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Met hods and conpositions Technical field The present
invention relates generally to nethods and nmaterials
wo 200709947 n repel Il ing, or avoiding attracti ng, PQI/GBRE7/000742
i nsects. Background art There are numerous
publ i cations concerned with the provision of
conposi tions whi ciMetheds andicompositions| | y repel or
attract (for exanple to traps) biting insects. These
include US 3,668, 226; GB 899, 289; US 6, 444, 216; US
Techni& GieRl’'S; WO 03/ 009688; abstract for JP2002308706;
abstract for JP1 0 117657; abstract for JP1 0 139602;
US 4, 560, 551; WD 02/ 13607; US 6, 203, 786; abstract for
The piedert00@48dn reidiss gamdralfydd mEdds26 rateridiBf@26e 24 &pelling, or
.abstract for. JP20002363006; abstract for JP1 0O 19004;
avoidjg %‘é’?%”gsgﬁ‘,“gérﬁgﬁsact for JP9030906; US 6, 660, 288.
Interestingly, nosquitoes (Culicidae), mdges
Bac [ ptogoni dae) and other flies (Diptera) that bite
—'g—':gaﬁ%é—of vertebrate hosts to obtain bl ood,
dermonstrate preferences between species and within a
Therg %ﬁ%p@rﬁg&h% %Hblﬁ%@%ﬁsﬁo\p‘ggﬁgg g{ﬁggﬁel Pk:r?gigi_o\"\ zak g&ﬁwxgéi%(onfs%ich are
said indereralyeeped or bihiwtt (forexamplede draps) bifiresiesentg afiesesndud® US
: Q5 S A3, I 0 ' :
ool o2 (P NRR 260 818 o2 218 A Siho o B hThlng, gbstactfor
JP2002 80816, avstchct foatlP td f 1766 &rdbsbctddrt JPAOH 82802 BIS 4,560,551, WO
er volatile al Ly (i.€..V i . .
oo LB 6% (i Prfect o Ra BT ptaBuie ¥ Al For o 025,048
abstrasisfoc |R2 002 8620060 slgstrricsivs JP 101 9004WD (237 1840; abstract for
L fical ecent evidence suggests that relative
JP90§Q§§ Cl{§§ghég§§1 s caused by differences in ol factory
cues provided by individual hostsl1l0 13. However the
actual chem cal ~hasjs.for relative attracti
inter BB o eER (R o dc o hidb R pid BEPRed Biptera)
that biteng csigkiob nertelratehwstsfto pbmoritiood, Idemgnsingte pedfarenoces badfveen

spec%e%sa%%tvath%ng host species. However there have been relatively few studies which

have investigated inter- and intra-species host-preferences in these organisms ™.

Many factors are believed to determine preferences, but for human hosts, studies have
demonstrated that differential attraction is determined by volatile olfactory (i.e. volatile
chemical) cues that emanate from the skin and associated microorganisms, or breath **
'8 Specifically, recent evidence suggests that relative attractiveness is caused by

10-13

differences in olfactory cues provided by individual hosts However the actual

chemical basis for relative attractiveness has remained undefined.

The provision of novel compositions or uses for controlling the behaviour of insects and
inhibiting the activity of biting insects against hosts to which they are attracted would

provides a contribution to the art.
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inhibiting the activity of biting insects agai nst
hosts to which they are attracted would provides a
w@omun9uti on to the art.Di sclosure of the i nvROL/GBRO07/000742

The present inventors haveZ2or the first tine
denonstrated, counterintuitively, that a repellent, or

DiscRisufeof thetinveasgtiomg, nechanismis involved in the
unattractiveness of individuals to the yellow fever
nosqui t o Aedes aegypti and notorious Scottish biting
m dge, t Cul'i coi deshi n’fpunct atus. This is contrary to the
assu op in_nmu . ' :

The g5 manar iy Paff i) 8 g dorRlrdled ook Tl ek

repellert.ortaltEactine maskiag, reedianisomistinvoiuediiv tie unsitragtivengss of

. sinply. did . . Bri .
R B SRS B FCHEh St B ) gt Sldnn i
midga! CuRmidesenpasctitos. This iyeintrary tdheassypuian iromuple of the

. e ti, Wthin a qr h 3 :
e Bkt R 5 ) o R 8 Bt ey v
that Shelinatbhdtiestindiniduals simpyeid nl sereteshigls adlasgntsal

recordings fromthe antennae of Ae. aegypti and C

i mpunctatus, revealed 23 active conpounds, which were
Briefiyd € infdntets fird egtablighetlidiftbrerSiavatirattivehess onthe yrlew fever

found to be .produced i _
mosgwg} %Pa%‘?qy\‘?%p"?" i 9@&;{}1‘&”@9\%&%‘1%@@2&%&@ %Ptcﬁlclﬁded volatile
extradivRshitigat iedicasusiret a oovel collechien Exhniplie sElgsirenhysiplegical

results showed that SO . i
recoifigh rore B EECT 6. PROPHGRE ToPTRRUE B ieFR adive
comtaﬁ@ws;t Whigh mqusf) Idestfiedehd prpetifest Sewerhl chemicrihwhkgfauncto be

e, Y-tube ol factoneter. f.el. '
prodygey it Tofie PAEDE antherhfutlodl o RS LRRTRHELEC
invedi@datatbas stpatindse Brareplesbelopf f ecti vel y repel l ent, at
natural ly occurring concentrations, than the

commercial biting fly repellent DEET. Conpounds

Thedesuts ishewedihae somenafthebe sothpounsie ¢atiead psignifiearnt sepuction in flight

.agai.nst _such i nsect '
a3 8 s B 5 s Wtk T o
olfadtoinetenaA field ial Gas goaducted agabust 6+ inmeictadys andLigyedled that some
of thl_ebgc%{/é ggn%guondg%pe?e rrlg?e\! gﬁi@ctiv% 'i@&%nt,zégnat&%ﬂf’occurring

concentrations, than the commercial biting fly repellent DEET. Compounds described

herein may thus be used for protection against such insects.

An oral presentation was made at the SOVE (Society of Vector Ecology), 4th International
Congress of Vector Ecology, Nugget Hotel/Casino Reno, Nevada, October 2-7, 2005
(Thursday, October 6, 2005; Student Paper Session 11 - Oral Presentations; SP-16

“ aboratory and field experiments on the effects of synthetic odor blends on the
behaviour of the malaria mosquito Anopheles gambiae” Qui, T.Yu, yu.tonggiu@wur.nl,
Wageningen University, Wageningen, The Netherlands, and R.Smallegange, J.Spitzen,
J.Cajo, T.Braak, J.Joop, Var Loon, M.Jawara, P Milligan, B.Knols, W.Takken). The
presentation discussed olfactometer and field tests of a number of compounds believed
to occur in human fresh and incubated sweat. Certain compounds, including compounds
identified by the present inventors below, were shown to be both attractive and repellent

in trials.
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(Thur sday, October 6, 2005; Student Paper Session Il -

Oral Presentations; SP-16 "Laboratory and field
wezpenyasent s on the effects of synthetic odor PCEGH2000/000742

t he behavi our of the mal ari-&-nosquito Anophel es

ganbi ae" Qui, T.Yu, yu.tongqgiu@wr.nl, Wageni ngen

Uni versity, Wageni ngen, The Net herl ands, and

i I d [ L Caj T Braak..J.Jo Var .
A BT PSR “eehf R pehelPhiiy eSS i S8R poBhuito
Anophelesgambiaeto timen sdauts’o PhRdhesis Veéagenird childlikréigs Te of
§ : | eve occur in human fresh
Net}%ﬁ%“ﬁ?@é%ﬁ@ﬁ”@m@a@ gaélrs%éée%beggh‘g%unds, i ncl udi ng
conmpounds identified by the present inventors bel ow,
; , h ractive.and repellent in .
No ERESEIRUN ok 3o 804, Indiratiff i iRaE g agsp tese disclosures.
No thala hesesliembctualsapphcation ¢ hodtekimatens canduptgui t 0
Anophel es ganbi ae to human odours”. PhD thesis,

Wageni ngen University, The Netherlands) has also in
Gengiattly thehigeerition Deavidesdor R8MGds bibcontrofling tredrehafiiour of insects, the

. bVE! y 1. pve' individual s, made.
et o g oG] L Fueh i i et S
could figyleixampledre applind & a subjectwe eevimmndintt ed. General |y the

i nvention provides for nmethods of controlling the

behavi our of insects, the method conprising use of a
Thug brapesispedriheinventin provdes ametras of dsdbiiinettie etiviw,of an insect

' oL f . lied to a subject or..
pestBBufipt & Qe Bk P e B ARl oo Sieer BroppOTenef the
invegtiomreasdelsaibed hhlobi ti ng the activity of an insect pest

agai nst a subject, the nethod conprising applying to a
subj ect a conposition of the invention, as described
The pghtjentito whemghé cempositionik appliduait: gamersilt beoa spaciepphicie a

i . ' i ' | host ..
nom hbot SSHEL B} 16 el oIS ol ool e cBBBtsia
othepyise beetasgetpd of attradtheinsectpest Bubjéas aiceteated aith bambc(njunds
i . Subi. ec t t i.t S
T L U
horses, cattiehalPreferable thessubiact 3.9 haogrssubjedt s,

The insect pest is preferably a haematophagous insect e.g. of the family
Ceratopogonidae (preferably the genus Culicoides ), or family Culicidae. Preferably the
pest is an insect selected from Table 1.

Most preferably it is a mosquito or midge.

Biting midges belong to the genus Culicoides of the family Ceratopogonidae; they are the
smallest of the bloodsucking insects and are common pests in the UK, NE United States
(where they are called punkies, sand flies, and no-see-ums) and many other places

around the world.

The composition will be applied in an amount effective to inhibit the activity of an insect
pest against the subject, for example by comparison with the same subject without the
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horses, cattle). Preferably the subject is a human
subject. The insect pest is preferably a
whaemaesphagous i nsect e.g. of the famly PCT/GB2007/000742
Cer at opogoni dae ( preferabl y4t-he genus Culicoides ) ,
or famly Culicidae. Preferably the pest is an insect
compesitat asldéteonindd by etabdamietd pethbds édoicly as bre gsea in the Example

weio B KL g ot B PO ogan dae: t hey ar o the

smal | est of the bl oodsucking insects and are conmon

The%g(?{r@l&is gegg?bey%elouﬁsﬁv% {hggco%ﬁ%ﬁ%ng ‘Q’E‘%%Je)'}\ﬁérh gérfr%en ysed o

unki €s, san I es,  a no- see-umns
inhilgt diractphdcwsrdasobjedist(toe exampld .as Temoosingied by signifisantireduestion

LT P AIPSED LS| Ko el il I P
repatlenpalrassdonv World Iheakila Oegaidsties prqtd)ctdhﬁntesting repellents. Thus it

is cl gﬁﬁ Qrﬁ)iotsitigﬂs hg%v% {IT& aq’llp ustnd %@ zﬂivfei & -ggé:king
%SUC%{@S are usg‘ﬁcsit N the rgar‘rp%/e%gepow{j geY 45%19{[@%?

behafiowrbyamsecbpedts ey, rastuc8thenatitattos .to alsabjertanpinesase the repulsion

i o d | o in i Q !t H
ronf 3 ShbiR G0 o IS dghBon SPABREY rt Refins; SHing i uoed
heregi yjlidet ihdefstoodeinatimpbe skiliedde toeat pedcedingly. si gni fi cant
reduction in upwind flight activity towards the
subj ect). Conpositions in the field denonstrated
Compsidibhe nidihe lrasetiorocorapiaéy bidcdrset edsebligllyrof satdoosist of,

t testi [ Lents. . Thus .t i-s _clear, th .
erR8ER: 25 3D 57 RERATRRLS B BiaRy Bty Thy BeRBiabdhe wi
be ahedandtivedlly effetiet arhogtt {simbibititige betivdy ditbe insect wisscih use.

t attraction to a subject, or
Car:?eﬁr%%gea@% Sﬁégg?ég es(lsggﬁ'%err%ﬁ% e subj ect, and the terns
“"inhibition of activity" or "repellent"” or the like as

Gergﬁﬁéjce%“?{eqé Qltg\‘}'\!aéive kn%%e ssé ?Q-Qin?é{h)ﬂ- ; —Sndselgtahileﬁ-%-&% (tc,%eand
art accordrngly. nposi 11 0ns "of t’he’T nvention
trans) f¥rUsdscadienchorss; $t 10edipetityl-alrdns-G@éranyiacetoms iNgryladstone;
‘ ; ; ] i hgredi | us preferabl
o BRSARAGR S ADBUARLIEASR Shhop! b5 oreferably
functionally effective anpunt to inhibit the activity

Lwa%e tepgl. {1@55}%@@@%%1’&%&? 401-405 analysed the repellency of the essential
oil of the anti-tick pasture shrub Gynandropsis gynandra in a tick-climbing repellency
bioassay. Constituents of the oil were evaluated and included trans-geranylacetone,
nononal and many others. It was concluded that the blend of all constituents might act as
a general purpose arthropod repellent, although no evidence was offered that this would

be effective when actually applied to a host.

