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7 March 2006 WO 03/022304 PCT/ GB02/ 04082 OXYNTOMODULI N FO?.{W(%\IG OR
- TREATI NG EXCESS WEI GHT The present invention relates to conpositions and -

met hods #ayoe3dpesgyn Wei ght loss in manmmalian animals. 5 permBoidvessli seases
wi t h- t he hi ghest incidence but which |acks effective treatnent is obesity.
It is a debilitating condition which reduces quality of life and
substantially increases the risk of other diseases. 10 In the USA 25% of
the adult popul at PEATPEOTHGW s PREFEEMND “Be™ BT EFFYS gbESE. 1t has been
estimated that $45 billion of US healthcare costs, or 8% per annum of
total healthcare spend, is a direct result of obe5|ty. I n Europe the
.problem .is increasing. It has been predicted that w thout new approaches -

“over 20% the U at i will be cI .nical |y e 2005, fact
Chat 16 obddia pesent RRERUSH rfel coctfppulign Ap mERGIE A pE PL oSl oc “by

t he medi caljggdy %ﬁia‘?ﬁ ra heal th authorities. There is, however,

short age ofo'SS Pe}f:ltlve n e drugs which can be used in conjunction vmth

di et agnhd exercise for the Iong term managenment of obesity. 20 It is an

obj ect of the present invention to provide such drugs and also to provide

neans to i d&m iof ythgndisgases| wpmféhﬂt ﬂmhessndnmdﬁu% bwrwbwbgﬂmgﬁﬁeqtaea 160

d t whi h d t f
SToﬂﬁrﬁéhet%ahéE&P' Siitindt isn geR R adbdfion, St ERREES shiT oI i
avariety g [nd sﬁﬂﬁkhf?{l?y h%&f&%?rﬁéﬁl@&ﬁ&ig@} dﬁ@%éé@“s system (CNS)  and

peri pheral ti1ssues estine and 1nt t he maj or post-
transl ati onal products of preproglucagon cl eavage are gl ucagon-1i ke
peptide-1 (G.P-1), glucagon-like peptide-2 (G.P-2), glicentin and
oxyntidhodulli the WAACRSZ00F the adult population is now considered to be clinically

obese. It has been estimated that $45 billion of US healthcare costs, or 8% per

annum of total healthcare sbend,' is a direc't result of obesity. In Europe the
problem is increasing. It has been predicted that without new approaches over

20% of the UK population will be clinically obese by 2005. The fact that. -

15 obesity is a metabolic disease is being increasingly recognised by the medical |
| profession and the health authorities. There is, however, a shortage of effective

and safe drugs which can be used in conjunction with diet and exercise for the’

long-term management of obesity.

20 It is an object of the present invention to pro.vide such drugs and also to provide

means 1o identify and develop further such drugs.

Preproglucagon is a 160 amino. acid polypeptide which is cleaved in a tissue
specific manner by prohormone convertase-1 and -2 giving rise to a number of

25 products with a variety of functions in both the central nervous system (CNS)
| and peripheral tissues. Tn the intestine and in the CNS, the major post-
* translational products of preproglucagon cleavage are glucagon-like peptide-1

'(GLP-I), glucagon-like peptide-2. (GLP-2), glicentin and oxyntomodulin



(OXM, as shown in Figure A. To date, no role in the CNS has been
denonstrated for OXM Wile GP-1 and G.P-2 have beeMahmwR2Qdb i nhi bit
food i ntake, no such role has been denonstrated for the distinct peptide
OXM The inportance of OXM as a biologically active peptide has not been
denonstrated. It has been surprisingly §Jound that contrary to expectations,
the OXM peptide can inhibit food intake and reduce wei ght. An enbodi nent
may be a (EXkioss shaywn induigure & g dajpo rae inuhle GhS hﬁ%bwég%mnsaﬁtqslrfor

treat mento@fs excess weight in a manmal. In a first aspect of the present
invention, there is provided a use of oxyntonodulin for the manufacture of
a nedi canent for use in preventi on or treatnent of excess weight 1in a

mammal . \Rpid cEpt£3hd dURE2 hal )éﬂ&@ﬁfgcgmﬂlﬁh foba .ﬁtQﬁ‘e %”ﬁlcfﬁsr XA and

relates to any conposition I ncl S an uence or an

anal ogue heesr derhonsiratedofor dhe : dl@ﬂm pepfifien OXM. aT'ée \H@PfP %ﬁ@vﬁf @gbﬂ 8dcunent ed

