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: ‘dlﬁefea%@rpdfﬁefﬁﬁa%wawm Bpwdiviskal bagts
- chemlﬁél oAl Fhi rRfative aﬁfbcﬁ\béﬁeg? Rbs retRbihél Baetifbait i on adapt ed

Met hods and con'p-ositi ons Technical field 5The present

invention relates generally to nethods and nmaterials

far in repelling, or avoiding attracting,_bili
Wolﬁ%@gd Background art 10There are numerous P(plLII}iBHI%WOOOMZ

publ i cations concerned with the provision of

conposi tions whic re, said to geperally repel or-

attract (for exan‘&m&@ﬂgﬂﬁﬂﬁé i nsects. These

include US 3,668, 226; GB 899, 289; US 6, 444, 216; US

6, 660, 775; WD 031009688; abstract for JP2002308706;
—%!&?4-8%’&‘@“‘ t for JP10117657; abstract for JP10139602; US

4,560, 551; WD 02/13607; US 6, 203, 786; abstract for

JP11060421; abstract for JP7126118 GBq?ZEO 243; . :
The piesent vaRiionsiatesarg Yy Exmelodaisas materiaisior ¥oe uispeling, or
avoid@ Mdchihg AingRsédtact for JP9030906; US 6, 660, 288.

Interestingly, nosquitoes (Culicidae), mdges

(Cerat opogoni dae) and other flies (Diptera) that bite
Back@roubidat of vertebrate hosts to obtain bl ood,

denonstrate preferences between 20speci es and W thin

a host species. However there have been relatively

7 Therd 8 rﬁhié%&%d&lt&i&nb Y ReariBefih thatRekisioh 6f compubitions which are

i ntra-speci‘es host-preferences in . these org

said tg 99’@&" F grtirant SonpxaniRle FQYarp) baing drsectR ﬁ'@ese include US

3 essmzef eBEwReRY: DE 6 w z’feim B@@ Ws wt)u%fmasbev @bstract for
denonstrat ed that differen

JP2002308Y 0] mbatrast fooJPétm V655 ﬁ%ﬁéfﬁﬁ §Pf ('F1 %1 39@8%&% A#e60,351; WO
02/ 3@(576 fl%fe Q@’e.)rae%tﬁahﬁbr mmb&zf ra%@réd% ?orSJWH 261b; GB 925,243;

abstfasb‘é% |JP?Q%923>530%@&§FH%WG@H%9%&@P@”ﬁﬁﬁ@ gosiragtifore

JPooRbbBagtipvgtesss i s caused by differences in ol factory
cues provi ded by individual hosts1043. However the
actual -chem cal basis for relative attractiveness has

interew sk Hﬁﬁ&f(@uﬁédaéic’%%eg (@éﬂa?dp%@oﬂﬁaé)%'other flies (Diptera)

03|t|ons or uses for contro behavi our of

that b!"€h§ &ange of yariebngtahesthip qhtain &tqqdvﬁ%ryc’faﬁ*raﬁ PIEfRienGRs hefveeen

spemé@ﬂid\ﬁﬁhtﬁ 808t $ppcidl waé\bhﬂhé}é%aﬁé béae Fél’éilvé@ Y& studies which
ides a contribution to the art. - Sunmmary

 have YRREIgHner PTGt arspReias hqshefeéerﬁgc%'amfs&wwm il

of a conposition conprising geranyl acetone as an o
-active ingredient plus-a further active i ngredl ent :
Many {gciQrs are bgisyae iR, HetSUPER PESCISDERR bptfof H'é‘“ﬁ'? ﬂﬁ?-a'i"ﬁ“@?ﬁ have

demo@ﬁa@éﬁ ﬂﬁhurhefeaﬁm diP4dibh & ddmhifsd B)hﬁbfétﬂ@ JFAROY (Pé. Vlatile
ject for inhibiting the activity

| chemlﬁ%lbms&bﬂfa@a@@tafrpmfbsélsma?@a|a$§9c@e§ Wfreemanusms or breath

6 SpRBALAR! re%éﬁﬁ&ﬁderk@%b&ggéés m&pf«él.-ﬂﬁé aftrdcBidRdsdtd &uske bv
treat nent of a subjec for inhi Itlpﬂthe aCtIVIt
t he

e the Ly

for topical application, and which conprises: (i) a
dermat ol ogi cal | y accept abl e carrier; and (H a '

The pn‘b@i%ﬁﬂsdf%%] dbﬁ*l'ﬂ?a%itiﬁhé‘grh&ls%‘s%}yécﬁ‘ﬁf%ﬁlﬁé‘&eﬂfeké%o@%ﬁ :H@ects and

edi ent us a further active i.ngredi ent which
mhfb't!eg %ﬁq AGtivity DEE'BB% isgots pgainetrhapes tohiemibey aepaitacted w&u@
pmwwb§agbgymgﬁg1ﬁnhgghlcIe of manufacture conprising: (i) -
a topical fornulation as defined above, (H) aeroso
or other spray means for adm nistering the
formulation topically. In yet another aspect, there-
Is provided an article of manufacture conprising: (i)
a topical fornulation as defined above, H)
instructions for use of the formul ati on agai nst the
haemat ophagous arthropod. In yet another aspect,
there is provided an article of manufacture for
inhibiting the activity of a haemat ophagous art hropod
agai nst a subject, which the article is for wearing
by or otherw se protecting the subject,



wherein the article conprises a conposition which

conpri ses geranyl acetone as an active |ngred|ent pl us

a further active ingredient which is

6- met hyl - 5- hept en-2-one. In yet another aspect, there

is provided an article as defgned above wherein the
~conposition is as defined above. In yet another

aspect, there is provided a nmethod of repelling a

SuMRERIAIRAGRIGH arthropod from an environnent or
preventing attraction to an environnent, t he
. method conprising ying to the enV|ronnent a
In ershprisct theve Wﬂr%\ﬁd%ﬁgﬁ E8 852 gampes/iacearanisinggesanylacetone as

an %%ﬂ\}evlﬁgHeﬁﬁﬁfeﬂuseﬁ?ur@zleklﬁctﬁ/e L8kt \ﬁﬁ&H 1’%% M@%ﬁﬁh@ﬂ%na—one in
whi ch 6- met %I 5-he pten - one. anot her

thea@ﬁ@%rﬁtlort Pandnhibitasy ymglagon fo |t@q)fé¢%@en‘ﬂr<afra subjsst for wepibating the
acﬁmm ABROASBHSaGE BHARPE b Qs @s@ac r onment ,  the |
di Spensor conprising a conp05|t|on mhlch conpri ses
geranyl acetone as an actjve ingredient plus a furth
In %th%ré‘SP?@rtB%méwqmpe &) fP%ﬂldatfP@tfﬂwe@t'wsm I pbisgkior mlbltmg
they&ﬁ.v.wtah%"ew@w@oust Mrspdcﬁagyr%v tr@%d;bfbcmm\Okoﬁﬁulat.on is an

di spensing an.insect repellent into an environnent
oinjiR¢retsad oh Bﬁu%ﬂaup?é’sfobﬁoawlﬂ%caém& asbweish cggprises:

(i) A ebimRsloGibaactaitabIs BhfiePdr onment  such that the
conposition is dispensed therefrom In yet another

(ii) é%ﬁ@?s't"?rhwrlsg‘gpﬂ%@“yé%&t%e@@“ agtive mgée%ﬁnt@i@@fﬁgaw active
ingResticHe WhiRB s AARNIRIBIRDRIN2-BAeact i ve ingredient is in

the formof a precursor. WO

2007/099347PCT/GBZOO7/000742 - 2 - Disclosure of the
In yet geRftPoAPPetth et BeEdadAnLAiele OF mapuarhre poaPsing t

0)étdﬁ%aﬂ%ﬂﬁ@§ﬁdiﬁ§%%ﬁné@uBb&ﬁW ntuitively, that a
or attractant masking, nechanismis

e ent
(ii) ?ﬁ@a?'\f)é&theﬁ SRR MsRAR (o ATV BIREES herloT RN DRIFRIYt o
the yell ow fever nosquito Aedes aegypti and notorious
In yB¢ @hdthehadpitt] heraTk QesideQUir &atid @8 maRPBRFAtdHprisiy: S

() ¢ fpERLieTRUHiarRs JHEPS BBnReS ey ba. di crat ol by a

i) Bepltibaglfor asg er 1k fairiultioh aghmsi the habhatophywdshathrapeah
"unattractive' individuals sinply di d not secrete
nts.. 10 Bri | nve nt or

I 2 BB e feds Binidad e dcte B vaMMEELRL fr isting the actviy
' ofa/hleédnﬁaztbpﬁr@geﬂs mm%@aﬁma ﬂﬁ@ﬁptl . within a group of
une and then col | ected volati|e extracts
O o B TS e G B R TR e SRt e
El e@hér@lﬂhh@ﬁﬁblﬁ@ieﬁrﬁhsé@ﬁ@bﬁhpﬁgﬁorf KAﬁDliﬁh}d&)Sf}p?i@é@Qé\@ﬁyIQéetone as
Ac. ae ti, an o nctatu vea tive
an §g R PR TH GRS o dent by BnaRyE heniSn2-one.
Several chem cals were found to be produced in
In yet asdtiesr sapecinthsrely providetraacirtisle ak definvaddatalve wiaekit trese
'merﬁ.furth r |nvEst|gated as set out in the Exanples
comRqslien S35 e PP2% howed t hat sone of these

conpounds caused a significant reduction in flight
In ﬁﬂamtﬁ\aristspeomfthéme is ae:gﬂet:lia whihod pf epelite ¢ Haegetidpbingous

arﬂ}rogqu J?c[rﬁ N n\\ll{g)s mCen tes%pt&]a éallﬁ?ascttiglbioagrg nvdrgpg&enﬁ and
r evtealrr@dhctdmnmlemg applytrigdo &t emeronmﬁpmj n@lspmtnm waicre

- Comﬁ%'.f%gsg tﬂl?r\é\g/lgcelgg ee%s%qgnn g(%tw%tu?ﬁr;ra sly gc al é(lztpv% yngredlc-}nt which is

6-medyebihepienDetie. Conpounds descrlbed herein may t hus
be used for protection against such insects. 25 An
oral presentation was nmade at the SOVE (Society of
Vector Ecology), 4th International Congress of Vector
Ecol ogy, Nugget Hotel/Casi no Reno, Nevada, October
2-7, 2005 (Thursday, Cctober 6, 2005; Student Paper
Session Il - Oral Presentations; SP-16 "Laboratory
and field experinents on the effects of synthetic
odor bl ends on the 30behavi our of the malaria



intrials. W 2007/099347PCT/ GB2007/000742 - 3 - A

thesis (Qu, Y. T. (2005) "Sensory and behavi oura

responses of the malaria nosquito Anophel es ganbi ae

to human- odours”. PhD thesis, Wageni ngen University,

The Net herlands) has al so i qppublished in Decenber

2005. 5 No conparison of 'attractive' and

"unattractive' individuals was nmade in these
I ot SO ER b, MR e B el K el AR e el ue
artiyoped tlew angmvirenrendsthe fdispensar gpMmpriging ﬁ@omhawrbwhlcmzompﬂses