The inhibition of activity in the field demonstrated herein for geranylacetone containing
compositions is surprising since this has previously been discussed in the context of an
attractant for clothes moths (see WO 03/009688) and mites (see abstract for
JP2002308706; abstract for JP10117657).

In another aspect the compositions of the invention may comprise, or consist essentially

of, or consist of, decanal.
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Carriers are discussed in nore detail hereinafter.
Ceranyl acetone is alternatively known as
W@ 2000/0H3wet hyl - 5, 9- undecadi en- 2-one (ci s and tPENEB2007/000742
5, 9- Undecadi en- 2- one; 6, 10-di+ret hyl -
trans- Geranyl acet one; Neryl acet one;
TheDiompasitipseofdbe dwentign may comprise, or consist essentially of, or consist of,

gera?&z&%s@ g‘?ﬁ Fyrjnﬁtgﬁtﬁjog\fv?ﬂh‘r’%% & Jg%e %ﬁ"é vvag% & g‘eﬂned by the

preseapmlveretnm/ of the essential oil of the anti-tick
pasture shrub Gynandropsis gynandra in a tick-clinbing
repel | ency bioassay. Constituents of the oil were

In osw embadiewnbiting donplositieds bfitaa swgeaticanyhaineluda geramlaoetahe and 6-

ther | that the bl.end
et SR 2ol et ol B SLE R b Bieg e one or more
further tchmppwmtisrmim:ﬂéobfmm ttad lish cargisting of \oictheat; devearl; ofchara d
that this would be effective when actually applied to

a host. The inhibition of activity in the field
6-Metibyriohdteptane2tohe isailterrfadively &nauny b 6 e hghemd-ai-Biang; Sulcatone;

SHERERISE ATl UARL TS b 2B DR

Metlgy! d)lehte&—enﬂ-m Metiy INADtORhE B ERE)yI-81cto+B-heter(es @Oxo 6-

for JP2002308706; abstract for JP101 17657).
metﬁ\ﬁﬁ%{{t}%c 155 aspect the conpositions of the invention
may conprise, or consist essentially of, or consist

in or‘?é emﬂ&? ﬁ{%ﬂ&) frhz‘?%n g;%gﬁ&ié éf' éﬁ?n %gigr];tgptngﬁay} @¥Eg% iqgﬁnagzyngﬁ?t?ne and
octagelr aﬁyd;famrnmmlqna ot thebinvestiom mawatém incledeoonaror raoe foehier

conPEASEE A5G LA SH S0

nonarg). i ncl ude ger anyl acetone and 6-
nmet hyl - 5- hept en- 2- one. Such conpositions of the
i nvention may al so include one or nore further

All of thepalowd Sospbendsdthve rshowh indiblitost activifsinghe Bgaroples hereinafter.
octanal ; decanal; nonanal. 6-Methyl -5-hepten-2-one is
alternatively known as 6- Mt hyl hept - 5- en- 2- one;

Optignally dbhe nempasitidestof theZneentipn Glsmandhyde-gne or more further compounds

sele&éy?%w{hé%ﬁp@o?\tsﬁﬂﬁg gf Bgﬁz'alo%hb@é;%bﬁt%égﬁgtaecneto6ph%ﬂgne (E)-2-

octenal).

These compounds have been shown to be present in higher amounts in the skin of
‘unattractive’ individuals. They may optionally be added to the compositions of the

present invention.

The compositions may optionally exclude ingredients such as one or more of: limonene,
m-Cymene, 1-alpha-terpineol, beta-cyclocitral, nerol, carvacrol, beta-ionone, nerolidol,
and in particular Methyl isothiocyanate. The compositions may exclude ingredients such
as one or more of: heptanoic acid, tetradecanoic acid, 3-methyl-1-butanol, 4-
ethylpentone.

Thus, in addition to optional further active ingredients, additives, and a carrier as

discussed hereinafter, preferred compositions of the present invention comprise
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Met hyl hept - 5-en-2-one; Met hyl hept enone;
2- Met hyl - 6- oxo- 2- hept ene; 2- Oxo- 6- net hyl hept - 5- ene.
w0 poosngg3e¢nbodi nent the conpositions of the i nvReL/GBRO07/000742
may i nclude geranyl acet one-&nd octanal. Such
conpositions of the invention may al so include one or
gerafiidctdnid ih ke canapsitionds asehesntratior ofarhledst abow0.0001% by

oLy B8 O RE S L G . L lboson

i nhi bitory act|V|ty in the Exanpl es herei nafter.

The tpRe) BB (TR PaPPRED sNGr G sadii,

the list consisting of: benzal dehyde; napht hal ene;

acet ophenone These conpounds have
Pref?f@@ﬁ?@%?)‘?mpqs&mg% OIJ&‘&J, ?P%C‘%W@rﬁer armu%s in the skin
of 'unattractive' individuals. They may optionally be
added to the conpQsikio of the present invention.
GerapylaceiORposi t i ons @wib?é%’nal |y exclude ingredients
moréspk@h;raﬁ(yone or noo®oof:10%d nonene, m Cynene,
1- al pha-terpineol, beta-cyclocitral, nerol, carvacrol,
bet a-i onone, nerolidol, and in particul ar Methyl
and bstnkilpeyeoahnere flillkercaiditios composdseglesied fughe the list consisting
i ngredi ents such as one or nore of: heptanoic acid,
tetradecanoi ¢ acid, 3-nethyl-1-butanol, 4-
6-Me&thyi¥8- RagRémpeneThus,00001 add¥%t i on to optional further

active ingredient jves, and a carrier as
Octafidkcussed her ei na togﬁgg f]é"f erred conposi tions of the

Non@#sent inventi onoclonm%seger anyl acetone in the

conposition in a nt tlon of at | east about
Dec#ngh001% by wei ght %%E)ﬁg? r?’éy" be up to 10, 20, 50, or
99.9 %by wei ght of the total corrp05|t| on. The carrier

plus&gﬁg@i ftfrhgﬁ athﬂ,%Z?Sg?g'%%?g?(gﬂz ves; n%véeé ?;]%Iﬁrg;s élgtfelhstsgé ﬂgremafter in

orddr f/@aké 000% OB Iin this context means g/100g (solid compositions, total weight)
or g/100 mi (liquids or ointments, total volume).

of:

Based on the examples set out below, such concentrations of ingredients may be

employed for inhibition of flight towards a target.

Based on experiments showing orientation away from the source, compositions of the

present invention may in certain embodiments comprise:
Geranylacetone: 0.0001 - 10%

and optionally : ,
Decanal : 0.0001-0.1%

Compositions of the present invention may comprise:

Geranylacetone: 0.001% to 1%
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Ger anyl acetone: 0.0001 - 10% nore preferably: 0.001 -
10% and optionally one or nore further additive
w@eovpowmsds sel ected fromthe [ist consisting oPCT/GB2007/000742
6- Met hyl - 5- hept en- 2- one: 0-@G001 - 10% Cctanal 0. 00001
- 1% Nonanal 0.1 - 10% Decanal 0.0001 - 10% pl us
and optioratipbné ar Moes fudbei campougdeaelected froadbe fishassistingdofa

6'“”%{5'%%‘%}?&12%1%%0us%%1b/e5§d hafter in order to make

hi s context  means g/ 100g (solid
Decaimatposi ti ons, totdl%weight) or g/100 m (liquids or
Octéﬂ tments, total \bod1u}'re). Based on the exanpl es set
out bel ow, such concentrations of i ngredi ents may be
enpl oyed for inhibition of flight towards a target.

Exarsﬁgﬁeréé%é ’Qﬁ%tgﬁ%?ds%% %a\?{B%!hrP&mW 6 WO ANRINst bi B‘Rﬁg Hﬂ:eges in

I 'ons DSent 1 nvention m
fielddeals.ai n enbodi nents conprise: GCeranyl acetone: O. 0001 -
10% and optionally : Decanal 0.0001 - 0.1 %
Conpositions of the present invention may conpri se:
A preferrad yhizttiet onese 0.t06 tompositidrsrad thepprieserdinventierewtircompriee

cerdcBRneAIT RS oRE 5! Bl K9P 15e ol e SRRRR A pley o,

com@ouraisedescﬂb@il%ove
A preferred mixture for use in the compositions of the present invention is as follows:

Geranylacetone: 0.00001 - 10%, more preferably 0.001 — 10%, more preferably 0.01 ~
10%, more preferably 0.1 — 5%, most preferably about 1%, and.

6-Methyl-5-hepten-2-one: 0.1 - 10%, more preferably 0.1 — 5%, most preferably about
1%.

Another preferred mixture for use in the compositions of the present invention is as

follows:

Geranylacetone: 0.00001 - 10%, more preferably 0.001 ~ 10%, more preferably 0.01 —
10%, more preferably 0.1 — 5%, most preferably about 1%.

6-Methyl-5-hepten-2-one: 0.1 - 10%, more preferably 0.5 — 5%, most preferably about
1%.

Octanal: 0.001 ~ 0.1%, more preferably 0.005 -~ 0.05%, most preferably about 0.01%.

Based on analysis of ‘attractive’ and ‘unattractive’ individuals, for compositions
comprising 6-Methyl-5-hepten-2-one and Geranylacetone it is preferred that these are in

a-weight ratio of at least or equal to about 0.5:1, more preferably at least or equal to about
1:1; 1.5:1; 2:1; 20:1; 200:1 or more. |

Other preferred mixtures are discussed in the Examples hereinafter.
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Exanpl es of such conpositions have been shown to be

effective against biting mdges in field trials. A
wWoe@fessset nm xture for use in the conpositi onsPCf/GBR@7/000742

present invention will com®dse Ceranyl acetone plus at

| east one, two, three, four, or five of the preferred

Compsiliohs uﬁth@%@@m ﬁﬁfeﬂlﬁﬁﬂﬁa)bﬁéifoahma&d a5 gintafemts edsolutions which

m xture for in the ositions of the present
conta;nm\h@@pp\(ﬁqmggedgg\tq %‘PF'BW:?%%PanyI acet one: O. 80001 -

O%Ormre preferably 0.001 - 10% nore preferably 0.01

nore preferably 0.1 - 5% t f

The e BT R oS LS RLpraRizesiate, Piarabh o fie TRt o A

comp@%ﬁi]{)@ bﬁt‘hSYn\%nﬂlon (&‘;/desﬂmﬁéd Hereihg Erﬁthb)pr@dwattonl@f’oanmmmtwy
referred m xture for n 03|t|onso

formUt@ady LFAER ighsHeca DT reyTae SN oF 2 BfgaRest SBainst the

subjelt.00001 - 10% nore preferably O. 001 - 10% nore
preferably 0.01 - 10% nore preferably 0.1 - 5% nost

preferably about 1% 6-Methyl-5-hepten-2-one: 0.1 -

Prefet&% th@Qfoﬂ'\rWsR'Bﬁ liadak }bpﬁbaBapphE%onﬁ‘B $ie qubjdotr b tppiaticapplication,
1% Qctanal : ef er abl

I e T Y e
of "attractive' and 'unattractive' individuals, for
e an

s GBS S L ) RS 2, S ancr

lmwd"@égﬁﬁ?‘énbléﬁiahﬁér&feh@tes|a€@i‘é§cr%d¢ﬂthﬁkh ot 85 ahGMmé)kr&'ﬁ\nm m the art,
prefera east or

andidg with st OB T RSO B SRR 9Ty T et Tutie i ot e

dosa?é Prapapfidnk 'fbr@b@cuﬁ%@ﬁ;ﬂic@ﬁorhﬂé& ﬂh&féfm‘m Gooipas Isblutntns of
present i nvené]el f or nul at ed a

em“'é’P“% o?”ﬁ?‘?'b?‘%’smﬁ?‘ﬁ oot Sna't“fwgraBE‘FFx?é deﬁaﬁ%?g h@ﬁ‘?"%or 3
otherMiSChdRSECN QS &it Which are thus ready for use. The formulation may include

antioxidants and UV absorbers.

