%, and Gel E, containing
i muxture of 1% clove oil and 1098 maksen ol
demonsirated equal repellency (pe0.05), of 4.4
hours and 5.0 hours against Ae. aegypri, 5.10
hours and 5.0 hours against Cr. guinguefas-
Chgfus, snd 4.5 hours and 4.8 howrs ageinst An
diruz, respectively, Morcover, both gel products
gave complete repellency significantly longer
than other gel products sgainst all three mosquite
species (pet).05),

For the repellent efficacy of products in the
cream form (Fig 2), cream b, containing 20%
clove pil as the active ingredicnt, gave the long-
eat protection (4.8 hoors) against both Cx.
quinguefaseiatus and An. dirus, In addition, cream
g, containing the oil mixtore of 10% clove and
10% muksen gave § non-significant difference in
the complete repellency provided by cream b
against Cr. quinguefoseiams and An. dirus. In
contrast, both ¢ream b and cream e showed less
protection time than Gel B or Gel E agrinst Ae.
aegyprl. The gel formulstion was 2 times befer
than the cream formulation for Ae. aegypri, Cx
quinguefasciotus, and An. dirtr (p<0.05),

These initial resules clearly demonstrated that
Gel B and Gel E performed longest as mosquito
repellents, giving at least 4 hours' repellency
against three mosquito species. Therefore, these
promising products were evaluated for efficacy
under field comditions.
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different active ingredients and concentrations.
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Table 2
Mosguitoes captured, hiting rate and mosquito species collected hourly on unireated volumesrs ot
various study sites in Thailand, 9-27 September 2002

Snudy site Test dage, application Total Xz 5D of landing rase Mosgaiig spp
iime, observation Gme mosguites (landing-man-hoar)
Ratchathewi, 9-12 September 2002, El9 TT25338  Crguingesfcinns, fomale (99.43)
Bangkok 1730 heours, made (0. 12)
19302200 honars Cx peliches, femmale (0.12)
Ae. argyprl female (L1233
Toomg K, 11-14 Sepember 2002, 216 P ES A& aegypri, female (60 mnle {80
Bamghkok 340 hoamrs, O830- 1130 hours
Bung Bo, 17-20 Seprember 2002,  1.594638 3M 21015 Mo uniformis, female (86, 10); male
Samaif Prakan  1A30 hoars, {4.54)
1E30-2 1 30 howrs Ma. imdiow, female (270}
Ma. arnmulifera, femsle (0.35)
Cx. getiohes, female (4.63)
Cx. mrlseniorhymciu, female {1.4T)
Cr. sifirns, female (0,23)
An. vagus, female (0.37)
S [Hai, 2326 Seprember 20032, 1,735 163 £ B0 Cx irssmiodnachus, femsle (21.48)
Monthaburi 1730 hours Cx. pefinlur, Female (77.40)
LE30-2 1 M0 hengrs Cz iitiens, female (42.49)

Cr queinguefascianes, female (0.79)
Ma. uniformis, female {1.55)

M. indiana, female (3,27)

Ma erodifern, female ((024)

An. barbirpsrris, female (0.32)

An pecitaenious, female (0.24)
A veagn, femmle (0U08)

An. subatlone, female ((L0R)

=16, in ks the number of cateling Hmesfpersonounndghl.

Repellency of Gel B and Gel E against mios-
quite hites under feld conditions

In the environment of our experimenis, there
was no effect from the human factors, including
e mosguito capturing shility of each sulsject and
their aftractiveness b0 mosquitos {F=0.28; di=3,
63; p=0.838), The sitting position of the subject
in each ares did not have any significant effect
on the results {Fe=0.56; df=3, 63; p=0.647). How-
ever, there was & significant difference in biting
nambers obtxined from Ratchathewi, Tooog K,
Bang Bo and Sai Noi (F=34.91; df=3, 63;
p=0.005). The differences in biting numbers af-
ter the application of the 4 treatments (Gel B, Gel

Vol 315 Mo.2 Jume 2Ne

E.mﬁﬂ.hﬂmgﬁmml}mﬂmﬁg—
nificant (F=129.82; df=3, 63; p<0.0001).
Percent repellency of Gel B, Gel E, and 20%
deet against daytime-hiting mosquitos in the feld
al Toong Kru, Bangkok, on Septamber |1%-14%,
2002, is shown in Fig 3. There were no hites by
the mosquitos for al least 3 hours afier the appli-
cation of all products. Among Gel B, Gel E, and
deet, Gel E showed greater protoction against
msaquitos than the ather wo products, s it gave
the longest-lasting complets repellency (4 hours
afier application), wheress Gel B or deet gave
shorter complete repellency (3 hoars). Moreover,
5 hours after application, Gel E still gave betier
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Fig 3-Repellency of Gel B und Gel E compared with
20 deet in ethenol sgainst mosquiies in Toong
Kru, Bangkok. Thailand.
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Fig 4-Repeliency of Gel B and Gel E compared with
20%: deet in ethanol sgaing: mosquitos in

Rutchathewi, Banglkok, Thailand.

repellency (about 95.7%), while Gel B and deet
provided only 86.8 and 82.7% repellent activity,
respectively. Mosquito collection on the untreated
wolunteers is presented in Table 2; Ae. aegypri was
the predominant mosquito species in this anea.
Percent repellencies of Gel B, Gel E and 20%
dect againat night-hiting mosquiles st Ratchathewi,
Sai Noi, and Bang Bo are shown in Fig 4-6.
At Ratchathewi, Bangkok, Cr. quimguefasciaius
© was the predominant species. The 3 repellents
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Fig 6—Repellency of Gel B and Gel E conspared with
0% dest in ethanol ngsingt mosquitos in Bang
Bo, Samut Praken, Theiland,

yiekied equaily excellent repellency (5 hours) with
almost complete protection {sverage 97, 1%) from
B and Gel E provided good mosquito repellency,
equivalent to deet, which is the standard repellent
Similarly, at Bang Bo Gel B, Gel E and 20% deet
pave non-significant differences in percent repel-
lency (sverage 97.0%) after 5 hours application;
this area bad 4 times the mosquito density of
Raichathewi. At Sai Noi, Gel B, Gel E, and deei
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nighi-biting mosguitos, O tritaemiorynchos and
Cx. gelidur. In contrast with the 2 previons mites,
all 3 products gave: 100% repeliency only 2 boirs
after application, which decreased 10 an avernge
B0 repellency ifter 5 hours. Regurding with the
suspicious effect of repellent products used in this
snady, it ks worth o mentlon that both |sbarmiory
and field tested of sll forms of repellent did not show
anry harmiiu] effect on hinsn skin such as rash, gkin

DISCUSSION

The resulis of the current study, and those of
other researchers, showed that the repellency of
clove oil ngamst various mosquito vecions 15 m-
markable (USDA, 1954; Barnasd, | 999, Trongtokit
ef al, 2004b). In addition to the high cost of clove
oil, the potential for using chove or other effective
pils as popical mosgquilo repellens may be limited
by user accepiability becatres they can capse irm-
1and dermatitis and their odor may be unacceptable
{Bamord, 1999). The oil combimmtion stidy wis
conducted a5 an allermative (o conventional appls-
cation.