o- HEGe 1 BRSO 51PRct06e ORERL ) e

5-hegpiemil-endhe applied to a subject or environnent.
Thus in one .aspect the invention provides a nethod of
in 3}6@ Eh&hél‘ eEPﬁ] @%fs ¥odidedd m%ﬂﬁddrb?@f‘sbe aﬁ‘ﬁ’%b&srépeﬂlent into an
ect conpr|S|ng applying To a subje
en\a”onmpbswhmhdnetbod £oraprisss raiding A dispenes a6 defiers MV@W‘(O said
eanrlaﬁn%HﬁLﬁ:‘ﬁtthét‘?hé/‘@d’rﬁb&é}%nqgg’@&édéeﬁQﬁbréﬁorﬁpm ied will
genera specli es which Is a normal host target
for the insect pest, and would (in the absence of the
In yep ppeiser aspayt Bereiswiraddaska Hf qeltcigorstisnenseras defined above
whér@ﬁaezﬁ adlo8 ingredieht &S nshd R)rm%ftar[ﬁéétﬁ%rw th conmpounds
Oof the present invention could in principle be
hunan or ani mal subjects (e. g., dogs, cats, horses,
cattle). Preferably the subject is a human subject.
The i nsect pest is preferably a haemat ophagous i nsect
e.g. of the famly Cer at opogoni dae
(preferably the genus Culicoides), or famly
Culicidae. Preferably the 25pest is an insect
sel ected fromTable 1. Mst preferably it is a
nosquito or m dge. Biting mdges belong to
the genus Culicoides of the fam |y Ceratopogoni dae;
they are the 30snal | est of the bl oodsucking insects
and are conmmon pests in the UK NE United States
(where they are called punkies, sand flies, and
no- see-urns) and many ot her places around the worl d.
The conposition will be applied in an anount
effective to inhibit the activity of an insect 35pest
agai nst the subject, for exanple by conparlson with
the sane subject without the WO
2007/ 099347PCT/ GB2007/ 000742 -4-. conposition as
determ ned by staridard field nethods (such as are
used in the Exanpl e bel ow, see Ref 18) after any of
1, 5 or 30 mnutes. The exanpl es descri bed bel ow
show t hat conpositions of the invention can be used
to 5inhibit attraction towards subjects (for exanple
as denonstrated by significant reduction in upw nd
flight activity towards the subject). Conpositions in
the field denonstrated repell ency based on a Wrld
Heal th Organi sation protocol for testing repellents.
Thus it is dear that conpositions of the invention
can be used to negatively affect host-seeking
behavi our by insect pests e.g. reduce the attraction
to a subject, or increase the repulsion 10.fromthe
subject, and the ternms Inhibition of activity' or
"repellent” or the like as used herein will be
understood by those skilled in the art accordingly.
Conpositions of the invention conprise, or consist
essentially of, or consist of, geranyl acetone as an
active ingredient plus preferably a carrier. The
generyl acetone w ||
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15be at a functionally effective anmount to inhibit
the activity of the insect when in use. Carriers are
w@hGeesgd in nore detail herei nafter CGer anyl REREBRRI7/000742
is alternatively known as 2. -
6, 10- di met hy1-5, 9- undecadi en- 2- one (CIS and trans);
Discfbsird BEREH Aot One: 6, 10-di et hyl -
—trans-ceranyracet one; Neryl acet one;
20Di hydr opseudoi onone; . '
6, 10- Di net hyl - undeca- 5, 9-di en- 2-one. Lwande et at
(1999) Phytocheni stry 50: 401-405 anal ysed t
The pregasit irveoipreofiavetfer the disst timgl depianstipted r@tﬁlﬁﬁriﬂmﬁr\@w thata
repelRAe bV Erﬁt #{%ﬁ%a@f c‘}ﬁﬁis i8 YRAREE #h B Ratiractiveness of
I ¢K-C ency | oassay. Constituents of
mdmuums to 1hewencerv tavaf mﬁ@‘dwa%ﬁﬂas epyRiEand notorious Scottish biting
r @% |
midg, @Iﬁhcéo%% ﬁ@z&éﬂﬁ?ﬁat' e g{ben%Qq‘%t sURPYoR RO oflthe

WasS conc constituents

literaturgythiat preferenrces mpshes glptagﬁd'tpb@ éeg{eﬁeﬂ frqmggmf atteaséante e the view
Aok ld b
ot G TR OSPS5O b

i nhibition of activity in the fleld denDnstrated

' Bneﬂp %S rRreLBFs el &Qgﬁli@ﬁﬁ] Qi'ﬂ‘gh asé\:)ai‘tﬂ&tﬁ&e%g cf@"fﬁé’ SfidvPiaSer

prising since revi ousl
mosalits o%ssaegyptmwﬁhm acgntp f hmaramlmteera@aﬁrtherf entlesied vaiagle

o 3ol ST s gt

recordmpe fbmtthe actenpas vt Aeresgppti antkCi mm:t’atm rﬁyyated 23 active

condGRE e e ST AERTERE SB BSe g ove

produped o gicaten asioontst Hyeuriativastive swlividuplscshesewerg further
. S, St t jpal onsi st of, geranyl acetone -
mvesfﬁgélg% B8 8% a?%? i 4hd. I%)%n'tg:ies Ko, _

ron Wi ne or nore other active
i ngredients deflned by the present -i nventors. In one

The reg@fsd' rregé |ﬂ5 ﬂ?‘és'é'c%ﬂ&gﬂlf\dé é%sf: PsﬁBdrfR:Qanchon in flight

ace one an -hepten- -one.
actw;@mfbﬂec eagmmwthe@rwesﬁntemwgeﬂwewﬁh eﬂnum hangdn thecY -tibe

o o N AR G18H B8 Ul o

of the &ctine pompemmmereaneteé‘edarew@pgﬂenh ehnatygally occumng

conc%'xt%{aﬂ%}/ ltlm'a‘?ﬂé %Bﬁﬂw%mgﬂﬁmbqﬁy OEGDEEQ‘LS m&ﬁdg de&ibed

herei® nidytthyd béuémhbeppoﬁeobneagammmylmmfpt 5- en- 2- one;

Met hyl hept enone; 2- Met hyl - 6- oxo- 2--hept ene; 2- Oxo- 6-
- met hyl hept-5-ene. | n one enbodi nent the conpositions
An oraf prebentativnerds madeaytherR0Vid ¢Sepisty nf/Veder berdogmditn rternational

Conofiet SeiohEEp S TRBBPL HBRRCShint Renb NSl 00RY: 215005
(Thurkdisy, IOctdber 6RO, ISltlg:leuf Paﬁen'ﬁSBph-lB(hleme&Bfabn@S SP-16

LSS PR el o AR TR BB

‘behatieureifiiad thelaria DBosqO)io anihdeigs gérobiee’ nﬁm T Yena-tonggiw@wur.n,

oo SR e U, POE BB, SRR Ve

J.CajoanBtdak| &deop, Maeﬂ_opﬂnéﬁ Jaeara E)M!ﬂlgalca,cﬁ Ena!IS)W Takkar)s dhe
unds hav r
presel IR AP i L H oo T e T 18 o pafer of s bolieved

to occlnéryhuvagn frpsh anhincybdied addatl Geytairheorapnynosi lm:ludnsg gempounds
identi@%cf P)E Sﬁ?gée&'t( @]\/rggfg ﬁaPThﬁePeoém%' é'bg 'B%tﬂ@%actwe and repelient

Byl 8Nt s such as one
intriakf : | i nonene, 30m Cynene, 1-al pha-terpineol,
bet a-cycl ocitral, nerol, carvacrol, beta-ionone,
nerolidol, and in particular Methyl isothiocyanate.

"The conpositions nmay excl ude ingredients such - as
one or nore of: heptanoic acid, tetradecan0|c aci d,
3- et hyl - - but anol , 4- ethylpentone
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35Thus, in addition to optional further active
ingredients, additives, and a carrierfashdlscusse?
her ei naft er referred conpositions of the presen

WO JH210P934 7 com'é’r. se WD 20071099347PCT/ @2007/6@1‘/??320&7/000742
6 - geranyl acetone in the cﬁhp03|t|on in a _
concentration of at |east about 0.0001% by wei ght,
but may be up to 10, 20, 50, or 99.9 % by wei ght of

A thelie (Qil ¥T. CZOUBYSEdrison; and behav:oural r&?@gé‘et%rc{f 'tlfé miR¥ia Rfbsquito

) 99. 9999% b
A“°B%ﬁ%%§?’%’ffatﬁ to Byragr P@ﬂﬂr ﬂh@ tgmd@aganmgndinmamty, The

NethendRds)inag a@érrﬁgua%he@ﬁ{ Q@&érﬁﬁé%ﬂé 0.0001 - 10% nore
preferably:0.001 - 10% and optionally one or nore

further additive conpounds selected fromthe |ist

" No dbﬁ1"§ﬁh§6r1 malﬂﬁc’ﬂveear'l\@hhé'ﬂtraéf RE %ﬁ"a&‘z’%%ﬂ%’ede gg%saq d:sclosures |

q Cct anal 0.00001 - 1% Nonana

No tfa % gsed.omapiyal appligatien tphossiskin ware consuctect i ve
|ngred|ents additives, and a carrier as discussed

ejinafter in order to nake 100% "GO0l in this

Ge”%’é[‘}t foednvaplipr Prpvides ey neibpiigioienoling thertshaviotradf insects, the

, methbﬁlcgﬁlb}lsxﬁ ke of AQQmE’Bsﬂ%d SH g'?hvgﬁt & Q% H%%tr‘%ed i)%lf%vhwhlch

.. Based on the exan'p 83 Set
00”’%/@’58@1'%’?'8@&5’@“%# tQ%WQﬁ?BVlmmebé enpl oyed for
i nhibition of flight towards a target. 25Based on
experi ments showing orientation away fromthe source,
Thusdy Hﬁ%gﬂﬁ%ﬂ? igyenting ppvisiasra methed of inbibitingythé aclivity bhaminsect

o SR SRR oGS B e o o

0and optlonally :
inverdien, asdasedbad helgwy ent | on may conprise:

The subject to whom the composition is applied will generally be a species which is a
normal host target for the insect pest, and would (in the absence of the composition)
otherwise be targeted or attract the insect pest. Subjects to be treated with compounds
of the present invention could in principle be human or ammal subjects (e. g., dogs, cats,

“horses, cattle). Preferab!y the subject is a human subject.

The insect pest is preferably a haematophagons insect e. g' ‘of the family
Ceratopogontdae (preferably the genus Cuhco;des) or famfly Culicidae. Preferably the

pest is an insect selected from Table 1.
Most prefe_rably it is a mosquito or midge.

Biting midges belong to the genus Cu!:co:des of the family Ceratopogonldae they are the
smallest of the bloodsucklng insects and are common pests in the UK, NE United States
(where they are called punkies, sand fiies, 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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WD 2007/ 099347PCT1GB20071000742 - 7 - and optionally
one or nore further conpounds selected fromthe |ist

w6 9MSiesédsng of 1 6- Met hyl - 5- hept en- 2-one: 0. 0011/%,3&%[;07%00742
Decanal : 1% Cctanal : 0.01% 45. Exanpl es of suc
conposi tions have been shown to be effective against

corr?:b&l'tl&gaé'fbé’l%ﬁﬁlné@ bl s@haliHef r?x?thoﬁse&ru@ﬁ 85 GRALJTPLh we§xampie

use In the conpositions o present 1 nven
beloyy; spe Rehppliafter amcet hify Ped®mbntespl us at 1 east one,
two, three, four, or five.of the preferred additive
conpounds descri bed above. A preferred m xture for
The gxamplgs drecribsapeiow shawsthef canpposiiions eftheiinwestien can besused to

mht@&t{r&éﬂoﬁ‘fﬁv#% gﬁ&@&% (S@F L0 a0 d%@lgg%t ate%Qg%lgHﬁEﬁt reduction

prerera nore- pretrera
in upvgng fight @tmtsem&am tine@umect) S%mmtioqsnetf@rﬁﬂm g!em@mmated

repeile/ﬁ fygcfré@g? @n%ﬂ& El%aﬂ?@" 15%2 e?rokc?:oi"fo%e%ﬁr(%g%ﬁ@ﬁ&ts Thus it

is cl@ﬁhaitcﬁwogﬁi@mmfrtbd lmemamr@nfhﬂuaaé éo negatively affect host-seeking

oo R BT84 D, 3 B i

from.thg egbje¢ipard ﬁmﬁeena Bihlyibiiod of activit@or frepellept” ek d#‘r@lﬁde)as used

here%g%ﬂ!ﬁg%é?iﬁx‘%gﬁﬁ b&tﬁ& é}églﬁé lr‘?‘g-%uérfz]b G5l o pref er abl y

- 5% nost preferably about 1% OCctane!: 0.001 -

ﬂ_ C°‘“§Bou R P B oerte ! ponah tschd 31 oP bR RE

gerahylacetoneas a ettivierivgredienipiss prieferatdy Hmamet i Ohes generylacetone will

v oE QIR e, Do Sy B 0501 65 G400 Wit aven oo

Carn&megiiﬁcusﬁdlomﬁreaimdfldnammaﬁerequal to about 0.5:1,

nore preferably at' | east or equal to about 1:1,
~1.5:1; 2:1; 20:1; 200:1 or nore. Other preferred
Geranvlncatpestsaammtuselusksedn R Gtﬂﬁedsﬁ}eﬁlyp’o',emrhecmhm-toae {cis and

' transs)‘% 9-Undecadien-2-one; 6,10-dimethyl-, trans—Geranylacetone Nerylacetone;

Dihydropseudoionone; 6,10-Dimethyl-undeca-5,9-dien-2-one.