. in the arﬂl?io%%lggc gépﬂdg\ﬁ%Frnbp[gb M &fdReale. @l | of the sequences recited

herein inc I'n rticu the OXM human sequence (which is the sane
as the rat and hanster OXM sequence), as follows: Hs Ser Gn Gy Thr Phe

Thr S | G
T r L:L @Hag %Eeq_ﬁﬁﬁfnshﬁ@ f&fﬁd 'tt%‘t' c’éﬁf?ﬂstgre)ﬁé&a%r%l Q‘ké‘%ﬁ'\l\;ﬂa pe Ogégﬁv\;ga n

03/ 022304"@@709862?@@32@(190% WQIQUXM angl er fish sequence as follows: H's
Ser Qu Ay Thr Phe Ser Asn Asp Tyr Ser Lys Tyr Leu Gu Asp Arg Lys Ala

Gn :
An embodiment may be a composition comprising OXM, for use in the prevention or

treatment of excess weight in a mammal.

in a first aspect of the present invention, there is provided a use of oxyntomodulin for
the manufacture of a medicament for use in prevention or treatment of excess weight

in a mammal.

in this text, the term "oxyntomodulin” is the same as "OXM" and relates to any
composition which includes an OXM peptide sequence or an analogue thereof as

follows:

OXM sequences are well known and documented in the art. The present invention
relates to all of the sequences recited herein including, in particular, the OXM human
sequence (which is the same as the rat and hamster OXM sequence), as follows:

His Ser Gln Gly Thr Phe Thr Ser Asp Tyr
Ser Lys Tyr Len Asp’ Ser Arg Arg Ala Ghn
Asp Phe Val GIn Trp Leu Met Asn Thr Lys
Arg Asn Ag  Asn Asn Dl Ala,



5 Au Phe Val Arg Trp Leu Met Asn Asn Lys Arg Ser @y Val and the
eel OXM sequence as follows: 10 Hs Ser Gn Ay Thr Phe Th?ﬁﬁgcr?%‘sbg Tyr

Ser Lys Wod@bsed U Thr Arg Arg Ala G n Asp Phe Val G n denceetiofet Asn
Ser  Lys Arg Ser Ay Ay Pro Thr 15 The term OXM used in this text also

covers any anal ogue of the above OXM $equence, wherein the histidine
residue at position | is nmaintained or replaced by an aromatic noiety
carrying a positive charge or a derivative thereof, preferably wherein the

‘noiety is a:nemNpaﬁgléldﬁsmq@eﬁe@{,gf@ng;wher einit is a histidine
derivative, while 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16,
17, 20 18, 19, 20, 21 or 22 of the other am no acids in the above OXM

sequence can. be_independently replaged any other in endent |y chosen
am no aci d,aﬁb%ithgerth ]é‘xcéjfj‘ﬂ’i or;ltlB'f ﬁ)ﬁ'@tl &%’l’ie iAot ogﬁ% Any one or nore
(to 22) ot al - &1 No id Si i %::e qu e be 25

i ndependen'ﬁe){ re]%%:c:@rby Ige?]ly 0 erq%ﬁ)e galut a-@ﬁi ngﬂgci resi due.

Prefersabl y, GRNY PHE novaci dafgesiTige qtdwer Mban A¥mst igkime liys repl aced with a
conservative replacenent as well known in the art i.e. replacing an am no
acid with okeg ofSa <bhyi | #alchehdiacalGluype such as repl aci ng one hydrophobic

amno acid wth another. 7 March 2006 WO 03/ 022304 PCT/ GB02/ 04082 4 As
di scussed above, | to 22 of the am no acids can be replaced. In addition to

| comer o1 arp BHOR MR T eq P8ISRm0 T 1o 22 amino aci ds can be. 5
- replaced by an isoneric form (for exanple a D-am no acid), or a nodified
10 His Ser Gln Gly Thr Phe Thr Asn Asp Tyr

Ser Lys Tyr Leuw Glu Thr Arg Arg Ala Gl

Asp Phe Val Gin Trp Leu Met Asn Ser Lys .

Arg Ser Gly Gly Pro Thr

15 The term OXM used in this text also covers any analogue of the above OXM
sequence, wherein the histidine residue at position 1 is maintained or replaced
by an aromatic nioiety carrying a positive charge or a derivative thereof,

_preferably wherein the moiety is an amino acid, more preferably wherein itis a
histidine derivative, while 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 16, 17,

20 - 18, 19, 20, 21 or 22 of the other amino acids in the z-nbove‘OXM séquence can

be independently replaced by any other independently chosen amino acid, with

the exception of histidine in position 1.

