Conpositions for Treating Parkinson's D sease
Description The present invention relates to
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i mproved treatnent of diseases and di sorders of the
central nervous system i ncl ud{ ng Par ki nson's Di sease.
In particular, the aponorphine'is to be adm nistered
via pul monary inhal ation. Parkinson's Di sease
Par ki nson's Di sease was first described in England in
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to nmotor functions, such as sensory synptons (e.(g.
paiohan fustdieggreundmailwant.or rest | essness); aut onom c
synptonms (e.g. urinary incontinence and profuse
sweats); and psychiatric disorders (e.g. depression,
anxi ety and psychosis). One therapeutic approach
i nvol ves the adm ni stration of aponorphine, which is a
nor phi ne derivative and dopam nergi c agoni st. First
nooted as a treatnment for Parkinson's Disease as early
as 1951, the first clinical use of aponorphine was
first reported in 1970 by Cotzias et al, although its

. . " o o o o o



for different strength presentations. The system

should also allow the self-titrating to be on-going,
wowRdob/0s3Tes pati ent able to constantly change theECTIGB2008/050984

aponorphine to meet his or her synptons and needs.

This is desirable for a nunber, of reasons, not | east

in order to mnimse the adveége si de effects

associated with the treatnent (including enesis) and

to reduce the risk of apom)rphi ne sensitisation. It is

a further aimto reduce "off-periods" experienced by

h ient .as much ossi bl e an
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of medi cation. Nasal adm nistration of aponorphine

results in a Tmax of approximtely 15 m nutes.
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foll ow ng subcutaneous adm ni stration into the

abdom nal wall. After subcutaneous adm nistration,
aponor phi ne appears to have bioavailability equal to
that of an intravenous adm ni stration. Aponorphi ne
exhi bits |inear pharmacoki netics over a dose range of
2 to 8 ng foll owing a single subcutaneous injection of
aponor phine into the abdominal wall in patients with
I di opat hi ¢ Parki nson's di sease. Based upon the
assertion that the bioavailability of subcutaneously
adm ni st ered aponorphine is equal to that of

i ntravenously admi nistered aponorphine, it is
surpr|3|ng that the bloavallablllty of aponnrphlne
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provi ded, wherein the aponorphine is to be

adm ni stered by pul nonary inhalation. In a preferred
we@edodsitent , t he aponorphine is in the form of PEI/GB2008/050984

conposition according to the first aspect of the

present invention. New nethods, of treating di seases of

the central nervous system suth as Parkinson's

Di sease are provided, using new pharmaceuti cal

conposi tions conprising aponor phi ne which are
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paldﬁ B+ enbodi ments described herein are shown by
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i nvention. The principal features of this invention
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terra "conprising" in the cl ai ms and/or t he

specification nmay nmean "one," but it is also
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30t %H\%ﬂgcon‘ol nations thereof as used herein refers to
all pernutations and conbi nations of the listed itens
preceding the term For exanple, "A B, C or
conbi nations thereof is intended to include at | east
one of: A B, C, AB, AC, BC, or ABC, and if order is
inportant in a particular context, also BA CA CB,
CBA, BCA, ACB, BAC, or CAB. Continuing with this
exanpl e, expressly included are conbinations that
contain repeats of one or nore itemor term such ‘as
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I n anot her enbodi nent of the present invention, the

conposition used for treating conditions of the
wa@enwnsd74dier vous system includi ng Parki nson' sPOQI/68a88/050984
via inhal ati on conprises a nom nal dose of from about
4 ng of aponorphine (that is, {\pormr phi ne, aponor phi ne
free base, pharnaceutically acteptable salt(s) or
ester(s) thereof, based on the weight of the
hydrochl ori de salt) said dose may achi eve from about
1.5 -3.5 ng FPD of said apormrphi ne, such as 2.5 - 3.5

FPD, when del iyered fro pssw dry.p er.
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keep the particles separated and reduci ng the adhesion
of such particles to one another, to other particles
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aggl onerates break up, the active particles may return
to the formof small individual particles or

aggl onerates of small nunbers of particles which are
capabl e of reaching the | ower |ung. The additive
material nmay be in the formof particles which tend to
adhere to the surfaces of the active particles, as

di scl osed in WD 1997/03649. Alternatively, the
additive material may be coated on the surface of the
active particles by, for ' exanple a co-mlling method
as disclosed in WO 2002/ 43701. Preferably, the
addltlve naterlal |s an antl-adherent naterlal and It
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WD 1997/ 03649. Alternatively, the additive nmateri al

may be coated on the surface of the active particles
whyoohsa74exanpl e a co-mlling nmethod as di scl oBeGBROOSHIF0984
2002/ 43701 or on the surfaces of the carrier
particles, as disclosed in W 2002/00197. In one
enbodi ment, the additive is cdated onto the surface of
the carrier particles. This coating may be in the form
of particles of additive material adhering to the
suMhacpariofap peefesably eompaises ¢irst sangisecondtalkectoides sealed
interparticle forces such as Van der. Waal s_f orce S
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cagenerabiontdf @ dischargerspayk.f or m ng conposite particles
with a core of inert carrier material and additive
material on the surface. For exanple, such fusion of
t hghadslédtrotes@meqireRirablg donfe SRapeE whigh Histbfag@Yobslisation
achieved by co-jet mlling particles of additive
maOEFPAK IRlgsOasat érpatiewlre peist oniheip perfacmand Menee may
al s of the powder (active, carrier
anbrggﬁgtﬁ?égg?%érbgggfecjcessed toget her so that the
addi tive becones attached to or fused to both the
carrier particles and the active %grti cles, In one
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| actose. In certain enbodi nents of the present

i nvention, the aponorphine fornulation is a "carrier
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or its pharmaceutically acceptable salts or esters an
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wo S badd pleciftal B8N dE PSR adiner R reteibmetalic
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nore preferably less than 10 nm As indicated above,

t hgesetadly shepper apdtharpiara®refefredt s phar maceutical Iy
acceptable salts) particles of the powder should be
within the range of about fromO0.1 mmto 5 nmfor