Lwande ef al. (1999) Phytochemistry 50: 401-405 analysed the repellency of the essential -
oil of the anti-tick pasture shrub Gynandropsis gy_néndra in a tick-climbing repeliency
bioassay. Constituents of the oit were evaluated and included trans-geranylacetone,

‘nonenal and many others. It was concluded that the blend of all constituents might act as

a general purpose arthropod _répellén{, although no evidence was offered that this would

be effective when actually applied to a host.

The inhibition of actNIty in the field demonstrated hereln for geranylacetone containing
compositions is surpnsmg 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 essen’ualfy

- of, or consist of, decanal.
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WD 20071099347PCT/ GB2007/ 000742 - 8 - Conpositions of
the present invention may be formul ated as oi ntnents
tions which contain the active ingredient
‘VQ?%@@%¥%Z herein. The invention further proviﬂgg%ﬁ%@”“mwmz
of geranyl acet one, preferabl ~in the formof any
i nvention (as described

T BRI B0 m bt P Corms Bor oL R HRINGH, pfonsit of

geranybettopetin obmbinatip) ittt ofe0dr roreidifidriadivd inGreditintsy/didfine@by the

_ t- pest agai nst the subject
pre%i%{eine?@gfy the conposition is for topi caI appl i cation

to the subj ect. For topi cal application, 10the
form of a spray fornul ation

In o%e% $’ L ﬁ? q¥) BlﬁOIFSO(P #iiﬁ veRlien may ©iciude geranylacetone énd 6-

metiwlnﬁmmtén -Piose %udhhfbnﬁio@ﬁ@zﬁﬁ ofl thY fivEhidh MBY ak8 il DHbr more
id dispersible carrier

| o s 3t el s 36 Sobmel psbamoranaln

the art, and/or with other known conpati bl e active

the f f ticul
o MRk e £33t oSy Cngyie s S MdiheRibr oA oneicRucatone;
5-Heplear-BoheG-natigih; a@miwiﬁrae neETBhS I2OWSIhyE2LRBFIRRINR, -

rs, pastes, and granules as described herein or
ety DGR 2l IS R AR 2 B - Eeerehaphenes: oRuy o
metHythieptsS@neThe fornul ati on may include anti oxi dants .and
UV absorbers. 20Liquid formul ati ons may be
aqueous- based or -non- aqueous(i. e., .organi c sol vents

in oreleibaimentipe @bmp&iﬁiﬁﬁfbf tHa ihiﬂéhti@i W iﬁéiu@@b@r%yiai%tone and
octaga@”?uc@t ons -t her efo and e enpl oyed as foans,
(FOPREHIBRY tB‘i-‘dﬂV§i‘fﬁiﬁ'sma¥iP'§P Es9NSYS negre further
comsiumnts sélealeli eropPIeaist EctisREndbr: Bbﬁeth*fksaheﬁgﬁ-zone decanal;
i ngredi ents may include rheol ogi cal agents,

- MON3BG  act ants, enulsifiers, dispersants or polyners. 25

US 6, 444, 216 di scusses the’ use of volatile silicon

t t I d d t [
ol SRR L] e S VAL er LRElLEnC Lo

volatile silicon fluids are available comercially.

' orted that Dow Corni ng uses
Op“"EBiiih‘E'Fc‘inEiP"alggi‘sgﬂfé{‘? EP( ntipn asoyinckide one o moseiwrt&iﬁacompounds
selecBxiSronmMtheciist aomsisting ot Rpzdifiehyde; naphthalene; acetophenone (E)-2-
octen3 pol ydi net hyl cycl osi | oxanes -(cycl onet hi cones) and

qVe conposed of tetranmers (e.g. cyclot etraSi | oxane,
oct amet hyl cycl ot etrasi | oxane), pentaners" (e.g.

Thes§ KhpRITIdRe Dgep sh Q}g{ e asetyn bidba smotnts i the siin of
‘unattchothes aEtVEIS Y Theyhaxp shliohsin B ad&éd(fd%hg %or?u’;)oéihﬁ'is of the

; {:1 ggs silicone fluids, either with other silicone
PrEsep) MYYYo8r non-silicon containi ng substances, are used

in a variety of cosmetic 35preparations to inpart
roperties, to include water repellency and -

 The o3RReEenTogy peteraiiex Sl MY peTs G DU PUDO A lenanens,

m- Cymeﬂ'é]ei élﬁhﬂér@hb@ﬁﬁetﬂ%ci@&trﬁi flo, Q:aWaEFdﬂrb‘échSH? nerofidol,

4l glease vggour having the sanme conposition 7
and in f&i@a SM%P)Q C¥Anafe dhe GPEReSitions mAk exeude ingredients such
as ondTbXibfeCof: RGRBAGIC b&d%@ﬂﬁﬁo‘%néi&@dd@tﬂw&ﬂ%ﬁg bé‘t‘éﬁbei‘é@

ed In

thvl @I%gredi ents to achieve this are descri
SYIPEIRNS 43 5Thus t he present invention also provides a

topical fornulation for inhibiting the activity of an

I ns pest . a ai nst a subject, which formul ation
Thus, {0 A EH e o SR UGHA fuliney Sgiveaharerionls: audives, auhpeaier an

discuseéd hOrirRies Phéfeired B6thbOdkihe o ARCHEBEH iRRPYEh comprise
The present invention also provides a topilca FO _
formulation for inhibiting the activity of an
10i nsect pest agai nst a subject, which fornul ation
conprises: (i) a dermatol ogically acceptable carrier;
and (ii) a conposition of the present invention as
described above, (iii) optionally one or nore active
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(ii) aerosol or other 'spay neans for adm nistering
the formul ation topically. 20l nsect repellent
woonPRR%esy oNns are available comercially in aef,gﬁ@ 2007,000742
form and aerosol technol ogigs are well known in
art. Consuners find aerosol conpositions easy to
] t; I
ggraggéﬂgg%fe ifi thd Qont?[?éé}lomﬁ a%h%égﬁgﬁoni ?fsé"té%s:i‘ gﬁgﬁ éfdﬁoﬁ ey
weighty butrmegnb@ ne & 68, 20260y 9&9 % Dy weight @ $1erletal cemposition.
insect repellent with the hands. US 6,969, 521 relates
to cosmetical |l y-acceptabl e aerosol vehicles to
The carsgramsebe Bamd. thé|tb 9819909 by esight of thedblad nempositione,
t he vehi-cl e having a volatile organic conmpound
conponent. The present invention also provides an
Prefaably theecontpostions atﬂwenmveubmrpmrmnsg (i) a
topical fornmulation for inhibiting the activity of an
i nsect pest agai nst a subject as 30descri bed above,

'Geremylainetonest ructi ons0.poe1 us@%of the formul ation

ti.he insect en using the fornul ati ons
more ‘ieﬁazohbr esent i nt\)/gﬁtl onwsubj ects nay be directly or

‘indirectly treated, such as by applying the

and %tg}gﬁlﬁkyyc}qgsgor}ﬂty]c%eﬁ%ﬁﬁ%l‘ég?;tlg%céngbeoéﬁﬁg{s I%E ed(ﬁtonk?%ebhst cons:stmg

of. otherw se protecting the subject. For exanple

eni R PR G St gy e v

_ Octad@07/ 099347PCT/ GBRO0JADO0ZE42 - 10 - are to be

're elled. Preferr | es may include a
NG r el ease badg@q 'eﬁoﬁngn clothing; arm wist or

Deca&hakl e bands; accesg0d1es0%ncl uding pendants,
neckl aces, bracel eté& The formul ati on may be
applied to netting or screening that protects a

plus sptbyjnabﬁmh@aictn'f@ luigaasdswtéaadﬁitlemp iand asuabjiercts discuasast iereinafter in

Vordelf ey {d&{e "%I %n%i%ﬂ@%{%gg nVr%B&:t%}nsn%Ya! R{%lght)

or glfﬂ&xnb(@qmd@&mdnaﬁmaﬂs,tteﬁahmhkm@y. 10The r epel | ent
conpounds are suitably applied by any nethod known in
the art including, for exanple, spraying, pouring,

Basedigpith@gxamplet bet dudbeiovd, seamnumanemistivds lof upgietiients may be

empiifadibt PbioR 37 ARRLHRis AR, "ormi at e to

deliver a repellent effect'i ve concentration of the

- repel | ent ROy nd
Baselgh e g roupBiorEbtlhb e h ¥ S48 o ostiafs orthe
preseny piveaidr may in ddrtairasmbuditients kempBsetbj ect and | ocus of
application, e. g., to the skin or hair of a human.
-The invention provides for applying the insect
Gerahglpadidennt f or mul a0.000r ¢ v0%chi eve a topical dose of
any. given active ingredient of between about
0. 0025ug/cn2 to 100 ug/cnR, nore preferably

- and dptidgddalg/:cn2 to 25 ug/cnR. One preferred final

concentration is d 20ug/ cn2 Based on the
Decagdly| i cati on of ar@hﬁ@p D#IO%to a forearm of
apprOX| mately 400 cn2, this can be achieved by a
cent tion of.around; 0. 0001%— 0. 0025ug/ cn? 0. 01%
Com @Qﬁﬁ% resefy invey ?‘8¥rﬁ°’29}' *10Qug/ cn2 As not ed
above when using the formul ati ons of the present
vention, subjec be directly treated.
Geraqﬂ%%eqq% CONpOSi t#@ﬁyryﬁﬁ ‘be used or applied to an
envi ronnent 30(e.g. a pre-defined region, which nay
-~ or may not be contained) fromwhich it is desired to
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repel pests (or mask the attractiveness of the
environnent to pests). Thus as noted above the

on may be applied to netting or screep] '
W{’g‘i‘?}déﬁ’é ects a subject. Ai_t7e_r natively it naysgg%zoomoonz
provided direct to an environnent e.g. by spraying or

a8 S SRR S Bl PORSLBEE BT I S o

- 6-M&hylepbépten2-anenpo il 1% W 1%

De 2%%7/099347PCT/GB§407/000742 -11 - Thus it will be
B der st ood the i nvéhtion provi des a net hod of

Octarmpel | i ng an i nse®01¥est from an environnent or
preventing attraction to an environnment (e.g. by
maski ng the attractiveness if a subject therein), the

" Exampleb ofl sedingnippishigna habey been $howintie be RffectMeayzinsfbiting midges in

field $g03|tion of the present invention e.g. conprising
@é nyl.acet.one as an active 5ingredient plus a
carrier plus optionally-a further active ingredient

A piBEd e e o0 Pl oL PR fesehinverfipni gpmerie
GeraFlylaceionp pilistat wast omy, the, tarae, flur (di fise otthe pusierdd abidine

cation (or dispensing) to an
com%wgﬁggﬁﬁgﬁégﬁhlwﬁelachfevedlbs convgntional means
10whi ch include (by way of exanple only): candles,
- coils, .glow rel ease di ers e. iect C. an
A prigired iR Gt e EPShotEne of e Prchn en e 28 ows:

oil burners, electric plug in'" diffusers. Numerous

\; bR RIS AP e b R E0 560 Brareibalf i -

| NeERSoredsreferaBly oneds%am@t ﬁreféréiﬂ;eﬁﬁdi.ﬁ 95 sandl nsect

 onRlEB o U or d01% stSrnb o sh iy b

-as1%. gel for slowrelease e.g. with a gelling agent
selected fromthe group consisting of dibenzyllidene
sorbital acetal, gellan gum and pol yacrylic acid
Anotpel preferred nﬂﬁtyr‘eSFOC bs&imana coinppsHRFRIof tHe fresant! idianton R
be applied analogously in the present invention. 20My