Liquid formulations may be aqueous-based or non-aqueous(i. e., organic solvents such
as ethanol as used in the Examples below), or combinations thereof, and may be
employed as foams, gels, suspensions, emulsions, microemulsions or emulsifiable
concentrates or the like. The ingredients may include rheological agents, surfactants,

emulsifiers, dispersants or polymers.

US 6,444,216 discusses the use of volatile silicon fluids to impart mildness and water
repellency to insect repellent compositions. As noted therein volatile silicon fluids are
available commercially. For example it is reported that Dow Corning uses commercial
designations of 244, 245, 246, 344 and 345, which are mixtures of
polydimethylcyclosiloxanes (cyclomethicones) and are composed of tetramers (e.g.
cyclotetrasiloxane, octamethylcyclotetrasiloxane), pentamers (e.g. cyclopentasiloxane,
decamethylcyclopentasiloxane), and hexamers (e.g. cyclohexasiloxane,
dodecamethylcyclohexasiloxane). Mixtures of the various silicone fluids, either with other
silicone fluids or non-silicon containing substances, are used in a variety of cosmetic

preparations to impart special properties, to include water repellency and skin protection.
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The invention further provides use of geranyl acetone,
preferably in the formof any conposition of the
WO pweneddeh (as descri bed herein), in the prepaPEt/Garooaoo742
an inhibitory formulation &- treatnment of a subject
for inhibiting the activity of an insect pest agai nst
Thelfcbrmwaibhemay Her e $alidabixiure tvbich oasnamistai ‘mpoushé\mng the[saosl
com?ﬁgl #rgé‘lln% récj1 nt%fﬁ{g?ec{’?pts s%#& ﬁnng P IAgen s't(o)r;])romote
sublfrmtrmltmacm mgredleotsetaracblevé this are dbecrmddam 081925[2435 t he
conpositions of the present invention may be enpl oyed
with such solid and/or liquid dispersible carrier
Thuy g1 wkesant awedtstalsb pbvites @ topical farmubdtioarfoy ialaibiﬁn@m aativity of

an 535, ks ARG O A A AR FRE e o gpcsion

comppsmﬂ altthe peeskot inggreion fas cleagibled cabbveo n made therefrom
such as sol utions, enul sions, suspensions, powders,
pastes, and granul es as descri bed herein or as

The @téaenv\insmtionca}m) provities a sodicalfurmblatiorefdr inkdbitireptty aktivity of an

. I ude antioxidants and UV
nsey s%e‘té %g&%\ e%i Vﬁgr*@[’a&“ scor%ﬂpsﬁﬁ aqueous- based or
(i)alderrnatqlsvemalh(acceetablex:agjmn andol vents such as ethanol as

" IR bel o i hations thereof,

(i) aﬁ%@%ﬁg@uoh%ﬁ %%@én mvgn?o esggtfesc{r%odgp ensi ons,

(iii) aptiohsliyoore, ormore@etive mpadents, enul si fi abl e concentrat es
or the Iike. The ingredients may include rheol ogi cal
agents, surfactants, enulsifiers, dispersants or

The podsenkingentioB dsoprdvidéSan aicless manufaetule eomprising:at i | e

= ot 8 Tori b TRE s Ay B a0 ARSI B EPEppr
desaribedtabbes,si | i con fluids are avail able conmercially.
@ Bl Rk Sl B GBI B BIIGHES  a0,

whi ch are m xtures of pol ydi nethyl cycl 03| | oxanes
lnsegf:r%ﬁlal%ﬁﬂ:&jnﬁgﬁt?&)s a?QQVSWaSneCc%%?&SiQuy‘% ae os {0 an a'egc')scﬂ
technologies are well known in the art. Consumers find aerosol compositions easy to
administer to both the skin and to clothing. Further, aerosol compositions help consumers
avoid the inconvenience of having to apply and spread the insect repellent with the
hands. US 6,969,521 relates to cosmetically-acceptable aerosol vehicles to disperse
and deliver the insect repellent active, the vehicle having a volatile organic compound

component.

The present invention also provides an article of manufacture comprising:
(i) a topical formulation for inhibiting the activity of an insect pest against a subject as
described above,

(ii) instructions for use of the formulation against-the insect pest.

When using the formulations of the present invention, subjects may be directly or
indirectly treated, such as by applying the formulation to the skin of the subject, or by
applying the formulation to an article worn by or otherwise protecting the subject. For

example garments, belts, collars, or other articles worn by the subject from whom insects
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cycl ot btrasi | oxane, octanethyl cycl otetrasil oxane),
pentanmers (e.g. cycl opentasil oxane,

waolewanesiy| cycl opent asi | oxane), and hexanmers (BCTGB2007/000742
cycl ohexasi | oxane, dodecanetlyl cycl ohexasi | oxane).
M xtures of the various silicone fluids, either with

are bt heerepsiidd. Coeferrédi ekatsples magrindudel £slowaekbad badie worn on

clot%’iﬁg Saérlr?uggl?gf or%nﬁle%?g\gg,tg]cg%%s\éo%rgﬁ lr}gﬁjgﬁgrézq%égrst%it rgecik}?&p% d)éacelets.

wat er repellency and skin protection. The fornul ati ons

TR BieR 3 bSaPhb Gt B ruSorir Gt Bty ¥ subleh pifcuiany

a sleepyreslibgent.s as the solid mxture. Agents to pronote
sublimation of active ingredients to achieve this are
described in GB 925,243. Thus the present invention

In aadtber giteovdtidestha compbsitivnsf aftimlinedrition rﬁay%e; fdﬁinbiafl\ejqo_ng ﬁbm with
n st, agai nst a subj ect, iC

a coﬁ%%%ﬁ%%’yg:&oe@gngs@{t@né%gué]ﬁ gl ly of a conposition a

conposi tion of the present invention as described

an nntlnalsorvi es a.t
The B ot et ES S B R R S8 RoPBy RBPwai PR sEdrciuais,
for gxesipleagpiaysiy, aoumig; élppmgwh|thﬂ?fofmbﬂvd>r&iehwated®|qnds Sedflitions,
t cal Iy, accept.abl.e. carri

susidrbiohs T BrPlere honbieC RRTRIER FicB R att P rbuteao
delive a\repel(ent effeatipe comezhtryticone ties repelient @otpwend. It will be recognized
T R T e R R R DT S
subjecirangl latusori abplicatio,i ebigt, ite thet dhh @daindf ayhuadanan | nsect

pest agai nst a subject as described above, (ii)

aerosol or other spay neans for adm nistering the
Thefirventidrapriogides fopiapalying.thé rrsecttrepseilpeﬂ foantilatt@mMaaihidve A%opical

cos P PR e 851 e S BB g PG v

prefaebbm5mmm 25 agism2aOnetprefanted find toncdniration 3 drbwnd 10

oo St e SRR R E 26150l SPTRESH R0 om.
this a@plbeyadne\/mdondeetramamamwpel lent with the

0.0001% = 0.0025ug/cm2
0.01% =0.25ug/cm2

1% = 25ug/cm?2

4% = 100ug/cm2

As noted above, when using the formulations of the present invention, subjects may not
be directly treated. Thus the compositions may be used or applied to an environment
(e.g. a pre-defined region, which may or may not be contained) from which it is desired to
repel pests (or mask the attractiveness of the environment to pests). Thus as noted
above the formulation may be applied to netting or screening that protects a subject.
Alternatively it may be provided direct to an environment e.g. by spraying or by use of
cdmpositions of apparatus adapted to deliver a repellent effective concentration of the

repellent compound.
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hands. US 6,969,521 relates to cosnetically-acceptable
aerosol vehicles to disperse and deliver the insect

wOo epelovswt active, the vehicle having a vol at i PE/GB2007/000742
or gani ¢ conpound conponent - 1The present invention al so
provi des an article of manufacture conprising: (i) a

Thus 8iiltlee undaratobd theoinveérionipnhidsista mgthoHef meill'mgtayl ingectpest from

e e
attraotiveness ﬂf@eﬁUbJaMthﬁ%r@B) titg mikbodl commplisitg epgyiog td the environment a

conﬁﬁgﬁ I():ft tb@%ﬁé&tehflﬁverﬁ}ew tc%n%ﬁ%n%%e%n&l%ﬁ%t'ﬁ)(e % an active

SUch
ingredienhplug ¢ oarrieopltid eptikiatly effurthes asiive) irgredieot sebgcteghpbmitinglist

condi Qt?ntgfeog{ Weﬂwfl] e'iogena@ LoRE }éc‘f’a‘n%l %E{%ﬁyno%ranglt H‘?\%\@oﬁ@osvtlons

arnents
maycbﬂ :ara'r@‘thcme dnduesedaabwvelcweWn by the subj ect from
whom i nsectsare to be repelled. Preferred exanpl es may
i nclude a sl owrel ease badge worn on clothing; arm
Appligation (@Tdimsiegb@rﬂmenvaoomsstonawee aehiévedi bycopeantimabmeans

wh.mﬁ&mg@ wégf&geg%@g% %n}ht ﬁgg& syl ahd %fbmeags d?sg)ekée‘%g (eg.

rot ects a
eiecpra:randMna@leqlrlevenceepwsmgelwm erwtnon-eieetnoplhbumers electric 'plug-in'

dlffu?,lertse rl\rLgr?éggl?? %ﬁ%zd”%%@tfﬁrj \&naz%eg%%t}ns%%ceg%%ér? %eﬁ%oﬁr? to
thosgiskilled icthp sl g i fondiseerisingl inganse, Tivefurep elddimamentsyisentitides,
insef{ & él%nﬁsaka‘s%’nf@&wﬁtb,ecgr fB%ig%H%é. nglf dllf(}%?\\é@rs the (/Ql%tn% shb tance
|ncPu ing, for exanple, “sprayi '’ng, d PR
mayt beefofroulated fascogel dortsiew EﬁﬂeaSiemg d\eth asg)élhng agest selected from the

t .
oo SRRSP G P Mo SO Ba bk By BASLATE s,
polyafefs o%mwwwdmwwntwmensw ayfforruatios pedyl lenapptiednpoalodousiyt in the
pres‘@h{ hvdifiohecogni zed that the concentration, applied

nount and frequency of applicati on vv| Il vary with the
subject and | ocus of application, e. g., to the skin

Any%[:clli]allsﬁet%fe ;—n@a ) tto'o%be?l Vé g&‘ﬁ cts%o of the present
e T ordithetsd 38

repe OFmul &t 6N £o At
lnveﬂmﬂ @atuonally in the form of a gel) provides a further aspect of the present
invention, as does a method of dispensing a composition of the present invention

comprising use of any such dispenser.

One preferred dispenser is an electrostatic chemical dispenser such as is available from
Aerstream Technology Limited (Wallingford, UK). In such a system droplets are
electrostatically charged such that they may pervade an environment longer than
aerosols. One such system is described in International Patent Application
WOO03/000431.