Few other dats regarding the comparative
repellency of oils and oil mixtores are sviilsble
1o compane with the resulis of oor study, Barnard
{1999) reported that, in preventing Ae. aegypii of
An, gifimanuy, none of the oil combinations re-
pelied longer than their pure constituent oils. For
example, pure clove oil gave 3. 75-hour mean pro-
tection Hme agninst Az, gegypd |, equal to the mean
protection ime of 75% clove plus 25% thyme oil
(3.75 hours). On the other hand, pure clove oil
provided 3.55 hours of mean protection time
agamst An. albimanus, which was longer than the
75% clove plus 25% thyme oil mixtore (2.25
hours). With regard to oor results, the products
containing 10% clove plus 109% makaen oil, and
20% clove oil. demonstrated equal repellency
agminst Ae. aegypil, Cx. quinguefase i, md An
dirus uncer laboratory conditions. These findings
showed that, aithough there was no synergistic
mechanism of clove plus other oils {makaen, ge-
ranfum or thyme oil) miximes, these was a ben-
efit in reducing the cost and improving safery for

Vol X5 Mo, T June 20HM

It is imgortani b0 note the different amounts
of active ingredients formulated in pel and cream
dosage forms. The laboratory results showed that,
of the 10 dosage forms stsdied, el products con-
taining 20% clove oil or 10% clove plos 10%
mikasn ol were promizing plant-based mosqeilo
repellents against Ae. aegyvpri, Cx guingue-
fasciarus, and An dirus, and gave longest-lasting
fior 4.0-5.0 hours complete protection in the labo-
ratory. The experimental results of this study indi-
cauted that the gel dossge form tended o exhibit
significanty longer protection time than the cream
dosage form. This could be due to the composi-
tion of the gel form, conslsting of all oll-phase in-
rials that remain on the &kin surface. It demon-
strated good durability, with a persistent, soft and
emollient fecling. All specific good properties on
also sited by Arch Personal Care Products LF, Cos-
hamnel, thie cremm form exhibited shorter proteciion
time compared with the gel dosage form, due w0
rapid evaporation of the water solvent. A con-
troilbed-redease formulation of mosguito repellent
containing deet as the active ingredient has been
reporied o entend protection against biling mos-
quitos in the lsboratory, profonging protection time,
comfort, reducing odor and plasticizer effects
(Gupta and Rutledge, 1991).

With the genus Cymbopogon. which yields
the most popolar repellents in the world, O
excavatus gave 100% repellency for 2 hours,
when it was evaluated in the Iaborstory against
An. arabiensiy; its repellency decreased to 59.3%
aficr 4 hours (Goveres #f al, 20000}, In Thailamnd,
2%% . winterianus oil in ethanol mixed with 5%
vanillin gave 100% protection for & hours agaimet
Ar. aegypti, Cx. quinguefasciatus, and An. dirus,
and compared favorably with 25% deet (Tuwatsin
et al, 2001). Besides, |4% citronella cream gave
about 2-hour complete repellency against Ae.
orgyphi (Wasuwat er al. 1990). Moreover, a re-
pellent cream containing less than 10% citronella
cream provided only 2-hour repellency against
An. minirrs, while a 10% formuolation oould re-
pel this mosquito species for o least 4 hoars un-
der laboratory conditions (Suowonkerd and
Tanrarongroj, 1994). Compared with the same
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conditions, 20% clove oil or the oil mixture of
the gel formulstion gave no different repellency
from citronella-based repellents. However, the
difference in methodology, formulation type and
environment of the experiment should be noted.

Other plant-derived substances that have
some degree of mosquito repellency inclisde cit-
ronella, cedar, verbena, peanyroyal, geranium,
lavender, pine, cajupul, cinnamon, rosemary, ha-
sil, thyme, allspice, garlic, and peppermint have
been reported (Jarratt, 2004; Trongiokit er al,
2004b). The repellency provided by these prod-
ucts is very limited and some studies showed no
protection was gained using these plant products.
O scientific study using Buzz Away® (contain-
ing citronella, cedarwood, eucalyptus, lemon-
grass, alcohol, and water) and Green Ban® (con-
taining citronella, cajuput, lavender, safrole-free
sassafras, peppermini, bergaptene-free bergamot,
calendula, soyn and tea tree oils) showed essen-
tially no repellency against mosgquitos. However,
other studies with Buzz Away® indicated that the
product did have repellency for about 2 hours.
Cne plint-based repellent that was released in the
US in 1997, Bite Blocker®, {containing soyhean
0il, geranium oil, and cocomut oil) has thown good
repellency against Aedes mosguitos forupto 3.5
heouars (Jarratt, 2004 ).

In the field, our results may be compared
with the data obtained from a plant-hased prod-
wet contained p-menthane diol (FMD), extracted
from Lemon Eucalyptus (Excalypius maculata
citriodon) as the active ingredient. It has shown
panicular promise as a repelbent of botanical ori-
gin in the field, ai doses of 0.8-2.0 glleg, 0%
PMD rendered complete protection from biting
for 6-7.75 hours (Trigg, 1996) while 20% clove
of 1086 clove plus 109 makaen mixiure in gel
fiorm gave shorter complete prodection | 3-4 howrs )
apainst Ae. aegypri, Cx. quingwefasciares, Cx.
friraeriorfrechi, Cx. peliduy, Mo uniformis, and
odher nuisance mosquitos (Table 2). Our results
show that our experimental products were not s
effective as PMD in repelling mosguitos, but in
practice, consumers should note that re-applica-
tion could provide full protection against evening-
biting mosquitos before retiring to a bednet.

The results of this study were clearly betier
than ihe efficacy test on 14% citronella cream
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ngaingt Culex mosquitos under field conditions
for only | bour, and showed that the cream could
prevent af beast 90% of mosquito attacks in 13/20
volunteers who applied enough cream (1.2 g or
more per whole forearm) (Jaruwichitratana er al,
I988). In contrast 10 our resulis, the pure citronells
oil extracted from C. martind martini (palmaross)
provided 100% repellency for 12 hours against
Anopheles mosquitos in the field mial, which was
carried out using a pair of volunteers who sat io-
gether, one of whom was treated with the all
which the other was not (Ansari and Razdan,
1994). However, the tests utilized pairs of volun-
leers: one acting as bait and the other as collector
iwho wore no repellent), therefore, mosquitos
would be diverted o the collector giving an in-
flated meassure of repellency.

In summary, gel dosage forms containing
20 clove oil or 109% clove plus 10% makaen oil
as active ingredients demonsirated good repel-
bency against day- and night-biting mosquitos un-
der aboratory and febd conditions, Therefore, this
study clenrly indicates the potential of thess for-
mulations as effective topical repellents against
4 wide mnge of mosquito species. For possible
use by low-income rural communities, where the
highest incidence of mosquito-bome diseases ks
reporied, our studies have addad the cheap and
available gel dosage forms containing 20% clove
il or 10% clove, plus 10% makaen oil as the ac-
nive ingredients to the list of effective plant based
repellems.