Any one or more {to 22) other alpha-amino acid residue in the sequence can be
25 independently replaced by any other one alpha-amino acid residue. Preferably,
any amino acid residue other than histidine is replaced with a conservative
replacement as well known in the art i.e. replacing an amino acid with one of a
similar chemical type such as replacing one hydrophobic amino acid with

another.



am no acid, for exanple a nor-amno acid (such as norl euci D&k Q@ﬁsval I ne)
or a non-essential amno acid (such as taurine). Furthernore, l? 0 22

am no aciapos/Iesbe repl aced by a correspondi ng or differpatygiampsaci d .
linked via its side chain (for exanple gamta-|inked glutamc acid). For

each of the replacements 10 discussed pgbove, the histidine residue at
position 1 is unaltered or defined above. In addition, 1, 2, 3, 4 or 5 of
the ami no acid residues can be renoved fromthe OXM sequence with the
exception of histidine at the 1 position (or as defined 15 above). The

del eted residues may be any 2, 3, 4 or 5 contiguous residues or__entirely
separ ate ré&bs @aﬁ@ss.secrrabomtﬁmr%@&b«f afmheo axivs sag bereplacad. e additionited t o
add furtherham' no aci d resi dges of . ot her rrgi eties. The. XM-abﬁ?ﬁ% gqa]y be
provi ded adit AEPIIEFTRAM QURIHAPOYS- 1S May heaBY 2 BQIeseadialor JAAIHEENN i cal 1 y
accept abl e isdhbie fbrm MR AMiAD ScAN2 IRFUGIAE! 195 S8 RfindCAdYe dad TR
organi ¢ aci ds such as net hanesul phonic aci d, benzenéesul phonic acid and

p- t ol Uenesutplact byasit GsomeFingoah @6 dgamplha dD-drihoosEIUYT b€ aamddiflddphur i c
acid and the like, giving nethanesu | phonate, benzenesul phonate,

p- t ol uenes wnNEneBads fomgxdmeplnlaordreanin® aod (sweh gk atosleuging arrorvalice) or a
respectively or those derived,from bases su S organi c.and .i norganic
bases. Exaﬁ%ﬂ“éeﬁsﬁt‘aili’inpaﬁlaé“ Wga"?‘ﬁ @“H&Q)esw’ﬁﬁefrﬁ@re’ ﬁoﬁ%%?iaﬁﬁnﬁfac lts of
conpounds f L.SA1l Wio ' thes. ' I d '
bi car bonat é{s?&yowg‘?ﬁ%érh a, i %ﬁé&ﬁ%ﬂ%@&%ﬁ%}ﬂﬁa n@?ﬁl'rjx%ﬁﬁpaggcggg? g(?n%aegf tsjfnd%ni um

i ron, magneahtforZé:EenFle Gahlifiallinked ghithffic 6&8id).2FeP eh¢h bPIHEREphickMerdtsMar ch
2006 WO 031022304 PCT/ GB02/ 04082 5 suitable organic bases. Such bases

sui t af} e f eliscubsedf aboret, i tha luftidipbarasadreusti pasitipnat de paredtesed as edefiintidt | on
salts withagorrpounds of the present invention include organic bases which
are nont oxi%¥nd strong enough to form '

In addition, 1, 2, 3, 4 or 5 of the amino acid residues can be removed from the
OXM sequence with the exception of histidine at the 1 position (or as defined
15  above). The deleted residues may be any 2, 3,4 or 5 cdntiguous residues or

entirely separate residues.

The C-terminus of the OXM sequence may be modified to add further amino
acid residues or other moieties. The OXM above may be provided as the
20 Qo;‘responding salt thereof. Exampics of pharmaceuﬁcally acceptable salis of
OXM and its analogues include those derived from organic acids such as
rhcthanesu_lphonic acid, benzenesulphonic acid and p-toluenesulphonic acid,
mineral acids suchlas hydrochloric and sulphuric acid and the like, giving
methanesulphonate, benzenesulphonate, p-loluenesulphonate, hydrochloride
25 and sulphate, and the like, respectively or those derived from bases such as
organic and inorganic bases. Examples of suitable inorganic bases for the
formation of salts of compounds for this invention include the hydroxides,
'carbonates, and bicarbonétes of ammonia, lithium, sodium, calcium, potassium,