Thus an electrostatic chemical dispenser according to the present invention may
comprise

a) a conduit that contains, in use, liquid to be atomised, which liquid comprises, consists
or consists essentially of a composition of the present invention;

b) a spray electrode; and,

c) a discharge electrode.
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dose of any given active ingredient of between about
0. 0025ug/cn?2 to 100 ug/cnR, nore preferably 0.25ug/cn®
W0 20026993¢7 cn2. One preferred final concentratiPCI/G82007/000742
around 10 ug/cn? Based on tf2-application of around 1
m to a forearm of approximately 400 cn2, this can be
achi eved by a concentration of around: 0.0001% =

: . 019% = 1% = cnP 4% =
eriefl, A8 SRt sl 63 K ot R B PhFi s
elecrbdesmrepoaseanted inraresiectocal ciselijte ehableaypatattiabéiffeiienestd e
applehiéen thd SR oGR8 2Ry P BB G S-SR tartoRP i Tauio
and kgereratrBshamyet calréers oha &ishpolprity irotevdnoxdnity bf the spesyi elextrode
and dffoiof Bee R bRty BF Protyily Suhs BELLAGEERE Bl hd wherein
someof the! farsti potaritpohdrge appiersadbpbsit o thel digledric adjaeentitothe spray
' LGALternativel y i b

clechR% LS F LR BT Layf IR RS theidr e fimepny o the
dischgrge skecbbde snfiws thel atnmiset! liquip & repaliedddap thedditlectde latljaeent to
the P BEHEHH arEl S8l NG THL bEbaBh e ViR By < Yepetied
by ther dislectels adjacenttio theoflischepgd eleciepden | nsect pest from an

envi ronnent or preventing attraction to an environnent

(e.g. by nasking the attractiveness if a subject
it witt be nederjtoot tieat may lobthecative ingiedgenégfitye ogmpasitidns of the present

. Vi ronpen conposition of the present inveption .
inve it iy HE Broyics g BRfoR Buf A B ERT BR P YR 1 s St one
which| dwirng ardolfoweng g plisatint to dimasiiy, i@cdnvettbe to thetreleeant chemical

L:nar edi I ed fromthe List, consistin f: .
cons 1 RBLr<hS iR SolhdiMas P! nsi8 A o Pl ovicea by
thos&Iskilledbimpbs iattibased maweli establjishet] prihcipies diferexaspit adngperinds

L. OW..¢: ' ' i spensi n f o, an

con GBS P B RS R 0 o S50 D1l P genvesaoup
for these compounds could be utilised. For the ketones, precursors could be squalene or
a lower molecular isoprenoid with the appropriate structural requirements and for the
aldehydes an unsaturated carboxylic acid with the double bond at w8, w9, w10 could be

used.

Precursors molecules may be desired to manipulate properties such as stability, skin
retention (i.e. rate of release) and so on. So called “dermal anchoring” molecules are
discussed for example in US 3,668,226.

The disclosure herein applies mutatis mutandis to the use of such precursor molecules as

it does to geranylacetone; 6-methyl-5-hepten-2-one; octanal; nonanal; decanal.

The invention will now be further described-with referenceto the following non-limiting
Figures and Examples. Other embodiments of the invention will occur to those skilled in
the art in the light of these.
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whi ch include (by way of exanple only): candl es,
coils, slow rel ease dispensers, (e.g. electric and
WO ehsdet ri ¢ vaporisers), electric and non- el BCT/GBg007/000742
oi |l burners, electric 'plugi3n' diffusers. Numerous
such dispensers for volatile substances are very wel |l
The Kisclasutef ol osferepikes Cigatl hiemein hieasmticheasgt miag bedisep @) shosg skilled

o d
o B0y B 0B oo BRSPS R e

refeighe@ensers the volatile subst ance may be fornmul ated as

a gel for slowrelease e.g. with a gelling agent

selected fromthe group consisting of dibenzyllidene
Figutes bi t al acetal, gellan gum and polyacrylic acid

pol yners. Any such known di spenser or fornulation may

be applied anal ogously in the present invention. Any
Figuga trBehiagioorad eesponsgqmécﬁdsra@g(/;athlmbsada@ﬁ@fmlei mRpQuiRe} tathe

hanﬁg’?@ﬁ}n{éeﬁ) zflzhémeacﬁw @éegr'og\é u K ﬁ@log%@%)(gg{t]h%fvye{%éecorded

upwipd ésmY-Fubceehl Rdatlveaa;ttrdct 5 -dherptopordion fof dosgétueis igat avere
recogo%y'arng Eﬂc te %P a?& otf lﬂ% A &‘I:DZ eE)t te% %\é:ig%s'egpeg r@{_{}' I%i’lg %e%v%ee%f the

I spenser.
respehsctortos vduuteecammabsahns@ mwtherstandal'd stinulgs haat loddienteer

YO1){. ﬁg% @ﬁﬁsﬁ%%%‘ﬂ%&r? _pgl O@éré&#l@v&& g\sg?rgg %‘}cf@geg g\‘?tiétji@\lly

a system ‘Op] e
signifieant giterenceh friohrethetstandarfy Opp(GLA e peed. G5 ¥T paOE it p<0.001; ns

ﬁ&% ) rosol s. One such systemis described in
nOt% eahf’ih 2Qa ‘Pat ent Application WO03/000431 . Thus an

el ectrostatic chem cal dispenser according to the
Flguﬁ’er p Sé‘é?\'éwbﬂ%é‘? %s?%‘se{@%o%%@% ,fg?eho%% 8&{eﬁk§n%r%rrw%q %Egﬁt]tilit(%? Bo
extrat;tm@ﬂ@bsqllecmds‘rom seaEn wwhmidess sncetheeatdridald yolofitear (Y01). a)
Flighf ?@B@?%H&ée?&g%{ﬁw Bt RoSFHAbs tHAY Gl 2RordBY By iB¥he Y-tube:; b)
Relative attraction - the proportion of mosquitoes that were recorded in the ‘test’ arm of
the Y-tube. Back transformed means + confidence intervals (95 %) are shown. Asterisks
indicate statistically significant differences from the control (GLM, * p<0.05, ** p<0.01, ***
p<0.001; ns not significant; n=10-12).

Figure 3. Typical coupled GC-EAG traces a). Aedes aegypti female mosquito response
to human (Y01, attractive) air entrainment extract and C. impunctatus midge responses to
human (Y05, unattractive) air entrainment extract. Top trace corresponds to the FID
detector on the GC. Bottom trace corresponds to the antennal response of the insect
preparation. A. benzaldehyde B. 6-methyl-5-hepten-2-one, C. octanal, D. unknown 7, E.
nonanal & linalool, F. menthol & naphthalene, G. decanal, H. geranylacetone.

Figure 4. (a) Absolute total (ng); and

(b) mean amounts (%) of EAG active compounds collected from whole body air
entrainments of volunteers within the attractive group (n=6) and unattractive group (n=4).
Significant differences between the two means are denoted by: * p<0.05; ** p<0.01, ***
p<0.001. Compound numbers: 1. hexanal, 2. benzaldehyde, 3. 6-methyl-5-hepten-2-one,
4. octanal, 5. 1,4-dichlorobenzene, 6. 2-ethylhexanol, 7. limonene, 8. unknown 7, 9.
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c) a discharge electrode.Briefly, in such a system
each electrode is adjacent to a dielectric, wherein
wo b@7e9%sdet r odes are connected in an el ectri cal PCT/GB20T/000742
to enable a potential diffé4ence to be applied between
the spray el ectrode and the discharge el ectrode to
dih d&InW’ttér&:l t1fmenbmaml d 1akrehido, ‘gaenadenaee ctiage2-canenabr 8. oftanoic

acia 5 bbb b ol T2 RESHTE i, 1. 20
gerar@vla&étoﬁbt . @kntddecdlies b a'fegadectamet yX) d@;somedihyhbeorm R4sone

neptaegri AU eaE] ALGRTo S eI payb b PR dehdatBy BRape.

p<0. d1he**s§)eg@oqi pol ari ty i ons deposit on the dielectric

0PSBl oI o AR SEpL BRI BBt

chenﬁéiils%ﬁﬂnlﬁ atr@gtrhlam%znt ?ytraetse‘ot albebduraests éBlack criossegd § Group 1
secon ol ari h e
(atragl ROV R L oap 2ceee 2 pA e SR BT BEbeS fepresent
95 %|doniddrice@tervader st ood that any of the active
i ngredients of the conpositions of the present
invention may be provided in precursor form A
Flgur@@ tAeah @fop‘ﬂbtﬁcﬂﬁcbﬂ/&edeﬂ akbysti femateanrosduitoemshoning fight actlwty in

oo o o M B SR FoL BB B Y e
papePE& Dl Hths oter)t é‘r&i N8P dum&of&a@ éahéthyeb-hepten-3-arey bpectanal, c)

non%lﬁg)l %%iagrgl%/rlgd g%yﬁ?&pfﬂng £ emfcgftr %Emgnfé éﬁgﬁd 9@&3@1& BRemical
in on@@meadfmm-twe axhdemten papedcmb/leet doitrd! mma:hther) bmqjaweﬁ g uL™;
-2= Zéﬂpd gb\g_e'u %:) gg(Othgg%og%% n?(e 89-% %%ronh@eeh%g 1&8%%‘1”0'5

res, " precursors coul d
(calchiRteRiIfpa BN distribaiien) fravh deuibgistid smam@noahdwvu th the
appropriate structural requirenents and for the
al dehydes an unsaturated carboxylic acid with the

FigudmibRepdiens) GFEAB-actv hunidh-derivied chmposmih apaiie@ to therferearms
i S T TR e

and By6les 6 ntinute§o cal | ed "dermal anchoring” nol ecul es are
di scussed for exanple in US 3, 668, 226.

Examples

Example 1- defining attractive and unattractive volunteers

A convenient bioassay was established following work by Geier ef al. (1999)" using a Y-
tube olfactometer in which mosquitoes, Ae. aegypti, could “choose” between volatile skin
emanations and air alone, the “choice” being expressed as flight activity or relative
attraction. Initially, the source of skin emanations was from individual hands of a series of
human volunteers. Volunteers were analysed in this'way until a range of attractive and
unattractive examples were obtained (Fig. 1). Five volunteers (X04, X07, X09, X08 and
X05) induced greater upwind flight activity and relative attraction than the standard
volunteer (YO01). Four volunteers (X06, Y04, Y05 and Y07) induced significantly less
upwind flight activity and relative attraction than the standard (YO1).
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The disclosure herein applies nutatis nmutandis to the

use of such precursor nolecules as it does to
w@enanydsaret one; 6-met hyl - 5- hept en- 2- one; oct aPel/GB2007/000742

nonanal ; decanal. The invension will now be further

described wth referenceio the follow ng non-limting

Exaripl@p Lashtambg ksatplchemicatstrim esbadersent s of the
I nvention W IlT occur to those skilled in the art in
the light of these. The disclosure of all references

A no&‘é&_%‘?éﬁer’(fj\@fé%i dbviseB A6TBIEAINIAG vblbtilERyieialssiesn byoletmsies. This
o s ety 8 B /015 i ) A
unattfacss §RLBS Kﬂﬁreamﬁiirﬁwh'@éd Eia@m Ba@%ifBe}sfa:hao Uf)awith the head

responses  Aedes ae ti host - seekj . | it
ot P poaE 0o Vi s By e PR b e
the bt@E@,ng bté iegffraiﬁ%d IFREGEH 4 60! thlaihn W ebsdrbetpdiythenpithischrovided

e Y-tube; el ativ ttraction - the propaortion of

samples dof 14508 AR O VBB cPad B aiad for Touieie PERRISER " e
electophydiBlogiPatahdasenidaearaysasl as differences between the

response to the volunteer and the response to the

standard stinmulus (hand of volunteer YOl1l). Back

Exarhpl@ BSf @nfiBfatiRadl yalidity ot velatil@ cRedfvaisrironfsslantesiss
Indicate statistically significant differences from
the standard (Y01l) (GLM * p<0.05, ** p<0.01, ** *

The gdﬁtilé)@@érel“?araeﬁedsio@nihfeippfbwmer ana b8sdy2)l . againgusirg tBe Y-tube
ehavi oural responses Aedes a t -S ' .
olfaq RRPIAGRIS, AD B LONF D g el ‘?"}{‘?ﬁ‘?ﬂggh 2 6h ¥lpeq c0: (Fio.
7). FRRVIRTIrOire ot @adctshe hainandaludicend warteesiow( YO eXhibiagimilar
Flight activit nosqgui.t oes

atragieBor LU YAE 1 o B A ALK L P VAR e g Stracts from
the s’féﬁdaﬂiéwmﬂ X04tr,] Xe7 pho pephieny signiffaatiuattractvel had thase drom X06,
recor n t "test' armof .the Y-tube. Back
YO4thOaﬁﬂidg€qje%S H%aiﬁgctweéam% ?i'éﬁ?fg"’?nt ervals (95 % are
shown. Asterisks indicate statistically significant
di fferences. from.the con rql . * p<0.05, **
lg 4 conaparisgR and analvys ofygla Bant; n=10-12)
Figure 3. Typical coupled GC-EAG traces a). Aedes
The 3§lg%gtelxtr£§sggll t?\e r\r/%ﬁﬁgnyeletrso usre%slﬁ ?-%Sﬂ?e 2 were then by high resolution GC

directly coupled whole antennal electrophysiological preparations, from female Ae.

Exa

aegypti, (6-12 days old) to produce GC-electronantennograms (GC-EAG), typically as
shown in Figure 3. Thus, components which were physiologically active, and therefore
likely to be responsible for the differences in attractiveness of the human volunteers, were

determined.