However, further investigation of traditional
plani-based repellents is needed. It is hoped o
produce affordable mosquito repellents for use
in ow-income communities where native plants
can be grown and processed with low technol-
ogy. The use of repellents in combination with
insecticide-treated mosguite nets (TTNs) can be
expected o be highly complementary, with the
repellent affording protection doring early-
evening feeding and ITNs during late-night fesd.
ing. Indeed, it may be that, whene the: vectors feed
in the eary evening this is the only means of &=
curing a high level of mosquito-borme discase
reduction,
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Introduction

Plants and plant-derived substances have been used to try to repel
or kill mosquitoes and other domestic pest insects for a long time before the
advent of synthetic chemicals (Curtis ef al., 1989). A review on the uses of
botanical derivatives against mosquitoes has been presented by Sukumar ef al.
(1991). Essential oils of a large number of plants have been found 1o have
repelient properties against various haematophagous arthropods; some have
formed the basis of commercial repelient formulations (Curtis ef al., 1989).
The repellency of these oils appears to be generally associated with the
presence of one or more volatile mono-terpenoid coristituents.  Although they
are effective when freshly applied, their protective effects dissipated relatively
rapidly (Buescher ef al, 1982a; Rutledge er al, 1983; Curtis ef al, 1989),

The oils which have been reported as potential sources of msect repellents

include citronella, cedar, verbena, pennyroyal, geranium, lavender, pine,




cajeput, cinnamon, rosemary, basil, thyme, allspice, garlic and peppermint.
Sharma ef al. (1993) have reported the effectiveness of neem oil as method of
protection from mosquitoes which is safe and does not use synthetic
chemicals. In laboratory tests in the USA (Barnard, 1999), thyme and clove
oils provided 1.5 to 3.5 hrs of protection against Aedes aegypti. Citronella oil,
in concentrations ranging from 0.05% 1o 15%, is used alone or in combination
with cedarwood, lavender, peppermint, clove, eucalyptus, and garlic in a
number of commercial insect repellent products (Fradin, 1998). Currently, a
lemon eucalyptus extract which comes from the plant Eucalyptus maculata
citriodon with the principal active ingredient p-menthane-3,8-diol (PMD) has
shown particularly good results in its mosquito repellent properties when tests
were carricd out under laboratory and field conditions. This repellent has
been lound to be effective against mosquitoes, midges, ticks, and the stable fly
(Curtis et al, 1989, Trigg 1996; Trigg and Hill 1996; Govere et al., 2000).
Qils extracted from plants are widely used as fragrances in cosmetics, food
additives, household products, and medicines. The U.S. Food and Drug
Admimstration (FDA) generally recognize these as safe.

Recently, there have been many reports concerning the repellent

properties of many kinds of essential oils; however, most of the results came
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Abstract

The mosquito repellent activity of 38 essential ﬁils from plants at three
concenlrations was screened against the mosquito Aedes aegypti under
laboratory conditions using human subjects. On a volunteer's forearm, 0.1 ml
of oil was applied per 30 em® of exposed skin. When the tested oils were
applied at the 10 or 50% concentration, none of them prevented mosquito
bites for as long as two hours, but undiluted oils of Cymbopagon nardus
(Citranella), Pogostemon cablin (Patchuli), Syzveium aromaticum (Clove) and
Zanthoxylum limonella (Thai name: Makaen) were the most effective and
provided two hours of complete repellency.

From these initial results, three concentrations (10%, 50% and
undiluted) of citronella, patchouli, clove and makaen were selected for
repellency tests against Cufex quinguefasciatus and Anopheles dirus. As
expected, the undiluted o1l showed the highest protection m each case. Clove
oil gave the longest duration of 100% repellency (2 to 4 hours) against all

three species of mosquito.




from antificial (in vitro) testing methods using cloth, filter paper, animal
membrane or olfactometry but some came from more realistic (in vivo)

methods utilizing animals or human subjects (Rutledge er al, 1964; Bamard,

2000). Results fmr_n different methods cannot be compared directly because -

these methods yield results strongly related 1o the laboratory conditions used.
The evaluation of repellency should preferably be carried out using human
subjects, because laboratory animals may inadequately simulate the condition
of human skin to which repellents will eventually be applied (WHO, 1996
Bamard, 2000; Moore, 2003).
Intheprcscmmidy,atlemmshavahtmmad:tuﬂhmaﬂnﬁuﬂm
relationship between different concentrations of 38 selected essential oils
against Aedes aegvpti mosquitoes using human subjects with caged
mosquitoes. The more promising of the oils were also studied for their

repelient activities against Culex quinguefasciatus and Anopheles dirus.

Material and Methods

Essential oils:

The names and sources of 38 essential oils are presented in Table 1.

Ageratum conyzoides (leaves and flowers), Spilanthes acmella (flowers), Vitex
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negundo (leaves) and Zanthoxylum limonella (seed and fruit) were obtained
from northemn Thailand. Herbarium specimens were identified by a botanist
and deposiled at the Forest Herbarium National Park, Wildlife and Plant
Conservation Depariment, Thailand. They were subsequently extracted for
essential oils by steam distillation. About one kilogram of fresh plant material
al a ume was cut into a small pieces and-placed in a distillation flask with
approximately 3 times as much water and 8-10 glass beads. The distillation
chamber was heated to about 120°C and allowed to boil until the distillation
was completed. The distillate was collected in a separating funnel with which
the agueous poriion could be separated from the oil The yield of each
essential oil is shown in Table 2. These oils were kept at 4°C until they were
tested for mosquito repellency.

Apart from the oils extracted from plant material as specified above,

another 32 essential oils were purchased from the TCF Co. (Bangkok,
Thailand).

Mosquitoes:
The mosquito species tested were de. aegypti, An. dirus and Cx
gquinguefasciatus. These mosquitoes were uninfected laboratory strains and

were reared in the insectary of the Insecticide Research Unit at the Department



of Medical Entomology, Faculty of Tropical Medicine, Mahidol University.
The methods for mass recaring were slight modifications of the procedure
described by Limsuwan er al. (1987).

Subjects: This study used three human subjects who agreed to take
part in testing the repellency of each kind of oil.

Repellent assay:

The repeliency of the essential oils was evaluated by using an arm-in-
cage test (Schreck and McGovern 1989, WHO 1996). Each oil was tested
undiluted and also was diluted with 70% alcohol to 10% and 50%
conceniration. An arm was covered with a rubber sleeve with a 3X10 cm
window and 0.1 ml of a 10% or 50% concentration or undiluted oil was
applied. The treated arm was exposed for | minute to 250 hungry female
mosquitoes, 4-5 days old. Every 30 minutes afier treatment the treated arm
wis re-exposed to mosquitoes and the time was recorded at which the first bite
occurred. Following the method of Schreck and Mc¢Govern (1989), the arm
exposure at 30-minute intervals continued uniil two bites occurred and one
further exposure was made to check that complete repellency had indeed
failed. Duration (min.) of complete repellency afier application of repellent

was used as a measure of the repellency of the essential oils, The arm treated




with the solvent used for the essential oil was used as the control. This control
arm was exposcd before the start of each assay. The essential oils that
provided the longest complete protection ime were tested against An. dirus

and Cx guinguefasciatus by the same methods.

