WO 2009/ 090412PCT/ GB2009/ 000140 1 Lure The invention relates to
conpositions useful in trapping house dust mtes. 5 Atopic diseases
such as aswoneeowdalch are associated with all ergens, arEr/esmIHN0NY
public health problem with the current econom c cost of asthma in
the UK being estimated in the region of UK 1.05 billion (WO, 2006).
Der mat ophagoi des pt eronyssi nus (Trouessart) (European house dust
mte) and D. farinae (Hughes) (Anerleae house dust nite) are found

t hroughout the devel oped world (Fain et at, 1990; Hart, 1995; Arlian
and MorHerin2g0ish relansio tomaositidos ovefultio teppingheusadbe ndiens t hat cause
atopi ¢ di seases (Voorhorst et al, 1964; Tovey et at, 1981; Robinson
et at, 1997). A worldw de study concluded that there was a high
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house dust mte |if e{ lof f,771987; "AriTan,
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devel ormwai@c@nf asdinmryinthey UK hewothas thﬂe“leselbpﬂdamnntned such apAestoatigsNewmus
popul at 2006). Ot her environnental nethods which
have uncher gone exprtgsrflgéitlg%s)tri als in an attenpt to reduce mte ‘
popul atlons I ncl ude the use of sub-floor heati ng (de Boer, 2003),
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( Nagak Lﬁmr@hnaﬂany; 99 Gf)ampslaabﬂﬂ ef hebinbh esidiiddns ptardirettdpslicGrich odshesiay |
benzoat e and rethr (pernmethrin and ph nothrlnf found in
ConTrer ha&lapgl }g 1q 39p eé P f rge@dﬁmOVa and the use of physical barriers such as

impermeable bed covers. Relative humidity is known to affect the house dust mite life cycle
(Colloff, 1987; Arlian, 1992; Oribe and Miyazaki, 2000). Therefore, by reducing humidity to
20 less than 51 %, experimental trials have shown significant reductions in mite and allergen
levels (Arlian ef al., 2001). Recently, there have been developments on using hygrothermal
models to control D. pteronyssinus populations (Crowther et al., 2006). Other environmental
methods which have undergone experimental trials in an attempt to reduce mite populations
include the use of sub-floor heating (de Boer, 2003), steam cleaning (Colloff ef al., 1995),'
25  washing clothes and bed linen above 55°C (McDonald and Tovey, 1992), and fieezing soft
toys (Nagakura ef al., 1996). Synthetic chemical acaricides such as benzyl benzoate and
pyrethroids (permethrin and §—phenothrin), found in commercially available products, can
also be used to control house dust mites by applying them to house dust mite habitats
(carpets, mattresses, soft furnishings) (Colloff, 1990; Fain et al., 1990; Chang et al., 1996;
30 Heide ef al., 1997). Permethrin can also be impregnated on to mattress-liners, and a clinical
tria] demonstrated success at controlling house dust mites for at least 27 months (Cameron
and Hill, 2002). Regular vacuum cleaning can reduce the allergen reservoir on beds and
carpets, with vacuuming at weekly intervals being more effective than monthly vacuuming

(Bellanti ef /., 2000). Recommended medical vacuums which are fitted with high efficiency



al so be used to control house dust mtes by applying themto house
dust mte habitats (carpets, mattresses, soft furnishings) (Colloff,
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2000) . is the recruitment of house dust mites from external factors such as dogs (Jackson et al,
30  2005), car seats (Arlian and Morgan, 2003), hospitals (Custovic et al., 1998) and passenger
trains (Uehara et al., 2000).



WO 2009/ 090412PCT/ GB2009/ 000140 3 Wth current nethods exhausted,
alternative nmethods are being studied and tested. For exanpl e,

i ncor por atwoge@/unz into a house dust mte control netlwdGrRowdilaaye
the potential to draw mites fromdeep inside the furniture and
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produced acarici de and subsequently vacuunmed. Sem ochem cal s
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a house dust mte or a storage mte. A house dust mte is an
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European drs e, and Der matophagoi des farinae, the Anerican
house dumpommaymhméMMQm(@B@OleD@@m 4 Neryl formate is
a sem ochem cal obtained fromhouse dust mites. It is also known as