Compounds giving the peaks associated with electrophysiological activity by GC-EAG
were tentatively identified by GC-MS under similar conditions and the identity confirmed
by peak enhancement-on GC using two columns of different polarity by coinjection with

authentic compounds.

Identifications are listed in Table 2 and absolute amounts, determined by a multiple point
external standard method, given. Statistically significant differences between the
attractive (Group 1) and unattractive (Group 2) were observed for:
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to human (Y01, attractive) air entrainnent extract and
C. inpunctatus m dge responses to human (Y05,

W@ p@arneset i ve) air entrai nnent extract. Top trBCEGB2007/000742
corresponds to the FID detetdor on the GC. Bottom
trace corresponds to the antennal response of the
i nsect preparation. A benzal dehyde B
6- et h A-S-hepten-z-one, C. octanal, D. unknown 7, E

* noﬁ’g%??{ &f¥nal ool , F. menthol & naphthal ene, G

. deGanahyl-3Hhegen-ameacet one. Figure 4. (a) Absolute

total (ng); and (b) mean anounts (% of EAG active

coﬁﬁ@ﬂlds col l ected fromwhol e body air entrai nments

o Of n¥ginamteers within the attractive group (n=6) and
unattractive group (n=4). Significant differences

* betde¥®.t he two neans are denoted by: * p<0.05; * *
p<ga&% alene” P<0.001. Conpound nunbers: 1. hexanal, 2.

benzalge yde, 3. 6-nethyl-5-hepten-2-one, 4. octanal,

e 5. ggranyldceteher obenzene, 6. 2-ethyl hexanol, 7.

I i ronene, 8. unknown 7, 9.di hydronyrcenol, 10.
nonanal , 11. linal ool, 12. undecane, 13.

with(tigg lepela baimgdiighet.4n Gsevmdoi ¢ acid, 15. nmenthol, 16.
napht hal ene, 17. decanal, 18. indole, 19. dodecanal,
20. geranyl acetone, 21. pentadecane, 22. hexadecane,

Additignaliy-the eatalivieyam comtanin re@pectiobtotal dbemivel campsitioncsesd Fig. 4) of

ombI{SHARER I SRR SIOIAIRME 00 =

canoni cal -vari ate scores based on the anmounts of all

A b O BEk {06 Pl bl e B AL Tl pais ave o
beeif gonalusiveinidentifigi Vol walysine Rescbatie esktode-asepaated vith

g@{E ctive individuals). Grcles represent 95 %
unat&:’%n ibé%c’:e intervals. Figure 5. Mean proportion of

Aedes aegypti femal e nosquitoes showi ng flight

b . . Ctube | Landar d
¢ TELhEIh T B R D RGRONTE By A
paper control in the other) and seven doses of a)

A e S50 Rl PR Do
comphsitieh wés Yot deterpiirmd assthese compounds were not implicated as factors
contributing to human unattractiveness. Care was made to remove contamination of
volunteers, for example with industrial or cosmetic chemicals (see Methods).
Nevertheless compounds with electrophysiological activity were shown even if, as with

dichlorobenzene and naphthalene, these could have arisen from synthetic sources.

Confirming the grouping of the volunteers, multivariate analysis revealed that the
attractive (Group 1) and unattractive (Group 2) groups differed significantly in terms of the
variability in the amounts of the seéven specified EAG-active chemicals between the two

groups (Fig. 4, Table 1.

Tables 3a and 3b show ratio of these compounds from “attractive” volunteers and

“unattractive” volunteers.
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in one side of the Y-tube and filter paper solvent
control in the other). ( - 1 =1x 101 gnL 1 ; -2 =
waze07am3z7g nb 1 , etc). Back transforned neanBCHGB82009100742
confidence intervals (calculated for a binom al
di stribution) fromthe |logistic scale are shown.
Exafblpuf € téstiniRepedriditaty cafipdud@s act i ve human- deri ved

conmpounds applied to the forearns of volunteers and
tested on Culicoides inpuctatus mdges in the field a)
Basew en tHe mssnlts abavadfive)chewigalsbwererohpesn asivaap mest likelripibe

1- defini Yy . '
L e S S A o e I
Geier ef a/. (1999) 17 using a Ytube ol factoneter in
() 6%%:’(&{&'-%5@%:1}290%%’ Ae. aegypti, could "choose" between

n emanati ons and air alone, the "choice"
(ii) dotanay expressed as flight activity or relative
(i) attraction. Initially, the source of skin emanations
om i ndi vi dual hands of a series of human
(iv)dectamlat,eerfs. Vol unteers were analysed in this way until
a range.of attractive and unattractive exanples were
(V)%eé?'é‘f.'%ee&mkeﬁ g. 1). Five volunteers (X04, X07, X090, X08
and X05) induced greater upwind flight activity and

relative attracdi : ; Y01).
bGP T LEPCS IR 1A, B8 BhaR Rt il Lplpeten( YO
consérgratibhc arthé pifactemetepagaiostide gegypéic Theiupyingrfight @ctiityiglative
attraction.than. th : - .
atrgphARr AP A L GefiRpEie Poshites BTRe Bor ot anatptive
volfyarwmmfuﬂ vgmopsmd cf\rer_mioa_btvmsrﬂengde@I Al chemichle paysRdsa
. fro ol.e | €S, . ' N .
sonysah e g ord R ot ot e BBt e 8 BEhction iy reatve
attrgnst'«bn ulﬁi;gg 5;rduta for eclgtivelgiadtion ant stiowm).n Prakingeartighadesding) was
ag (Lifes y ' t S
atoq S T RIsB TRy crps Vi nptend R ok iactiE gota not
showmat had passed over the body, to be entrained through
a small colum of absorbent polyner. This provided

sanpl es, the sane batch of which could be used for
Thus,ltis géar thathesaeh ofithebe five demonstrated the ability to interfere significantly

with the attractiveness of skin emanations from the hand of an attractive standard
volunteer, i.e. YO1, at naturally occurring levels. Only nonanal allowed significantly

greater flight activity than the untreated hand but at only one dose.

Only octanal has been described previously as a repellent for Ae. aegypti (H. D. Douglas
et al. “Chemical Odorant of Colonial Seabird Repels Mosquitoes” J. Med. Entomol. 42(4).
647-651 (2005)), and the compounds newly identified here as repelients could be used in
defence against these other biting flies and possibly other haematophagous arthropods.
The chemical factors conferring low human attractiveness to mosquitoes and midges

determined here could be still more effective given a more persistent formulation.

Interestingly, the variation between DEET and a more recent repellent, picaridine
(Bayrepel ®), shows variability of repellency with human subjects'. This may arise in part

from the type of individual variation described herein.
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el ectrophysi ol ogi cal and chem cal analysis. Exanple 3
- confirmation of validity of volatile chemcals from
woodoaneser s The vol atiles were extracted fromPEEGB2007/000742
pol ymer and assayed again u$ng the Y-tube
ol factonet er against an air control and standard
Exaunpla tht-derthef ¥nalygis ofyalatig exrasiided CO2 (Fig. 2). For the
first tinme, volatile extracts of human vol unteers were

shown to exhibit simlar attractiveness or
Theumdiacts et volveiresiyiman ydiatileti were mlsauaralyssitibn GErA& ¢rofis,
imp%&ég} EXAHiALE & JanQFQtSd?ﬁs Hedantt Suff ki \%&ﬁ atiohhe¥ben done

bei ng significantly attractive, and those from
with@Geratapegonds Adyricaltraca s diveitin Figire 9@ndshe samairange of
- ] A . .

confi@fibdsas [ESBIRICE 18, b PR AT GRS MDIBIRUAE' YK negative
respapsemines@mplasdea the Wialfractivevalenteershen by hi gh

resolution GC directly coupl ed whol e ant ennal

el ectrophysi ol ogi cal preparations, fromfenmal e Ae.
Exampig/pt-ifield(tdals of gepprounidd) t o produce

GC- el ect ronant ennograns (GC-EAG, typically as shown

in Figure 3. Thus, conponents which were
Afigithirisl whe giadalin theddmisaey esiate, Aggiisbirer duringke¢ ummeh@005 in a

. i l.: n; Vv,
ol SHO SR btk SARRGR S Ll g8 Bofbounce o
redufling regmehieumara kg acibenesaioet. apgiptidh tet Y-tylieyaliactontsiterdp-

by y : . A

e e 2n T acrAlyietidhe BRI Sh Rteq, 480 IekletoPiepeliency
(TakleH} sing d VBOmsetkce Th Sivowmerndowes@npiechty (hwlonkebdkimgs and
o 8 SEOMBHEL, L Mt 858 e
(1%aBddvoand QAMINS Alldanararhdeandyixduras Weretampaied against the

: i (19t atd &lopcal |
R RS T S TR e POREN IR T V2 (@ oup

1) and unattractive (G oup 2) were observed for:e

ReshROERY. &5 QKSR that DEETELMOY wad RRRSke 78 ¥Ent than DEET at 1%.

Therefore, statistical comparisons were subsequently made between the compounds or
mixtures and DEET at 1%.

Individual compounds

Geranylacetone was effective at all concentrations tested and with a typical dose

response of increasing efficacy with increasing concentration.

For 6-methyl-5-hepten-2-one at the 1 min time, at 0.001% is significantly repellent; 0.01%
is not repellent but 1% is strongly repelient, indeed more effective than DEET, but was

repellent only at 1% over 5 min.~ -

Over 1 min, 1% geranylacetone, 1% 6-methyl-5-hepten-2-one, Mix 5 and Mix 6 were
significantly greater than DEET at 1%, and for the fuli 5 min testing period.
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« octanal, e« nonanal, e+ decanal, e« naphthal ene -
geranyl acetone with the | evels being higher, in Goup
WQ@200A090387 onal |y the rel ative anmounts (in respRCt/G8R007/000742
total chem cal conposition:1%ee Fig. 4) of
6- met hyl - 5- hept en- 2- one, octanal and decanal were
1% peghgrcetona) iMik 8randfMie beshbweg highenlagpelnby thahiDEET; these

diﬁe?gﬁﬂ%?%qgn{)trséniﬁcg i 32 active peaks have not been

conclusively Ydentified, but only one was believed to
be associated with unattractiveness. ¢ unknown 7

b€ " ophenone or (E)-2-octenal).
Exa E %meﬁalkﬁ g tid gl ect rophysi ol ogi cal * active
conpounds were chiral the isonmeric conposition was not
Metﬂg&erm ned as these conpounds were not inplicated as
ACtors contributi ng to human unattractiveness. Care

was nmade to renove contam nation of volunteers, for

' [ trial osgetic chem cal s ee
R e BB A S 5B Pl for et
for repeency phgisstAnoghelad gambiae iany Cmeaxegudiymeraseiaéus rdsquidses in

j [&hl thal ene .t e cou
bbb e BRSPS 20 P T et A Bl g AG: e
mosylitedsevarellahvraerysearadl usingastarataed eoralitionis at IGHPEaDedLVilleats-7
' and upatt tive (G0 2
doy EHEGREM ABLNES BLpiRy ol MR BASL {9 Sl o
gluceae salbiidn wereiused h Eighteenrtages (50kbExEOeme wespasad witht25 female
i ' t n,the t. oups (Fig. .4

modG A ok SHFAL ) SR D R BRI o el vere
selectenp best dslufioren(0 Gamtitim acdtone) ' weve hppiieddo a vahdteer's forearms and the
hand was covered with a glove. Acetone alone (0.5ml) served as a control on the other
arm. The control arm was inserted into a cage and the number of landings were recorded
over 3 min. The treated arm was then inserted as above. Repellency data was expressed
as protective efficacy (PE) and was calculated by using the formula PE = (% control mean
- % test mean / % control mean). The data were transformed and subjected to an
ANOVA.

Each compound was tested at concentrations ranging from 0.0001% to 10%.