Results

Results of the initial screening tests showing the repellent activity of 38
essential oils from plants are given in the Table 3.

Of the essential oils tested, high concentrations of C. nardus, P. cablin,
S. aromaticum and Z. limonella (fruit) were the most effective and provided at
least two hours complete repellency against Ae. aegypti. The protection times
of these oils were less when they were diluted. At 50% concentration, C.
nardus, P. cablin, 8. aromaticum and Z limonella (fruit) showed 50, 60, 70
and 80 minutes protection, respectively and, the repellent activily decreased to
30 minutes or less when diluted to 10%. Based on these results, C. nardus, P.
cablin, 5. aromaticum and Z. limonella (frat) were further studied for

efTectiveness against two other mosquito species, Cx quinguefasciatus and An.

dirus in comparison with Ade. gegypti. The results are presented in Table 4.




The undiluted oil showed the highest protection time in each case.
Among the four kinds of oil tested, S. aromaticum demonstrated the longest
protection time against all three species of mosquito and the order of potency
based on the protection time was Cx quinguefasciatus>An. dirus>Ae. aegypli.
The mean durations of protection from bites for S. aromaticiun were 240, 210
and 120 minutes against Cx gquinguefasciaius, An. dirus and Ae. aegypti,
respectively. At 50% concentration S. aromaticum provided 120 minutes of
complete protection against both An. dirus and Cx gquinquefasciatus. P. cablin
and Z. limonefla protected for 120 and 130 minutes, respectively, agamnst An.
dirus. The protection times of all oils at 10% concentration were less than 120

minutes against all three species of mosquito.

Discussion
Repellency evaluation 1s preferably camied out using human subjects, as
lesting repellents on animals or artifictal membranes may not give

representative data of how the repellent will perform when applied to a human
skin (Micolaides et al, 1968; Cockeroft er al., 1998). Qur studies evaluated

the repellent activities of 38 oils against de. aegypti mosquitoes which are

anthropophilic, are easy to rear under laboratory conditions and are avid




biters. The tests showed that among 38 undiluted essential oils, the most
effective were extracied from C. nardus, P. cablin, 5. aromaticum and Z
limonella which provided complete repellency for 120 minutes. The results in
the reports of United States Department of Agriculture (1952- 1964) also
documented the complete repellency of 5. aromaticum and C. nardus for 120
minutes against Ae. aegypii.

According to the recommendation of the U.S. Environmental Protection
Agency (2003), using Ae. aegypti along with a representative human biting
species from both the Anopheles and Culex genera for the laboratory studies of
repellent efficacy can provide information on difference in response of the
main vector genera of mosquitoes. Rutledge er al. (1983) showed that patterns
of sensitivity 1o repelient compounds varied between mosquito genera. Their
experiments showed, for 31 repellents, that Ochlerotatus (Ochlerotatus)
taeniorhynchus and Cx pipiens were significantly morc sensitive than were
Ae. aegypti and An. albimanus. Furthermore Ae. aégypli, the traditional test
species for repellent studies, was an exceptionally poor predictor for the
responses of An. stephensi to repellents. Curtis ef al. (1987) showed that

Anopheles mosquitoes were less sensitive o DEET and other repellent

chemicals than Ae. aegypti. The present results showed that among the 38 oils




tested, the undiluted oil of C. mardus, P. cablin, and Z limonella provided
better protection against de. aegypli, Cx quinquefasciatus and An. dirus. The
mean duration of repellency of S. aromaticum oil was slightly greater than
from the other three oils against Cx quinguefasciatus (240 min) or An. dirus
(210 min).

For oils manifesting mosquito repellency, protection time generally
increased with increasing oil concentration. None of the oils prevented
mosquito biting for as long as 120 minutes when used at 10% or 50%
concentration. |t was reported by Li et al. (1974) (and summarized in English
by Curtis ef af. (1989)) that, against Ae. aegypti, Lemon Eucalyptus oil has a
protection time of only one hour but Table 4 showed that P. cablin, 5.
aromaticum and Z limonella oils gave 2 hours repellency (Table 4)
However, Li ef al. (1974) showed that the waste distillate of Lemon
Eucalyptus contained an active repellent p-menthane diol (PMD) and he found
that a 15% concentration of PMD obtained from Lemon Eucalyptus oil
distillation showed 4.4 hours protection. This was better than 10% of P.
cablin, 5. aromaticum and Z. limonella oils which gave no more than half an
hour protection against Ae. aegypti (Table 4). 50% concentration of PMD

gave 13 hours protection against this species (Li et al., 1974). At a range of
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concentrations applied to humans, protection time of PMD against de. aegypti
was proportional to the amounts applied and was definitely higher than the
protection time of oils of P. cablin, 5. aromaticum and Z. limonella.

For possible use by low-income rural communities, where the highest
incidence of mosquito-borme diseases are reported, our studies have added the
cheaply available P. cablin, S. aromaticum and Z_ limonella to the list of
effective plant based repellents.

Citronella from C. nardus belongs to the genus Cymbopogon which
yield the most popular repellents in the world. In South Afnca, C. excavatus
gave 100% repellency for 2 hours, when it was evaluated in the laboratory
against An. arabiensis and its repellency decreased 1o 59.3 % after 4 hours
(Govere et al. 2000). In Thailand, C. winierianus oil, mixed with 5% vanillin,
gave 100% protection for 6 hours against de. aegypli, Cx gquinguefasciatus
and An. dirus and compared favourably with 25% DEET (Tawatsin et al.,
2001). The pure oil of C. martinii martinii (palrharosa) provided 100%
repellency for 12 hours against Anopheles mosquitoes in a field tnal which

was camried out by using pairs of volunteers who sat together, one of whom

was treated with the oil and other was not (Ansari and Razdan, 1994},




These plants contain varying amounts of several insect repellent
chemicals although environmental conditions cause the content of volatile oils
in plants to vary greatly. Repellent compounds contained in this group
i_nc:!m:lt: alpha pinene, camphene, camphor, geraniol and terpenen-d4-ol. The
most abundant repellent molecules found in the group are citronellal,
citronellol and geraniol {(Duke, 2000). Buescher ef af. (1982b) and Rutledge
ef al. (1983) found a synthetic derivative of citronella (a mono-terpene
aldehyde), is the main constituent of citronella oil and has been used as the
active ingredient of commercial repellents. In addition, their high citronellal
content makes the plants of this genus potential candidates for PMD
production since citronellal is a precursor of this molecule. The grasses grow
readilv and rapidly throughout much of the tropics and a simple steam
distillation is sufficient to extract the repellent fractions, The plants in this
genus are pleasant smelling and are widely used in traditional medicine,