aluminium, iron, magnesium, zinc and the like. Salts can also be formed with



salts. Such organic bases are already well known in the ar%hﬁé}ghﬁﬁ% i ncl-ude

5 am no acids such as arginine and |ysine, nono-, di-, or
t ri hydr oxysbiwohsyai nes such as nono-, di-, and tri et hanol aptrveBozt@bi ne,
nono-, di-, and trialkylam nes, such as nethylam ne, dinethylamne, and

trimethyl am ne, guani di ne; N-nethyl glgicosaniine; N-nethyl pi perazine;

nor phol i ne; et hyl enedi am ne; N benzyl phenet hyl am ne; tris(hydroxynethyl)
10 am nonet hane; and the like. Salts nmay be prepared in a conventional
manner usi repitablehodmzanéd | biseawn Suoh thesesr tsnitdolied foatdi theorfosmatien ofofsai d

basi ¢ conpounds may_ be prepared by dissolving the free base conmpounds in
aqueous or Mudesceltigallyasceptablethase agdition sgarik gpmpoURds BFU@nP’éeSem .

i ni .th i id. ., W . OXM ' i di '
base. sal t dnveuidr it fafis pases BRiTLHsA Yo P e Plseb dBabUAG Wi
~a suitable slﬁﬁ§.eSquh%r$2ﬁii@ b‘a'esba%eamhz \ggu 1SRRAT i ehdbfesild a9 inchre be

a9
obt ai ned by concentrating the solutio by evaporation. OXM may al so

exi st §n sanabettidy sighdigiginihe amd.lydine, @dibafdit,ner piteslemtyalloydemingn may
be conjugated to one or nore groups, such as a |ipid, sugar, protein or
pol ypept i dsuclihasompeen sh-,c omidugaicdmngjamisg;, nghelinacHagnes the dup (for

exanpl e via_.a,coval ent or. ionic bond). or gan..b associ ated t ewith. The
conj ugat ed ?‘W?’%‘E’“ﬁ?efsﬁsgbﬁl rH%"ByPaﬁ‘%“Bﬁgfpclﬂ?gly%lgf“q\l anp r%ﬁ&@%ﬂlﬂ% aci d,
when t he OXM.i.Sy:al.t achg: EEh'FC - Ther (M), &conj Hﬁﬂﬁﬂaﬁgl'ﬁé’ a '
pol yner suﬁgaﬁd‘% ye?ﬁgﬁl%ﬁg é; yg%; ﬁol.y?/ql-nyl p@?&’gf%%ﬁe, e

pol yvi nyl al ehedip@liy@xy et hy Nelszpigheasthslanideene copakghydisxymethyl) _
pol ysacchari des such as cellulose, cellulose derivatives, chitosan, acacia
gum - l&kar aynigomethans; agdithe et han gum tragacanth, alginic acid,
carrageenan, 7 March 2006 WD 03/022304 PCT/ GB02/ 04082 6 agarose, and -
furcel l arans, dextran, starch, starch derivatives, hyaluronic acid,

Salts may be prepared in a conventional manner using methods well known in
the art. Acid addition salts of said basic compounds may be prepared by
dissolving the free base compounds in aqueous or aqueous alcohol solution or
15 other suitable solvents containing the required acid. Where OXM. contains an
| acidic function a base salt of said céinpound may be prepared by reacting said
compound with a suitable base. The acid or base salt may separate directly or
can be obtained by conceritrating the solution eg. by evaporation. OXM may
also exist in solvated or hydrated forms.
20 |
The OXM of the present invention may be conjugated to one or more groups
such as a lipid, sugar, protein or polypeptide. The OXM can be conjugated by
being attached to thé group (for cxamplé via a covalent or 1onic bond) or can be
associated therewith. The conjugated link is preferably not through the C or N
25 terminus amino acid, when the OXM is attached to the group. The OXM can
be conjugated 10 a polymer such as polyetliylene glycol, polyvinylpyrrolidone,
- polyvinylalcohol, polyoxyethylene-polyoxypropylene copolymers,
‘polysaccharides such as ‘cellulbse, cellulose derivatives, chitosan, acacia gum,

karaya gum, guar gum, xanthan gum, tragacanth, alginic acid, carrageenan,



pol yesters, pol yani des, pol yanhydrides, and pol yortho este M can
be chemcally nodified. In particular, the amno acid si de%%’(lﬁ%lﬁ]%g@(t he N

term nuswyeyi@szoyhe C acid term nus of OXM can be nodi fi esler/bRo2/6068P! €,
t he OXM can undergo one or nore of al kylation, disulphide formation, netal

conpl exation, acylation, esterification, amdation, nitration, treatnent
with acid, treatnent with base, oxidation or reduction. Methods for
carrying out these processes are well known in the art. I'n particular the

