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stations" have been utilized in an attempt to attract termites and thereby trap and/or destroy
the termites that enter into such bait stations. Bait stations are available in a variety of
20 shapes, sizes and structures, but principally rely upon the attractiveness of a cellulose
product, such as paper or wood, to attract termite populations. Itis believed that the termites
are attracted to the cellulose wood product as a food source, however, prior art investigators
have never conclusively determined what particular aspect of the cellulose product used in
such bait stations actually is the attractive agent. Such cellulose products are typically treated
25  with a toxin so that when the termites consume the treated cellulose products, such termites
are incapacitated and/or killed. A significant problem in“termite control, however, is the
rejection of baits by termites.
There is presently a long felt but unsolved need for a method and device that
overcomes bait rejection by termites, overcomes desertion of bait stations, and causes
30 termites to increase their consumption of baits that contain insecticides, ina fashion superior
to prior art methods and devices.
The damages caused by such insects is estimated to be over one billion dollars in the

U.S. alone. Although pesticides have been used in the past to remedy such problems, they
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One advantage of the present invention is that the use of sitosterol, without short
acting toxic compounds avoids problems encountered in the prior art where termites are
killed by a toxic agent before such termites spread a toxicant throughout the termite colony,
thus leading to a decrease in baiting efficacy. Other problems in the prior art relate to eating

20 deterrent effects evidenced when particular bait materials have pesticides added to such
material.

The present invention encompasses the use of any chemical source of sitosterol at x
various concentrations in order to increase and/or otherwise manipulate the feeding habits
of R. tibialis. Moreover, any biological source of sitosterol at any effective concentration to

25  increase or manipulate such feeding is also within the scope of the present invention. For
example, bacteria, yeast, etc. that produce sitosterol, particularly genetically engineering
microorganisms, can be used in the present invention. Finally, chemical mimics of sitosterol
(which one of ordinary skill in the art will appreciate how to make and use given the
guidance provided in the present specification as well as that provided in the prior art

30  incorporated herein by this reference) can also be used at a wide range of effective

concentrations to increase or manipulate the feeding of the above-referenced termite. .
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Forest Products Journal 44: 33-36). Aspen wood (Populus trenul oi des) was
purchased froma | ocal |unber \éard Sears Trostel . Fort Collins, Colorado).
The aspen BRIEF DESCRIPTION OF THE DRAWINGS
10 Fig. 1 is a box graph that illustrates the percent eaten in grams of a control substance
as compared to a sitosterol substance.
Fig. 2 is abox graph that illustrates TLC feeding plates indicating a control substance
as compared to different levels of sitosterol containing substances.
Fig. 3 is a graph illustrating the percent paper bait matrix eaten by comparing a

15  controlled substance with various concentrations of a sitosterol-containing substance.

DETAILED DESCRIPTION

The present invention is generally directed to using sitosterol as a feeding stimulant

for the subterranean termite species Reticulitermes tibialis, Reticulitermes flavipes, and

20  Reticulitermes virginicus. Aspenwood has been documented as a preferred wood by termites
(Myles, T. 1994. Forest Products Journal 44: 33-36). Aspen wood (Populus tremuloides)

was purchased from a local lumber yard (Sears Trostel, Fort Collins, Colorado). The aspen
wood was cut into shavings with a drill press (Delta 16.5@ Drill Press) and extracted briefly

with hexane (1 gram, 10 minutes). Trimethylsilyl (TMS) derivatives of the compounds in

25  the hexane extract were prepared with bis(trimethylsilyl)trifluoroacetamide (BSTFA), and
1% trimethylchlorosilane by heating at 65°C for 30 minutes. Gas chromatography-mass
spectrometric analysis was conducted with a Hewlett-Packard Il 5890 GC and 5971 mass
selective detector. Sitosterol was chemically identified from the aspen wood extract on the

basis of its mass spectrum. An authentic sample of sitosterol (Sigma Chemical Company)

30  was also derivatized with BSTFA , and the sitosterol trimethylsilyl derivative had an identical

mass spectrum and gas chromatographic retention time.
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that had been eaten. total 15 jar traps were tested in the field.
15  traps were checked once a week for feedlng ‘When termite feeding was apparent, both
pellets were removed and weighed to determine the amount of each pellet that had been

eaten. A total of 15 jar traps were tested in the field.