(2)- 3,7-dinmethyl-2, 6-octadienyl formate and has the foll ow ng
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|s well known in the art. The linonene in the conposition is
preferably substantially in the formof the R (+)- enantioner, in
ot her WF @mwgﬁoé?%y?m&?n?%n%ﬂ%%at?wIFP Ene is in the form
of the R (+)- enantioner, nore preferably at |east 75% even 10 nore
preferably at |east 85% nore preferably at |east 95% Most
pr ef er heynitetthay hecmyaeita, pmecidlbis house dut mite of astqragemitfonene. Were
2 termlinonene is used in this specification, it is preferably
3 to refer to the R-(+)- enantioner. The conposition is preferably
i n powdehodiserdust mitkds ah laothsopbé pest dommemdy fopnd s tthel capets laadk apholstery of

human dwellings. As used herein, the term describes any house dust mite, but particularly
refers to Dermatophagoides pteronyssinus, the European house dust mite, and
Dermatophagoides farinae, the American house dust mite.

30
A storage mite is also an arthropod pest, usually found in stored grains and mouldy

environments.



15 over a carpet or itemof furniture that may contain dust mtes.
The dust mites are attracted to the conposition and are drawn towards
t he surfacwochustb@izar pet or piece of furniture, from WEYEBWapIEEN
be nore easily renoved. Nornally dust4mites cling to fibres in, for
exanpl e, carpets, mattresses and pillows and cannot easily be
renmoved. However, by drawing themto the surface, the dust mtes can
be nor Neggisfolryate mmanlwti;enmazd wkrineg. @0 hovsendupt maeqa e isedlstbkaowinnasd@re
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articles.
P the composition and are drawn towards the surface of the carpet or piece of fumiture, from

where they can be more easily removed. Normally dust mites cling to fibres in, for example,
carpets, mattresses and pillows and cannot easily be removed. However, by drawing them to
the surface, the dust mites can be more easily removed by vacuuming,

20
It may be preferable in some circumstances for the neryl formate or limonene to be
formulated into a powder product which is suitable for sprinkling or dusting. This may be
achieved by simple mixing of a small amount of the neryl formate (e.g. a few %w/w) with
suitable inert powders, e.g. ﬁinerd clay, Fuller's earth, talc, calcium sulphate and/or starch,

25  such that the inert powders do not agglomerate to such an extent as to destroy their
sprinklable/dustable properties. Alternatively, the neryl formate may be made into a
suspension/emulsion together with an amphipathic carrier (e.g. a modified starch) in an
aqueous medium. The suspension/emulsion may then be spray dried, the product of which is
a dustable powder containing neryl formate partially or completely encapsulated within the

30 camder. In many instances, a preferred means-of forming a powder formulation is to prepare



15 In an alternative formul ation, the conposition may be in the form
of aliquid, especially a solution that is arranged to form a powder
when it drwespovlumoqparti cul ar, the conposition nmay be preaI@RRAI% 00140
contai ner provided with a nozzle, such as a misting or aerosol
nozzl e, through which the conmposition may be driven. The conposition
may be driven through the nozzle by a punp or any other appropriate
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a pump or any other appropriate means.

20
The composition may further comprise a compound that is toxic to house dust mites, such as
an acaricide. An acaricide is an agent used to kill mites. As used herein, the term includes any
type of acaricide, such as natural pyrethroids and essential oils. One particular acaricide that
may be used is pyrethrum. The use of other acaricides are also envisaged, especially plant

25  based acaricides.

Also provided by the invention is a composition for luring and killing mites comprising neryl

formate and/or limonene and an acaricide.

30 The composition may be in powder or other form. It may additionally comprise appropriate

carriers.

The compositions: of the invention preferably comprise neryl formate and limonene,

especially the R~(+)- enantiomer of limonene.