20 ef fTeettubes gedfenabiyhave Internabdiamdtordn thibearmgd Benm to 14 mm
additive material is i%aréi culate form it may be
ad PRALRABE s rangeseMaéR €9 V@Mparticl es to have a
size outside the preferred range for delivery to the

| ower lung. The powder includes at |east 60% by wei ght
of In bseapodwspach theopregephimvenitaupiravaldsya artboed abgenerating
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a phaDimsshg acbolitlg atfeeptealltidgSrdm tes spatkaig by efe@is of an
based on the weight of the powder. It 1s believed that
t her e egtiterdngatedip dhe wiciniyithe glacirodasr oduci ng as
olittle powder as possible to the lungs, in particular
mat eri al other than the active ingredient to be
adm nistered to the patient. Therefore, the quantities
in which the additive nmaterial is added arepreferably
as small as possible. In one aspect the powder,
therefore, would conprise nore than 99% by wei ght of
aponor phi ne or a pharmaceutically acceptable salt or
ester thereof. Aponorphine can exist in a free base
formor as an acid addition salt. For the purposes of
t he present invention aponorphi ne hydrochl ori de and
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and machi ne surfaces or other particles, and
cavitation due to acceleration of the fluid may al
wa@enwwnsioud e to the fracture of the particles. BUI/GERI08/050984
honogeni sers i ncl ude Enul si Fl ex hi gh pressure
honogeni sers which are capable%of pressures up to 4000
bar, Niro Soavi high pressure honogeni sers (capabl e of
pressures up to 2000 bar), and Mcrofl uidics
M crof | ui di sers (maxi mum pressure 2750 bar). The
m Mhemulge sqesterably dieolisge higheptioan dd\ déred of duration shorter
mecro i¢¢|0|es W th nmass nedi an aerodynam ¢ di aneters
ﬁ?ﬁg '8 above. Honpbgeni sers may be nore suitable
than ball mlls for use in |large scal e preparations of
the conposite active particles. The mlling step nmay,
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padkxbbgﬁa such that effective m xing and effective
application of the additive material to the surfaces
of those particles is achieved. These inpact processes
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or between particles. Ih practicg, mhlle t hese
15 processes are good at making very snal | partlcles it
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d| Wﬁ:‘dcﬁﬁ gicopligyenents in resultant drug powders in
t he way observed for the conpressive process. It is
bel i eved that the second inpact processes are not as
ef g | ! i al
or P 1Mo HELRG, 00% 102 sttt 5, o7
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active material. The coating may be a di sconti nuous
coating. The additive material may be in the form of
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active materi al mlling or co-mcronising
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osite particles nade up of both

pr oduci n
mat\é sten th?ﬂgé &Vragpvt EemdBenbissistep HptiapsfoseriZc? ésrectified
co It ound to be | ess

30 é#e\%e@g%a%% drﬁ éaéﬁﬁféagﬁént At | east sone of
the conposite actlve particles may be in the form of
aggl oner at es. However, when the conposite active
particles are included in a pharmaceutica
conposition, the additive material pronotes the
di spersal of the conposite active particles on
adm ni stration of that conposition to a patient, via
actuation of an inhaler. MIling may al so be carried
out |n the presence of a naterlal mhlch can delay or

ey o o a1 . g,



Del i vety Devices The inhal able conpositions in

accordance with the present invention are preferably
wadwwnsyiered via a dry powder inhaler (DPl), BPCUL/GB2098/050984

al so be adm nistered via a pressurized netered dose

i nhaler (pMDI), or even via afebul ised systemlIn a

dry powder inhaler, the dose t'o be admnistered is

stored in the formof a nonpressurized dry powder and,

on actuation of the inhaler, the particles of the

powder are expelled fromthe device in the formof a

o B o B RS BB S e o
pel@@'ﬁéedurgﬁé!h Ctﬁ%dg'h é(‘@ﬁél*k éé‘pﬁ2ﬁ@tlb8@t‘éd$n *{’rﬁ@@khwlt'ysoftéhe

onIy source rovides a notive force’in
t hemi@eri 242. ESl”amgm&@r@‘ 12 pamdesedr aktgngsoageolingeé¢ethat is

dev e.t he Rqt ler a al er
Lk ied Rthe anBOisRE Fuisrts o T hienh 8 fisndspms agas rom
(t tl@émtéﬂ/ SpHac b ap @hvirbeméent, htticth Riwdrésiié sufPbasdhgand
Novol izer (trade mark) (M atris GrbH). Al ternatlve?
" atemperatyeyilaestypiopl peplicadgn, a fleyisecgeniaisingrtbe e@fntter 2-12
co
BRB%§ 99@ 5 lé'l%(lé’ %‘ﬁdcégé@[ég@g}ﬁ ﬁcqj”irgeee@ct%fs%ﬁ to cool
(t tl@@lewmﬁm tk(eM@@hur a) and the active inhaler deV| ce
produced by Nektar Therapeutics (as covered by US
Opatent No. 6,257, 233). It is generally considered that
di fri @' G8Lir G REBEFIPbhERS RIS t%rdEn‘?a'rétfe%ﬁ&Wéét oWPPHi h voltage
di spensed usi ng Sass I've and active type |n'h erg.
Pasmpuiseslevhicb giver aset ® thessodling mifeet) vall wotvhiben desxerlbed in

angioreBya wl6 oBRpin Bl s £ adti g tRe shepiiut of
MeLREGHIESGR §lﬂf%lé1fdi€ge'n%réth% A8phACINHIHjurdEBR NIt SN Bhhitter

the nature of the conposition, |ess deaggl omeration
15 up datasay bewad toipiediete a waeling deviee bwaeenrdagee wWithdhiss

i nhal e | es [Jole] Lon ip.the throat n,.

ondbepan: 718 4 BREbb! oMl pPine Garl ol 83beditbr 26 fiptds central to

t UEHBIGERGaLtiIvA O atSIREbRY disaltdrgéaipaek. This results in

nore of the netered dose belng extracted fromthe

blister or capsule and better deaggl oneration as the

po -

F o Bl ycepl i) Sl S8 Sloehy 7, SUEFS p U mpins
20 passaptordevattes, poderdasotare ead demesdtor la whoese obotput is in

throat deposition. It has been sur ri sing /%ipfl und t hat

t hBSADHEFIEIIRA BECANMESIEP APFRNSTPARRT 2-Gn 9% Frgtifier 2-4
hi Qéke%ﬁ%gﬂhht £8mhe ARPERIrRIE 223 REE Lﬂré"r‘]d\ﬁéé aM168e 2-5 and the
di spense sing both active and passive devi ces.