OXM 10 i s pigaitsdetnd@Furtell@nRl, @éitydn, S&dreh, stardhov@ivalvey) hediugehic ackdwer
di al kyl am de, an acid addition salt, a carboxylate salt or an al kali

addi ti on sglolyastess,geftyarides ppolyanhydaides.tdans! potiyoshoesters boxyl i c term ni  of
the OXM nay be derivatised by for exanple, esterification, am dation,
acyl ation, oxidation or reduction. In particular, the carboxylic term nus

of the OXM-gan der.i yat i fo - de. mk ety . T an be
treated wt WQ?QYI s?gﬂl ‘r@p%r?eﬁﬁ géll?%rrﬂémmﬂdi \%@I%ﬁlaﬁmﬁg.y@oﬁohgfgéygér poses
of this i nvaRinkOthe ReteMigadhd/brentRf OrRid eerpiiaus $EOXM AR bePhfuefe® of one
or nore of the follow ng netals, zinc, calcium magnesium 20 copper,
manganese, Hooladampleptheb@XMncar vnderge dhe ddXiviorarofbalkplatnoing etisiilphide

conbi nat i ora} with a pharmaceutically acceptable_ carrier, or_ diluent.

Sui t abl e cAPTRAIA, JREtAbCOMPIEKANCD, aFxlalien; extgBficaton.t HEIdAtoN, AEAREB| ude

Codi um sac AP 3R WarfBOubR vyt kR560n FFRERAE, Wi B
magnesi um %ﬁﬁ?g{)g]a&ﬁfm&@, ?x?)c@sse@ ate wRlIGGRAYR i RlEAYENE %ﬂrtifé[ghﬁillfei OxMOTr

water (prefe y steri The conposition may be a™m preparation of

a cdiposi is providedaya hewer alkybester] @plosparalkyloamidy, asomek tdistkgliamidgpar at e
or 7 March 2006 WD _03/ 022304 PCT/ GB02/ 04082 7 sequential use (including
adni ni st r aBnc§Id addisionyaali ancasboyylala saly opgmgalkali addition salt thereof. In

particular, the amino or carboxylic termini of the OXM may be derivatised by
for example, esterification, amidation, acylation, oxidation or reduction. In
particular, the carboxylic terminus of the OXM can be derivatised to form an

15 amide moiety.

- The OXM can be treated with metals, in particular with divalent metals. For -
‘the purposes of this invention the OXM can therefore be provided in the
presence of one or more of the following metals, zinc, calcium, magnesium,

20  copper, manganese, cobalt, molybdenum or iron.

- The OXM can be provided in combination with a phannaéeu_tically acceptable
carrier or diluent. Suitable carriers and/or diluents are well known in the art
| and include. pharmaceutical grade starch, mannitol, lactose, magnesium
25 stearate, sodium saccharin, talcum, cellulose, glucose, sucrose, (or other sugar),
magnesium carbonate, gelatin, oil, alcohol, detergents, emuisifiers or water
(preferably sterile). The composiion may be a mixed preparation of a

composition or may be a combined preparation for simultaneous, separate or



crystalline solid, a powder, an aqueous solution, a suspen;i n o%%d'r?n" oil.
The conpositions according to the invention for use in the aé?rb tioned

i ndi cati ¢aso@yYzdee adm ni stered by any conveni ent et hod, péaGrexsssl € by
oral (including by inhalation), parenteral, nucosal (e.g. buccal, .
sublingual, .nasal), rectal, subcutanepus or transdernmal adm nistration and
the conpositions adapted accordingly. 10 For oral' admnistration, the
conposition can be fornmulated as liquids or solids, for exanple solutions,