20 attracts house dust mites to it and then kills them The term

| ure-and-kill is well known in the art. Further provided is a nethod
of luring wWous@/ dust mtes conprising exposing the houseTdimboynnties
to neryl formate and/or |inobnene. The6éterm exposi ng house dust mtes
to neryl formate and/or |inonene preferably means placing neryl
formate and/ or |inonene near to house dust mites. In particular, the
neryl formate and/or |inonene nmay be placed within 5cmof the mtes,
nore pref.e f .ie, ithin.3
o of "t s Eatebditigh Mol R kBl R N HEP gt LA
exposi rignersee holiewandacsticids inedfettivecamomotyr Thatdeto sRy,eheconiyoyitibheprafentty

dust m . d th ihcid Lyl t |

Subsequenbrse sy BFoL fepa® B6RE 1Gronad hitied ARG RBTeslte Hhsaweoe afge

go?w_ loaﬂataxi’d?@er/vmaof A @ipbéifion isTfm_elgéhﬁpj_:ﬂi&f ti Die witqbos?%ﬂs ﬁblff}ﬂﬁ?rdoﬁ@ﬂsé n
etail, _ of. .exanple only, w eference to _the follow n

dr awi ngsgﬁ%lgl\{?yqﬁ?ﬂ?lﬁ‘i:tgpliﬂﬁp@r &‘i%ﬁnSQ)%’ ?ifefl?’?zg’t‘%pﬁgﬁ%il‘éféés tPa?th%’éfagﬁ‘-t'g—Ee

caught doﬂpbﬁﬁoﬂélﬁﬁfﬁéﬁ%ec%mbﬁ% RIMeaR 6.0 8% OlerplafobBhite Ahdfd pRYGILIY M Beast
Fig. 2: Proportion of nzatgﬁhagm des pteronyssi nus mPes caught 1n
t he | ur03ap.anore Poriessblyahleatt 050, edepmpregirefesebbiaiieast Ite: 10 Fig. 3:
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t o 10. 05Bevempbsifionsmeealsecomprist oo pr hbrarother rhite @RIochamamlspEspadially one
(R-1i yssinus, B) racemc |inonene and Q)

(R -1i ﬁg{r%fg%%t?iglaant%g&&%ﬁ g. 6: Percentage Mrtality Data for

Dennat ophagoi des farinae after exposure to pyrethrum 20 Exanple 1-
Neryl EqQrmate METHCODS AND,MATERI ALS Hoyse dust njtes.

Dennat OgRABYURE 2 Tome? gader, irispeta wum (et
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Hherravides the usg ol pe

et at, 820Q#%ht. fhivisd apbagied des pteronyssinus mtes were fed on a
m xture of ground yeast 25 cells (Al lison) and fish fl akes

(TéPraM n), at 23-25C and 70-75%rel ative humidity (Spieksma, 1967;
Arlian Shydby WMQEO%QS%%%QEQCn ﬂﬁﬁ&nﬁ&%tﬁgﬁqf Eée%tgmés' th it

. 1 )
requi red for behavi oural bioassays a em cal anal ysis. eparation
of house dust nmite extracts. Dernatophagoi des farinae and D.

pterony§g ﬂ%ided is the use of neryl formate and/or limonene and an acaricide to produce a lure-

and-kill composition for house dust mites. A lure-and-kill composition is a composition that

20 attracts house dust mites to it and then kills them. The term lure-and-kill is well known in the
art,

Further provided is a method of luring house dust mites comprising exposing the house dust

mites to neryl formate and/or limonene.

25
The term exposing house dust mites to neryl formate and/or limonene preferably means
placing neryl formate and/or limonene near to house dust mites. In particular, the neryl
formate and/or limonene may be placed within Scm of the mites, more preferably within 4cm
of the mite, even more preferably within 3 ¢cm of the mites.

30

The method may additionally include the step of exposing the house dust mites to an
acaricide. Preferably the house dust mites are exposed to the acaricide simultaneously or

subsequently to exposure to the neryl formate and/or limonene.



30 cultures (0.1 g) were placed separately at the top of gl ass
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20  Example 1 - Neryl Formate

METHODS AND MATERIALS

House dust mites. Dermatophagoides farinae were reared as previously reported (Skelton et

al., 2007). Dermatophagoides pteronyssinus mites were fed on a mixture of ground yeast
25  cells (Allison) and fish flakes (TetraMin), at 23-25°C and 70-75% relative humidity

(Spieksma, 1967; Arlian et al., 1990) and maintained under these conditions until required for

behavioural bioassays and chemical analysis.