Whicbstrok dagpraesito e discarmeote s innearbbalsacadbsmigs ohpuLi nes

predi cted above with the different types of inhaler
devices, this loss is mnimal and still allows a

25 SU%E@@kbﬁ{pdh%ﬁ&oérte' Wb dHRg @H@E@&a&l@?? ®ks follows. The

aponor phine to bedeposited in"the |ung. Once it
r emqultag%dlrWQUrnamé sepplyct-phypieallysprosisies|ajouns 608w at

or Eer PistioadarE e dMerBlsfa:? ol s sele] LY sl yave.

hewﬁléh i%Sap‘&lédfa@rcﬁs(sfﬂwel Jtaharste0g t@inefataRe 2-Bedhisn
nore detail in WD 2001/ 00262, 2002/ 07805, WO

2002nsP8BET Zn? ISV INaEy t@mwertt%é inpsth @ AtraediEMureliage output
ar 0 r C
30 apgn; gg@@y%éﬂ’\ﬁ TRE oﬁhﬁﬁhy e{lﬂjoﬁ{ fHY tg%ﬁfl&gﬁé‘no%f’s% Bferefore an
present invention can be adm nistered with either
passive or active inhaler devices. In an alternative
enbodi nent, the conposition is a solution or
suspensi on, which is dispensed using a pressurised
nmet ered dose inhaler (pMDI). The conposition according
to this enbodi ment can conprise the dry powder
conposi tion di scussed above, nixed with or dissolved
|n a Iqu| d propel I ant such ‘as HFA 134a or HFA 227. In

TR r o o "



| actose (45-63 mm) The | actose was sieved to give
sanples with particles with a range of dianeter from
W@ 20088536 The first sieve screen size used WaBCHB8BRUS/050984
Successi ve sanpl es of approxinmately 500 mMl were sieved
mechanically for 5 mnutes. Thg second sieve screen
size used was 45 mm Successi Ve sanpl es of
approxi mately 250 nml were sieved nechanically for 10
m nutes. To prevent blinding of the sieve by the
I aattemtlpgrsugrcal et drbend 226 sTdTeebmdgmaaomaemammbra/feﬂerthis

two. sa taken fromthos a

LSIRAR RS Sl e Ui e e o eI SORRES TeuRhr Sagsals of
on chﬁ@n%euh?%ré@erﬁ@&i ByaMe diodeess. Phid hfé'dﬁﬁn %Hég’e be

consi der ed have a di aneter between 45-
Sanpldirectionaligirechctmert ip staredlie thebapaaiod (¢rrbar|1@ofactapa@itors)

5 et e parehETE Casdastertnige K hEABRIGLS! SInkH dtoune
(pa,lymzcl esize dq.5: 2.2 mm, A 210 g sanple of the

| act ose particles and 90 g sanple of the active
aponnrph|ne hydr ochl ori de partlcles were placed into

voumlesnabo nsf e ng . . .

oo Er e R Es Burtait etbatiotd Bl ging of this capacitor
ap@ﬂmdombamnwart@wm@ dethe et sRFE2 (FigGredP MWAS process. A
pl aced on top sandw ching the active particles. ‘Fhe

10| adimirg cgrntdolac;br@nﬂ phiang tgg inpa e dre fisst papsiosmes 2vikpee
r ] 0 d

D S B BB 25O B MRSl eaidintonn ugudld
t hemcuit Xéﬁithfe@éby7re@uﬂnié§$h@tar8&ﬂtdf pliecWatge inke thehprmery coil of

set at 30 rp this process was stopped at 1 mnute

i nthe Vangfoaﬁar £1% Kihedming eirits@iis 9y ayeentdswischapzed

m

oot e RpeRir 2t ARBHRLLLG e P Rtep RoTbahEl 0. 1f the
15 m %ietng oircuiR2 Seisaifi) sheatotdl agparciwrt 2r6tiballoweg pereceatrge, as

30 Tabl e_4
PSP AR AEEYe: Tie HMID orogb e shRERINA trgpistrwitch with
ab%ﬁr/kéﬁﬂtlﬁﬁ/lngfbd?ﬁ@ﬂeéwrﬁﬁ iﬁ%q;rﬁte‘%i Gt tﬁﬁé‘rc QHicHREs @A to permit
observed 1 m nut es post-i nhal ati on.
pr dizzhargingof the am.aodbs 26yl afpﬂnoﬁﬁf(thetorwer 1AUEED Igss. The

: [tsNote: The. 4
O SO ARSI eh 250 % PTG e THEORBb S Vahigpu
20 1699|t£@e (08 PifgH\GoIRgR5OBROAB0NA 2500 \B VA% BGHASIRF the

bl end.” These Tesul t's suggest a dose-proportional 3- to
5. Winfing dir¢uit2-&adhis iontpuias aplsedr phi ne pl asma
concentration. Safety results: Few patients
experienced treatnent energent adverse events (TEAES)
ang1dvived 8n We6Rp®, WA E irfiFigues @ngRshigh \fonﬁ%éignéma@hg
types of TEAEs arng the treatnent groups m nal
Do§Egent pulses.aytputdoomthe are0NG s tvan@fovmpr 2-9 are input to

to S

25 oA sEeRE o iRy £ 20BN T il Bhyeooaiiof B iofe Ak fses
Ap ar® thedtre e coiyeksrtethines acmgwwbltegé)% Shmaédn the sgion af. e 5 kV.
- Activel/ Passive DPls Sanples of the active particl

of THEGPEFHEARE- i‘@/tﬁ%]ﬂe&ﬁ%écr\ﬂé? éhe reciified oy;t,pq-];]f;grﬂéhe first
Wi 48 Bfrinef b@l@{)ar%ﬂglr\ﬁﬁﬁ 'Qe%f)ﬁ@rcﬁggcél oé’(ﬁ 410 ge rec?fled

magnesi um stearate parti C es were

apergmaph;then rdyshhacgéd)mtaﬂmqaapari«gaﬂ-d Ban Bhortempulses whose
n a Tur

0 i AlEaisns BhpBRioRerat pRrndREs el s tingg of the
by passi ng through a 315 nm si eve screen. The m xture
was then passed through a jet mlIl at a rate of 5

g/mn using 8 bar venturi pressure and5 bar grind
pressure. The m xture was then passed manual | y t hrough

a 315 mm si eve screen. Table 6: Performance data

Exanple 6: 50% jet mll|ed aponorphi ne hydrochl oride

and magnesi um stearate (Exanple 2) m xed with 50%

| act ose nechanofused mnth nagne3|un1stearate (a)
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device. The fornul ati on was assessed using an Ander son