,ﬁmm@%ch di spenser, conprising (and adapted to di spense)

a -conpositi-on of the present invention (optionally in

* cersach SR el 5 oSN St O RS ESh o -

co‘rmiashbneq:mefefatiiwe 1p¥ 5% Eibsi muierauiwébmml sing use

ol SPLeIERo S P e - e P rab aou

avigkl abl e from Aerstream Technol ogy Linited

octaty e bR B3 i ke S B o o

an environnent Ionger t han aerosols. One such system

escri.bed | nt er nati onal Appl i cati qQn
Bassqg Soa0T8 L AP P JO e CRE o gapstions
compising weﬂhymﬁéﬁtéh%oﬁ@ai‘idT@ean?it&eétbne ﬂ‘@ﬁfelf&fbdmﬂt these arein
ntains, in use,

aweigly Bt fwHesLar S inabnd 6T duite T Setbh esss et to about

1:1; 108Nsd: $120: €00t drahbje, of a conposition of the present
i nvention; 35b) a spray electrode; and, c) a

di schar ge electrode. WD

| Other 00188 SMATREE CURISHR U@ ampde herobafiet. v, i1

such a system each electrode is adjacent to a
dielectric, wherein the el ectrodes are connected in
an el ectrical circuit to enable a potenti a

difference to be applied between the spray el ectrode
and the discharge electrode to atomse the liquid 5
and to generate charge carriers of a first polarity
in the proximty of the spray el ectrode and.ions of a
‘'second polarity in the proximty of the discharge

el ectrode, and wherein sone of the first polarity
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 dodecareipvicyaisherasiigxane) Vipdres @

It wll be understood that any of the active
_ i ngredients of the conpositions of the present
wbay(ﬁ;‘(}gg3gp may be provided in precursor formmﬁcwﬁmommmu
~ precursor nolecule in thisgontext is one 15which,
during or follow ng application to the skin, is

* comSR e R B A B B S g

contalirethdiabiivepingredidats diycibsedderaiki | | ed -in the art based on
wel | established principles - for exanple conpounds
contai ni ng an ol efinic double bond which on oxidation.

The iveptish fdmﬁek@’bmges ase af ?brbmg@egmu prﬁfmﬁblv irethe form of any
COMTPO CO e or_.ihe ketaones i
compRRRRL PAB ENEBY S SR SRty 1408 BT ALA R £ or

formuiStRR fertaiatenttol atsudjeapior Piibiimbehe detivity uf ai insect pest against the
requi renents and for the al dehydes an unsat urat ed

“subjegh hoxylic acid with the doubl e bond at w8, w9, wlO

.coul d be used. Precursors nol ecul es may be -

S C Rt ST AP
the forlilaBish mep KR! th@ R Rosfiangrayotregiatiesorar @edmdstsmdor&mﬂahon

exanpl e i.n US 3,668,226. The disclosure herein .
applies nutatis mutandis to the use of such precur sor

Thus m& &#ﬂﬂo@ﬁtoﬂé‘; of medﬁé;’ert Ihv@ﬁroannuéﬂ@e%mpleyed with such solid and/or

- he te nal nonanal ecanal
. Touid Sisperaible FYEET TRNHG 7T SstsHPRL AT o1 as S wiseHE M e art
' and/of ﬁ/fltﬁ bﬁié@ Rndvih bdsrﬁpétmié avivBchgents; ¥ dediredig thé grmest paﬂid;u!ar

npl e O he d
dosa%eraiaarﬁsorﬁqfagﬁv%q@q %@bﬁwmﬁe&@%@mﬂvfi@ ?ngﬂv‘\”“%‘f‘s
emuldities @uspe\ﬁ‘@oﬂ@(bmgﬁf ged/ Wé&mbé& herefhar as

dj scl osure of all ences i ted i.hasnmuch
otheryise jkpoyr i e AfAich gre s eadkar sy F‘Lﬁ FHEIURHER Y include
antioxéddrity afiiUvidbeordbewent i on, is hereby specifically

i ncorporated herein by cross-reference. 5Figures

Figure 1. Behavioural responses Aedes aegypti

' LiquidRFhuls@s may be québdmw bpASH-hgudohefile. m'gdﬂictsbivents such

vol unt eers. Vlt n of
as cthaRolh {aesan HMEATETGs pagYh maomhnEitASRRE e tdiee
empi&y)edla@lr@umy@e&t bliggnsAs,-erhlfiSion, qﬁm&mols;m{shmmqns\( t ifiatioies
al.m o e

ded ' b
concepifpies 5 e s It KUreierls ey i UPHERPaaRle, sutatants,

emu[gﬁf@?@@@@@aﬁ@d}@ ofphat8t eer and the response to the
" “standard sti nul-us (hand of volunteer YO0l). Back

transforned neans + s.e.d. are shown. Asterlsks
US 6,144l b tedi8 cisdleal i iietbt WbiileOsHidoh faide telintgzet @iidesssiaha Water

repeﬂ%t% toEscisbaiant %@%P%!wam s fefﬂ%cgfhﬂe)n ea*et'*l%.sa'&?é;"fds are

ava1ta§@k%¥ﬂrﬁé%@iiy T RRAMBR m%lﬁﬁgﬂﬂtﬂomgﬁhrﬁgﬁ@é@mmmerctai :
uitoes to extracts: coll ected from

demg@,aé@@ﬁ 0@%%%6@&"55 éﬁ&ﬁ“ﬁ@ét%ﬂ&’i?@@ ek 8er (Y01). a)

poiydlﬁléﬂfﬂﬁycl%ﬂdx‘éhéy (cyctohﬁetﬁ&@ﬁ@ﬁ Bh®8retdonipasad of aniehae.g.
were recorded upw nd he Y-tube;

Rel at
cyeotgi IR ANy OB S H?Bffalﬁf% 528 BraPeriapioxane
decanﬁe&ﬁﬂéﬂ%eh&sﬁ&b@me) eid he&ézﬁﬁbﬁﬁ‘ (e. R Qydidiex¥siloxafe, Back

transforned neans + conf |de{1ce i nterval s

5
thewv gﬁ!t?l!éaﬁﬂw%ﬁ 'ﬁ’?f@'@&hwth other
s:l:cor{é' fflfr&r cﬁ%ﬁ%_ﬂfcbﬁ BohBfhinPalustince&ia uiedinG %ewﬂo@ﬂqetlc

p<0. 001; ns, not S|%n|f|cant n=10- ﬁ%@ 8 & '
preparpyan%gq impgisPedaldEtopad ﬁ,rtay&uds)wafﬁer&@g' gyptisHn Pf"te“"’“
femal e nosquito response 25to human (YOl, attractive)
air entrainment extract and C. inpunctatus m dge
responses to human (Y05, unattractive) air
entrai nment extract. Top trace corresponds to the HD
_detector on the GC. Bottomtrace corresponds to the
antenna! response of the insect preparation. A
benzal dehyde B. 6-nethyl-5-hepten-2-one, C. octane!,
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Aavosdb‘lée H‘é’oﬁ‘!&ﬂ'%

35p<0. 001. Conpound nunbers: 1. hexane!, 2.
benzal dehyde, 3. 6-nethyl-5-hepten-2-one, 4. octane!,
W‘??‘W%’H%?ﬁ? chl. ongﬁg\iﬁne 8 2- et hyl hexanol , 7'PCTIGB2007/000742

V@2007/099347PCT/GBZOO7/000$42 - 14 -
| i nal ool

i h rce onan
The forfhbERY iz bR g iR Mich 15joksgs PARBRE Bauit the same
compﬁﬁitidﬂﬂd)f acliGe inbasliunh at ﬁg&dlelﬂs asibeatid mbddre. | Agg@ﬁtsQo promote

ana et on n cane,
subhénzatroH gé@gdr}@eg‘ ggtsq al'g% t;hﬁyzfre gﬁeﬁqéed GEB 243,
hept adecene Si gnl fircant differences betvveen the two

* * 5 * % %

Thu g S PSP AR A e fa R Sy S e oty of
an insact pest é@@h@ttassu@fecﬁ MhidAGofrAGatrt donsise by ok tc:Bifl'I'i’}osﬂvart a

air.entrai nnent .extracts for_all volunteers. Bl ack
com QALY the iea) inveniio e desdrbes ABPG: dual o) . Red
crosses = Group 2 (unattractive individual s) CI rcles
resent 95 9% confi dence intervals. 10 Fig

The ﬁf%%ﬁmd?m?t AlSA PRVigesRoPicaoppyiatatfar eh%@a&hef a@ylw of an

lnsec‘efib@m afirisk B@Objedt WhichdrmulatioR@onlprisadie i n response to .
andard hand of '(d.in one side of the '(-tube

' (1)aéem13? Plpgigally esentakls SRFT 4 the other) and seven

(ii) 2 @68P6siaén S)thé prazkhyihvéntib Rk YesaAiRARboW, OCtane' , c)

decanal _and _e) geranyl acet one chem cal

(i °PP‘§%?[“W€H?§ZW%B°tUﬁ ngigdientgheni cal 15i n one side of

the "(- tube and f||ter paper soI vent control in the
= x 10-2 g pi:1, etc).

' r).
The @Eﬁﬁntt“?‘@ﬁg?'b?ﬁ% &rqvetﬁsemarb@e of E‘éﬂ‘ﬂfﬁﬁé‘?ﬁb@m?ﬂ% al s

(i) a tﬁﬁﬁb%ﬁﬁ&iﬁﬁbr‘f fof mﬂlblﬂinEQHé abiivity %f bih f%éétgﬁ)st éda‘?ﬁgt fa'l;%bjectf as

: istic scale-are s " Figure Repel | ency o
descx a8hqveve human- derived conpounds applied to the

(ii) adres@ @F BtheR 99dy M@éﬁﬁ%?&ﬂrﬁmﬁﬁ&irgQﬁé RAmMORLEY tdrﬁ&ill

_inpuctatus mdges in the fiel over m nu?e and
b) over- 5 m nutes. Exanples 25Exarrp| e 1- defl ni ng

lhseoﬂtép’eﬁéﬁtl cofpRBBoh At faribiy eommemuw §evﬁs§|q’8h‘ﬁ Bh&Bbrosol
est abI i shed foll owin Cei er et

fechngfo%'%i@% P RnGRT Mot S CoBRLTFTe A SRETSE} AP aRions esey to

adminTeie ti lﬁcﬁﬁfﬁhe 4i6h afE@ydibthingCPutEr, ﬁﬁ@é&@om?@élﬁ\ﬁﬁh&#p consumers
vol atile s |né§manat|ons and air al one choi ce"

hgung {q pRly ad Wﬁ?@tt@rm?%qt ggpelient with the

handS0aJ3 686 5o relét&'s td Qd:ém{etrcb fbR RfroSdvBhicles to disperse
fromindivi ua ands of a series. of

nati-ons was
and dﬁﬁa & Beefirerslient agiveine ¥pRIcizdiRYng RalcjalisionganicogiRaynd
compbféitl a range of attractive and unattractive exanpl es
were obtained (Fig. 1). Five volunteers (X04, X07,
X09, X08 and XO05) induced greater upwi nd flight

The paégenvmtfasntmﬁdanéoe;b,@wdé@ aRHICRE S rﬁéhtk&h%r}etdbﬁtfﬁ%ﬁgd ard
vol unt eer . Four volunteers 9X YO5 and

0)a fam%' fqrﬁw@éea f@‘ ighibifing i 3giviteaisardBtaRshP® agkingha subject as
descrideliiapbey, and rel ative attraction than the standard

: WD 2007/ 099347PCT/ GB20071000742 - |s- Exanple
(i) ms&uct;%mfg e

T wierRf the foauiatior peainetdhe inseeiRsPbl unt eers A -

novel system was devi sed for obtaining volatile
chem cals from whol e bodies. This involved placing