Preparation of house dust mite extracis. Dermatophagoides farinae and D. pteronyssinus
30  cuitures (0.1 g) were placed separately at the top of glass measuring cylinders (100 ml)
containing saturated NaCl solution (80 ml) (Hart and Fain, 1987; Fain and Hart, 1986). After
10-15 min, mites that remained floating were pipetted into a glass vial. Distilled hexane (10
ml) was added and then left at 4°C ovemnight. The solvent layer of each extract was removed

into a clean vial, and dried using anhydrous magnesium sulphate. The extract was filtered
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then maintained at 30°C for 30 sec, and then programmed at 5°C/min increments to 120°C,

followed by 10°C/min to 240°C. The carrier gas was hydrogen.

30 Gas Chromatography-Mass Spectrometry (GC-MS). Mite extracts and fractions were
analysed using a VG AutoSpec mass spectrometer (Fisons Instruments, Manchester, UK),
coupled to a Hewlett Packard 5890 GC equipped with a cool-on-column injector. Ionization
was by electron impact (70eV, 250°C). The GC oven was programmed to heat at 30°C for 5
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RESULTS



Ver mat ophagoi des farinae did not denonstrate significant behavi oural
activity to fractions one, two, three, five and six derived fromthe
D. fari naewextwsobsiz but did respond significantly to frescEodkoono
Neryl formate was tentatively identifited in fraction four using

GC- M5, and 15 confirnmed by peak enhancenent, using both a HP-1 and DB
wax columm. Neryl formate has only been previously tentatively

i dent i f¢@iragtion codp@wenyicationbet Neidl fHardta deoupted OC-MSenmippissofithe D,

extracts,.. 90., Jatam et a 001) ,as,n .
enhancd it UEIRE sfleclba nhtiy SMATYR horl 1 fOh £ To{ el gn wes
el i ci t edbnimed by tharb-infetibont atfmdtisres pathshauthentiasasaabhdd fainete of tid
fari nae,and,D. pter Ssi nys, at concentrations of | ng 20 Mg.
Cner 266 Ghrbof PRSP 0Fharuon gtk el PRBTH ERRLgat:
coneenthethd@es arthOlint FABWA CorfadieQ@l Y0 if:aR GhitPRN daR@IHdd B®De 1.32 % 0.2 ng
significantly respond to f3-acaridial at | Ong (Shimzu et at, 2001
and Lar®8g1-3 i3 nRdRbmalss gad Asmalen tejpacEeginn dde emopairef mryl fomnaty Ryr D.
| ar dol . ( i
neryl faross R R SN £ 1 pE TR P11 B forhiDmd (0600 YARAS.
con- speuditativeranalasis of ding air ningjnmentysamiptes iadieated neryefamate w4 presest jn
nei t herbolaiD itn%tgr}t\[{zsgg 082k 'Df %ri f[t]%?imszshoxvt\l%c s significant

pr ef erence for & rReY arm The T &SUPPS ST Rt hat the cheni cal

caudi ng the behaviour observed in the initial fraction experinment was

elicit by. the presen of _neryl for . Dat a, an sis of the ti
Showed T Aleurb AP O LouH DR Mis Ra8e Eei4a i B oD HeshoRfes Gheles o
si gni f ife@les vf B, (E-rE&) o thdBEatMBRMrBXREREshIY QighBicidt WiRinBdBion For Wi S
does not infer D. pteronyssinus wal ked faster, as the track 30 the

mite nofEe @& oriPWdE=Aof REs iradd). Ao significans diffesmnceivan fngd for he othpt o
respondgfybe 1886y formate, by definition the chem cal is not acting
as an aggregation pheronone, however, sem ochem cals are known to
i ndi#dce sinmilar behaviour in closely related species. For exanple,

nery| RIBYE A DBl RUBKRel Dove YDA08 CRRIARETLELL00RARD 1P

12 sa avi our al”“respons our” specl es s mtes
( Aki yarfemates af D. /£8@7 wheinweposd, to nbigy] farinateatt 10ag i’ = 202HEE=ilnPROUSE

dust m_t e..behavjour . kremngi cl ear.. r mat pphagoi.d f ari nae,have
boon ons LA THOCHE &7 FE20h ARl Bb bl PRt Eitant s 385 b
et at, (ERu)3)amte poibal f3spdnaés atesand fBnalet of Dnyﬁeﬁérzzmnmﬁwaexbe@bsed to
obser ved yi clustering tpgether in this s A. Skelton, personal

tud
obr v e fymaf oty Qatan | Lieny 45T P i A0 L A0 And 180 P € trohlatroth= Ls
i ni tiated Py1.ap -ARHLIeRNLIAGGHRLGA 1B"thE RAHL UIRAGIAS BV $GnANS tri ik ﬁ,).