SYrups, susf@ushdlsuse’ (iapkE Oadmikishhesis). ThesOXR earl bel poeidpesas A | i quid
formulation "will generally consist of a suspension or solution of the. 15
conpound orcrybiplling! sediidc aipowdar,cemaqisbes selutionm sispansiaplos iagileous or non
aqueous liquid carrier(s) for exanple water, ethanol, glycerine,

pol yet hyl ene glycol or an oil. The fornulation may al so contain a

suspendi ng ?ﬂ@%@wgo%@%ﬁg’c%g}q{g%ltf)' ﬁ‘n\é%"v%ﬁ'ﬁox‘? "fof ¥s@Yh! hY Adhentched

conposition in et can be prepared using any sultable

“phar megeut i igdicatiohs neiy B ddasihistaty Bis asly iconveriemaretiod ofor bxhatpleiibgt | ons.
Exanpl es of such carriers include magnesium stearate, starch, |actose,
sucrose anorahi{(ochohygthy inhdaten), tavseral.s nucosaip(s gt buociln sublengust,m of a

capsul e can be, prepared using routine encapsul.ation procedures. . For
exanpl e, pd%ﬁ?élr)sr,ecg’jaﬂ&g?nsguﬁ)@[ Fé@%den@aﬁ%fﬁmlﬂ@ﬂtt%ff&gﬁawmwﬂtwse nt can

be prepared ' d carriers and then filled into a hard gelatin
capsul e; alzfc}eéi)he%c\ééfd}yg& “di spersion or suspension can be prepared using

any suitable pharmaceutical carrier(s), for exanple 7 March 2006 WO _
03/ 022304 PCT/ GB02/ 04082 8 aqueous guns, celluloses, silicates or oils and
t he dl@per sfaroral admaypstraion) theheompbsitibedan rbedoamsbited geligtids arapbds.e.

for example solutions, syrups, suspensions or emulsions, tablets, capsules and

- lozenges.

A lquid formulation will generally consist of a suspension or solution of the

15 compound or physiologically acceptable salt in a suitable aqueous or non-
| aqueous liquid carrier(s) for example water, ethanol, glycerine, polyethylene
glycol or an oil. The formulation may also contain a suspending agent,

_preservative, flavouring or colouring agent.

20 A composition in the form of a tablet can be prepared using any suitable
pharmaceutical carriei(s) routinely used for preparing solid formulations.
Examples of such carriers include magnesium stearate, starch, lactose, sucrose

and microcrystalliné cellulose.

25 A composition in the form of a capsule can be prepared using routine
encapsulation procedures.  For exampie, powders, | granules or pellets

~ containing the active ingredient can be prepared using standard carriers and

then filled into a hard gelatin capsule; alternatively, a dispersion or suspension

can be prepared using any suitable pharmaceutical carrier(s), for example



Conpositions for oral adm nistration may be designed to prgMect %(g)s active
5 ingredi ent agai nst degradation as it passes through the aﬁﬂh y tract,

for exawd @&mysean outer coating of the fornulation on a g@hkgbRbscapsul e.
Typi cal parenteral conpositions consist of a solution or suspension of the

conpound or physiologically acceptableg salt in a sterile aqueous or non 10
aqueous carrier or parenterally acceptable oil, for exanpl e polyethyl ene

gl ycol, polyvinyl pyrrolidone, lecithin, arachis oil or sesane oil.

Al ter nati vedgueotihgums adelluigyes calicdtes byeoilhidd sRdiispatsiohen sigpanidn thehed with
a suitable solvent just prior to admnistration. 15 Conpositions for nasal
or oral adnfilediniaisefi gelafinceapselsi ent |y be fornulated as aerosols, drops,
gel s and powders. Aerosol formulations typically conprise a solution or
fine suspension of the active substance in a physiologically acceptable

aqueous- or @%PQQHSW?OFQ%Meﬁ%ﬂﬁQIﬂoﬁ HRY3hd \ﬁe@ﬂgﬁé&%?ﬁrg}&tm?c cHive©'

mul tidose quantities in ster ormin a” sealed~conta can take
the 205 - f orinpdidicnt Cpatnst d@ratatonf 4d it pased! Sifronih hthanalithentasy Macteforece.
Alternatively the sealed container nmay be a unrtary di spensing devi ce such
as a si ngl eexaode hpealoutdrmivatiog of theaformulasim ok satdeisercapsuleed with a
nmetering valve which is intended for disposal once the contents of the
cont ai ner have been exhausted. Were the dosage form conprises an aerosol

ThePenoer o TIpidl borfRRA' SofpBALHR ABHILCBE o soliohBF REARAEIAY P She)"

-The aerosol ornms can fform-of "a™ pui

March 2006 doBfbuhB288 phyRlolddiBaley QtoSRaBleCOATP A 4 | RAS1eS dih@kiseof Glonduccal

or sublingual adm nistration include tablets, |ozenges and pastilles,

wher elth t hexqueouseariienorepirenteralty acoeptablde i, furtetample polyiethylenecplyasl, sugar

and acacia, tragacanth, or gelatin and, glycerin. 5 Conpositions for rectal
or vagi nal p&&lﬁ‘ﬂﬁs?%ﬂ‘@?ﬂ%?‘@%ﬁvéﬁ@mp Grnsespwef @ilm Alternatively, the

solution can be lyophilised and then reconstituted with a suitable solvent just

prior to administration.