Cellulose TLC Plate Feeding Bioassay
20 The present inventors show in the results of Fig. 2, the laboratory behavioral
bioassays that Reticulitermes tibialis fed significantly more on cellulose when treated with
sitosterol for every dose tested (30 ug, 100 ug, 300 ug). Such behavioral feeding bioassays
were conducted using the following protocol.
Termite workers (100) were removed from their storage tubs and placed in a smaller
25  Rubbermaid7 tub (414 ml) that contained soil (20% moisture). These termites were allowed
to acclimate to their new surroundings for 24 hours before the feeding bioassay began.
Solutions of sitosterol in acetone (1, 3, or 10ug/ul) were applied to the cellulose TLC squares
with a Hamilton syringe (100ul). A single cellulose square (13.43 mg of cellulose) was
evenly wetted with 30 ul of our acetone solution, thus applying a dose of 30, 100 or 300 ug
30  of sitosterol. Concentrations tested were therefore 2.23, 7.45 and 22.34 ug sitosterol/mg

cellulose. Placement of solutions on particular squares was random, and the cellulose TLC
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wer elsappAi smglez bait smmatea(50.Ofaeg bait svbstiate) Wanevenbnweijd wige 3Qulodgny acetone
solution, thus applying a dose of 30, 100 or 300 ug of sitosterol. Concentrations tested were
therefore 0.60, 2.00, and 5.99 ug sitosterol/mg bait substrate. Placement of solutions on
particular sides (left or right) of the bait matrix was random, and the bait matrix was allowed
to dry for 24 hours before testing. The bioassay began when the bait matrix was placed into
20  atub containing termites (100).

The present invention is therefore useful in several different applications relating to
termite pest management. Without being all inclusive, the present invention is directed to
the following:

(A)  The use of any biological or chemical source of sitosterol for increasing

25  feeding or inducing phagostimulatory responses by the termite species Reticulitermes tibialis,
Reticulitermes flavipes, and Reticulitermes virginicus.

B) The use of any chemical mimics of sitosterol for increasing Reticulitermes
tibialis, Reticulitermes flavipes, and Reticulitermes virginicus feeding or inducing
phagostimulatory responses.

30 (C)  Behavioral manipulation of Reticulitermes tibialis, Reticulitermes flavipes,

and Reticulitermes virginicus, including but not limited to the following:
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present invention, as set forth herein
15 Other termite feeding stimulants (reported by several researchers) can also be used
in conjunction with the present sitosterol formulations, including those mentioned in the
following references:.
1. D-aspartic acid and L-glutamic acid were fed upon more than a water control
by Coptotermes formosanus Shiraki. Chen, J., and G. Henderson (1996) J.
20 Chem. Ecol. 22: 2359-2369.
2. Hydroquinone, a termite labial gland secretion, stimulated feeding in
Mastotermes darviniensis and Coptotermes lacteus). PCT patent WO
00/36914 (29 June 2000).
3. An ergosterol-containing bait matrix was fed upon preferentially by C.
25 formosanus in a two-choice test with southern yellow pine. Rojas, G., and J.
Morales-Ramos (2001) J. Econ. Entomol. 94:506-510
The disadvantages of any of these used alone, however, is as follows:
1. D-aspartic acid has shown toxicity to termites in extended feeding tests (> 30
days). If termites are killed before they can spread a toxicant throughout the

30 colony, a decrease in baiting efficacy could result.



10 d. Use of sitosterol or sitosterol mmcs as co-feeding stinmulants for
Reticuliterines tibialis, Reticuliternmesflavipes, andReticuliternes

virgini cusooajosme Wi th other materials that may have fundaegntsat/bsp7s
different chemstry. e. Use of various nethods, materials, devices for
perform ng the function of the presegt invention, as set forth herein 15
glher Ejerm'te feeding stinulants (reported by several researchers) can al so
e use in cpnj ung cludin
those nenti oned in }Hg&g tﬁ-thlﬁt&ﬁr e?fe‘?: er e%%lgéﬁ%g Bhteggiélg‘ré %1?%1022?%%2% )
L-glutamc acid Weﬂhevbhdhtypﬁmmmmpmhnin a water control by Copt oterrres

f or rosanus Shi raki . Chen, nders 1996
22: 2359-236% 2. C&l@lﬂcﬁd{nﬁhﬁ%@hlbdtqf%rsﬁ? as LQ@%&&“&P%?’W% é‘é‘fegttggﬁmbag

stinulated feedin r I eus

PCT patent WO OO/%%@R%%@%S%%%%%@I%@&% egtre go%g%terﬁfl?ggﬁ?% %ltﬁg&bal%

matrisx was fed upogonpiokf Ehie sligeastlaypdayible. feedihg Heteiranzdfeviswhen thistbad-tatoi ce