faeces, but t'he study observing this behaviour did not identify the
cheni cafovsver ey waresolisprved vatipmeingherespensesliggwyen gendsrafheanaleshel D.

behavi A I it h .t =
presente %{‘e {nﬁ}é@%ﬁ%&ﬁ%ﬁ?ﬁ?@%g&%&ﬁﬁ@é t?n;l?r&fr@)o ale ?* fem)gn eEtGEdgﬁg}j_ L,
suggestB<it051@ waY) bal the\fetneies démortstreted laus gréfi¢ant rdspimav ionlyr at a0 dp(d e
du m 1N cologi cal henefits af clusterin hou dust.ntes
codPd b6te(f:§1’(5")r ei ?h%rgpq?%’éict_ %ﬁ'eﬁgl@lte%’ Q‘r‘%’ﬁ’f"é‘%ﬁﬁ}’ﬁgéﬁ%ﬂ%&gﬁ% %§’g3ﬂ{gam
def enceesppadianinem Mris aiRY n€ baist(®t =t@QERidrer 1, tro< el ge= DO wiidtdaar
area that is exposed to the drier_environnent and subsequentl

pr event AR A Argiqystives demansigatedia pgrificeptsergarssito bethd Ozed r%%%éf =

aggr egat @ £ Q.4 M=-20),SHACT00ADBRISElst gr LadyYce oGt 6f = e S ThYe" $EEGoNI
the 15 surface area of the individual® arthropod, and this behaviour
has beé&ignifissetrdi€ereness Su thedomtims taken bd garindeent b praronysfimsfo Indysaaste

B T e T

t enper §tGing agaost i 0dringd iof yenyhforiaetey (F e@.3Hfad, Pach.023 drnsihdegaffecty (X ke

ol ust enidhg P2yl oy 5Bl TESRRES s SRk S e RIS eRksng baRE! 5L U Shae
taken by D. farinae compared to D. pteronyssinus to move past the 1 cm mark point of the
arm containing neryl formate (F= 10.30, df= 1, P < 0.02).




13 Exanple 2 - Neryl Formate Devel opment of senzi-fleld bioassay for
testing sem ochemcals 5Initially, a bioassay was designed to test
the effi cawp20dvy/menyl formate in attracting popul ati onecafGRzh@/000140
Aneri can house dust mte, Dernmatophagdi des farinae, and the European
house dust mte, D. pteronyssinus, from carpet sections. The bi oassay
I nvol ved the placenent of D. farinae and D. pteronyssinus onto cut

car pet discs (5cn1in dianeter) whi ch were placed underneath a gl ass
bot h ob i ned
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(sel Tabl e 1). The anal ysi s of devi ance for both responses was
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( Rot haﬁg{sﬁ}%ggbgrch). Tabl e 1 Accunul ated Anal ysis of Variance
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b Db one, two, three, five and six derived from the D. farinae extract, but did respond significantly
to fraction four. Neryl formate was tentatively identified in fraction four using GC-MS, and

15 confirmed by peak enhancement, using both a HP-1 and DB wax column. Neryl formate has
only been previously tentatively identified as a component of both D. farinae and D.
preronyssinus extracts (Kuwahara et af., 1990; Tatami et al., 2001) as no peak enhancement

was carried out. In the current study, neryl formate elicited significant orientated responses

by males and females of D. farinae and D. pteronyssinus at concentrations of 10ng and

20 100ng. Other astigmatic mite aggregation pheromones are active at these concentrations: for
example Caloglyphus polyphyllae mites significantly respond to B-acaridial at 10ng (Shimizu

et al., 2001} and Lardoglyphus konoi significantly responds to (1R, 3R, 5R, 7R) lardolure at

10ppm (10ng/pl) (Kuwahara ef al.,, 1991). When synthetic neryl formate was tested for
behavioural responses against the con-specific extract containing neryl formate at the same

25  level, neither D. pteronyssinus nor D. farinae showed a significant preference for either arm.
The results confirm that the chemical causing the behaviour observed in the initial fraction
experiment was elicited by the presence of neryl formate. Data analysis of the time showed

D, pteronyssinus and D. farinae moved along the arm at significantly different times when

exposed to neryl formate, but this does not infer D. pteronyssinus walked faster, as the track

30  the mite moved along was not measured.