Three mixtures were also tested at the same concentrations and comprised the following

components:

Mixture 1: 1:1:1:1:1 of 6-methyl-5-hepten-2-one, octanal, nonanal, decanal and

geranylacetone

Mixture 2: 1:3:1:0.5:0.5 of 6-methyl-5-hepten-2-one, octanal, nonanal, decanal and

geranylacetone

Mixture 3: 1:1 of 6-methyl-5-hepten-2-one and geranylacetone.
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"unattractive" volunteers. Exanple 5 - testing of
candi dat e conpounds Based on the results above, five
w@eb@mogsks were chosen as those nost |ikely toP@BEGB2007/000742
natural ly involved in humah2@nattracti veness and were
subjected to further analysis: (i)
Mixterare by mixiutecpivene-tBeroimeorpbidted iatut foahulalidhh hithrRaRadted of

e SN Rl BRI LB e laa 2 2B e e

formeitated mixtares ouese thentiéstedlding therabioes negaidofigy ARd were repeated
ti . al i.nd_Elight activity, relative
afte’?\?’% gc nposnﬁog’ﬁ%%&'%%Fﬁé)vgﬂm?/i ty (feeding) of the

nmosqui toes to the hand of an attractive volunteer wth
Res%‘]sd wi thout the chemicals was recorded. Al chenicals
caused a significant reduction in flight activity and

geranyl acetone caused a reduction in relative
raction not

Cli. i g..b .data for relative at
Theghh{\ﬁ%ofe'nggdo éc%:rﬂgouai'@# itﬁ%@agﬁrésé d\nﬂﬁéelmarg /gg S.s. gave dose-
depsridgnt feipeliertcy ywitlethemeakirym Gepatichyy) elﬁeh@dtfem&npt{ﬂﬁdﬁaﬂ‘l 0%.
[ e ta not sho . Thus, jt is clear

100 B TEPEENEE R Rl 0B afi AN tor 1o abi 11ty to

interfere significantly with the attractiveness of

| pnations fromthe hand of an attrgcfjve

DEeT St BB sp@fiek e thd Singf onpuidh Ghinh AblacBastenngat 1%
and 1@%e(Table©5H7). Honaven) thalgheaiet regetiendyi agargistb HhisOspRaiee :Was given

AN ctiVvity the untreated hand bu t
oy T oBin et B eRaleRbk B ole et Benobt Barg oK

as a repellent for Ae. aegypti (H D. Doug: as et al.

N ] rant. of Col gni al Seabird Repel s 0
At e ERratO L Rl g 37a¢ A SBeiecaskatp.1 %
concanttatidne8 2% megeelientsy wesmegoridde it Edmedisbe nith DEETRBICh gMiSonly
83%988!9!%an Atfsaqgmérnconcentration (0.01%) mixture 3 gave 80% repellency
compared with DEET which gave only 20% repellency at this concentration (Tables 8-10).
All formulated mixtures gave 100% repellency at the start of the experiments (i.e. time
zero). Around 90% repellency was achieved after 2 hours with mixture 1 and this
decreased over time to 12% after 8 hours (Tables 11-13). Greater repellency was
observed for mixture 3 with 98% repellency recorded after 2 hours. Repellency then
decreased to 64% after 4 hours and to 35% after 8 hours. DEET maintained 100%
effectiveness up to 6 hours and 94% after 8 hours.

The human-derived compounds tested against Culex quinquefasciatus gave dose-
dependent repellency, with the highest repellency for each compound observed at10%.
Geranylacetone and DEET gave 100% repellency but only at a concentration of 10%
(Tables 14-16).
Mixture 1 and 3 gave 100% repellency at a concentration of 10%. At lower
concentrations, mixture 1 gave greater repellency than mixture 3 with 84% and 77%
repellency achieved respectively at a concentration of 1%. Both formulated mixtures gave
100% repellency at the start of the experiment, and this decreased slightly to 89% for
mixture 1 and to 99% for mixture 3 after 2 hours (Tables 17 and 18).
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def ence agai nst these other biting flies and possibly

ot her haemat ophagous arthropods. The chem cal factors
w@i7evasing | ow human attractiveness to nosqui POBESBaNA/000742

mi dges determ ned here col@ be still nore effective

given a nore persistent fornulation. Interestingly,

the variation between DEET and a nore recent

00

AfteF 591811 bﬁrllk reﬁ’éll%ﬁ @b?\?b& Wurggqxﬁggd'r;e)gl}qeagg 9%\%0{5 ngevﬁ[l for
mrxtnew3 aep%lencmwgarrtalmalm?d atrﬁegneyﬁ@eleue! dmtﬁwm;amly to 0% after 4
hou?éaé ‘?tdﬂglt‘B?ﬁﬁr%rér}a oA5h 'S‘ﬂoﬁéaqﬁt? ggve 1b8Y% rgﬁéllency up until 6

sis of volati eex rac tracts o

houmrulrthledecmmtmﬂ"/aaftere&hwss Elableso!%a?l ysed by GG EAG

on C. inpunctatus, which it is understood is the first

time such an investigation had been done with a
Concwisiatt®pogoni d. A typical trace is given in Figure 3

and the sane range of conpounds was responded to, but

particularly those inplicated as giving negative
Themessb efiective itieateant kgainstrAnoptibles gaabiceaver ¥ minkdeuwasebgure 3

i.al fd rJ ;

and lﬁ%ﬂéw% ‘Betg d th% gEtFl' 4 eé% leﬁt%%ﬁf@ﬁﬁér go? gglreitx #gﬂ{q%%%matus,
the mmﬁiecm@otseatmeat w&gdemznah alenesat 1éfoctadtbnmfythl$ivg¢$ mitbgiter than
DE%@%%%%gtqnﬂba?@gﬁ chdrdr'@%gtr@-r a(?:\tc{ Vende ;[S&IEERQ W&@%n%ra 3 for both
spe¢ig® Y-t ube ol factometer (6- methyl -5-hepten- 2 one

geranyl acetone) plus six m xtures, were tested for

repell ency (Table 4) using a WHO protocol 18.

Compounds were applied to (nylon) stockings and worn

on the forearns of volunteers and were tested at three

concentrations in ethanol (1% 0.01% and 0.0001% . All

conpounds and m xtures were conpared agai nst the WHO

approved repell ent diethyltoluam de (DEET) (1% and

40%9 . Results (Fig. 6) show that DEET at 40% was not

nore repellent than DEET at 1% Therefore, statistical

conpari sons were subsequently nmade between the

compounds or m xtures and DEET at 1%



I ndi vi dual conpounds Ceranyl acetone was effective at
all concentrations tested and with a typical dose
w0 e®poyse’ of i ncreasing efficacy with increasi PQI/GB2007/000742
concentration. For 6-methyt2B-hepten-2-one at the 1
mn time, at 0.001%is significantly repellent; 0.01%
Table 1nlseetand Tickttangets. 1% i s strongly repel |l ent, indeed
nore effective than DEET, but was repellent only at 1%
over 5 min. Over 1 mn, 1% geranyl acetone, 1%

INSECTHet hy| - BISEASESIVERTORED M COMUNIRY M x 6 WRRETATION
significantly greater than DEET at 1% andyé@osthe
' i i 9 and
M x 5 showed hi gher % repell ency than DEET; these
Moghuitbes ences were not significant. Exanple 8 -
i.tional, field.trials Methds Human-deriyed
Cu’%gﬂréﬁ%Aﬁndg\Nfgt-hﬁlgglﬁé{-S-hepter@%—one and gerz%yl acet one)
compiexe t est apanese Bnegpbpiitency Ag&@i nst Anophel es ganbi ae
and Cul exfigHidigiuef asci at us rRGHWIHEES I N
| abor at ory- based repell ency ,tests using an established
protocol (Omlo et al., 200 "3 The nosqui t oes were
Aedeabenval or Pengsafeydr usi ng st arsdalhd\ngoealand on¥esat | Cl PE,
Duduvi | | eyeipw @y ol d fenalpgicgosqui t oes that had been
sée}rved for. 18h but previ ousl% fed on 6% g| ucose
AnogateR i on WB'PER used. Ei ght eeBages (50x50x%8tm) were
stenpsed Wi th 25 fenal e nosquitoes in each. Six hunman
teer .th no or littl | ergic reac{ion to
Anog)?%%g vver@al\glle'% ected. Test saﬁﬁtgi ons (0.5m ‘i(élaé; acet one)
ga e applied to a volunteer's forearns and the hand
compisgs covered with a gl ove. Acetone alone (0.5m ) served
as a control on the other arm The control arm was
_inserted into a cage and the nunber of |andings were
Midgeg or ded over 3 min. The treated armwas then inserted
as above. Repellency data was expressed as protective

efficacy ((PE) and was cal culat.ed using the fornula
Cullﬁgde:s (% c ?ﬂe)r ol rmean Scot%nd,qu ?(es

impunctatus

Culicoides None Australia - Yes

molestus

Ticks

Ixodid species  Borreliosis and Lyme EU and USA No

(Borrelia) disease

Sandflies

Lutzomyia EU, Portugal Yes

species Leishmaniasis (visceral, South America Yes
mdcosal, cuticular)

Phlebotomine  Leishmaniasis Africa Yes

species

Midges




- %test mean / %control nmean). The data were
transfornmed and subjected to an ANOVA. Each conpound
woer®7nested at concentrations rangi ng from 0. OPOL&BR@7/000742
10% Three mxtures were alsZi{ested at the sane
concentrations and conprised the follow ng conponents:

Otiidrxt ur e 1:Blukidhgde 1: 1 of 6- neEbyhd Afribeept en- 2¢egne,
ch&iaral . ngha | and geranyl acetone M xture 2
. 1:3:1:0.5: Oﬁgb]g?%%?ﬁ%t@hyl - 5- hept en- 2- one, octanal,
MidgsRanal , decanal and geranyl acetone M xture 3 : 1:1 of
6- net hyl - 5- hept en- 2- one and ger anyl acetone. M xture 1

Ti®BQd m xture 3 were then incorporated into a

40_ rmul ati on whi ch consisted of enul sifying wax NF,

Ixogigtips| eumTjcktooeghepphelijei d pertfAmencan a 1Nw 2.8: 1
rati o. Thase-bbeemalkat ed m xt yfi@s were then tested

i nd-were.repeated after 2

4 , 6 and 8 hours to give PE over tinme. Results The
human- deri ved conpounds tested agai nst Anophel es
ganbi ae s.s. gave dosedependent repellency, with the
maxi mum r epel | ency observed for conmpounds at 10% 100%
repel l ency was recorded only for geranyl acetone at
10% DEET gave better repellency than the single
conpounds giving 100% repell ency at 1% and 10% ( Tabl es
5-7). However, the greatest repellency against this
species was given by mxture 3, which achieved 100%
repel l ency at concentrations of 1% and 10% At | ower
concentrations than these, good repellency was al so
observed and at 0.1 % concentration 87% repell ency was
recorded in conparison with DEET which gave only 83%
repel lency. At a | ower concentration (0.01% m xture 3
gave 80%repel | ency
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conpared with DEET which gave only 20% repel |l ency at
this concentration (Tables 8-10). Al fornul ated

wWoroor9ss7 gave 100% repel |l ency at the start of P€TI6B2007/000742

experinments (i.e. tinme zere4-Around 90% repel | ency
was achi eved after 2 hours with mxture 1 and this

Table2r ddands andrretantiont indica%ofatr 24 rEAGaotive chéaldtals with loadings

11.13). Geater repellency was observed for m xture 3

' *08% repel |l ency recorded after 2 hours. Repellency
then decreased to 64% after 4 hours and to 35% after 8
hours. DEET nmi ntai ned 100% effectiveness up to 6

houT GormpBlind47orkdntion 8 NOWompolng naMBBN- JELhiéAbvectors

compounds test eld g)?al nst Cul ex qui nquefasci fnt s ?ave
dosedef®ndent r 888 1 ency, with the hi ghest (°@§E'|9 ency
for each conpoundéobserved aie@fel Ger anyl aceramée4 and