S. aromaticum or “clove oil” was reported the most effective mosquito
repellent in the comparison made by Bamnard (1999) and in the present study.
Barnard showed that this oil gave 90 to 225 minutes of protection against Ae.
aegypti and 75 to 213 minutes of protection against An. albimanus, depending

on oil concentration. The major constituents of clove oil are eugenol,
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eugenol-acetale, and beta-caryophyllene (Leung and Foster, 1996). Eugenol is
repellent to Ae. aegwpti (USDA 1954) and An. gambiae (Chogo and Crank,
1981). Neither eugenol-acetate nor beta-caryophyllene are repellent to Ae.
aegypti (USDA, 1954), hu! neither has been tested for repellency 1o Anopheles
mosquitoes. Eugenol also acts as an antioxidant in oleogenous foods, as an
anticarminative, antispasmodic, and antiseptic in pharmacy, and as am
antimicrobial agent (Farag et. al, 1989a, 1989b).  Clove oil is used in
oriental medicine as a vermifuge, and as an antibacterial and/or antifungal
agent (Awuah and Ellis, 2002; Dorman and Deans, 2000). Miyazawa and
Hisama (2001} reported that a methanol extract from clove showed an anti-
mutagenic effect. Clove oil is very widely used in clinical dentistry in root
canal therapy and temporary fillings, and exhibits an anti-microbial activity
against oral bacteria that are commonly associated with dental caries and
periodontal disease (Cai and Wu, 1996),

For P. cabiin, there has been no previous report of mosquito repellent
activity. This plant has been used against the common cold and as an
antifungal agent in traditional medicine. It is cultivated extensively in
Indonesia, Malaysia, China and Brazil for its essential oil (patchouli oil),

which is important to the perfumery industry. This oil contains many mono-
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and sesqui-terpenoids, and several flavonoids and alkaloids (Tsubaki ez af
1967; Hikino es. al,, 1968, Terhune et. al., 1973; lickawa ez. al., 1981).
P. cablin has as strong an anti-mutagenic effect as S. aromaticum (Miyazawa
et. al., 2000) and has antibacterial activity (Osawa et. al, 1990) and is used for
prevention of emphysema in the convalescent stage (Fu, 1989).

For Z. [limonella, there are no publications showing its mosquito
repellent activity but this plant is mentioned in the website
www. indmedplants-kr.org/Zanthoxylum _limonella.htm as some members of

this genus have an insecticidal effect. A yield of 12.5% (w/w) of essential oil

was obtained with this species which is higher than that of the other plants
studied (Table 2) and is likely to make Z limonella more cost effective than
the other three plants. Itthipanichpong etal. (2002) reported the chemical
compositions of the essential oil distilled from the fruit of Z limonella in
Thailand and found the presence of 33 chemical components. Limonene
(31.1%), terpin-4-ol (13.9%) and sabinene (9.1%) wére found to be the major
components. They also reported that the essential oil from the fruit of this
plant possessed stimulatory effect on smooth muscle preparations by nom-

specific mechanisms.
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These initial results clearly demonstrated that the essential oils from P.
cablin, S. aromaticun and Z limonella plants performed as mosquito
repellents about equally well as citronella oil. As indicated above, these oils
are used in medicine, perfumery, and flavouring of food and are considered
non-toxic to humans and environmentally friendly.

Further studies are needed to develop appropriate formulations
including a fixative, which would increase their efficacy and cost
effectiveness.  Field trials should be carried out, particularly to evaluate
operational feasibility and dermal toxicity over a long period, especially to
infants and children. It is important to determine whether widespread use of
one of these repellents would produce an overall reduction of vector biting in

a community or would simply divert biting from repellent users to non-users,
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Table 3. Repellent activity of 38 essential oils (undiluted or as 10% or 50% dilutions)
aganst Ae. aegyp(i mosquitoes

Durations (min.) of complete repellency (as defined in the

ok methods section) recorded by 3 volunteers: (with mean of the
three)
10% 50% - Undiluted Control*

A. canyzoides flecf) 03030, (200  30,30,30: (30) 60,60,60; (60) 0
A. conyzoidex (flower) 0,030, (10)  30,30,30; (30) 30,30,60; (40) 0
A. satieum 0,030; (10)  30,30,60, (40) 60,60,90; (70) 0
A. tuberosum L] 0 0 0
A graveoleny 0 60,6060, (60) 30,3060, (40) 0
B. pandurata 0 0 30,30,30; (30) 0
(. ordoralum ] 0 30,30 30; (30) 0
. deodare 0 0 ¥ 0
€ Inywirix 0.030;(10)  30,30,30; (30) 60,60.,60; (60) 0
. reticulara 0 0 0 0
(. funehris 0 0 0,0,30; (10} 0
.. longa 0 0,0,30, (10) 0.,0,30; (10) 0
(. cifraiux 0 30.30,30, (30) 30,30,30; (30) 0
C. nerrdus 0 60,6060, (60) 120,120,120, (120) 0
E. globulus (1] 0 30,30,30; (30) 0
L. angustifolia 0 0 0,0,30; {(10) 0
L. cubeha 0 0 0 0
M. arvensis 0 30,30 30, (30) 30,60,60; (507 0
M. piperiia 0 0 30,30,30; (50) 0
M. spiceta 0,030, (10)  30,30,30; (30) 30,30,30; (30) 0

* in all cases many more than 2 bites were obtained on the untreated control arm during

the first exposure just before the time of application of the repellent

{continued overleaf)
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Continuation of Table 3. Repellent activity of 38 essential oils in three concentrations on

Ae. aegypti mosquitoes

Durations (min.) of complete repellency (as defined in the
methods section) recorded by 3 volunteers; (with mean of the

il three)
10% S0% Undiluted Control*
M. fragranx 0 0 30,30,30; (30) 0
Q. basillicum 0 0 60,6090, (70) 0
(3. sencium 0 0.0,30; (10) 60.60,60; (60) ]
P. gravenlens 0030, (10)  30,30,60; (40) 30,6060, (50) 0
I*. anisum 0 0 0 0
. sylvestris 0 30,30,60; (40) 60,60,60; (60) 0
P. berle 0 60,6090, (70) 60,9090, (80) 0
P. nigrum 0 V] 90,90,90; (90) 0
P. cablin 0 60,60,60; (60) 120,120,120, (120) 0
S indicum 0 0 0 0
& acmella 30,30,30; (30) 0 30,30,30; (30) 0
5. aromaticum 30,30,30;(30) 60,6090, (70)  120,120,120; (120) 0
V. zizanmiodes 0 0.0.30; (10} 60,60 .60; (60) 0
V. negundo 0 D 0,0,30; (10) 0
Z limonella (Seed) 30,3030, (30) 60,9090;(80)  90,90,120; (100} 0
Z limonella (fruit) 30,3030, (30) 60,90,90; (80)  120,120,120; (120) 0
Z purpureum 0 0 60,60,60; (60) 0
Z afficinale 0 0 30,30,60, {40) 0

* m all cases many more than 2 bites were obtained on the untreated control arm during

the first exposure just before the time of application of the repellent.
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Table 4. Repellent activity of the promising essential oils in three concentrations

against Ae. aegypii, (>x. quinguefasciatus and An. dirus mosguitoes

Durations (min) of complete repeliency (as defined in the methods

Mosquito spp.
“nd Ol section) recorded by 3 volanteers; {(with mean of the three)
10% 50% Undiluted Control*