As both species of house dust mite responded to neryl formate, by definition the chemical is
not acting as an aggregation pheromone, however, semiochemicals are known to induce

similar behaviour in closely related species. For example, neryl formate and citral evoke the
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same behavioural response in four species of Rhizoglyphus mites (Akiyama et al., 1997).
However, the role of neryl formate in house dust mite behaviour remains unclear.
Dermatophagoides farinae have been observed clustering in the laboratory (Glass ef al.,
1998; Reka et al., 1992) and both D. farinae and D. pteronyssinus have been observed
clustering together in this study (A. Skelton, personal observation). It has been suggested
that the clustering behaviour is initiated by an arrestant-aggregation pheromone in house dust
mite faeces, but the study observing this behaviour did not identify the chemical or chemicals
involved (Reka et al., 1992). Therefore, the behavioural responses observed to neryl formate,
along with the presence of the chemical in house dust mite volatile collections, suggests it
may be involved in the clustering behaviour of house dust mites. The ecological benefits of
clustering by house dust mites could be to either protect themselves from dehydration, or as a
defence mechanism. Mites may cluster together to reduce the surface area that is exposed to
the drier environment and subsequently prevent dehydration. There is evidence to suggest
that arthropods aggregate to form a “super-organism” to reduce water loss by reducing the
surface area of the individual arthropod, and this behaviour has been observed in Stenotarus
rotundus, the tropical fungus beetle (Yoder et al., 1992). However, males of a D. farinae
colony have been observed clustering at hydrating conditions (75 % RIH). Therefore,
temperature and humidity may be ruled out as factors instigating the clustering behavioural
response, and semiochemicals suggested (Glass et al., 1998). Alternatively, clustering
together may serve as a defence mechanism to protect against potential predators, e.g.
Cheyletidae mites (Colloff, 1991) and the formation of big clusters of house dust mites in the
homes may disorientate the predators at locating an individual mite (Franz et al., 2001).
However, neryl formate may play no role in the clustering of mites. The chemical is
cormmonly found in astigmatic mites (Kuwahara, 2004), and was recently discovered as an
aggregation pheromone in Rhizoglyphus setosus (Kuwahara, 2006). Neryl formate may be
involved in house dust mite recognition of a population presence, with subsequent species-
specific semiochemical cues wused later to locate a mate, e.g 2-hydroxy-6-
methylbenzaldehyde, which initiates mounting behaviour in male D. farinae (Tatami ef al.,

2001).

The lack of behavioural studies on house dust mites, including studies in homes, has
contributed to the problem of house dust mite control. However, the current study has
identified a means for controlling house dust mite populations, and could ultimately help in

alleviating the symptoms associated with atopic diseases.
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Example 2 - Neryl Formate

Development of semi-field bioassay for testing semiochemicals
5 Initially, a bioassay was designed to test the efficacy of neryl formate in attracting
populations of the American house dust mite, Dermatophagoides farinae, and the European
house dust mite, D. pteronyssinus, from carpet sections. The bioassay involved the placement
of D, farinae and D. pteronyssinus onto cut carpet discs (Scm in diameter) which were placed
underneath a glass Petri dish to maintain humidity. Two types of carpet (both obtained from
10 Heuga Home Flooring BV) were tested: cut pile (Simply Soft Aquarius) and loop pile
(Working Week Boucle Ink Pad). Aliquots of a 10 ng/ 10 pl neryl formate solution (in
hexane) were used for the lure treatment, whilst hexane alone was used for the control. Both
solutions were injected onto filter paper discs (2 em diameter) and placed into the centre of
the carpet discs. After an allocated time interval (1, 5, 10, 20 or 40 min), a sticky trap was
15 placed onto the carpet to capture the mites, and subsequently placed under a microscope to
record the amount and position of the mites, to ascertain if the mites had moved from their
original position. Data were analysed using a generalized linear model assuming a binomial
distribution with a logit link and dispersion parameter equal to 1.0 (see Table 1). The
analysis of deviance for both responses was obtained using the MODEL procedure as
20  implemented in GenStat 8.0 (Rothamsted Research).