DEET gaie 100% regpel | ency Byt Q8 Me 8t a conggisation

of 10% (Tables 14-16). Mxture 1°and 3 gave 100%
repel | eficy at a ¥8ncentGFHethdw-hsptendaneat | onP0427
concents#ations, gsoxture 1 gawetagdieat er repelda@oey than

m xt ur e53 W th %%/o and 77%\3!(:‘?1%%%?{%%(/0 achi evoe(g)126

respectively at a concentration o Bot h Tornul at ed
m xture® gave 100 repel | ehEdyiaexandle start FOxIhe
experinmgnt, andqpd s decr eaﬁm;ng,l.d' ghtly to 889%opésr

m xture_1 and t %3%9%for uren:} after 2 rbo(#)@?/ﬁ

t
(Tabl es®17 and  After 8 hOUPYY “the repel I'e

by m xt#8re 1 hadO0¥ecr easeBhydoR@esnoHowever , -§.64082

m xtureg3, repehpgncy was myydfpdined at a gregicar

| evel , decreasi only to 80% after 4 hours, 60% after

6 hoursﬂand 45%r1]§§‘3t er dhour sE"¥REET gave 1004400047

repel | el2cy up unt@d 6 hour sUadetatéhi s decr eas@@dodio 93%

after 8zhours (Tal es 19- 2{!@_.2_,1@9 | usi ons Theyggest
Anophe

ef fective treatnent agains | es ganbi ae _over 3
nmi nut es'®was ni xfifle 3 and PRPEOGEL petter t HAPOPEET at
equi val#nt concemor ati ons. Haentkanl ex qui nquel@®eet at us,

the no ef fecti treatne ecanal alag 1%
al t houg17 this vvz:az's/inot bet t @M‘Yﬁﬁ%’% 5160182

gi ven

Decanal -0.00245
18 1256 Indole -0.00233
19 1384 Dodecanal -0.00122
20 1430 Geranylacetone 0.00042
21 1480 a-isomethylionone 0.00037
22 1500 Pentadecane -0.00067
23 1600 Hexadecane -0.00024
24 1681 Heptadecene 0.00115




DEET. The best treatnent conprising human-derived
conpounds was m xture 3 for both species. Table 1.
wo pen993ahd Tick targets. | NSECT DI SEASES VECTEREDB2007/000742
COUNTRY | RRI TATI ON TO HOST- Mbsqui t oes Cul ex pi pi ens
West Nile Virus USA Yes conpl ex Japanese Encephalitis
Tablkesiaa Raitiba of goimp oBods tbased oh aeean’dmounts/Addbentdealy fitam

“attﬁ“gﬁgi\iglﬁxgﬁr? 9Hh" gngg*’gi%%@e’i#n&uﬁ?e%rsYelA:q g\pljvhfelegg r I\/glf ;'r |C g

Africa Yes ganbi ae conpl ex M dges Culicoi des None
Scotland, UK Yes inpunctatus Culicoides None Australia

—Yes nolestus Ticks | xodid species Borreliosis and Lyne
C°'EPP‘5Wd USAttkgstive Unattractive

Benzaldehyde 1 1
6-MHO 2.020595 1.55218
Octanal A 0.541551 0.529534
Nonanal 6.510643 2.906716
Naphthalene 0.875217 0.979441
Decanal 1.821094 1.468768

Geranylacetone  5.130115 1.108576




10

15

(Borrelia ) disease Sandflies Lutzonyia EU, Portugal

Yes species Leishmaniasis (visceral, South America Yes
worn@wesed3s7 cuti cul ar) Phl ebot onmi ne Lei shrmani asi BCHGBR@E/000742

Yes speci es M dgesQther Bl ueéﬁngue EU and Africa Yes

Cul'i coi des Afri can Horse Sic

ess m dges Ticks |xodid
I\prth Arrlerl ca No

] < - XOT-€ e &t ent i on

[ nd| ces for 24 EAG actlve cheri cal s W|th | oadi ngs from

e W T EgH GBS Y St 72lag 57 1hS iean

abBewteaarersl of e GHtRBvE a8d Gndtradtivh group-diepluateels. one

000427 980 @La%al——O- 000625988
1, 4- Di chl dr obeRPEAR Y. 00126 |6 1010 2- Et hyl hexahol
0. 00117 7 |n@gtractiveoperaen 1 0. JO05 Attractive group Unattractive grou
Absolute Mean absolute Mean absolute
amount Ratio amount Ratio amount R
6-methyl-5-
hepten-2-one 350.0 1.8 49.73 0.4 320.08
Geranylacetone 200 1 126.26 1 228.6

Table 4. Mixtures of EAG-active human-derived compounds tested on C.

impunctatus in the field.

Mixture 1 1% 6-methyl-hepten-2-one, 0.01% octanal (in ethanol)

Mixture 2 1% 6 -methyl-hepten-2-one, 0.01% octanal, 0.02% geranylacetone (in
ethanol)

Mixture 3 1% 6-methyl-hepten-2-one, 1% geranylacetone, 0.01% octanal (in
ethanol)

Mixture 4 1% 6-methyl-hepten-2-one, 0.0001% geranylacetone, 0.01% octanal

(in ethanol)
Mixture 5 1% 6-methyl-hepten-2-one , 1% geranylacetone (in ethanol)
Mixture 6 1% geranylacetone, 0.01% octanal (in ethanol)

Table 5. Dose- response repellency of geranylacetonedecanal tested against An.
gambiae

% Conc. 0.001 0.01 0.1 1 10
Mean % P.E+S.E [7.25+9.5 11.17+12.9 [30.13+11 [76.97+5.9 [100+0
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8 1030 Unknown 7 0.00016 9 1057 Di hydronyrcenol
-0.00082 10 1080 Nonanal -0.00047 1 1 1083 Linal oo
wO200%84712 1100 Undecane 0.0001 13 1135 (£)- Zr@DG8@I7/000742
0.00011 14 1151 Cctanoi c a@yd 0.00056 15 1160 Ment hol
0. 00097 16 1160 Napht hal ene -0.00102 17 1184 Decana
Table @ PB2é5redBoRgd RepenentEof SniiRAZ-Aépte B Rdomo thatethagainst An.
012220 1430 Ceranyl acetone 0.00042 2 1 1480
Q_Q!éic,omat hyl i onone 0. 00037 22 1500 Pent adecane -0.00067
23 1600 Hexadecane -0.00024 24 1681 Hept adecene
0.00115Tabl e 3a. Ratios of conpounds baged on nmean
% Cenmunt s of oamm clalog1f r orf. Ohttr@d i ve" Nol unt egts and

"Ilr‘\a'l‘frar\t o LAt

oot P SOk | D3 A A1 120 B TS CoppagEe ] (Lot
Cctanal 0. 541551 0.529534 Nonanal 6.510643 2.906716
Table 7. Dose- response repellency of DEET tested against An. gambiae

% Conc. 0.001 0.01 0.1 1 10
Mean % P.EXSE [p.23+1.7 20.65+6.4 [83.78+3.9 {1000 1100+0

Table 8. Dose- response repellency of Mixture 1: 1:1:1:1:1 of

6MHO:Octanal:Nonanal:Decanal:Geranylacetone tested against An. gambiae

% Conc. 0.001 0.01 ' 0.1 1 10
Mean % P.E + SE 0.2+1.8 [16.93+3.544.58+1.194.1+1.1 100+0

Table 9. Dose- response repellency of Mixture 2: 1:3:1:0.5:0.5 of

6MHO:Octanal:Nonanal:Decanal:Geranylacetone tested against An. gambiae

% Conc. 0.001 0.01 0.1 1 10

Mean % P.E + SE |-3.47+6.4/16.50+5.126.93+3.7/59.48+3.1100.00+0

Table 10. Dose- response repellency of Mixture 3: 1:1 of 6NIHO:Geranylacetone

tested aqgainst An. gambiae

% Conc. 0.0001 [0.001 0.01 0.1 1 10

Mean % P.E + SE [9.4+2.3 [24.38+5.179.42+3.787.08+3.1110010 100+0

Table 11. Dose- response repellency of formulated Mixture 1: 1:1:1:1:1 of

‘8MHO:Octanal:Nonanal:Decanal:Geranylacetone (10% concentration) tested

against An. gambiae over 8 hours.

Duration (hrs) OH 2H 4H 6H 8H

Mean % P.ExS.E | 1000 89.41+3.67 |54.87+4.49 | 3211559 |12.50+2.1
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Napht hal ene 0. 875217 0.979441 Decanal 1.821094

1.468768 Ceranyl aceto pe 5.130115 1.108576Tabl e 3b.
woRa1070%930f 6- et hyl - 5- hept en- 2-one t o ger anyl ap€r/GB2007/000742

The table shows the ratio iB8ene unattractive

vol unteer and the ratios for the nean absol ute anounts

of the attractive and unattractive group of

Tabpeo*i“ﬁg%%r ?esgi@]gle ?eéeuewcﬁto‘l‘ f@iﬂn@&teﬁ@ﬁxﬁ%is‘{% of BMHO:

octanal (| n ethanol) M xture 2 1%6
- et hyl - hept en-2-one, 0.01% octanal, 0.02%

Durgtmrdhgd)acet oBid (| n eEFhanoI) M #ture 3 1Jd3H 8H
d + = = t | + ne o O1.0L
Mea‘h {anaT F 'é +gr‘]o| )b‘q\’ﬂ X_t‘ﬁ‘l’J#Fr c 46'31.3?56‘?15’ 38.62¥4.39 | 30.836.96

6 nmet hyI hept en- 2- one, 0. 0001% ger anyl acetone, 0.01%

tesM@arrst@nl&ggﬁvWacﬂdtcmrs 0. 01% octanal (in

et hanol) Table 5. Dose- response repellencv of
ger anyl acet 1/ 4nedecanal tested agai nst An.

Durglimh(h@Tabl EOH. DogeH responsél r epel | qrary of 8H

nnt hvl one—t octlad anAal

Voo g B b B T2 cod PRRGy of IHRHOsent 443355102

agai nst An. ganbi ae Table 8. Dose- response repellency
ture 1: 1:11l :

-

qu:ﬁ@faﬁilat@;@ garrbl ae %Cone 0. 001 O 01 0. 1 1 10

% Conc. 0.0001 0.001 0.01 0.1 1 10
Mean % P.E+S.E 4.84+2.4 10+1.6  23.7+4.5 33.2+4.5 84.1+4.2 |100+0

Table 15. Dose- response repellency of 6-methyl-5-hetpen-2-one tested against

Culex quinquefasciatus

% Conc. 0.0001 [0.001 0.01 0.1 1 10
Eﬂean%P.E_—tS.E 8.0+1.8 [12.7+2.1 21.8+4.9 30.1+4.1 49.7+2.9 (100.0+0

Table 16. Dose- response repellency of DEET tested against Culex

quinquefasciatus

% Conc. 0.001 [0.01 0.1 1 10
Mean % PE+SE  [7.6+18 [120£17 [76.9+54 [082+1.1 [100x0
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Mean % P.E + SE 9.2+1.8 16.93+3.544.58+1.1 94.1+1.1
100+0 Table 9. Dose- response repellency of Mxture 2:
wa 287090645 0. 5 of PCT/GB2007/000742
6IVHO Cct anal : Nonanal : Decanalk9 Ger anyl acet one tested
agai nst An. ganbiae % Cone. 0.001 0.01 0.1 1 10 Mean %
TabR H. DdSE- réspdnsé rdidlehey of Mittuds131:75101:A43#3. 1 100. 00+0

oG lcta Al B8 D E20AREE A FREL oAl TR bitEH Rk 11

quiniciasci@iu8001 0.001 0.01 0.1 1 10 Mean % P.E + SE
9.4+42.3 24.38+5.179. 42+3. 787.08+3.1 100+0 100+0 Tabl e
11. Dose- response repellency of fornulated M xture 1:

Conﬂ: 1 1:1:1 of0001 0.01 0.1 1 10

Inpnana nnnn foranvyl ac ot

AT R i vk ) ﬁa-%%%zsr;&%"’fé%‘? 0020
Tab

hours. Tabl e 12. Dose- response repel [ ency of
0 at ed M xture : , l%lp%
6 FESDO nelle one (at
10°/J1©¢li¢kntr'ﬁabh)3te]s3ed aljpaﬁst cel@pmﬁwe@mi:étescy of
formul ated DEET (10% concentration) tested agai nst An.
ganbi ae over 8 hours. Table 14. Dose- response

Cond.epel I ency pp.oger anyl hg@tone tepbad agai ngy Cul ex 10

r‘LIIIJ\(]IIQf ascl atis Tahl 15 Dase snonselrenell eancu

MoaiPh B btetiny | | S1-AEEbo%- p2OAGR8S1 baoaor fLt | ELPRKI00 | 10020

qur nquetascratus Tabl e 16. Dose- response repellency
of DEET tested agai nst Cul ex qui nquef aSCI at usTabI e 17.
response reel lency 1 1:1:01; 1

=L ade -

6MH’Qﬂ)di&ﬂial@B@haﬁmeﬁﬂh@f(?&ﬁhw’au&one (at 10% concentratlon) tested

against Culex quinquefasciatus over 8 hours.