Cascade I npactor at 57 L/mnute with 5 actuations per
was®ensitent . Tabl e 13: Resul t SGLUCAGON ANAL OGUESI/EBER10B050984

OF THE | NVENTI ON The present invention relates to

gl ucagon anal ogues and their di cal use, for exanple

in the treatnment of excess food intake, obesity and

excess wei ght. BACKGROUND OF THE | NVENTI ON

Preprogl ucagon is a 158 am no acid precursor

potrapsforimee 2thanhd itl$e dalubaexfeapraitdry2-pd oddesegbulse dimation

tis uestoform r of struturall

or SEPURAsORe Giere dud fBBise e s bheidefleAgsess fexible

( Gtéatorsgéuaha&@wahéfbﬁnelehtme@née( Blokhd tﬁét‘tﬁ@%‘&abitdﬁez 11

peptide-2 (GP-2), and oxyntonodulin (OXM. These

rrotsboullcidtavaraapa@ttam&eem the ragwunom‘ A7apk é@rysattsfactory operation.

|oIo c I cti,o i ncl udi n | ucose

sareE 212 BI5a80 T e gty B 8k P8 aar 2113 anh
l nbﬁéiitmdhﬂt isslgedtheasrome)] lﬁtsaeﬁrefs@ﬁldffthé @&cﬁérg}‘ﬁ’@ﬁnpulses in
i nt ake. ucagon is a 29-amno acid peptide that
com%§®@'ﬂ$(ﬂﬁpt 13ntheocaitied £xperierces @Jeﬁ o-static energy

ﬂug@%qé%a%%hgr I%nﬁ]dlltﬂjrea %qgig%-%ﬁjyr - Ser-Lys-Tyr-Le

u Asp- Ser - Arg Arg-
Al a- d n- Asp- Phe- Val - d n- Tr p- Leu- Met - Asn- Thr ( SE
10 noFiguyre @%@'QH%UISFHW(W“Q@G designg of ﬁearzhﬁap éé”t anfh
V"h'eFrﬁttérn@HQq’ F’ué@@nthctﬂﬁllﬁt/%ﬁ ."’\ffgﬂfé @&%Ho@?%&@‘ﬂllﬁtratlon
gl ucagon with an octapepti car boxyt erm nal "extension
( afmigure Sbi adsrd&ss dawtiBh abdngpliree AAcaEUE g0 3¢ laacrpasrsebion

PO 45 B T i Ut D 21
f U'eieo?r%@@@%‘égaﬁbfte@%ng“gé’dxmleﬁ‘%j%gidﬂally% & gion of 0.7 mm.

H s-Ser-d hr - Ser

15 Ser. he;@eqtmdeL 1Aspa13@domegsmrgedoa@d mmﬁaﬂypnmot/atee@nd
n Tr ttgﬁ Afgr(égé*r\" SIN@ 8%9)'%srr%89r}péidgpent of the invention,

bl qtep@le@ﬁrbblas afd syglellimansmamed ckddbdr centlinflgedrgsh a
30-amino acid, Ctermnally am dated peptide that

coﬁﬂé%@tmaﬁt t@theriinest aasess loadtﬂlﬁlomm adf are also suitable. The
01 SBaRS SR rFUKERE08 HemnRRoaR) et it Ok 9 Broviing the
20 on abepaubktiphes matetial dsrgtttd‘laebtru@és twhicle h@sumpgddecthee -

store in the f rmof C n - throu | ycogenosi s.
As ds¢83E98:PlMmpY %d%'ﬁ %'H‘"%I‘t]%%tg‘bcﬂﬁg %/r $rRERG a
t h%'té &bf B\Per%ﬂﬁd‘tﬁé' régP@Q@td LA 5 gillééhggg”e Ql){rrent to flow

gl uconeogenesis. Thi's glucose is released in
bI thrdagh etwnsumroemmng igag, tdwltut@nela)mmhmgdjetween the ends of

' t bl ood i n,
2B REETOUs 3ol b JberdaTS SHaPS is BVRLRUSIS Fhit adgys
25 Calsﬁétk% t6 XY acrOXMiheigap BREVSEPME EIBCHUES ﬁ/ﬂﬁout being
appetite and inhibit food i ntake in humans (Cohen et

aI restacteddp advasenpesiiomen dog elastronet dibis extendgghe life of the
%Ee ?’r ﬁé 2003; WD 2003/022304). In addition to
SR SPect i ¢ effects, which are simlar to those of
GP-1, OXMnust also affect body weight by another
mschanl sm since rats treated with oxyntonodulin show

| ed Serrsaitene: habigaithe fiFd eleriiader &daindds @ @beslly isolated
En 4 7 t §

30 roanelOf oo iier 2 20k o P B4TRTL weho PRI ibes
(Parlevliet et al, AmJ PhyS|oI Endocrlnol Met ab, 294,
E142-7, 2008) and suppresses body wei ght gain (WO
2003/ 022304) . OXM acti vates both the gl ucagon receptor
and the GLP-1 receptor with a two-fold higher potency
for the glucagon receptor over the G.P-1 receptor, but
is less potent than native glucagon and G.P-1 on their
respective receptors. ducagon is al so capabl e of
actlvatlng both receptors, though mnth a strong
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the residue at position 20 is selected from Gn, Lys,

Arg, Gu; the residue at position 24 is selected from
w@Rwo/0kBvwe Al a, Lys, Arg; the residue at positPONGBZ008®50984

selected from Met, Cys, Lys, Arg, Qu; the residue at

position 28 is selected from @s Ser, Lys, Qu, Ala,

Leu; and the residue at p03|t| n 29 is selected fron1

Thr, Gu, Lys. While naintaining consistency with the

definitions of the second aspect above, it may be

deshataive eotkiatly Fiaored Bbest theyeledtrddeclesdt at the oppeisdassde of

ondepeanpde &t Tiathabidinga. Seaicoend Beps atbostsatboth
249%9 of We' Mﬁtes 32§ C‘;\Sf”ser\?@tJ [olat8'eldcfridaly: thg%@sﬂfrom the

HSQGT FTSDYSKYL DSKAAQDFVON.
( sei@qtnodacanmisg Iead %@Gﬂbﬂfsmmﬂd 5t AMQOPICNY LA ¢ Batp