Ae. aegypli

C. nardus 0 30,60,60; (50)  120,120,120; (120) 0

P.cablin 0 60,60,60; (60)  120,120,120; (120) 0

Z limonella 30,30,30: (30) 60.90.90; (80)  120,120,120; (120) 0

& aromaticum 30,30,30; (30) 60,60,90;(70)  120,120,120; (120) 0

Cx quinguefasciatus

e 3030,60:(40)  60.90,90:(80)  90.90,120: (100) 0

f.calia 60,60,60;(60)  6090.120:(90)  150,150,150;(150) 0O

& limesiglia 30,30,90; (50)  90,90,120;(100)  120,180,210; (170) 0

S articam 30,90,120;(80)  120,120,120; (120) 240,240240;(240) 0
An. dirus

Cnandia 30.30,60: (40) 30,30.30; (30) 60,60,90; (70) 0

P.cablin 30,90,120; (80)  90,120,150; (120}  150,180,180; (170) 0

Z limonella 60,6060 (60)  60,150,180; (130)  180,180,210; (190) 0

A O i 60.90.90; (80) 150,150,180 (160)  210,210,210; (210) 0

* in all cases many more than 2 bites were obtained from cach mosquito species on the
untreated control amm just before the 1esied arm was treated.
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Abstract

The efficacy of 8 commercial repellents and one product which is
under development were evaluated on the skin at dosages of 0.65 or 1.7 mg
of product/cm?, the latter being the industnal standard for deet based
repellents. They were applied to the arm or lower legs of a human subject
and tested aga.-inst Anopheles stephensi in a cage or flying freely in a
mosquito-proof room. In the artificial arm-in-cage tests, a product with 20%
p-menthane-3, 8-diol (PMD) provided complete repellency for 7-8 hours,
while with another product with 10% this was reduced to only 30 minutes.
The natural oils of clove (Syzygium aromaticum) (10%) plus makaen
(Zanthoxylum limonella) (10%) gave protection for 4-5 hours. In a more
realistic setting of free flying mosquitoes in a room, products with 20% or
30% PMD gave complete protection for 11 -12 hours, at normal consumer
dose of 1.7 mg/cm® or 6 hours at half this rate. With the product with 10%

PMD the protection was for less than 2 hours. At the higher dosage rate

40% citronella and hydroxyethyl isobutyl piperidine carboxylate (HIPC) a




relatively new synthetic active provided complete repellency for 7 hours.
50% deet was effective for 30 hours if left undisturbed on the skin.

These results indicate that of the plant-based repellent products, those
containing PMD as an active ingredient at greater than 20% give complete
protection against An. stephensi for 11-12 hours, thus offering an equally
effective practical alternative to those containing high concentrations of the
synthetic chemical, deet. At normal consumer application rates a single
daily application in the later afternoon, will provide full protection during
the critical biting times. If required a second application in the moming will
cover the much lower risk of daytime biting transmission. The clove and
makaen combination could be useful where low cost alternatives are

essential.

Keywords: Mosquito repellent, PMD, Syzygium aromaticum, Zanthoxylum

limonella, An. stephensi




Introduction

There is a thriving market in mosquito repellents and, on the label of
most of the products, claims are made about duration of protection.
However, few comparative trials using a standard methodology have been
published. Deet (di-methy]l benzamide) may be considered as the standard
repellent. There has been concemned about rare reports of severe reactions to
this substance. Deet does attack hard plastics, and many consumers do not
like its odour and favour a plant based product. Citronella from
Cymbopogon nardus is widely available. Another plant based product with
a lemon-like odour is derived from Lemon Bucalyptus (Eucalypius maculata
citriodon). It was first shown o be an effective repellent in China and it was
shown that p-menthane diol (PMD) was the active ingredient (Li et al. 1974
(data summarized in English by Curtis et al. 1989)). PMD containing
repellents have now been commercialized in the USA, Europe and Australia.
Trials of repellency in laboratory cages and in the field showed that it was
approximately as long lasting as deet and more long lasting than citronella
(Trigg 1996; Trigg and Hill 1996). The present paper describes comparative

tests of several products containing PMD as active ingredients, including

one (“Offl Botanicals™) in which the active ingredient is derived from




menthol and not from a plant. A new plant product from Thailand was
included in the tests.

The products were applied to the arm or legs of a human subject
(Yuwadee Trongtokit, the senior author) at the dose of product per unit area
which is the industry standard or, in one trial, about half of that dosage, One
series of tests was with an arm in a cage, but most were in the more realistic
situation of mosquitoes flying freely in a room and with the repellent applied
to the lower legs.

The normal way of assessing repellents is by duration of protection
(Schreck and McGovern 1989; WHO 1996) with a standard dose applied.
This was also used in the present work, though it can be argued that
consumers are mainly concemed about achieving reliable protection for

relatively short period when at kmown risk.

Materials and Methods
Repellent products:
A total of 9 repellent products were evaluated for their mosquito

repellency (Table 1). Mospel, a product in development by Insecticide
Research Unit, Mahidol University, Thailand, were also studied. This

product contains 10% clove oil and 10% makaen oil as active ingredient in a




gel form. Clove oil, which was extracted from Syzygium aromaticum, and
Makaen oil, which was extracted from Zanthoxylum limonella, have been
previously shown to give a good level of repellency against Aedes aegypti,

Culex quinquefasciatus and Anopheles dirus (Trongtokit et al. submitted).

Do of the

According to the industrial standard for deet based repellents, the
application rate for each candidate repellent was 1.0 gm of product per 600
em® which is approximately the area of the skin surface of a forearm from
elbow to wrist. This dose is comfortable for the user and covers the skin
surface without leaving gaps. For testing on the legs, the skin surface from
knee to foot of each leg of the human subject was approximately 1,526 cm’,
so a dosage of 2.6 gm was applied. It was found preferable to weigh the
repellents rather than pipetting as some were very viscous and much
remained adhering inside a pipette. This dosage from a pump spray was

sprayed onto 2 sheet of aluminum foil and collected on a petrie dish on a

balance; pump spraying continued until 2.6 gm had been collected.




Mosquito stock

Laboratory reared An. stephensi strain BEECH of Indian origin is
colonized in the insectary of the Disease Control and Vector Biology Unit,
London School Hygiene and Tropical Medicine. The colony was
maintained at a temperature of 27+ 2 °C and at a relative humidity of 60-
80% under a 12:12 light and dark cycle and provided with horse blood
through an artificial membrane.

Hungry female mosquitoes were selected by placing a human hand on
the side of a mosquito cage containing 3-8 day old mosquitoes. Then
females attracted to the hand were aspirated into a cup to make batches of 30

for each replicate trial.

Bioassay
An arm in a cage

One gram of product was applied onto the forearm (approximate
surface is 600 cm® from the elbow to the wrist) of a human subject. The
treated arm was exposed for 1 minute to 30 hungry female mosquitoes, in a
30x30x30 cm cage, and any mosquitoes landing and biting were counted.