Whendiging 198 formuiadions shiperresent ivanien. syuasty nfavchﬁ difgstly or

:ndlrecﬁtyttfe%@éd \“hcrnasl b? dp@alihg Qﬁé onrﬁu&ﬁéWfbsthé Bk the subhect or by
al'um ni umi-sed plastic fesystens Tv),

applyipg e torpyiatien ’tolﬁmertlcle d‘éﬂ”t' Pv @r piheddss protecying &mee%uw%qt r For

examp’l@ datthé MRk Nbigid of HiRbr 5\%@!6@%&%&( @l\éeéub]éﬁﬁfr&ﬂ%onﬁ Misects -

be entrai ned through a small colum of absorbent
pol ynmer. This provided sanples, the same batch of
whi ch coul d be used for nulti pI e behavi oural ,

el ectrophysi ol ogi cal and chem cal analysis. 10



10

15

20

25

30

35

'1%&&5%1

Example 3 - confirmation of validity of volatile
chem cals fromvolunteers The volatiles were

weExdoaeied fromthe polymer and assayed agai N pist/a®2007/000742
the Y-tube ol factonmeter agggnst an air control an
standard vol unteer (YOl), all with added CO2 (Fig. 15

are ®be fePEdd) Brébfrad e&énﬁﬁﬁes a2 %c'g}a% §§ib\ﬁt%ﬁa§s@ Ea&blmn on

vol unteers were shown to exhi
clothing; et WV%@@kl@rbaﬁﬁ%tﬁcpwpﬂe%mbﬁmgcpenﬁenta: maskstaces, bracelets.
human skin emanations, with extracts fromthe
standard (Y01l), X04, X07 and X09 being significantly
The fgrmuigtion veay keneplind éenetinmeneeeeniathalystesta Yeifeasparticularly

" asidépRbiduBfdct ve as the air control. 20Exanple 4-

conparison and anal ysis of vol atile extracts The
vol atil e extracts of the volunteers used in Figure 2 -

In ar‘/ﬁﬁ{e‘? ABRRthY t!l'llé % to'fﬂ\ré ien %b{w ﬂ?a&je%eaf?ﬁﬁﬁgﬁg in paints with

| e antennal yS| ol ogi C

a Gwmﬁw@mp@er\@apsa@gyrptachmélegnz days ol d) to produce

GC- el ect ronant ennograns (GC-EAG, typically as
25shown in Figure 3. Thus, conponents which were

 The jeglisnicoipeunds/arecuitakdy appliediyeanyfmataod kiaiyinttbe ba'mciudmg,

for eieﬁﬁdﬂ@ r?ggy'ﬁ%f@ﬁ{'@ edr;‘}ﬂl \/éé %‘f@'fﬁ} %%@Egﬁfﬁiﬁ%vﬁlﬁ‘g% Softh ions,

? suspgmwrnsg SPIRYS pRaKisTe: peliets risictis, Iorigkssarict thpliks, fonagitedko

delived te iivé'etlé(rg@l‘fe% F\T%ﬁcérﬂr kB {h%r}ggélig}(lf %tymﬁ%i-ﬁi : { \Q/nﬁ Be? *cognized

rl
that the ﬁﬂncrarér@%y S%pgma;n;:;m;amgf:m@mppnmon will \eny with the
b t h .aut hent

subléELafl ok B horterin. Y. i 160 50h BEhuPBr Sl Tabi ¢ 2

, and absol ut e amounts, determ ned by a mul tipl e point
J t I
The REHH 5RO B AaN T ikt okl TR S oo
dose of amhaiven acﬂweacwneoien(@hwpe@abmm 8. OGBSmeaE td DO LYEM?2, more

prefe?a%n}/ed %gl?&é%ggé % oz‘/r189'9e ane|ﬁna'5%°§]r¢§ﬁ{£$h°“y‘5 atound 10
ug/crafel; on th&am'miloeméarogsed anyllta@e‘bmaanmnppmimeiy 400 cm2,
this cér‘?P@ Eém@@éd“%a'cghef‘é miratiOn Qé)rpﬁn Additionally the
relative ano n respec total chem cal
corrposi tion; see Fig. 4) of 6-nethyl-5-hepten-2-one,

'o 0009 eqjozﬁ[@l A canal wer e hi gher. 15A nunber of

ectro ogically active conmpounds from the 32
0. 01"/ac@ 25@19@&3 have not been conclusively identified,
QRby one was bel i eved to be associated with
unattracti veness. unknown 7 (believed to be
4% = 30@ugiphadnone or (E)-2-octenal). 20 Although ‘a nunber
of el ectrophysiologically active conpounds were
. chiral the isoneric conposition was not determ ned as
As noted ebove omfperuusisg ﬂmrfemnwat]qnsmlf il‘uiaﬂresbraiq\ihaﬁdﬁmrsﬁbjects may not
[ I t| ess
be d;r&éﬁ?tt;rgﬁg%lbé ?gu% am na ‘ﬁ?@%}n I%un"{sg rogapq;lgﬁ t@)?ﬁr?ﬁli"l%"“me“t
{e.g. aprefdefinad mgidmwhioh maysmemaxz nohisncoidined)Faen Malchads Hesired to

* repel pests (or mask the attractiveness of the environment to pests). Thus as noted

above the for.murlation may be applied to netting or screening that protects a subject. '
Aﬁernatively it may be provided direct to an environment €.g. by spraying or by use of
compositions of apparatus adapted to deliver a repelient effective concentration of the

repellent compound.
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25Nevert hel ess conpounds with el ectrophysiol ogi cal -
activity were shown. even if, as with dichl orobenzene

halene, t hese coul d have arisen fro
synt/ﬂ%| ¢ sources. Confirnipg the grouping oﬁ’qygmoomoonz

vol unteers, multivariate analysis revealed that the

Thuéht Witk b {étS%@H% .Menﬁfaﬂ g%gra%%t'hxs 04 %o%tﬁﬁg%)n insect pest from

groups ered signi i'n Terns
an eswmmeatb Dr preyenting ditractioo o &8 enfirdnimens eugroyspeaskig ®e

6L 45, ET 8, NS Lo, g S fponment

compogiis of dnppreseist ihvantioh atd. camprisieg gerahylatstens aqad active

oo PSS A Pt st cpye ncpsclghoptgted rom e st

congistigg oh @-méthghﬁbedméﬂmmomnﬂisdﬂmmﬁ nOEaﬂiah.e Thesuinpssitions -
' osen as those nost :
may BRRF o [Ho¥E dRAS TRl BBl T bt

unattractiveness and were subj ected to further

-Appi%Qﬁ't%ry (%'r ?rsHér?sngg%))to %aneﬁ'ng/a%nﬁg%nt tIr:)eenar:,% lev€$ \l;»y cag%eéﬁtgpel means
- which oclupedby way béexarmple oﬁlyazsearﬂnspom!sdslo\(vfre!easésdgﬁasers (e g
et 454 A0} HBE EBEhte) AR DL el SRR, cectic i

concen
daffusm@ yiduinerotis sucipdispensdrs intvolatiit lswbtt\,'mce’sﬁratvemmll known to

thosé Y6 e 8% R anies ekl pbitite. Bdisomp{f, sectiides

-mseal\mmllaﬂsl, disihfieotaintd, Imefwﬂiigahtﬁaln$u¢ﬁslzsbeﬁs&r§ &b volditile substance

reduc

may EQRA6Bust S5 38 1o PRk ar  B.wth Sahpdaasthasiecliy rom e

group ed)ratstmg oambeaxyﬁlmne(ssrtgtal @etdﬂ@eﬂaiﬁ Qﬂmfa?idr’ﬂdlyé%ryhc acid

T Y A N AR ORI

- presaghhvgdicmny | acet one (data not shown). 20 Thus, it is

~clear that each of these five denonstrat ed t he
ability to interfere significantly with the

An'y sach dispensegnesspridingsfand aelapbed to deﬁerfsep mcbhq‘aoblﬂﬁld obthe present
atural |y

e (PO LB YRR o Kl Sl . fpRervierCi PS pikher,

' lnvengwea‘seioes eingthod of dispénsirdha torhpresitiont ofelad pbsbatnigvdmtion

I'ous
- Dougl as et al. "Chem cal Odorant of -Col onial Seabl rd
647-

42( 4
one FERRLT dlbaL: 45 ElsraR Atk RN Hements 1sueR ahis avalapie fom
Aerstrieapeldobnolegy bmmteda(éNalmg‘ﬂordmm)ef Bnaghagsyishshh didpRae are
ook B ELNP 08Bt RS St SR SRS R
acrosblam@neatith agstenein describedim Bigiataes! RBadniApgRSton

Chly oct anel "has been descri bed
compﬂ&n@ﬂégof’é}ﬁ,a%%g %;%EZFFem for Ac. aegypti (H D.

: ned here.could be still nore effective given a
.Wooaggdrogﬁg'e i i Interestingly, the

rsistent fornulation.
vari atien between DEET and a npre recent repeI | ent,

'eBa'rpICI,'s rlab
Thus SRR TRCH BirpratrigcEu byt T feseathention may
compijsert 35from't he type of individual variation
a)a cc%ed%ﬁ Eklakf conglns rn 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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further analysis of volatile extracts The extracts of
wo8dodigdsser human vol atiles were al so anal ysed Byr/ce2007/000742
- GC-EAG on C. inpunctatus, wpch it is understood is

the first tinme such an investigation had been done 5

vvlth a Ceratopogonid. A typical trace is given in '

igure 3 and the same range of conpounds was
Bﬂefnlvegpi}ﬁa@owﬁt@m lpaeh slacipee Isaﬁﬂl%ﬁeﬂms?edlelﬁpﬂﬂbc\&b@'alrdbe

elecﬁbdés%e BSStclatan LEHIORTES %')r(é?ut??gﬁé]tﬁé a0 Eh&ﬁ erence to be

unattractive vol unteers. tr a

applieg ibgBsendha soray plagtrgde an@tha/m@hﬁmﬁeeiewqdeéo @tarsiae fhe liquid
and @Ykt é\a&yg hé@t;gfgf%@aaw %ngpé}ﬁa{ggg y glectrode

region with

- and iens php serond tretarityliet the @rwwpmfrﬂaasdia@har@el abcﬁgde; @ndatherein

somé‘ Hﬂﬁ@ fifd poiahk/! cé%%%ﬁ%s?%gom tﬂ% 'dté!ébtﬁ@gdjgcérﬂ B®the spray

fact onet er

\ elecfgéieaﬂmsaer@t ] rﬁ@ sgrans mlarltmnom derasit qnéhe diebsttadjacent to the

dxscﬁa%@élé&ﬁﬂé slﬁhéﬂﬁgla?oné%?&‘ﬁc%dq@lls %/&IQ{:I {Pl‘éochelg%}nc adjacent to -

ounds were appl e I hgs an
the SBWYtﬂ'@tFﬂéﬁ ead giscuicaliptisehasgedbasatong pela‘lla!srbesj theat are repeiled

t (1% 0.01% and
bythéﬁ%%ci%%%fgﬁh%%sﬁ sggn%&%%h?ur eqs wer e cgﬂ”par ed

" agai nst the WHO approved repel |l ent diethyltoluam de

o 40 g i L A

inverfipe N@Ndleepm\ed@! mmmctabwdonmaﬂmm&ssamcﬂeml@sﬁhmht@d is one

e 0850 Ui ROMBRLAS S, Dt 5 G oot i

consigaenic Prwrmfs af memnwundswpamﬁsdmwm chagrbek maﬂdy m'ov:ded by
thoset ékﬁl'eﬁ "iﬂ th@%teoa{sgﬁ %‘?ﬂﬁ%i é)sftaﬂfﬂﬁéoe @?ﬂm sef ffo} 8}‘?&%;3{9 com pounds

Il NCreasi ng conc

: contasummyleﬁrsc Heyile hopd mh'{!n odidtion yiehd thierketorat orGididyge group

- for th%sce &J{%HILLBQ a0k %Ff&iﬁ&é& enf ir%eckepo}]é% g:g[eéurggrts Ejellie% %J&talene or

s strongly repéellen fnore e
a lowemhnplepRETISOY GUOJﬁmtmb@ @bproptiaterstryctatal téguiresrents andTor the

ldehidds 0, :
alde 81 arﬁurfga r tétftcgﬁ{ gén g&@%ﬂﬂﬂ? %Dr%)lei\)?ondesat w8, o, w10 could be
used.sj gni fl cant ! y greater than DEET at 1% and for the .

full 5 nin testing period. WD ‘
2007/ 099347PCT/ GB2007/ 000742 - 19 - 1%

: Precumamle@g@s onay, baMtiesigddn thaviipuldie propeditstiugh as stability, skin

eterdoSOEL 540y BB o, S AT B UFDS, Bl we

dlscusvﬁﬂIfmmampimn-l.&émaﬁédi%onpounds
' (6-net hyl - 5- hept en- 2-one and geranyl acet one) were
tested for repellency agai nst Anophel es ganbi ae and

The disdbeire derein applizs oir akatis bl to dies useof such precursor molecules as

oo BB DS PO BR P ohBrBf oama

nosqui t oes were | aboratory-reared using standard

e GRBH 90 B R DA % Uy RS

Figurep mﬂ ixasiplest themedbodjmeotssef tixoinuéntion wik becurde those skilled in

theaﬂ%HﬂﬂﬁE@FoFﬁg§§ (50x50x50cm) were used with 25 fennl e
nosquirt oes Tn each. Six human volunteers with no or
little allergic reaction to bites were 15sel ect ed.
Test solutions (0.5m in acetone) were applied to a
volunteer's forearns and the hand was covered with a
gl ove. Acetone alone (0.5nl) served as a control on
the other arm The control ‘armwas inserted into a
cage and the nunber of | andings were recorded over 3
mn. The treated armwas then inserted as above.
Repel | ency data was expressed as protective efficacy
(PE) and was cal cul ated by using the fornmula PE = (%
control nmean 20- %test nmean /- % control nean). The
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|gély and liquid paraffinin a 1.2:2.8:1 ratio.