Th furth I
e PP Sl hagP AR OB S ge e BB ATy B8 o Sanangpema
t h@iidri‘ié't@ﬂbf 8rouNAMBrAXPARS RINgfh YE&tovh dCIPY. l'ﬁié‘@ui%lﬂ(t:ufbélB 4
nucl eic acid, and a host cell containing such

nu&pgia %e@%ﬂlaﬁﬂﬁi%@fsa@bindew aﬂ%leagim@ftéméiut 13mm. The

a5 Pafibt o4l BoRIRREAL JIOURIN 8 PLAY AR SRR RREr tube
IS g a ucagon anal ogue

heB@z I3, usaralig asaéetst erded) lpvatemepah@rmfeiopﬂn@mmm the emitter.

acid encaodi ng such_a gl ucagon analo ue peptide, an
10 ox pPESURSiv UELERRS BOHPHPSS AGVRDE echathErener pthesuter

hoﬁietéﬁhbe%oﬁltté‘ Pl Aht %stﬁsadé“vié%r;ﬁ@ béﬁii/éjerpihfeediﬂéie%Iié’ Bf the
vector, 1 n adm ture a carrie n preferred
errbnditeremdsthet demesimpped thead af sha efdrinonacedai cal |y
accept abl e conposition and the carrier is a
pharmaceutically acceptable carrier. The gl ucagon

pe!ﬂdri@ig FHERAREHISF tRRYd Ve tRd BhiT&aubeS§ 8l2 ﬁné%@ Bbé@ﬂn@
acid addition salt of the glucagon anal ogue.

15 conbamﬂﬁsele@tg@istaj@ally aad ressltioh the ieveise ng_chgrggqaqygwthe
nsRrl e et e der Al SR SIrERo sl etog he

t heurssioeacet dootipg et than dith8rdwd naRegIIsRt ifoyn frRant
to inply conplete cessation of weight gain. The

peptiTauRdipg\eroviasment. deeicadsairi n f ood i nt ake and/ or
i ncreased energy expenditure, resulting in the
observed effect on body wei ght. |Independently of their
20 ef 1reotdevobibeyemittieg bd prddueedisngffashdsisampontant thatititeé immpulse
naxehave a beneficial effect on %Iucose t ol erance and

ci VeViRQR PRRIRNRFTOsE MQPPREEARZ-TRdiasCr Rl prepesties. In

| oveni .

r AP PRI LB ot P hun ENEhuRE of AEE8%3 RY g eRebly
f o Kii.r &bis \mltagamhioablt be Hschprgeof inanymescrle tof oot agsethan

Cr dB MR RRe HBERFRlee 80 fmBdisPoyl ki S2utall charge

25 Obgﬁ'érﬁittePQeﬁZ fo¥atddikeRe '\/I%fiii@'@fabupéiec@i’égw fv1dted Iﬁ%ﬂi the
gal | bl adder di sease, obesity induced sleep apnea. They

mappatks@abé-t$sed for the treatnent of metabolic
syndrone, insulin resistance, glucose intolerance,
t ype- 2di abetes, hypertension, atherogenic

dyFigupe di igizAdetallse Eret @&81gh fored pANicRISSIRItAsIasd for the cooling
coronary heart disease, or stroke. Their effects in

t hé@élcécﬂfdhlﬁilfd)\f%“t'@ﬁy The lgw voliagedirech cuBen R SRRy 2-1
Wi i

30 " by D Ebnieqi & ko ffs BRCH HRCRRL AChY pRiousy, tis supply
of a conpound of the invention in the treatnent of a
condition as described above, in an individual in need
thereof. The invention al so provides a conpound of the
invention for use in a nethod of nedical treatnent,
particularly for use in a nethod of treatnent of a
condition as described above. The invention al so
provi des the use of a conpound of the invention in the
preparation of a nedicanent for the ‘treatment of a

o o o A o



consecutive |ysine residues. O her exenplary sequences

of Z are shown in WO 01/04156. Alternatively the
w@zda0en0m7m@l resi due of the sequence Z nay be aP@y6&B2008/050984

residue. This may assist in nodification (e.qg.

PEGyl ati on) of the conpound. |Ln such enbodi nents, the

sequence Z may, for exanpl e, Bé “only one amno acid in

length (i.e. Z = Cys) or may be two, three, four,

five, six or even nore am no acids in |ength. The

ot Fecoraminientiyqrdsidelidryed cequlated\switwhed rspde eraiteadagtor or by

popetaes chadn D ond B2 W 4 eietial S dB nedilag to control

| dgfe hbWeMd thel dRUROITHRSRARAE RehveesERS®r & indRatd by

portion of human OXM (whi ch has the sequence
Lymtﬁgr@iexé nWWIgUAs rRe:mtorS B1AR2) R3' amﬂ@émap(ayatoea‘rCﬂoCB and

ac:| 3 qu-é&gﬁg & ‘iﬂ{ rtaﬁ's g@-%itcopﬁ-gpthg?%%rre wave produced

DObyrwpt AQQVlFFEGLa?iﬁ)%ﬁer(th%neld%I[e)d ihgh& akc ifltaé Qdiuas dffifese
percentage of am no acid residues in t he gi ven peptide

s e§OBROBChIsArefalestae apPEenrialgly hiraryistes Qﬂn‘dl”rf]g)té?ﬁemat
o e AR EROI ERAIOL PR SARUAES o

ancbhﬁiinatldmtthaﬂensiurgs tapsistarQopiill et n@imgiyrmmrhéét. The

necessary % i dent | tr% val ues may be determ ned

10 wseeend Stfp(lm tragsfarmet 23 is rﬁeﬁ%@ageq R tEﬁﬁwvtdb%gram by T1,

26 ﬁl‘.@é

pagﬁr@?gg@ Z@QQSL%H are set ﬁ%ﬁﬂ r?eﬁ%fe?f'by Ulis

vathmeforémalsadj(snepabIFeng'ar‘e)rtatrmcﬁummltia@e twi Th. fThe medium
ver action =

o yoBRbG BiCetiE enlied nibnddtlroctne eRITE AL clfe Blersals
SCAHEBRR/chHRNb) HlodeAhYols). dPise BbRfbrant 'éﬁclﬂié@’@% 1t

mat chi ng identical residues as determ ned

15 WWARIghST- Iy, ba ¢+ deavary théeharging, a’cunwurrbvolta@ﬂ abieentssl
the_ref.er ne gaps introduced by WJ BLAST-2
i anp?‘ﬁ'EO 262?2 Ee%"gglj%nce to maxi m ze the alignnent
score being ignored), multiplied by 100. Thus, when Z
is_aligned optimally with the 8 am no acids of I P-1
it TﬁQé“ﬁ@'“ﬁ%Y@tqg%#ﬂ'ﬂthahélrg@tl QETraR i $oBehin capacitor(s)
id
BT gboNdd i A6 BERRRYBAeA) A% Al i) by