15 Compositions for nasal or oral administration may conveniently be formulated
as acrosols, drops, gels and powders. Aerosol formulations typically comprise
a solution or fine suspension of the active substance in a physiclogically
~ acceptable aqueous or non-aqueous solvent and are usually presented in single
or multidose quantities in sterile form in a sealed container, which can také the
20 - formofa dartridge or refill for use with an z‘ztom.ising'device. Alternatively the
sealed container may be a unitary dispensing device such as a single dose nasal
inhaler or an aerosol dispenser fitted with a metefing valve which is intended
for disposal once thé contents of the container have been exhausted. Where the ..
dosage form comprises an aerosol dispenser, it will contain a pharmaceutically
25 acceptable propellant. The aerosol dosage forms can also take the form of a

pump-atomiser.



of suppositories (containing a conventional suppository ba?%aﬁ 02 ‘?i cocoa
butter), pessaries, vaginal tabs, foans or enenas. Conpositi g ?J abl e
for transdeeambsoadm nistration include ointnents, gels, gOr/prORéwes2 and
injections including powder injections. Conveniently the conpositionis in
unit dose formsuch as a tablet, capswy e or anpoule. 15 The OXM can be
used as a prophylaxis to prevent excess weight gain or can be used as a
therapeutic to 1 ose excess weight. The excess weight is typically obesity,
al t hough t Heompasitibnsvshitabletfobbucesdorisubbdgaal admimistedtion wishide ﬁaéletﬂr,der to
be suffering from excess_ weight. .Th(;)h 20 .OXM rr%_be in'fli id, solid or
sem - sol i d 1p&enges | apd pasites. swbsrein, the Retive Jpgrdigh By 1orURed WGt 2excess
wei ght in | 1. - d { I . f@ﬂ%é -i's a human,
al t hough i%a@%gﬁﬁﬁ%{é@ %‘{Aglgf trﬁgimcifgﬁf’gﬁgéﬁt% S, = SUch as hor ses,
canine animals (in particular .25. donmestic canine aninals), feline
animals (in particular donestic feline aninmals) as well as mammal s which
are prihducddoshpositient forsiectal as vpginal adminisiratien areocoryenieatlyrinrthe formhe
present invention can be used.to prevent excess wei hg? in such animals in
Corder to medli FHPPOSIQESH (RURMAIPING] A cEQRNUONARSUIPOSH 85 $Hfihag P hi s

text, the term., prevention: S e which mtigates any excess
weight, to bﬁ%‘r}eﬁiesésgﬁgé,ﬁ#gbagﬁ%& fq%nr}%{ss&{ée%(et%asf he term "treat ment” neans
anelioration of excess weight, to any extent. In a second aspect of the
present invention there is provided a nethod for cosnetic weight loss in a
mamral , t hdCompisitionosgititde figr adnsdersizbndmyniatratom iséltde wintowmgs, igelng
oxyntonmodul in to a manmal . Anot her enbodinent may relate to a .nmethod for

t he pt&venthatihesand inigetiens ingludingpewdesi@jetionsn” a manmal , the net hod
conprising adm nistering a conposition - ' ,

‘Conveniently the composition is in unit dose form such as a tablet, capsule or

ampoule.

15 The OXM can be used as a prophylaxis to prevent excess weight gain or can be

used as a therapeutic to lose excess weight.

The excess weight is typically obesity, although the mammal will not be
certified as clinically obese in order to be suffering from excess weight. The .

20 - OXM may be in liquid, solid or semi-solid form.

In today’s society, the prevention or treatment of excess weight in a mam:_naI is
a re_af need, Preferably the mammal is a human, although it may also include |
other mammalian animals, such as horses, canine animals (in particular
25 domestic canine animals), feline animals (in particular domestic feline animals)
as well as mammals which are produced for méat, such as porcine, bovine and
- ovine animals. The present invention can be used to prevent excess weight in

such animals in order to maximise lean meat production.