Every 30 minutes after treatment the treated arm was re-exposed to

mosquitoes. Following the criteria of Schreck and McGovern (1989), the




time was recorded at which the first two bites occurred and one further
exposure was made to check that complete repellency had indeed failed. A
new cup of 30 mosquitoes was used for each trial at successive time
intervals. The other arm without treatment was used as the control and it
was exposed to mosquitoes in the cage before each insertion of the treated
arm. Numbers of mosquitoes landing and biting in a minute were recorded.
Thanwwﬂmdidnuthwhetpgﬂrgemﬂ: blood during this control
mmmdmcymmdhm&rm:mmﬁrmemmdm.
This arm in 2 cage method was only used for the comparison of Repel

Lemon Eucalyptus, Off! Botanicals and Mospel.

ree flyi uitoes i i f roo

The room at London School of Hygiene and Tropical Medicine
measored 3x2x2.5 m, was maintained at a temperature of 26 + 2°C and
relative humidity of 55-65% and had white tiled walls which could be
effectively cleaned. At the beginning of a test, the untreated legs were
exposed to mosquitoes for 10 min and the landing, biting mosquitoes were

caught and counted to establish the biting rate of a batch of mosquitoes

similar to those to be used in the trial.




2.6 gm of repellent product was applied evenly from knee to foot of
each leg. Other exposed untreated parts of the body were protected against
mosquito attack by wearing a jacket with hood and gloves and shorts
covering the thighs. After release of 30 hungry female mosquitoes the
subject sat on a bench in the middle of the room for 10 min in each hour and
any landing and biting mosquitoes were caught and counted. Afier finishing
a 10 min observation, the mosquitoes were recaptured by exposing two
untreated arms on which the mosquitoes readily landed. This showed that
tested mosquitoes were still hungry and that the failure to land on the treated
legs was because of the repellent treatment. The tested mosquitoes were
discarded. A new cup of mosquitoes was used in the next test which was
started 50 min after the end of the previous test. The treated legs were
exposed at hourly intervals until two bites occurred, and one further
exposure was made to check that complete repellency had indeed failed.

(Care was taken to minimize contact of the treated.legs with clothing and

furniture between the hourly tests.




Results
An arm in cage

One gram of each of three products was applied onto the forearm and
they were evaluated by an arm in a cage. The results are shown in Fig.1.
The plant based repellent containing 20% PMD (Repel Lemon Eucalyptus
lotion) provided longer lasting complete repellency (5-7 hours before the
first bite) than the product containing 10% PMD (Off! Botanicals) which
gave complete protection for only 30 min. It was clear that the difference
between 10% and 20% of active ingredient made a great difference to the
duration of repellency obtained. Mospel, the product which is under
development containing 10% clove plus 10% makaen, gave complete

repellency for 4.5-5 hours after application (Fig. 1).

Free flying m i in &8 mosquito

When 1 gmmufpmdw:twnsapplihdtnmdh of the lower legs, the
product containing 20% PMD gave complete repellency for 6-7 hours (Fig.
2) which was much longer than the product containing 10% PMD, which
gave complete repellency for 1-2 hours. These durations were somewhat
greater than in the arm-in-cage tests, but the marked superiority of the 20%
PMD product was confirmed.

10




The results of repellency tests on six different products against An.
stephensi flying freely in a room are shown in Fig. 3. Deet, which is the
best-known synthetic insect repellent, at 50% concentration of active
ingredient, provided the longest-lasting complete protection which continued
for 30 hours after application. The plant based repellent products containing
20% - 30% PMD in the form of creams completely repelled An. stephensi
for up to 11-12 hours; whereas 40% citronella in the oil formulation and
10% clove plus 10% makaen in a gel formulation provided repellency to 7-8
hours. Application of HIPC from a pump spray lasted for about the same
time as citronella or clove plus makaen. The repellent containing only 5%
citronella was less effective than the other products, with complete
repellency for only about 2-3 hours after application. Each of these results
was confirmed by carrying out a 2™ replicate.

No skin irritation or dermatitis was observed on the treated skin of the

human subject after any of the repellent treatments. .

11




Discussion

Use of insect repellents should have a role in reducing infection
with malaria, dengue, filariasis, West Nile virus and other insect-borne
diseases (Curtis, 1992 and Fradin, 1998). The mosquito used for these tests
was An. stephensi which is an important malaria vector in urban India and
the Middle East. Many of the people affected by this mosquito can afford to
purchase repellents because they are generally less poor than the most
malaria affected people of rural Africa and South East Asia. The main
motive for most purchases of repellents is avoidance of mosquito nuisance,
with malaria as only a secondary consideration. In fact there is still little
direct evidence of repellents as an effective means of malaria prevention
(Rowland et al. 2004). More such evidence should be sought and
investigations should be carried out, with species with different degrees of
anthropophily/zoophily, of whether such mosquitoes are diverted from a
person using repellent to bite another person or an amimal. It many are
diverted to animals, repellents could have a significant role in protecting
low-income communities from malaria. Funhr:m*nmmm:ia] repellents are
unaffordable, but there could be an important role for repellents based on

plants, which could be grown and processed for use at home.

12




In most of our studies, the repellent formulations were applied at a
rate of 1.7 mg/cm’. This is the industrial standard for deet based repellents
and this dose is comfortable for the user and covers the skin surface without
leaving gaps. This dose gave about twice as long protection as did some
tests at 38% of the standard dose (Fig. 2 and 3). In addition to conventional
arm-in-cage tests the repellents were tested with free flying mosquitoes in a
mosquito proof room with repellent applied to each lower leg. This method
more closely simulates a field test, but with the advantage that the number of
mosquitoes and environmental factors are controlled (WHO, 1996; Moore et
al. 2003).

The durations of protection achieved were 50% Deet > 20%-30%
PMD > 40% citronella = 10% clove plus 10% makaen = HIPC > 5%
citronella.

The efficacy of deet has been evaluated against many mosquito
species in many countries under laboratory and field conditions (Bucscher et
al. 1982, 1983; Schreck and McGovern, 1989; Bamard et al. 1998;
Cockeroft et al. 1998: Debboun et al. 2000; Thavara et al. 2001; Frances et
al. 2002). Our study shows that a formulation containing 50% deet gave

complete repellency against mosquito bites for as long as 30 hours after a

single application, with care taken not to allow contact with clothing or

13




furniture. Thavara et al. (2001) reported that a lower dose per square cm of
skin of a 20% deet product showed repellency for 9.7 hours against Ae.
aegypti, for 12.7 hours against Culex quinguefasciatus, for 14.5 hours
against Cx. tritaeniorhynchus and for 5.8 hours against An. dirus. Higher
concentrations of deet have been recommended under circumstances in
which the biting pressures are intense, the risk of arthropod transmuitted
disease is great, or environmental conditions promote the rapid loss of
repellent from the skin surface (Maibach et al. 1974; Thavara et al. 2001).
However, there are reports of rare severe reactions resulting from the topical
use of deet, e.g. contact urticania syndrome (Maibach and Johnson 1975),
three cases of toxic encephalopathy n children (Zadikiff 1979; Edward and
Johnson 1987), and skin eruptions in 10 solders after application of 50%
deet (Maibach and Johnson 1975; Zandikoff 1979; Reuveni and Yagupsky
1982). After reviewing the pharmacokinetics, formulations, and safety of
deet, the result exhibits a good margin of safety (Qiu et al. 1998). Despite
the rare adverse cffect, considering the vast number of containers sold, the
risk of adverse effects were found to be no higher than with commodities
such as household bleach (Veltri et al. 1994),