20 cospitundirodit RF8; trameestdn QA dﬁFyglhe moRpaugaireQ T (R&and R9)
li geghl lic substituent._ The |ipophilic substituent %d

V8 Rt F9PaRE & {67 ks digdiarged Whendhe G Cuit iSsw
h |
2P nlgrabLRITERS L2 dhd1B3, RESOR RIRE G RT (RpRIGR Ca,
pakis, @‘8 tGteaped o1i0d diodesdd9 pad D 1f cmﬂte)lmie@swdehing of transistor
ut hi to b d b th ht
Cnd2. RS cPEBRPeS S Sgecs RN Hagotisohmi n i n ¢ he

o5 bl ood stream thus shielding the compounds of the

invention fromenzymatic degradati on which can enhance
t hdhkahiort pulsew (oftaeund ip perdigatiamedisgzarged frone the capacitor

oD aRdoie mdhKelede By B fisldiep IaERsionter 2.0 (72),

| | R, lirh enis eRddiment |§T§)’I @@tr@h&i@ﬁ'ﬂ@?j trRe thikh amage current

acid side chain or to spacer via an ester,

sulqolhaiﬁpectléed oy, dltade Br‘tﬂeéﬂiérto csgatetigle voltage pulges hThe high
0 or WPOSEEPLRER &1 AR AR in plses, BTt R f8dfadie 1

group, a sulphonyl group, an N atom an O atom or an S
atom which forns part of the ester, sul phonyl ester,

t hi oester, am de or sul phonam de. Preferably, an acyl
group in the lipophilic substituent forns part of an
am de or ester wwth the am no acid side chain or the
spacer. The |ipophilic substituent may include a

hydr ocarbon chain having 4 to 30 C atons. Preferably
it has at | east 8 or 12 C atons, and preferably it has
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Bi ndi ng of the rel evant conpounds to G.P-1 or gl ucagon
(G u) receptors may be used as an ' indication of
w@gmnist74@ct i vity, but in general it is preferpenGBe008/050984
use a biological assay which neasures intracellul ar
signal I i ng caused by binding g& t he conmpound to the
rel evant receptor. For exanple: "activation of the
gl ucagon receptor by a glucagon agonist will stimulate
cellular cyclic AMP (cAWP) formation. Simlarly,
ac(Cﬁ)atdf tessahah HOOGHNnIspagk gpp @-1 3)YF%1 G Fd dsgbaigitg of
wi | | eIIuI cAI\/Pfor
or GaBRE1Ere-o Cahans PHBSe b ek LT yplad inpihes b
t h@gRtrb MR b aRPESHPoREMs RACUREH Jox 412 FRjurkle
rel evant receptor activity. Use of a suitable pair of
cell types, each expressing one receptor but not the

ot he n.he be us odetermn agoni st. _activi
5 ¢ o4 DRI e SR silalertif e Sty B liefacdibit o
WI blevest #videvalbpmieht abhug_a@ﬂagefc@r@ta% and exanpl es

are provi ded bel ow. The P-1 receptor and/or the

gl ucagon receptor nmay have the sequence of the
[ eHPBRLS ARG UPEEIIB bk e RXARLeET Ly BAC i Bh ene

( GlclHCLagshber)n RFayred iskencasyd and eeaned:tedumaerrm@:e of power.
4503947 and/ or the human gl ucagon-|ike peptide 1

10 r oS54 e("@‘.’ﬁ%ﬂ?P%%P@ﬂn'@RiW%@&ﬁ dis e GrE ACHREIBE spark gap
A »l nces of precursor proteins
arg ?25 %ﬁ%(ﬁ&¥@§@§g d of course be understood
t hat assays may make use of the mature protein,

| acki. | 0. b d
o Tl hencteeSio Uit Breh &t irer CptibHesprin bee an B
r e%ﬁfﬂs@éd to\VarE¢Rd s}éétk%sé:l%r@e'@ﬁ%%t@nétfcst Wﬁrch in turnI ?ffects

concentration of a conpound-required to achieve h
15 of theheeolingntpetiean beraskiaved. att:ts|lmppytahhhrawpwrtmmnardermg

2 et e SRS BB Seo Pe BBEH AR B RS R R e

a pahtrbicddpaicitess®ytonthiveBeGpask gpiisforiPaeaatt ah@loltages
potency at_the GP-1 R than glucagon. The cogBound

deé%qultﬁsid Thettig,i the sharging Part Friha ccyiy, A cEusy be capable of

S T £ SRy ot s BRE B PRSP oxamote
20 r eqrepéasing tice tiseh&ige- flequetreytavrossithe Qiarkr‘gbptshonldarhcrease
each receptt%r can be neasured in i ndependent assays

anufPIINRRNAL CRRREACBILVEY: dath CSPﬁ%que’E‘? homparitghe

Eg%aﬁgglgcna%% Srﬁ‘@”bérﬁg %&%t I vaI A ?@E%S&é@@fpams more

r ed’repuently U"Easml[e@lelfgﬁsta]'e)d {16EV4) stoawdd bednpreasedt Bare must

|
e bRdeken o Grteih i Suedy Wb ansTar e Sabot Bre 2ot
25 ( 1%%@&&%1%%%%&]@%%@9&40& it feSrRft e C 20a sEtortd

GLP-1R]) The relative GLP-1 R selectivity can
| i le% , iehdsobern fareidahpt e ttmepholdryaliegesifiabiaast 3 kV is

| PRI bR Sgh R s R Sl B e

s elmsbhsing thisMovge igeh el edbrévest dwlity Pekophatibd CagaRis
receptor to be conpared directly to its effect on the

ot REECt 2RREArS L0 bF@Qméﬁé*#tﬂaEEd @‘h@'OHP@ﬁ‘e@ - E¥npound' s
relative GLP-1 selectivity is, the nore effective that
conmpound is on the GLP-1 receptor as conpared to the
gl ucagon receptor. Using the assays described bel ow,
we have found the relative GLP-1 selectivity for human
gl ucagon to be approximately 5% The conpounds of the
i nvention have a higher relative G.P-1 R selectivity

t han human gl ucagon. Thus, for a particular |evel of
gl ucagon- R agoni st activity, the conmpound will display
a higher level of GP-1 R agonist activity (i.e

greater potency at the GLP 1 receptor) than gI ucagon.