Econ. "Entoml . 4 heUSEHS S iadyant ages of any of these Used &l one,
Msadvant ages of any of these used al one,

however, is foIIo oxicity to termtes

I n extended f ed(for%p({ ttéart(s>r g&a#thgsn%&%?l%?%&?%\yhg%e kil l gd before they

can spread a 1oxi CER udelvfangdietiical Bourcs6r sitobtorvf at amydﬁﬁam&a‘eonmlmaeaseng

ef ficacy could result. WO 03/039250 PCT/ US02/ 35975 Th

ph?goslt i {rul a]E O{K e e@@lypblgtehM@dﬁﬁﬁWe ’deﬁltl%d Retiey) zt@mes mfﬁmeau@néo t he

VO Ility o I Sp un nt hesi s |nh|b|tors such as

hexaf1 umur on, were 86‘%‘2 WSSYZWI”C%%?GF&n%Hi X resulting in | ess feedi ng on

the treated hait nghshse of APAGI8EichIGotiics of Stdaanélaohny cohtatatiggrshcraageossi bl e

feeding deterrent effect when this bait had
or manipulate Reticulitermes tibialis, Reticulitermes flavipes, and

Reticulitermes virginicus feeding.

- The use of any chemical mimics of sitosterol at any concentration to increase

15 or manipulate Reticulitermes tibialis, Reticulitermes flavipes, and
Reticulitermes virginicus feeding.

Several aspects of sitosterol make it a promising compound for enhancing
Reticulitermes tibialis control. Sitosterol is a stable, nonvolatile compound which has shown
no toxic effects to termites. Termite baits are most frequently placed in the soil where

20 moisture conditions are a factor. Sitosterol is a hydrophobic compound which resists being
washed off by soil moisture. Sitosterol has little toxic risk, and it has been tested in humans
as an alternative method to lower plasma cholesterol levels. Sitosterol is an economically
rational additive to a bait system. The cost of the sitosterol needed to treat one bait roll of
the size and proportion of paper is about one cent to reach the concentration of our highest

25  tested dose (300 ug).

The present invention is further directed to the use of a particular plant sterol or
stanol, such material selected from the group consisting of beta-sitosterol, alpha-sitosterol
and gamma-sitosterol, or a combination thereof, and including any mimics of such chemicals
which have similar chemical functionality and/or structure.

30 Also incorporated herein in its entirety is pending U.S. Patent Application No.
09/573,795 filed May 16, 2000 by BERNKLAU et al.. Moreover, to supplement the written



a pesticide added to it. The component parts or steps of the present

i nvention include: The use of any chem cal source of sitosterol at any
concent r aWD®R/031250 ncr ease or mani pul ate Reticuliterines PCHiENY/33975
Reticuliterines flavipes, and 10 Reticulitermes virginicus feeding. The
use of any biological source of sitosterol at any concentration to increase
or mani pulate Reticuliternmes tibialis, Reticuliternes flavipes, and
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description provided herein, the followng issued United States patents are
incorporated herein by this reference in their entireties, such references
provi di ngwvaddiosdi2smal i nformation w th respect to the nman®CaaiSoz/azses
conpounds, in particular sitosterol, useful in the present invention: U S.
Patent Nos. 6,162,483 filed April 22, 18998 by Wester; 4,265,824 filed 5
Decenber 5, 1979 by Koskenniska, et al.; 3,879,431 filed Cctober 5, 1993 by
Clark et bis claifiet 36, 349 filed June 29, 1998 by Karppanen, et al.;and

6, 068, 86%‘?‘@6@&%‘ 14, 1997 by Nussinovitch, et al.. Wile various
enbodi ment s ofl. t he Apmethedtfori inveading thehiatedee lné doodies e teroete dfithelegesud gnd | t

wi |l be apparent that further nodjfjcations and aaa tations of .the

i nvent i ofPegics| Reficuifermgs tiinlisn felculitermes o/ \@ipesh @nd Retiqufiterwes Yingiighsor essl y
under Sto?&l&él@% such nodifications and adaptations are within the spirit
and scope  present invention. WO 03/039250 PCT/US02/ 35975 10 What
is claimed isproididg sad feamitd Diormblatierssmaningeitdsidrale tlef tHederthiteywill feeelr i t e
of the genus and species Reticuliternes tihialis, Reticuljterines

f1 avi peson dhel frepylation, reerin spid GrAIudaiion isooRipiped by:adging: sitstralyies they
termte of%ﬁa Olnati on containing sitosterol so that the termte will feed
on the fOrmi ah'on, wherein said forrmul ation is obtained by addi ng
sitosterol to2the TheakthodbfORim 2, wHdteinssitl ieehuddtioGliriludes apprbeineitely $%i d
formul ation includes approximately 1 % of sitosterol. 10 3. The nethod of
C ai m 1, ob#iastarel. sai d fornul ati on i ncl udes approxi mately 2.23 ug
sitosterol /ng,of cell ul eolh . I g\@&ﬁl 1
fornfﬁ ation ié' pro?%h rengﬁlﬁﬁog aér;r[?ﬁe\%llg@{ﬂpg%d?Jrgﬁaﬁb?]en%hnjidte fdé(%n ?:%1 f2|3si ng an