Table 1 Accumulated Analysis of Variance

Total Numbers Target against Target against
Retrieved count
Factor D. D, D, D, D, D,
farinae  pterony farinae pieronyssi farinae  pleronyssi
ssinus nus nus

Carpet <.001 <.001 <.001 0.001 0.003 0.080
Treatment <001 <.001 <001 <.001 <001 0.022
Time 0.462 0.514 0.004 <.001 0.007 <,001
Carpet. Treatment 0.053 0.942 0.039 0.673 0.086 0.550
Carpet.Time 0.779 0.290 0.653 0.294 0.858 0.142
Treatment. Time 0.238 0.288 0.105 0.595 0.119 0.836

Carpet.Treatment.Time  0.635 0.907 0.231 0.316 0.265 0.184

Target data corresponds to mites found on the filter paper or in the area where the filter paper
25  was placed. n=40 number of mites per bioassay. Count = numbers retrieved in bioassay

The data suggested that the presence of neryl formate significantly increased the number of

mites retrieved on sticky traps, with the lures working more effectively on the cut pile carpet
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than the loop pile (see Figs 1 & 2). The practicality of using a physical trap was assessed
after these experiments. Consequently, it was proposed that using nery! formate in a slow-
release formulation, which could be shaken on to the carpets to lure the mites to the surface,
then subsequently removed by vacuum cleaning, would be more feasible and a user-friendly

5  concept.

Development of a slow-release powder formulation for neryl formate
Neryl formate was formulated into a wax, then into silicate particles (100 pm diameter).
Three formulations were developed, at 5 %, 0.5 % and 0.05 %. To determine the release rate
10 for neryl formate from each formulation, small amounts (1 mg) were subjected to air
entrainment using TENAX TA as adsorbent. Time interval periods for sampling were 1, 20
and 40 minutes. After the allocated time, TENAX TA tubes were removed, and the trapped
volatiles were analysed on a Hewlett Packard 6890 GC, equipped with a cross-linked methyl
silicone capillary column (50m, 0.25 mm id, 0.32 pm film thickness) and a FID. The
15  compound was removed from the tube onfo the GC column by thermal desorption, using a
PTV unit, which was programmed to heat rapidly from 30°C to 220°C (16°C/s). The GC
oven was maintained at 30°C for 30 seconds, then programmed to rise at 5°C/min to 120°C,
followed by 10°C/min to 240°C. The carrier gas was hydrogen. Release rates for the three
formulations are shown below (Fig 3).
20
The neryl formate formulation at 0.05 % was selected for further work. Twenty and forty
minutes were chosen as the two time points to test the formulation, compared against a blank

formulation, using the bicassay described above.

25 Table 2 Accumulated Analysis of Variance

Factor Total Numbers Retrieved Numbers in “Sprinkle
Zone”

Treatment 0.004 <.001

Time 0.066 0.052

Treatment. Time 0.966 0.557

“sprinkle zone” = the area of carpet covered by the powder.
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Dermatophagoides pteronyssinus mites were fed on a mixture of ground yeast cells (Allison)
and fish flakes (TetraMin), at 23-25°C and 70-75% relative humidity (Spieksma, 1967; Arlian
et al., 1990) and maintained under these conditions until required for behavioural bioassays
and chemical analysis.

10
Preparation of house dust mite extracts.
D. pteronyssinus cultures (0.1 g) were placed separately at the top of glass measuring
cylinders (100 ml) containing saturated NaCl solution (80 ml) (Hart and Fain, 1987; Fain and
Hart, 1986). After 10-15 min, mites that remained floating were pipetted into a glass vial.

15  Distilled hexane (10 ml) was added and then left at 4°C overnight. The solvent layer of each
extract was removed into a clean vial, and dried using anhydrous magnesium sulphate. The
extract was filtered and concentrated under a gentle stream of nitrogen to a volume of either
50 or 100 pl. The D. farinae extract was fractionated by liquid chromatography over
Florisil® (60-100 mesh, Aldrich Chemical Company, Gillingham, UK), using distilled

20  hexane (100 %), hexane: diethyl ether (5, 10, 20, 50 %), diethyl ether (100 %) and
dichloromethane (100 %) as eluants.