Novom x, and Actraphane HM The conpound or salt
thereof can further be used in conbination with an
w@eiwAosdiesi ty agent including but not |inted POI/&B2008/050984
gl ucagon-Ii ke peptide receptor 1 agonist, peptide YY
or anal ogue thereof, cannabinqhg receptor 1
ant agoni st, |ipase inhibitor, "Hel anocortin receptor 4
agoni st, or nelanin concentrating hornone receptor 1
ant agoni st. The anal ogue conpound or salt thereof can
beQuatMb i n conbi nation with an anti-hypertensi on agent
including but not limted to an angi ot ensi n-converti ng
enzyme inhibitor, angiotensin Il receptor blocker,
diuretics, beta-blocker, or calciumchannel bl ocker.

MVET neral synthesis of gl ucagon anal ogues So| i d
phag%ﬂ ingéleyins FREPESINg S et gl AR R
m Cr OVBX & iﬁf\ﬁfﬁ §flasy BONGSI by Hsti'nﬂﬁﬁg ?ﬁ%ﬁiﬁ{z% ﬁ”\?@erein the

strategy | on a polystyrene resfn (TentaGel
Ran) . sbiNTe ambstimgwdmasans (211 ate arageed ta ggeeradée unidirectional

5LSF§PgﬁE$§ﬁ$59ﬁ§h§§%%ﬂ%$f %éﬁg%%ﬁggaﬁliwﬁfeHéggg&%évnpubes
Me prabrddd thedpEAP§a sR188hhd isd deviwsg%in@ruabsgﬂ emitter

(purchased from NovaBi ochenm) were use ere
appl i €afiRelocetedhindhe:vichhity el aielestrpde dé-heaof heeanary gap and

e TPt BB " "o Dopt i dos wi th &

met hi onine in the sequence a m xture of 95/5 % (v/v)

TFA/ EDT s used. Mst .of the.TF s .renmoyed at

¢ cuc AFPTRaLEI oA B0P Him LRl TR HEh Witage source
preci p Aasgedrproniies voitdde of gtibybes kgr and al | owed

to dry to constant weight at anbient tenperature. HPLC

purification of the crude peptideThe crude peptides

wene V\%ddﬁih%_‘iie@lbéé@b@éﬁh%té %thszevvh@?éﬁth'@h%h%lt% e source
Per Septive Biosystens VISION Wrkstation. VI'SION 3.0

sof t wir @Tapgediteprovisie a Meltagmehat leasit4 kY. and dat a

acqui sition. The peptides were anal ysed using M5 and
purified to greater than 90% as determ ned by HPLC

GeHer & calinglteyice adcoadinp 40 @ny giracedjog charal wiygresn thieeiming

pepti de backbone i s synthesiz a escribed above for
Phe. obikar cof HinateDogt to it afe Hiehiar iy e inffenfs eidess
excepthamniodas. it is acylated on the side chain of a
lysine residue with the peptide still attached to the
resin and fully protected on the side chain groups,
exgepi écﬂﬂin? R)%vidéna@@rd‘iﬁgqa anYPre¥sding climBfhaer Mestlgh
The lysine to be acylated is incorporated with the use
of Fnuoltages sowbdepmubisesEheenlitne voltage sofircehtmpegpconricol

i | e Mgt GEoAREBo PR UE B B ERutBabiReciumy
i vDde vpr&iepliisBs, &traHpformes €2-0¢ birafh¥d &b eamest the madrin
hydrazi ne hydrate in NMP. The unprotected |ysine side

chai nvPkagapewlses te highogilase pilses and paeetifiesi?rl®) agiagged to
li ke < n Lchd r '

oi por Papat e fHoittds Biliee} ePUbFELRharital
standard peptide coupling nethodol ogy as descri bed

b _ . i . i st.j di . N= 1.nal
ol aAs RSBV Lol 0 Rl Rl R GG EONR means
Boc- Heskipeiegs eHrarfdistav@@®).f rom t he resin and
purification are perfornmed as described above Anal ysis

of peptide stability The gl ucagon anal ogues were

i ncubat ed as solid conpounds at 400C and di ssol ved as
solutions in 0.1 Maqueous HCl (2 ng/m ). The

sol utions were incubated at 40 The remai ni ng i ntact

gl ucagon anal ogs were neasured at RP-HPLC by
integration of the WV signal at 220 nM The percent age
remaining is a nmeasure for the relative stability. The
solid and solutions of glucagon conpounds were prior
to analysis diluted in HPLC solvent to a concentration
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The present invention provides a cooling device

conprising a high voltage source connected to a spark
wa@apoasgdscontrol |l ed by a tim ng neans, wherei nPCTI6B2008/050984

source and timng nmeans are arranged to generate

uni di rectional high voltage pilses whi ch are

di scharged in short and regul ﬁ i npul ses across the

spark gap and the device al so includes an enmtter

| ocated in the vicinity of an el ectrode of the spark

gaf. addcaliegtdaevez dgcardiogdd ethitnheoe6 mdrareid thevmedium voltage

e i 3Pl BV LB 2388 Sl

di schapgesk bRd WHich %"tﬁééhdrﬁ@d 'b%%‘ber@ﬁcﬁf 8 B! tinih§ontrol
than 100 ns duration, through a spark gap. As a'result

of t himeansdeed)s, heat is withdrawn from t he at nospher e
surroundi ng the spark gap. The cooling effect is

hi ghly | ocalised around the di scharge spark and so the
enBt t &rcaddingsiEyideoaquodingdo alaimahwhefeiddhe swiragatevice is a
That is, t.he 5 jtter distributes the cooling effect

over SaP%QE%K %%Iune.A cool i ng devi ce that operates
according to this principle is radically di fferent

ded oGRS Sreoliinbie Rlph MErn I slarege fevice is a

evapohahk Of cEy&difrs [$18)Present device is based on a
cool i ng effect produced by a high voltage electrica

di scharge. It is known that a high voltage el ectrica

di gghar t

coaPi A ARBRORESC.oF AR 15 aim® BRSiferefLRPIRRBERS (26) s
obser v:bdrgeddmrpa icatuit eohipoipmgrealosy abliag ebsmmcetasiyr & gulse

I I ted t I t.ho
i tchensior G\ begdrd Roirodlien o neaydRe Tt ipe low
or ganigkagk §SircE088ktHsd trfahdﬁ)er@r (23) arrahg¥d W@Bn@é’t Iow
t hermal or quantunrzero poi nt fluctuation ener