25Three m xtures were al so tested at the sane
concentrations and conprised the follow ng

M xture 1: 111110f _
W(gg @%}‘3?"}5 hept en- 2- one, oc,}é;\nal nonanal , d A Gp2007/600742
and geranyl acetone 30 Mxture 2: 1:3:1: O 5 O 5 of

| Theglr?gﬁgﬂ%loi’g 8—%,39952 Iregﬁ %ggsiﬁ%h%%n mayr be useél By %hose skilled

gerany one

in the artdo harry @tnn@meenm meheumi: colly i suTated NN by cross-

refen%%)%/ 099347PCT/ GB2007/ 000742 -.20 - Mxture 1 and
xture 3 were then |ncorporated into a fornulation

whi ch consi sted of enul sifying wax NF, Petroleum
These

mul ated m xtures were then tested using the above
nmet hodol ogy and were repeated after 2, 4, 6 and 8

. I o _give PE ove inme. sujts.. - Th . .
Fiauly B ol e TS e PROPOR R Ee B EpaRutoss to the
handgaxolantesrss a) figheactiite - tepeop&tion dﬁfeﬁ@édlﬂlﬁ@s/tha!\wébl‘é zbb@rded
opn UL SR P S T sedtiodd Fatwero
recorged mynﬁ desit ameokthe I«O%beléﬁﬁ'ﬁ @@M%s?ﬁgg/afs dif@?hdee rb@meen the

(A oundas YA or.e enc
respdyla i TsTiri ek B3N FpomeindhE andatd DB ofvoiunteer
Y01)rmmdtfwﬁmyma@aidaﬁk ﬁodaéa SRSBLAR. )ﬁ@@rlgts\/lﬁﬂlcbl%é df?ﬁﬁshbﬁlﬁ :

C ac I entratl ons

signiffarl B EnBS e AeneaudrOLRLEN: Pao PBns . (Ree 00t: ns
not sigoifidantppeld-£Ncy was al'so observed and at 0.1 % -

concentration 87%repell ency was recorded in
conpari son with DEET which gave only 83% repell ency.

FigurdR. Behaeralcesuents Abtos add ol hidt- §élerhQ rf@né’le@ﬁd@;uﬁ@ééto_

d wit |y
exralig REeod ReledR Foin Soxih Lo B0 e saneaogopeer K &)
Flightfagtivity -dhe drdponmrcﬁw@ammoé&ﬁ%wa@ eddoPdstyupbing Ii}Eth%l\abee b)

* Relatflp ST Pt T5i o ofosguitGes SShubiesShrindin teest arm of

the Yduisk. Batls traesforemabtcanes. cbmnt:@mie?%lél@%) Brd G\, Asterisks

el 8BSl s Rlgtent BRI Bl DR A T BRUBE s a 0n,

Pp<0.0B¢pred hat sigyifichetnndt®12ased to 64% after 4 hours and to
35% after 8 hours. DEET maintai ned 100%
25effectiveness Op to 6 hours and 94% after 8 hours.

FigureT&eT?mmir&od]ﬁléd mlmmﬁs\,@ A@ﬁ%@@gﬁgﬁeﬁ&ie fAak§iito response

C e o e nt re IIenc
to hurﬁ?ﬂsw @-gf:f iﬁm %g g fcg;@desponses to
humagt\l@ﬁ/mrﬁ&eaﬂmb al?%ht?aﬁmwﬁﬁeﬂﬁ;f Oﬁaébo%elfsﬁﬁﬁdié RBYFID
deteci‘o}J %\’}F ﬁ{]euq)y(% a%ogﬂwqgacc%g{p&%%é%&sgg Héoq{og T%spgﬁse} §f tfllg )msect |
preparation.on theakaloshyat H,@/memyl 5 Zen@é\feem balahaN®. unknown 7, E.

roner gl o T SR £ B o ere R e

concent ration of 1% Bot h for mul ated m xtures gave
0% r £0 at .the start of the experinment, and
F'g”re‘ﬁ]@ E‘E% é%?@%? gRtiy to 89% for mixture 1 and to
(b) m@ﬁp/amMntm%; N EAG afive EordpdLiide Tolcbadd Psm WholBodBair
% Ot7 ? %347PCI| G§'2007/ 000742 - 21 -

entrainments of volunteers wit e attractive group (n=6) and unatfractive 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-ethyihexanol, 7. limonene, 8. unknown 7, 9.
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After 8 hours, the repellency given by mxture 1 had
decreased to 20%- However, for m xture 3, repellency
woas7/isdzip ai ned at a greater | evel ,- decreasin
80% after 4 hours, 60%aftex 6 hours and 45%9)(?ﬂb¥260%00742
8hours. DEET gave 100% repe Iency up until 6 5hours
e t 0af [, r (T
cnyafilgtahof SRERRRE 1! BeltRl 2! bifeednfn PELARMER), 14. octanci
acid, a@mmnorAtﬁ)phphtbaleganﬁ decmﬁér’l&lndpiﬁuf%sioda@anﬁbaoure '

B T P

heptaaéferet Bigaiftantatiferacosdetierethatwaboups ate denoted bt oa@m05 **

: p<00324’n’-§ g@aﬂgot better than DEET. The best treatnent

human- deri ved conpounds was mi xture 3 for
(c) Plbiaif leas@réedleariate WON26 0ZsEDO3 the dafadiinés of alll GEEAGC asliye

B

(attradivequbiticesls); Re(atassepi Greurs 2 \Wttradtive individuals)JAirciessrepresent

g5 % confidence intervals.

Figure 5. Mean proportion of Aedes aegypti female mosqui_'roes showing flight activity in

'~ the Y-tube in response fo the standard (hand of YO1 in one side of the Y-tube and filter

paper control in the other) and seven doses of a) 6-methyl-5-hepten-2-one, b) octanal, c)

- honanal, d) decanal and e) geranylacetione chemicat treatments (hand of YO1 + chemical

in one side of the Y-tube and filter paper solvent control in the other). (-1 = 1x 10‘1 g ul™;
2=1x10%guL", eic). Back transformed means + 95 % confi dence intervals

(calculated for a binomial distribution) from the logistic scale are shown. |

FiQUre 6. Repellency of EAG-active human-derived compounds applied to the forearms
of volunteers and tested on Culicoides impuctatus midges in the field. a) over 1 minute

and b) over 5 minutes.

Examples

Example 1- defining atiractive and unaftractive volunieers

A convenient bioassay was established following work by Geier et al. (1999 7 usinga Y-
tube olfactometer in which mosguitoes, Ae. aegypti could “choose” between volatile skin
emanations and air alone, the “choice” berng expressed as ﬂrght activity or relative
attraction. !nrtrally, 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 atiractive and
unattractive examples were obtained (Fig. 1). Five volunteers (X04, X07, X098, X08 and
X05) induced greater upwind flight activity and relative attraction than the standard
volunteer (YO1). Four volunteers (X086, Y04, Y05 and Y07) induced significantly less
upwind fight activity and relative atiraction than the standard (Y01).
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Example 2 — obtaining volatile ¢

'con‘p! ex Japanese Encephalitis Asia Filariasis South
Arerica, Africa Aecies aegypti Dengue fever Sout h
[ﬁgﬁa nd Yes Yellow fever Africa Anophel

%ﬁ%l Mal ari a Asia Yes bAnopheI es ganbl es F(er{gpzommoouz
Mal aria Africa Yes Mdges™ '®” Calico ides

i mpunct at us Cul i_coLdes | e
emcals om vo unteers

A novel system was devieed for obtaining volatile chemicals from whole bodies. This

~ involved blacing each volunteer (and the standard (Y01)) from the aftractive and

unattractive gi'oups in an aluminiumised plastic bag (Lifesystems ™), with the head
outside; under positive pressure from clean air and withdrawing air that had passed over
the _bbdy, to be entrained through a small column of absorbent polymer. This provided
samplee, the same batch of whicﬁ could be used for multipie behavioural,

| electrophysiological and chemical analysis.

Exampie 3 — confirmation of validity of volatile chemicals from volunteers

- The volatiles were extracted from the poiymer and assayed again using the Y—tube
olfactometer against an air control and standard volunteer (Y01), all with added CO; (Fig.

2). For the first fime, volatile extracts of human volunteers were shown to exhibit similar
attractiveness or unaﬁractweness to the d!rect human skin emanations, with extracts from
the standard (Yo?), X04, X07 and X09 being s:gnlf icantly attractive, and those from XOS
Y04, Y05 and YO7 as unattractive as the air controi '

- Example 4 — comparison_and analysis of volatile extracts

Th:e volatile extracts of the volunteers used in Figure 2 were then b_y high resolution GC
directly coupled whole antennal e!ectrophysiolog ical preparations, from female Ae.

aegypti, (6-12 days old) to produce GC-electronantennograms (GC-EAG), typically as
shown in Figitre 3. Thus, components which were physiologically active, and therefore

| fikely to be fesponsible for the differences in atiractiveness of the human volunteers, were

determined.

Compounds giving the-peaks associated with e!ectrophys}o}ogica[' activity by GC-EAG
were tentatively identified by GC-MS under similar conditions and the identity confirmed
by peak enhancementon ‘GCusing two columns of dlfferent polanty by comjectlon 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

" atfractive (Group 1) and unattractive {(Group 2) were observed for: -
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None Scotl and, UK Yes None Australia Ticks frodid
speci es Borrefiosis and LymeEU and USANo (Borrelia
Sandf | i es Lut zot nyi aEU, Portugal Yes 2O
W%%jg?l@%gf]el shmani asi s (Vi scefgl , South Aneri ca\?CTIGBmmmomz
mucosa!, cuticular) Phl ebotonm ne Lei shmani asi sM caYes
speci es M dges WD 2007/099347PCT/ GB2007/ 000742 - 23
- O her Bl uet ongueEU and AfricaYes Culicoi desAfrican

¢ Hobegeaebydress ni dges Ticks |xodid ticksTick-borne

. en I|t|s h AmericaNo Ti ck-borne feverAfrica
* %%‘3’%7' %'lé ©PFGB2007/ 000742 -24-

. octana[,

. ‘nonanal,
e decanal,
Coe naphthalene

. geranylacetone

with the levels being higher, in Group 2.

: ‘Additionally the relatwe amounts ({in respect of total chernical composition; see ng 4) of

6-methyl-5-hepten—2—one octanal and decanal were higher.

A number of eiectrophysiologicatiy acﬁvé compounds from the 32 active peaks have not
been conclusively identified, but only one was believed to be associated with

unattract:veness

. unkﬁown 7 (believed to be acetophenone or (E)-2-octenal).

Although a number of electrophysiologically active compounds were chiral the isomeric

compositi‘on was not determined as these compounds were not irhplicated‘ as factors

: contnbutmg to human unattractfveness Cara was made o remove cantamination of

volunteers, for example with industrial or cosmetic chemicals (see Methods).