Duration (hrs) OH 2H 4H 6H 8H

Mean % P.EzS.E | 100+0 89.03+4.2 56.1744.37 | 28.4625.15 | 19.83%£3.16

Table 20, Dose- response repellency of formulated Mixture 3: 1:1 of 6MHO:

Geranylacetone (at 10% concentration)tested against Culex quinquefasciatus over

8 hours.

Duration (hrs) OH 2H 4H 6H 8H

Mean % P.ExS.E | 100£0 98.57+1.43 | 79.97+1.7 60.91+3.1 45.79144.13

Table 21. Dose- response repellency of formulated DEET (at 10% concentration)

tested against Culex quinquefasciatus over 8 hours.

Duration (hrs) OH 2H 4H BH 8H

Mean % P.E£S.E | 100£0 100+0 10010 100+0 93.334+4.08
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Tabl e 18. Dose- response repellency of Mxture 3: 1:1

of 6MHO Ceranyl acetone (at 10% concentration) tested
w@g@irnst34Cul ex qui nquefasci atus Tabl e 19. DosePCT/GB2007/000742

response repellency of formdlated Mxture 1: 1:1:1:1:1

of bMHG Cct anal i NonanahDecanakGer anyl acet one (at 10%

concentration) tested agai nst Cul ex qui nquefasci atus
Ref i?é(r?crehﬁt hours. Tabl e 20. Dose- response repellency of

ted Mxture 3: 1:1 of 6MHO Ceranyl acetone (at
10% concentrati on)tested agai nst Cul ex

r; Tabl e 21, .
- SRR PR SRRyl PR blhle S cour® Hpgicua
diffecmoeeotft ataamtmn)font restasa magquitess.” QU Teop. Geong Mg sT;] t864992.
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429CI ainms 1 A conposition for inhibiting the activity
of an insect pest against a subject, which conposition
conpri ses geranyl acetone as an active ingredient plus
a carrier plus a further active ingredient selected
fromthe list consisting of: 6-Methyl-hepten-2-one,
octanal. 2 A conposition as clained in claim1 which
conpri ses geranyl acetone at a concentration of 0.0001
- 10% plus a further active ingredient selected from
the list consisting of: 6-Mthyl-5-hepten-2-one at
0. 00001 - 10% Cctanal at 0.00001 - 1%
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3 A conposition as clained in claim1 or claim2 which

conprises octanal. 4 A conposition as clained in any
W@r@7/0993¢T ains 1 to 3 which conprises 6- Mt hyl PEPGBR007/000742

2-one. 5 A conposition as .gzainmed in claim4 which

conpri ses geranyl acetone: 0.00001 - 10%; 0.001 - 10%

; 0.01 - 10%; 0.1 - 5% eErimbout 1% and

6- Met hyl - 5-hepten-2-one: 0.1 - 10% 0.1 - 5% or about

1% 6 A conposition as clained in claim5 which

1 C ONEBMBG%&FIO@ lbitird: tAO Activit) ol 4h ifde&QFrst adhifR Wsubject,

about 01% A conposition as clained in any one of
which cainResition oNeprizRs SRraPYRpeiraR 8s 0 WE@WPQ@Q'GHEB'P%?? Carrtgrglus a

furthanétu@‘@ Tr@FBdlélrﬁ%bl@Bl%d'fl‘bnﬁth\éﬂllsQ&Hnsfsﬁﬁg 8f: @fM&hYlLP%&In -Rbne,
OC’[ar@gua to about 0.5 , hore preferably at 1east or

ual to about 1.1, 1.51 2:1; 20:1; 200:1. 8 A
conposition as clainmed in any one of clainms 1 to 7
further conprising an active ingredient selected from

2t hR cPMppsiizhas Slpiny! IBrclaimdriieh comprisgs geranytagstope éhaal

conc@ﬁtr&»o@iQ@b 000} Oqf‘!)%, pQJs/é fﬁﬂmtﬁé ﬁh@re,@%rﬁ kaksed fﬁth RBYist
one of clajns CONprij Si nP an act

consisigg abiBfiethye?- B%Qt%'aer%rﬁttOr@OP“ st 0o Rsiang] #id- %9001 - 1%.
benzaldehyde naphthalene acet ophenone;
A 2-oct enal) corrp05|t| on as clainmed_ in any one
cpaPAgitian ?%C'g'r‘%}ﬁ Bly %ﬂrﬂ’ ickadg 2@’&’?’%9‘[’@8@%@@%‘%3
at | east two, three or four of the further active
Wth edients. 11 A conposition as clainmed in claim
&H”’ESH{W] ag¢claipad in @y ene RbGAMSH! tpabwhich compriges 6 -Methyl-
heptgagmg of inhibiting the activity of an insect pest
agai nst a subject, the nethod conprising applying to a
subj ect a conposi tion conpri si ng geranyl acetone as an

5 aCA ic¥pb&iEress @laﬁne@ﬂ |H%Iafr’m Qlaﬁmér%or%riéés@ﬁfrér@%bﬂoﬁeao 00001 -
urther active in ient selected f

104)@8@& st 1%y 801 6l thy1| ‘ép%?h%‘lér@ea"%t'\éﬁﬁv"5 hepte"ZOnei
0.1 -46920a] - 5%0B8A8Idut 1%.

6 A composition as claimed in claim 5 which comprises octanal: 0.001 —0.1%,
0.005 — 0.05%, or about 0.01%.

7 A composition as claimed in any one of claims 4 to 6 which comprises 6-Methyl-5-
hepten-2-one and Geranylacetone in a weight ratio of at least or equal to about 0.5:1,
more preferably at least or equal to about 1:1; 1.5:1; 2:1; 20:1; 200:1.

8 A composition as claimed in any one of claims 1 to 7 further comprising an active
ingredient selected from the list consisting of: Nonanal; at 0.1 - 10%; Decanal at 0.0001
- 10%.

9 A composition as claimed in any one of claims 1 to 8 further comprising an active
ingredient selected from the list consisting of: benzaldehyde; naphthalene;
acetophenone; (E)-2-octenal).
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13 A nethod as claimed in claim12 wherein the subject
is a human subject. 14 A nethod as clainmed in claim12
w@eooclgudwt 13 wherein the insect pest is of thePdHEBR0O7/000742

Cer at opogoni dae or famly (4 icidae, optionally
selected fromthe insects in Table 1. 15 A nethod as

10 cl &igvepdsiionmy clirfedin dyainBf dRini1 i&e\gm%&ioﬂwﬁria@s f
aorafigper PR 4 SRR f0aRA T WhBCRathe Ao of

claims 12 to 15 wherein the conposition is applied to
achi eve a.topical dpse of the or each active )
11 2B BlhoRib P EmEdh ot VGe0 puBatERs bt shown in Table 4.
ug/ cn2, nore preferably 0.25ug/cn2 to 25 ug/cnR. 17
an

cetone jn the preparation of )
12 o BB 5 PERGR 4 S Ros! T BSCRERT NS 8 SUpIeE! the grethod
comprigidoaplying tdl@sm]?dt‘ei doynpa»fsiti_a:? compiihg ?@%ﬂgggﬁﬁf%s Er('i)‘ ﬁcétive
' ion as clai

iS4 Bl ol sontfingRE RRbBLAHAY BiresterkcleRraiaTDRg s
consistingof. & MeihyFosptén-2 dhaEdttarl; decsndl wsianbior i nhi biting

the activity of an insect pest against the subject. 19

A formulation for treatnment of a subject for

13 i nhinbéthodgs thanaCihicldirh Y1 2afhepdin tiSS BecPRSE h@da B3tjedthe
subj ect, which formulation is an ointment, solid or
sol uti on adapted for topical application, and which

14 coApnétsesas Claime id eraimt1Q|qD_@!aﬁﬂ|1BWh@€éhfF¢eﬁh§&t pastid gf the
famif e </aP o9t BHe i e REIAIAN S8 @iThog isgets n Table

1. claim 19 which conprises a conposition as claimed in
any one of claims 1 to 11. 2 1 A fornulation as
claimed in claim19 or claim20 which conprises one or

15 noAenatidchhs tiainsdd ih @Ay ohé bf €l8ims 12 to 14 wherein the composition is a

composition as claimed in any one of claims 1 to 11.

16 A method as claimed in any one of claims 12 to 15 wherein the composition is
applied to achieve a topical dose of the or each active ingredient of between about
0.0025ug/cm2 to 100 ug/cm2, more preferably 0.25ug/cm2 to 25 ug/cm?.

17 Use of geranylacetone in the preparation of an inhibitory formulation for treatment
of a subject for inhibiting the activity of an insect pest against the subject.

18 Use of a composition as claimed in any one of claims 1 to 11 in the preparation of
an inhibitory formulation for treatment of a subject for inhibiting the activity of an insect
pest against the subject.

19 A formulation for treatment of a subject for inhibiting the activity of an insect pest
against the subject, which formulation is an ointment, solid or solution adapted for topical
application, and which comprises:

(i) a dermatologically acceptable carrier; and

(i) geranylacetone

(iii) optionally one or more active ingredients,
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22 An article of manufacture conprising: (i) a topical
formulation as clained in any one of clains 19 to 21,

W@ pooy/ogisupsol or ot her spay nmeans for adnm ni st BCT/G§260M©00742
fornmul ation topically. 23 -A%-article of manufacture
conprising: (i) atopical fornulation as clained in
any one of clains 19 to 21, ii) instructions for use

the far mul atl on ,a i nsect pest. 24.An , )
ar t“.feﬁné“'%fo“ﬁn%?'g‘sf‘u?@a'gbi%w{‘]‘gh ﬁamgrl§%§g? 8%rpp031tlon as claimed in
anybmnﬁxﬂatnsdrtoaus.cl aimed in any one of clainms 19 to 2 1
when applied to an article worn by or otherw se
protecting the subject. 25 A nethod of repelling an
21 i nadotmyatih der daimed irectaint 0amrecihimo20 whiek eotnipriges one or more
vol @ttrlact an_to an environnent, the nmethod conprising
ola BSl'ﬁ?’hB“'i‘% the environnent a conposition as clained
|n any one of claims 1 to 11. 26 A dispenser

gﬁ.ﬂ?s' n?f qngosnl on._as clainmed in any one of
Qe Pignanuiadye cogiplisifiser as clainmed in claim 26
(|)awip|czihfdrl$1ulsﬁd>reas eldlnﬁeroblmmhené bbtlaiemd wtding of : _ia
ow, rel.ease [
() 2R ot Bl eBng R A E T e RO o el
clained in claim26 which is an electrostatic chem cal
enser. as claimed in claim 28,

23 V\MZ‘E 'ﬁ&? ﬂ%’“%”‘g%‘itP&sﬁ%R“émehem cal dispenser conprises
(i) a &pical trmmdlahbn b alaincaxhihainp ®neé ofjclaithst 19 foe21at oni sed,

= - Whi gh conS| S .Oor ists
) 'r\ggrggt IL?e&? %@%@8@%?@?3 ed'Psﬁcﬁg st] n any one of

cI ai ms 1 to 11; b) a spray electrode; and, c) a

char Iectr e. 30 A net hod of sing.an,.

4§ B R AR S BR A P SR TR S ip any one
of claiamspia teeXy vmemwapﬂxhétgtoaardérﬁqﬂe near bysr athaiwiedpiotecény thernmbject.

of clains 26 to 29 into said environnent.
25 A method of repelling an insect pest from an environment or preventing attraction
to an environment, the method comprising applying to the environment a composition as

claimed in any one of claims 1 to 11.
26 A dispenser comprising a composition as claimed in any one of claims 1 to 11.

27 A dispenser as claimed in claim 26 which is selected from the list consisting of: a

candle, a coil, a slow release dispenser, an oil burner, an elecitric diffuser.
28 A dispenser as claimed in claim 26 which is an electrostatic chemical dispenser

29 A dispenser as claimed in claim 28, wherein the electrostatic chemical dispenser
comprises

a) a conduit that contains liquid to be atomised, which liquid comprises, consists or
consists essentially of a composition as claimed in any one of claims 1 to 11;

b) a spray electrode; and,

c) a discharge electrode.



3 1 A conposition, nethod, use, or article as clained
in any of the preceding clains wherein an active
WO p@yreghizent is in the formof a precursor. PCT/GB2007/000742
-36-
30 A method of dispensing an insect repellent into an environment, which method
comprises providing a dispenser as claimed in any one of claims 26 to 29 into said

environment.

31 A composition, method, use, or article as claimed in any of the preceding claims

wherein an active ingredient is in the form of a precursor.