Zer o Poltage Bpuit ggfa Phedidm. vormepmt@letdarui @rerpttfreo%%/éf 256)

it e BbE 45 TR et ina g labesrlpufied B ufort SRS

surroundings That is, a cooling effect is stinulated
the PEF, A dev harnessin his,effect may be
i davie<Sskot®ing WA Preditd Risti wiref the Spark
cool I ga (Izwsq%ohﬁﬁ%@s@.ﬁstt(tatﬁa)rynd@éd@ha (8dMp GRS Sbaled
achreves cooling wthout the use of potentially
hazar within a eha aﬁﬂSeWBﬁﬁ@déWE"tﬂéuﬁﬁmﬂﬂapequrred to
generate a suitable electrical discharge is far |ess
than that required to operate conventional cooling
devie éecooﬁnd@ha'vw acnordiogdo Icdaimel twheteain thedlectrades (3-1a, b)
consu ss . than 1% of the energy used by current
air 08 ﬁ‘t%ﬂﬁﬂ%glogy to achi eve the sane effect.
Such a deVIce has numerous applications, primarily in
he fi.el d of At condi t.i 0 addition tq it
endPr Bl Rosaerang o ey BE L2 e Yop elestpodes are
' nvenipre deshreel aF nfokB|-teatelitageicurrent Iy avail abl e
air conditioning units. This renders it even nore
attractive to applications on nobile or non-pernanent
| oqat A%b%lrﬁ?%vﬂ:% 46Bidipg 1685 orRAHFaiftfich £& 1Y Aereinine
- I'n order rovid cooling effect, 1t is
prefechembeh&HﬂEHeNﬁhghImwﬂgage source is arranged to
provide a voltage of at |least 3 kV and, nore
preferably, at |east 4 kV. The high vol tage source nmay
cortpr Aseoddingeltivioa aalordigg ts claimel4 whetaig tleo meriodasisargon.
for timng power output fromsaid source in medium
vol tage pul ses, a transforner arranged to convert the
medi um vol t age pul ses to high voltage pul ses and a
rectifier arranged to convert the high voltage pul ses
to a unidirectional signal. Such an arrangenent neans
that the majority of pul se-shaping and mani pulation is
carrred out |n t he nedrunrvoltage regrne Conponents

1. i o o e I Y



Figure 3b a cross-section along line AA and Figure 3c
a cross-section along line BB. The spark gap 2-1 3 is
wo eooamsB7ley first 3-1 a and second 3-1 b el ect rECiEEB2008/050984
separated by a gap, which is typically in the region
of 0.7 mm The el ectrodes 3-1 s, b are dome-shaped and
typi cally nade of steel and cdadted with nickel or
chrome. In a preferred enbodi nent of the invention,
the el ectrodes are sealed in a ceram c chanber
c orlbaiAncauling dexvicgoaccanding do megntpredieg clararwheragethe emitter

Shoul (28)BeBkrised ehud 2 Peiesiocd) PirBAlies BBcal wbes.

prevent the accunul ation of material on the

i) A0 F i AECOBING I, 1 GMBETB e Coaxial ubes (3-2.
ar r ange , : :
924"%\?% rnédé’ %Hﬁﬂ%t@ialé’\éﬁlh%%a?%f?bﬁlcﬁ??cwgu%ﬂvﬁﬁ such as

cause charge current t oug

sur r oarmiragigasmetaibuimaiteripli andcepdalki mgubtedvaaouttame
ends o&ﬁ%ﬁg electroder 3-1 a,b. The done shape is
advanfRFUGHE CONEEUA [e5fs sparks to extend across the
gap between the el ectrodes without being restricted to

i 18 By CaRo I AaeRding G clap 161 B pheisBe tyles have
first b bRAfeidrelinanaitngé eshACkl i£akhy i sol ated

therefrom It consists of Thnner 3-2 and outer 3-4

thin-wall ed nmetal tubesthat are coaxially nounted

abqgyt at ; Qde- : I |

ol gt AR R o g 18 GRS R TSy teRio ngths
| ocat edtha&trabgely emnuto 20 mrhe tubes 3-2, 3-4 serve to
isolate electrically the tubes fromthe el ectrode and

its lead. The tubes 3-2 and 3-4 are typically made

f r @ & rmethoa @fl genedatirappeoolimg sffactntresmetiiakbtomptising the

i nner tube 3-2 has an external dianmeter of around 8nm
and | 8WPSPTof around 9nm The outer tube 3-4 has an
external dianmeter of around 12mm and | ength of about

13mm The radi al between the el ectrode 3-1 a and

ap ! { Lr
the 1 fleReReaiaaly SoBlyingBloh (iecs. inidieglonalipylse of
| east 2 : i 1L h :
et er  Ofhaiy Db BB OCAUBIAR I8 dbhd Myronment
ci r cunt ethemeley céusihg spatkeng betvadert iheecl8ctdodas; pnevent
spar ks devel opi ng between the outer walls of the
emtter and the done shaped head of the electrode 3-1
a . D) Diffusireg atdooling Bffebteredaltingdror liee epartkirey by maess of
3-2 and 3-4 hecopre charged electro-statically as a
eault o Rt RGRE By GE A RLO IR CLeae S par k gap
2-13. As aresult of the fluctuating electro-static

charge, the tubes produce a cooling effect .that )

wi 2idAamethest agcardingde claimnd@ weeksin thriRuisgds of duration less
envir Wcal I Bos nafor the emtter
to progucgé?P§¥£@?ggkﬁag%hﬁgkﬁﬁg%??g%{ that the

i npul se vol tage applied across the spark gap 2-13 has
certain properties. In particular it nust be a direct
current inpulse of at |least 3 kV and preferably 4 kV.
Thi s vol tage shoul d be discharged in a tinescal e of
not |onger than 100 ns. Wth these characteristics an
impulse will electro-statically charge an emtter 2-12
| ocated in the vicinity of, but electrically isolated
from the spark gap 2-13. Figure 4 is a detailed
circuit design for a printed circuit board for the
cool i ng device of this invention. The | ow voltage
direct current power supply 2-1 may be connected to
this circuit at CN2. As stated previously, this

suppl yis conveniently provided by a regul ated sw tched
node mai ns adaptor or by batteries. Pads P 1 and P2
allow an external switch to be fitted to control the
power to the circuit. The square wave generator is
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