encl osur g%gi@@gt@bmn?g)f@elﬁmg@,ent ration of sitosterol, wherein said

concentration is effective for inducing an enhanced phaaos,ti mul atory 15

response in a4t er nifhemsthed ofClaim A whereig saifl fymaration & preNifeding tereuis D or

substantial | Y5O A termite trap comprising an enclosure containing a concentration of
sitosterol, wherein said concentration is effective for inducing an enhanced phagostimulatory
15 response in a termite over a termite feeding source having a lesser or substantially no

concentration of sitosterol.

6. The termite trap of Claim 5, wherein said concentration is approximately 1%
of sitosterol.
7. The termite trap of Claim 5, wherein said concentration is approximately at

20  least 0.60 ug sitosterol/mg of a termite bait.
8. The termite trap of Claim 5, wherein said concentration is in pellet form.
9. The termite trap of Claim 5 further including soil therein.
10. A formulation for increasing the intake of food by a termite of the genus and
species Reticulitermes tibialis, Reticulitermes flavipes, and Reticulitermes virginicus,
25  wherein sitosterol or a mimic thereof is present in an amount of at least 300 micrograms at
a termite trap.
11.  The method of Claim 10, wherein said formulation includes approximately
1% of sitosterol.
12.  The method of Claim 10, wherein said formulation includes at least one of:

30  beta-sitosterol, alpha-sitosterol and gamma-sitosterol.



concentration of sitosterol. 6. The termte trap of Claim5, wherein said
concentration is approximately 1 % of sitosterol. 7. The termte trap of
Claimb5, wbhesesasesai d concentration is approxinmately at POTIESay3$59@5 60 ug
sitosterol/ng of a termte bait. 8. The termte trap of Caim5, wherein
said concentration is in pellet form119. The termte trap of Caimb5
further including soil therein. 10. A fornulation for increasing the intake
of Tood by a jerm ke Abmbiic IERHED, WibheiNARAbARMIREL] GULILTnEBRD-Aphid! TS,
Reticuliternmes fl avi pes, Retiéuliterines virginicus, 25 wherein

Si tostermhddj-gmtmmmdthﬁh@cpﬁnom qirrdefs”gmﬁteroh an anmount of at |east 300

m crograns at atermtetra e neth of { ai wherei n id
formul ation i Kl ud&he Bsprdef lé‘ll;p Iﬂ%eéﬁ Saé gaplatign mmi‘%i%s?ﬂ%"%f’% of

Cl ai m 10y, i It Qhited Heififimbn, £2AitinWRIRES infABitor

bet a- si tosﬁgﬁs‘ﬁl @hﬁnée?ttg%{%g)é a{r?d e%'jltrrmat Si ?ostelrlg%%V\Dl(% lr/10 1250

PCT/ 4S024ub5i@i&e tHat pkavelﬂéhﬂloltmtghwenﬂroﬁ;l tiismdtBoxastiea gresticsde drofrothmihed-i on

i ncl udes one of: D-asparti c acid, L-glutam c acid, hydroqui none, and

er gost ergicotinmd famidy odenaseidesf C ai m 10, wherein said fornul ation incl udes
one or nore o th @é}@ g4 on,
chitin synt hesbl- S i %hfogén fé{r’*ﬁgr{‘%ﬁﬁg b Z%Ctéa hg{ntpgmtn gﬂ]{e&fﬁe@ﬁf@éﬁé,

| uf enur ogitostebdlaorhing¥Sdtreas, RE¢resdcddeddinghabhief Redeulinéroet ibolidatfsaidttap of
pesticides. 15. A fornulation for use at termte traps conprising an

ef f ect i ves commaned toffeeding knbita thsreof srhepifeading emetherdhan sail foypulatieB- a f eedi ng
habi t, of Reticulit | i eg, t g
hablts thereo?élwhei{l tullal%fog fs(E]% ?hgjrkll&gegfl ?‘ﬁieg(‘fjlfrﬂztglgtofrli)/0 b%o&lggﬁi {%he

f or mul at ggnRtegdl, Qlﬁ[rﬁicg,ﬁ]eraﬁﬂler ein i ncI udes at |least 1% by weight is
sitosterol, or mmcs thereof.