PMD, a mono-terpene of relatively low volatility ebtained from lemon

eucalyptus, has shown particular promise as a repellent of botanical origin;

14




its mammalian toxicity is lower than that of deet (Curtis et al. 1989; Trigg
1996; Trigg and Hill 1996, Govere et al. 2000a; Moore et al. 2002). Our
results may be compared with the data of Trigg (1996) who showed in the
field that at doses of 0.8-2.0 gm/leg of 50% PMD there was complete
protection from biting for 6 - 7.75 hours. Fig. 3 shows that, in the present
study, by increasing the dose up to 2.6 gm/leg, products with 20%-30%
PMD gave protection from free flying laboratory mosquitoes for 11-12
hours. The differences in the methodology, the formulation type and the
environment of the experiment should be noted. Our results show that PMD
was not as effective as deet in repelling mosquitoes, but in practice, at
normal consumer application rates, full protection can be expected for at
least 10 hours with either 50% deet or 20% PMD. However, Schreck and
Leonhardt (1991) reported that repellent formulations based on lemon
eucalyptus were less effective against Ade aegypti (L.), Ochlerotatus
taemiorhynchus Wiedemann (black salt marsh -mosquitoes), and Ae.
albopictus (Skuse) than deet. In addition, both the lemon eucalyptus product
and deet were reported to be ineffective in repelling anopheline species such
as An. guadrimaculatus Say and An. albimanus Wiedemann. These findings
emphasise the wide variations in the responses of different mosquitoes to

these repellents.

15




Fig. 3 shows tests with Hydroxyethyl Isobutyl Piperidine Carboxylate
(HIPC), which commonly has been known by the name KBR3023 or
Bayrepel®, a recently developed piperidine compound which is now the
active ingredient in the well know mosquito repellent brand sold under the
name Autan. This has been reported as safe and effective for human use
(WHO 2001; Yap et al. 2000; Thavara et al. 2001). It has been claimed that
this synthetic repellent showed mosquito repellency which equals or exceeds
that of deet or PMD (Walker et al. 1996; Thavara et al. 2001; Bamard et al.
2002). However, in our tests, its protection time was shorter than that of
50% deet or 20%-30% PMD against An. stephensi.

The use of plants of the Cymbopogon genus as insect repellents is
widespread throughout the world and the formulations tested represent the
range of concentration of citronella which are commercially available.
When evaluated in the laboratory with a cage test against An. arabiensis by
Govere et al. (2000b), the pure oil of citronella gave protection for 2 hours,
but this declined to 59.3% after four hours. Fradin and Day (2002) found
that the citronella-based repellents containing 0.05%-25% citronella
protected for 20 minutes or less against de. aegypti. Thorsell et al. (1998)
reported that a 10% concentration in 70% ethanol 8 hours after application

gave 31.9 % repellency against Ae. aegypti in the laboratory but gave 99.0 %

16




repellency against Oc. communis and Ae. cinereus in a field trial. The above
protection times in the laboratory are much shorter than those found in our
studies with 5% or 40% citronella using An. stephensi flying freely in a
rOOmM.

It 15 important to contrast active ingredients diluted in alcohol with
commercial formulations. A 5% concentration of citronella in the form of
lotion gave the same protection (2-3 hours) as was reported for a 10-50%
concentration diluted with 70% ethanol or undiluted (Tawatsimn et al. 2001,
Trongtokit et al. submitted), whereas 40% concentration in the form of an il
gave 7-8 hours protection. Our study showed that Mospel, containing 10%
clove oil plus 10% makaen oil formulated in the form of gel, gave complete
repellency for 6-7 hours, but this dose of each oil prepared in 70% ethanol
gave repellency for 2 hours or less against Ae. aegypti, Cx. quinguefasciatus
and An. dirus (Trongtokit et al. submitted). Similarly, Gupta and Rutledge
(1989; 1991) reported that, with sustained-release technology, very marked
extension of protection can be achieved. They showed that the two
controlled-release repellent formulations containing 33% or 42% deet gave
mosquito repellency similar or better than 75% deet in ethanol against Ae.

aegypti, Oc. taeniorhynchus, and An. stephensi under field conditions.
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40% citronella and 10% clove plus 10% makaen gave protection for
7-8 hours which would be sufficient to protect against evening biting
mosquitoes if people use the repellents before retiring to a bednet. However,
the strong smell of these products, due to the high concentrations of essential
oils, might be unacceptable to consumers. The longer-lasting protection of
20-30% PMD compared with other plant-based repellents and its pleasant
lemony smell (as its active ingredient is not an essential oil) are no doubt
important factors in the commercial success of these products.

However, further investigation of formulations of plant-based
repellents is needed. 1t is hoped to produce repelients for use in low-income
communities where native plants can be grown and processed with low
technology to produce affordable repellents for use against biting insects

which are a nuisance and vectors of disease.
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Table 1. List of repellents products

Product Active ingredient and concentration

1. Mosi-guard Natural pump spray p-menthane diol, 30% from Lemon
(MASTA, UK) Bucalyptus

2. Mosi-guard Natural cream p-menthane diol, 20% from Lemon
(MASTA, UK) Eucalyptus

3. Repel Lemon Eucalypius cream p-menthane diol, 20% from Lemon
(Jackson, USA) Eucalyptus

4. Off Botanicals lotion p-menthane diol, 10% synthesized
(Johnson, USA) from minthol

5. Repel Insect Repellent lotion Citronella oil, 5%
(Boots, UK)

6. Citrepel oil Citronella oil, 40%
{Chemian Technology Lid) *

7. Autan active insect repellent pump
spray (Bayer)

8. Jungle formula Insect Repellent
{Chefaro, UK)

9. Mosapel
(Mahidol University, Thailand)

Hydroxyethyl Isobutyl Piperidine
Carboxylate, *
DEET, 50%

Clove oil, 10% plus Makaen oil
{ Zanthoxylum limonella), 10%

* Concentration is not specified.
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Fig.1. Percent repellency of 20% PMD (Repel Lemon Eucalyptus), 10% PMD (Offt
Botanicals) or 10% clove oil plus 10% makaen oil (Mospel) against An. stephensi
applied to an arm and tested in a cage of mosquitoes. The arm was observed al
intervals after application, relative to contemporary control.
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Fig. 2. Percent repellency of 1.0 gm of Repel Lemon Eucalyptus or Off]
Botanicals applied to lower legs and with free flying An. srephensi in a mosquito
proof room, observed at each hour after application, relative to initial biting rate
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