" Nevertheless compounds with electrophysioiogical actwyty were shown even if, as with

dic_:hiorobenzene and naphthalene, these could have arisen from synthetic sources.

Confirming the grouplng of the voiunteers multivariate anaIySIS revealed that the
attractive (Group 1) and unattractive (Group 2) groups dlffered sgmﬁcantiy in terms of the
variability in the amounts of the seven specified EAG-actwe chemicais 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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Tabl e 2. Names and retention indices for 24
EAG active chemcals wth [oadings 5 from CVA

no Retention |Index Conpound nane Latent
' w@@&#@gh oadi.ngs) 1 776 Hexanal 0.00044 2 §§§’G32°“7/909742

Benzal dehyde 0.00133

Example 5~ testing of candidate compounds

Based on the results above, five chemicals were chosen as those most likely to be '
naturally involved in human unattractiveness and were subjected to further analysis:

- (i) 8-methyl-5-hepten-2-one,
- (i) octanal,

{iii) nonanal,

(iv) decanal,

' (v) geranylacetone

' These compounds (from Sigma Aldnch) were tested mdl\ndual!y at dlfferent

concentratlons in the olfactometer against Ae. aegypti. The upwmd flight actw:ty, relatlve

attraction and probing activity (feeding) of the mosquitoes to the hand of an attractive
voluniteer with and without the chemicals was recorded. All chemicals caused a

significant reduction in fiight acivity and geranylacetone caused a reductlon in relative
attraction (Fg 5, data for relative attractlon not shown). Probmg activity (feeding) was
also significantly reduced by 6-methyl-5-hepten-2-one and geranylacetone (data not

shown).

Thus, it is clear that each of these five demonstrated the ablhty to interfere signifi canﬂy
with the atfractiveness of skin emanatlons from the hand of an attractive standard
volunteer, i.e. Y01, at naturally occurring levels. Only nonanal allowed srgmﬁcanﬂy
greater flight actw:ty than the untreated hand but at only one dose.

Only octanal has been described previously as a repellent for Ae. aegypl/ (H. D. Douglas
et al. “Chemical Odorant of Colonial Seabird Repels Mosquitoes” J. Med. Entomol. 42(4}:
64?-651 (2005)), and the compounds newly identified here as repellents could be used in
defence against these other bitihg flies and possibly other haematophagous arthropods.’
The chemical factors cdnfemng low human attractiveness to mosquitoes and midges |

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

lnierestingly, 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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3 965 6- Met hyl -5-hepten-2-one -0.00427 4 980 Cctanal

0. 00062 10 5 988 1, 4-Di chl orobenzene 0.00126 6 1010
W(;Zmﬁ,m@ghexanol 0. 00117 7-1022 Lirnonene -0. %GBﬁmwooomz

1030 Unknown 7 0.00016 -18-

Example 6 — further analysis of volatile exiracts

“The extracts of volunteer human volatiles were also analysed by GC-EAG on C.

impunctétus, which it is understood is the first time such an investigation had been done

- with a Ceratopogonid. A typical fraceis givén in Figure 3 and the same range of

compounds was responded o, but particularly those xmphcated as giving negative

responses in samples from the unattractive volunteers.

Example 7 — field trials of co_mpourids

A field trial was made in the Ormsary estate, Argylishire, during the summer 2005 in a

"~ region with ah extremely high natural population of C. impunctatus. Acti_ve‘compounds at

reducing normal human atiractiveness to Ae. aegypfi in the Y-tube olfactometer (6-

~ methyl-5-hepten-2-one; geranylacetone) plus six mixtures, were tested for repeliency

(Table 4) using a WHO protocol™. Compounds were applied to (nylon) stockings and
worn on the forearms of volunteers and were tested at three concentrations in ethanol
(1%, 0.01% and 0.0001%). All compounds and rhixtures were compared against the
WHO épprove'd repelient diethyitoluamide (DEET) (1% and 40%). .

Results (Fig. 6) show that DEET at 40% was not more repelient than DEET at 1%.
Therefore, statisﬁca!’com_barisons were subsequently made between the compounds or
mixtures and DEET at-1%. |

Individua{ 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 repetient; 0.01%
is not repellent but. 1% is.strongly repelient, mdeed more effective than DEET, but was

repellent only at 1% over5 min. -

Over 1 min, 1% geranylacetone, 1% 6—methyl—5~hepten-2-oné, Mix 5 and Mix 6 were
significantly greater than DEET at 1%, and for the full 5 min testing period.
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9 1057 D hydronyrcenol -0.00082 15 10 1080 Nonanal
-0.00047 11 1083 Linalool 0.00047 12 1100 Undecane

1
w (3%3934%3 1135 (E) - 2-nonenal 0.00011 14 113}y cpy007000742
C&‘% anorc acid 0.00056 _19. . _

-1% geranylacetone, Mix 6 and Mix 5 showed higher % repellency than DEET: these

differences were not significant.

Example 8 — additional fieid trials

Methods

Human-derived compounds (6-61&thyl—5—ﬁepten~2-one and geranylacetone) were tested
for repellency against Anopheles gambiaé and Culex quinquefasciatus mosquitoes in
laboratory-based répeliency tests using an established protocol {Omolo et al., 2004). The
mosquitoes were Iaboratory—reared using standard conditions at ICIPE, Duduville, 5-7
day old female mosqu:toes that had been starved for 18h but previously fed on 6%
glucose soiutl_o_n were used. Eighteen cages (50x50x500m) were used with 25 female
mosquitoes in each. Six human voluriteers with no or little allergic réaction to bites were
selected. Test solutions (0.5ml in _acet_onej were applied to a volunteer's forearms and the
hand was covered with a glove. -Acetone alone (0.5ml) served as a control on the other

“arm, The conirol arm was inserted into a cage and the number of landings were recorded

over 3 min. The treate_d 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 fransformed and subjected to an

ANOVA.

" Each éompo_und wais tested at concentrations rangirig from 0.0001% to 10%.

Three mixtures were also tested at the same concentrat;ons and comprised the foliowmg

components

Mixture 1: 1:1:1:1:1 of 6—methyi~5-hepten-2—ohe, 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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Mixture 1 and mixture 3 were then incorporated intc a formulation which consisted of
emulsifying wax NF, Petroleum jelly and Yiquid paraffin in a 1.2:2.8:1 ratio. These
formulated mixtures were then tested using the above methodology and were repeated -

- after 2, 4, 6 and 8 hours to give PE over time.

Resulis

The human-derived compounds tested against Anopheles gémbiae s.8. gave dose-
dependent repellency, with the maximum repellency observed for compounds at 10%.

- 100% repellency was recorded only for geranylacetone at 10%.

DEET gave better repeliency than the single compounds giving 100% repeliency at 1%

and’ 10% (Tables 5-7). However, the greatest repellency against this species was given

by mixture 3, which achieved 100% repellency at concentrations of 1% and 10%.

At lower conoentrations than these, good repellency was also observed and at 0.1 %
concentration 87% repellency was recorded in comparison with DEET which gave only
83% repellency. At a lower concentration (0.01%) mixture 3 gave 80% repéﬂen_cy-

‘compared with DEET which gave only 20% repellency at this concentration (T, ables 8-10).

All formulated mixtures gave 100% repeliency at the start of the experiments (i.e. time
zero). Around 20% repellency was achieved after 2 hours with mixture 1 and this
decreased over time to 12% after 8 hours (Tables 11-13). Greater repeliency was
observed for mixture 3 with 98% repellency recorded after 2 hours. Repeliency then
decreased to 84% after 4 hours and to 35% after 8 hours. DEET maintained 100%
effe_cﬁveness up to 6 hours and 94% after 8 hours.

The human-derived compounds tested against Culex guinquefasciatus gave dose-
dependent repe!lency with the highest repellency for each compound observed at10%.
Geranyiacetone and DEET gave 100% repeliency but only at a concentration of 1 0%
(Tables 14-16).
Mixture 1 and 3 gave 100% repellency at a concentration of 10%. At fower
oonc_entraﬁons, mixture 1 gave greater répeliehcy than mixture 3 with 84% and 77%
repellency achieved respectively at a concentration of 1%. Both formulated mixiures gave
100% repeliency at the start of the experiment, énd 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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25 21 1480 a-isonethyfionone 0.00037 22 1500
. Pent adecane -0.00067 23 1600 Hexadecane -0.00024 24

adecene 0.00115 30 WO ,
W‘%g@’f’%&mpm G82007/ 000742, - 25 - Table 3a. FRHFPY000742
of conpounds based on nean armunts of chem cals from
"attractive" volunteers and . unattract ive"

vol unteers. Conpound -
After 8 hours, the repellency given by mixture 1 had decreased ’to 20%. However, for

mixture 3, repellency was maintained at a greater level, decreasing only to 80% after 4
hours, 60% after 6 hours and 45% after 8hours, DEET gave 100% repellency up untll 6
hours and this decreased to 93% after 8 hours (Tables 18-21).

Conclusions

The most effective treatment 'against Anopheles gambiae over 3 minutes was mixture 3

~ and this was better than DEET at equivalerit concentrations For Culex quinquefasciatus,

the most effective treatment was decanal alone et 1%, although th:s was not better than
DEET The best treatment comprising human-derived compounds was mixture 3 for both

sper;[es-



Attractive Unattractive Benzal dehyde 1 1 6- M40
2. 020595 1.55218 Cctanal 0.541551 0.529534 Nonanal

W@g@i@@é;}yZ 906716 Napht hal ene 0. 875217 0. 9794@1«/(;32007/909742

Decana

1. 108576 WD 2007/ 099347PCT1GB20071000742 -

. 821094 1.468768 Gepanyl acetone 5.13011

26-

Tabléh! Insédt andeTicR fargbtsH- met hy1- 5- hept en- 2-one to

geranyl acet one
unattractlve volunteer

RBEAY BCT
group of vol unt eers

The table shows the ratio in one
and the ratlos for t he nmean

Midges

TO HOST
Mosquitoes :
Culex pipiéns ~ West Nile Virus USA Yes
complex Japanese Encephaiitis Asia
' Filariasis ' South America,
) Africa
- Aedes aegypti Dengue faver South America and Yes
' '  Yeliow fever -Africa
Anopheles " Malaria Asia Yes
_stephensi '
-Ahbpheles Malaria Africa Yes
gambiae
complex
Midges
Culicoides None ' Scotland, UK Yes
impunctatus
Culicoides ~* None Australia - Yes
molestus
Ticks
Ixodid species  Borreliosis and Lyme EU and USA No
(Borrefia ) disease’
Sandfiies ,
Lutzomyia EU, Portugal Yes
- species Leishmaniasis (visceral, South America  Yes
‘ - | ,mti‘cosai, 'cut'ic;ﬂar)
Phiebofomine Leishmaniasis Africa Yes
species




‘Table 4. Mxtures of EAG active hunman-derived
conpounds tested on C. 10i npunctatus in the field.
. Mxture 11% 6- net hyl - hept en- 2- one, 0. 01%oct anal
WOLHAABPY” M xture 21% 6 - net hyl - hept en- 2- one, !
oct ane!, 0.02% ger anyl acet orf¢ (i n et hanol) M xt ure

Ottt anal '(iBﬁ, e@?ﬁgﬁm) M xtur_eEUﬂ%Afﬁcal  Yes

Culgoinret hy| - Aitpsreerge Sioknes®). 0001% ger anyl acet one, 0. 01%
-mioggg anal (in ethanol) Mxture 51% .
nmet hyl - hept en- 2-one , 1% geranyl acetone (in
, et hanol) M xture 61% ger anyl acetone, 0.01% oct anal
- Ticks n et hanol) Tabl e 5. Dose- response repellency of

yl ac edecan Leste nst An. ganbiae %
”“’%%{'f%? 0.0 Oﬁ"rbie't?efi w&&ﬁ%bmﬁ”‘%s E 7N9549. 5
11. 17+12.§!C'3@Qﬂ1@fe§tqr 76. 97+5 A@tcaoo+0 WO

FaVWeVWat) OO Z AN Tl Iad Dac
LUUIIUUUI‘-!-L —PF———Fable—6—Dbose

response repel | ency of 6-nethyl-5- hepten 2-one tested
agal nst An. qarrbl ae % Conc.