Collection of House Dust Mite Volatiles.
Dermatophagoides pteronyssinus mites were transferred from a Petri dish into the PTFE tube
25  using a glass pipeite tip and gentle suction, Silanized glass wool was compacted at both ends
of the PTFE tube and attached to Tenax TA tubes, at one end, and sealed using Swagelok
connectors at the other. A control was carried out simuitaneously with another PTFE tube
compacted with glass wool and either left empty or containing fish flakes. A positive
humidified air-flow was introduced into the PTFE fubes at 100 ml/min, through a charcoal
30  filter to reduce confamination, whilst a negative air-flow was drawn through the PTFE tubes
simultaneously at 100 ml/min to indicate the air speed through the PTFE tubes. The air

entrainment lasted for 24 h after which the Tenax TA tubes were removed.

Gas Chromatography (GC).
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programmed to heat at 30°C for 5 min and then 5°C/min until 250°C. The carrier gas was
helium. Tentative identifications of mite-specific peaks were based upon comparison of
acquired mass spectra with current MS databases (NIST, 2005) or with MS data published in

20  the literature. Identifications were confirmed by peak enhancement with authentic samples
(Pickett, 1990).

Confirmation of Limonene in Dermatophagoides pteronyssinus extracts
Limonene was tentatively identified in D. pteronyssinus extracts by GC-MS but required

25  confirmation using peak enhancement.

Materials and Methods

Equipment

R (4) Limonene 97 % (Sigma Aldrich)
30 S () Limonene 98 % (Sigma Aldrich)

D. pteronyssinus exiract

Procedure
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2663.9 ppm and 225.86 ppm respectively.
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limonene is in the form of the R-(+)-limonene enantiomer.

7. The use of neryl formate as a lure or an attractant for mites, wherein the mites

are house dust mites.

8. The use of neryl formate and limonene as a lure or an attractant for mites
wherein the limonene is in the form of the R-(+)-limonene enantiomer, wherein

the mites are house dust mites.

9. The use of neryl formate and an acaricide to produce a lure-and-kill composition
for mites, wherein the mites are house dust mites.

10. The use of neryl formate and limonene and an acaricide to produce a lure-and-
kill composition for mites wherein the limonene is in the form of the R-(+)-

limonene enantiomer, wherein the mites are house dust mites.



2. A conposition for luring and kiIIiE%]nites conprising neryl
formate and an acaricide, wherein the“ftes are house dust mtes. 3.
A conposition for luring and killing mtes according to claim?2
further conprising |inonene wherein the linonene is in the form of
the R (+)-1i e

mtes. 4 A Qonynaned Sbh AR R hp B g R Sna I RS BBt e
one or nore addbwimnaﬂeattractants. 5. Akit for Iurlng and killing
mtes conprising a supply of neryl formate and a supply of an
acaricide, wherein the mtes are house dust mtes. 6. A kit according
to claimb5 fl@r tAhemethodmidirgignypuae stupipinites Eornpriringe axposimgrtbe rtnoutr.edust mites
limonene is in tpe Iffgrrﬁngtgfanﬁn%olﬁeg XNhe|' eh grpe%%tll e form 0 rtlli(la BS?F)-
of neryl formate a UFE Or an attractant. nltes Wher e %

m tes are housknonse ematésner8. The use of neryl formate and |imonene
as a lure or an attractant for mtes wherein the Iinonene is in the
formof the R-(+)-linbnene enantioner, wherein the mtes are house
dust mtes. 18. THhmetiwd affclairaryll orf1&; fmther esrdprEincatbarsten diesXposipg ddloeuse
| ure-and-Kki l | tes, wherein the mtes are house dust
mtes. 10. The&ﬁggﬁ%%tt g& %éﬂbqgmate and |inonene and an acaricide to
produce a | ure-andkill conp05|t|on for mtes wherein the linonene is
in the formof the R (+)- |linonene enantioner, wherein the mtes are
house dust mites. 24 11. A method of luring house dust mtes

conpri sing exposing the house dust mtes to neryl formate. 12. A

met hod of luring house dust mtes conprising exposing the house dust
mtes to neryl formate and |inobnene wherein the Iinonene is in the
formof the R (+)- |inonene enantioner. 13. The nethod of claim 11l or
12, further conprising the step of exposing the house dust mtes to
an acari ci de.