%007]000742
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0.0001 0.001 0.01 0.1 1 10 Mean % P. E+S.E 0. 85+3. 9

1.57+11.2 19.2+45.5 34.07+6.6 3573+87 74.75+6.1 Table
W(iznoo%ﬁ»@a? response repell ency of DEET test ed agada83007/000742

ganbi ae

P.E+S. E 6. 23+1. 7 20. 65+6. 4
| Tab-IBafl ﬁne@grﬁ& relfttiBA R8iceE REF P8 ENG-QE6V Khithieals with loadings

% Conc..

0.001.5,01 0.1'1 10 Mean %

3.78+3.9 100+0 100+0

MO& anal : Nonanal : Decanal : Geranyl acet one tested
agai nst An. qanbi ae _
Compound . Retention Compound name Latent vectors
no Index - {loadings)
1 778 Hexanal 0.00044
2 932 Benzaldehyde 0.00133 .
3 8965 - B-Methyl-5-hepten-2-one - -0.00427
4 980 Octanal 000082
5 988 1 4-Dichlorcbenzene 0.00126
8 1010 2-Ethythexanol 0.00117
7 1022 . Limonene -0.0005
8 1030 Unknown 7 -0.00016
9 1057 Dihydromyrcenol -0.00082
10 1080 Nonanal -0.00047
11 1083 Linalool 0.00047
12 1100 " Undecane Q0001
13 1135 (E)-2-nonenal - 0.00011
14 1151 Octanoic acid 0.00056
15 1160 Menthol 0.00097
16 1160 Naphthalene -0.00102
17 1184 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




% Conc. 0.001 0.01 0.1 1 10 Mean % P.E + SE 9. 2+1.8
16. 93+3. 544, 58+1. 194. 1+1. 1 100+0 Table 9. Dose-

repel l ency of Mxture 2: 1:3:1:0.5:
W(g%\%—%g%étﬁanal Nonanal : Decanal,. Ger anyl acet one t%(g’{lgbzoomoomz
agal nst An. ganbi ae %Conc G 001 0.01 0.1 1 10 Mean

“attrh@tweiﬂo\&ﬂunfeewam Euﬁanebhmmomﬁte%@st ure 3: 1:1 of

6MHO: Ger anyl acet one tested agai nst An. qganbi ae %
Conc. 0.0001 0.001 0.01 0.1 1

Compound Attractive Unattractive

Benzaldehyde : 1 . 1
6-MHO 2.020595 = 1.55218
Octanal ~ 0.541551  0.529534
Nonanal ~  6.510643 2.906716
" Naphthalene 0875217  0.979441
Decanal - 1.821094 1.468768

Geranylacetone ~ 5.130115 1.108576
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- 15

10 Mean % P.E + SE 9.4+2.3
24.38+5. 179. 42+3. 787. 08+3. 1100+0 100+0 Table 11.

W@gﬁ,emgg;,@;sponse repel | ency of formulated M Xt Ui‘@rlémom!ooomz

:1:1:1:1 of
206I\/I14O Cct anal : Nonanal : Deca®@F: Ger anyl acet one (10%

concentratl on, test ed agal nst An. ganbi ae over 8
: - Rafies ofif-metiShenten-2iontiogidraylattonds P. ES. E

100089 413 67 54 874 49 32. 111 5.59 12302.1 WO

2007/ 099347PCT/ GB2007/ 000742 - 28 .- Table 12. Dose-
Thedablp shaws thearlicincpedmatteactive ilededrianti dineradivs for th@mean

abSditie am&&\ﬁﬁ@ﬁﬁhé‘ ﬁrtaeﬂ% érgoq.é’aﬁtpﬁ{&%?@ 5 ergé? gf n%‘r\}‘f%%%sg;j OH

_agai nst . I ae over ours
2H 4H . ‘Standard
unattractive person | - Attractlve group _ Unattractive grou ‘
| Absolute i 'Mean absolute Mean absolute
_ amount Ratio | * amount Ratio amount R
é-methyl-_s- -
| hepten-2-one 350.0 1.8 | 473 0.4 320.08

Geranylacetone | 200 1 . 126.26 1 . 2286

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

impunctatus in the field.

_Mixture 1 1% 8-methyl-hepten-2-one, 0.01% octanal (in ethanol)

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

Mixture 3 1% 6-methyl hepten-z—one 1% geranylacetone 0.01% octanal (m
ethanol)

Mixture 4 1% 6—methyI—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)

. B4 Conc. 001 01 0.1 1 )

Table 5. Dose- response repellency of geranylacetonedecanal tested aqamst An.

. gam b:a

ean%P.EiS.E 7.25%9.5 111.17+12.9 30.13+11 [76.97+5.9 100_-{-_0
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20

% Conc., 60001 P.oo1  p.o1 b1 - fo
Mean % P.E+SE [0.85+3.9 [1.571112 [19.2:5.5 B4.0746.6 35.73:8.7 7475461

Bk Cone. 0001 ool A T 10

% Conc. T oo poi P 1 Tio

6H 8H Mean % P. ES. E 1000 98. 481.51 64. 266. 15
38.824.31 30.836.96 5 Table 13. Dose- response
ney of formulated DEET (10% concentration
W(ﬁ@?géﬁégal nst An. ganbi ae oves 8 hours. DurBti/GH2007/000742
(hrs) OH 214 4H 614 814 MsZd % P. ES. E 1000 1000 1000 ‘
1000 94. 351 02 10Tab| e 14 Dose- response repell enc
R OFe ; repeflal G i 5-hepten-2-one teste aqamgtAn

nquef asci at us % Conc O 0001 O 001 ‘

Table 7. Dose- response repellency of DEET tested against An. qggzbiée

Wiean % P.Eis.iz' 6.2311.7 065164 [83.78+3.8 [100x0 (100+0

Table 8. Dose- response repe!lencv of Mixture 1: 1:1:1:1:1 of
BMHG Octanal:Nonanal:Decanal: Geranylacetone tested ag‘mst An. gambiae

lMean % PE+SE [9.2+1.8 [16. 93+3 544 58+1.194.1+1.1 110040

Table 8. Dose- response repellency of Mixture 2: 1:3:1:0.5:0._5 of
- 6MHO:Octanal:Nonanal:Decanal:Geranylacetone tested against An. gambiae

% CGonc. 0.001 001 0.1 I 10 .
F\Aean % P.E  SE [3.47+6.4[16.50+5.126.93+3.759.48+3.1100.00+0

Table 10. Dose- response repeliency of Mixture 3: 1:1 of 6MHO:Geranylacetone ’

tested against An. gambiae

% Conc. o001 001 Ppoi P4 | 10
Mean % P.E + SE DA432.3 [P4.38+5.179.42+3.767.08+3.110020 [10030 |

Table 11. Dose- response repellency of fc_)rniu!ated Mixture 1: 1:1:1:1:1 of

'GMHO:Octana[:Nohané_liﬂecanal:Géranvlacétone {10% concengration) tested

‘against An. gambiae over 8 hours.

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

Mean % P.E+S.E | 10020 89.41x3.87 | 54.87+4.49 |32.11£559 |[12.50£21




15

20

0.01 0.1 1 10 Mean

33.2+4.5 84.1+4.2 100+0

wd RpeRse repel l ency of 6-nethyl -
agal nst 15Cul ex qui nquef ascigatus % Conc..

% P. E+S. E 8.0+1.8 12.7+2.1
8+4.9 30.1+4.1 49.7+2.9 100.0+0 Table 16. Dose-

0.01 0.1 1 10 Mean

21.

Tabl e

5- het pen- 2- o0

% P.E+S. E 4.8+2.4 10+1.6 23.7+4.5

15. Dose-
ﬂ@ﬁfo@%ouuz
0. 0001 0. 001

response repel | ency of DEET tested agai nst Cul ex
ecrepgliency of formulated Mixture 3: 1:1 of 6MHO:

Tab

Geranylacetone {10% concentration) tested against An. gambiae over 8 hours.

Duration (hré)

OH

2H

AH

e

8H

Mean % P.E+S.E

10020

08.48+1.51

64.26+6.15

38.82+4.31

30.83+6.96

.lested aqainéi An. gambiae over 8 hours.

Table 13. Dose_- response repellency of formulated DEET (10% concentration)

Duration (hrs)

OH

2H

4H

6H

8H

|'Mean % PELSE -

1000

100+0

{1000

10020

94.35x1.02

. Table 14. Dose- response remaﬂencv of geranylacetone tested agamst Culex

gumguefasctatus

% Conc.

0.0001

0.1

1_

10

10-007

0.01

33.2+4.5

84.1+4.2

100+0

'IMean % P.E+S.E

10+1.6 [23.7+4.5

48424

. _'[_gb]e 15. Dose- response fegellencv of G-methyl-‘s-hetpén-z-one tested against

Culex guinguefasciatus

l% Conc.

0001

0.001

0.01

0.1

i ho

Ellea_n % P.E+S.E

8.0+1.8

12,7421

71.8+4.9

30.124.1

49.742.0

100.0+0

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

quinquefasciatus

% Conc:

0.001

0.01

0.1

1

10

Mean % P.E+S.E

7.6+1.8

12.0¢1.7

76.9+5.4

08 241.1

10040
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% Conc. 0.001 0.01 0.1 1 10 Mean % P. E+S.E 7. 6+1. 8.
12.0+1.7 76.9+5.4 98.2+1.1 100+0 WD
' 47PCT/ GB2007/ 000742 - 29 - Table 17. -
W‘?%@Z/%%g‘gﬁr epel l ency of M x_t#g e l: 1:1:1:1:1 ol;c%éﬁzmwoooﬂz
6I\/H_Q Cct anal : Non_anal : Deca_na

: Geranyl acetone tested
1.4%.90F 0.01 0.1 1
—403. 76

SMHDL 00 Emae Nohaaal: BeFaial S etany!Bdene testabagainstpalekency

inOf gxtﬁre 3: 11 of 6MHO Ceranyl acetone (at 10%
a2 ion) tested against Cul ex qui nquefasci atus

Conc. 0.001 | 0.01 0.1 1 10

Mean % P.ExS.E | 9.61+3.53-| 20.82+4.86 | 33.4613.76 84.06+6.94 | 10020 -

Tabie 18. Dose- response repellency of Mixture 3; 1:1 of 6MHO: Geranylacetone (at

10% concenfration) tested against Culex quinquefaséiatus

[Conc.” 0.001 0.01 Tor——  [1 - J10

Mean % PETSE | 11.27:1.86 | 2085%2.26 | 55.6435.81 | 77.00£4.53 | 10020

Table 19. Dose- response repellency of formulated Mixture 1: 1:1:1:1:1 of
QMHO:Octanal:Nonanal:Decanat:Gefanylaceton'e {at 10% concehtrat_ion) tested

against Culex guinguefasciatus over 8 hours.

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

Mean % P.E£S.E | 100x0 | 89.03+4.2 56.17+4.37 28.4615.15 | 19.83%3.16

Table 20. Dose- response repeliency of formulated Mixture 3: 1:1 of SMHO:
Geranylacetone {at 10% concentration)tested ag'airist Culex quinquefasciafus over

8 hours.

[Duration (rrs) oH 2H T4 TeH 8H

Mean % P.EXS.E | 1000 98.57+1.43 | 79.97+1.7 60.91+3.1 45.7934.13

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

tested against Culex quinquefasciatus over 8§ hours.

Duration (hrs) oH 2H 4H e6H 8H

Mean % P.EZSE | 10020 | 10020 | 10050 10020 93.33£4.08
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Conc. 0.001 0.01 0.1 1 10 Mean % P.E3.E 11.271. 86
20. 832. 26 55.64-15.81 77.004.53 1000 10Table 19.
wdomernsgsesponse repel I ency of formulated M xtuper/cB2007/000742

1:1:1:1:1:1 of . -30-

61 VI HO. Cct anal : Nonanal : Decanal : Ger anyl acetone (at 10%

concentration) tested agai nst Cul ex qui nquefasci atus

over 8 hours. Duration (bra) OH 2H 4H 611 8H Mean %
Refegeneg it 1000 89. 034. 2 56. 174. 37 28. 465. 15 19. 833. 16

15Tab| e 20 Dose- response repel | ency of fornmnulated
Cer-anyl acetone (at 10%
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