conprising OXMto a mammal . The manmal is likely to be in need of
prevention or treatnent of excess weight. The vvel ht | oss may be cosneti c.
The conposition conprising OXM wi || be adni ni ster&FSh 299%ef f ecti ve
concentration. Al preferred features of the first aspect of the invention,
also apply to the second. In a thil0d aspect of the present invention, there

is pr ovi | @ . I’ vent r t f excess
wei ght i ﬁﬁ%%ﬁﬁgp{g Wd@hot Wférﬁreg%ggl 'Pn rgraa;?@réeff& Wh h rﬁﬁ’i%‘t‘[éﬁoaé@f or
cosneti c exseghweighbstoi any exiwamﬁmughwt rlﬂms Hexd, dmmrms i‘tr&gtraemi MSANSr i ng a

conmposi t i gh Fllo§b SQM Pt@a In this circunstance, the weight
|l oss is purely or t € purposes cosrretlc appearance. All preferred

features of the first and second aspects al so apply to the third. Wthout

bei ng boypd ée%ohé"a%éctt‘%f’frhé pr%éeegitt @%ﬁﬁ’%{ bR tsr&ai;eeo‘%ﬁwe@{o%%ﬁf‘&oénﬂé{ﬁ”“ on

provi des the prevention exce e admni stration
of OXM Mﬁl@m wss Snas ra@minahi the twethod ¢aptisingt aﬁmtm&tenﬂgeanmmmwt@n body.

Such red%ﬁﬂ)rt@@%&gyﬁtﬁﬁ@?ﬁmﬁ@%%érﬁm'aﬂet he prevention or treatnent of excess

weight in am term"food" includes a substance
which is |ngested and which has calorific value. 7 March 2006 11 Yet

anot her r@ﬂﬁocﬁiﬂ%tr faflrBlale1d Bemidtfodfor W)pcre Se%ﬁé’n %P%faﬂﬁé:‘rlr e‘r-"f a

medi carrent revention or treatnent of e s wei ght urt
enbodi rrerﬂx§e$ﬁaylembt &t 8 memmadii tbarreethed compriping tadounisterinm dagrmpasifione f or

whi ch wi 'dorr@;'ri%fn?ﬁé)@ﬂo BEnSGHEl. Tha&Hahal E%@&%;’B@':H%BMFE%M@&&W will

take into ons ratiron such factors as t ani mal type,
age, wei gfﬂajtm%rév@fr exopss melwnﬁhe)migiﬁdm sy Vi |cp§m@tic {Theacarepnsition be

appl i ed, @il 81 St Rfap SREIPGEBMRIIy, adver se reaction

and/ or cont a | cations peC| I ne osage ranges can be
determ ned by standard desi gned cllnlcal trials wwth patient progress and

recovery Ayehigbried! deXuPRNSRE §ifkt aspect of the invention, also apply to the second.

In a third aspect of the present invention, there is provided an oxyntomodulin for use
in prevention or treatment of excess weight in a mammal.

Yet another embodiment may relate to a method for cosmetic weight loss in a
mammal, the method comprising administering a composition comprising OXM to a
mammal. In this circumstance, the weight loss is purely for the purposes of cosmetic

appearance.
All preferred features of the first and second aspects also apply to the third.

Without being bound to this theory, it is understood that the present invention
provides the prevention or treatment of excess weight by the administration of OXM
which acts as an inhibitor to food intake to the mammalian body. Such reduced food
intake results in the prevention or treatment of excess-weight in a mammal. In this
text the term "food" includes a substance which is ingested and which has calorific
value.



Such trials may use an escal ati ng dose desi gn usi ng ? | ow %gr%% tage of the
maxi mum tol erated dose in aninmals as the starting do eM 7O0& i I

anot her enbodi nent may relate to the use of OXMto |dent|fy an agent which
inhibits food intake in a mamual . Anot her enbodi nent nmay relate to a neans
to identify and develop further suitable nedicanents for the prevention or
treatnent of excess weight. The use of OXM nmay include the use of the
pepti de iYejearothar evalodimentuday tr¢leteutoethef uset pe OXve by thel cwnulactund € las

char act erirgibAR R loYMbrolRcHNTLARAN LSkt Yelghi 8l characteristios of

OXM utilise a peptide 1tse e of a conmputer- generat ed
nmodel , a physi cal two or three-dinensi onal m)del or an el ectrical

gener at edp(fnd- en?t?UElﬂHé g@fa’f’é W%eﬁ(ch%ﬁ% RGNk "If ?éeqti%é”féfr

structure, as har nmacopnor e hr ee- dI nmensi on
density nﬂwh all uttlmaieiyé?ﬁ detormingd bytthgcati@némg hysicien asDe@il meoevoo22304

PCT] CB02! G 08araide sTPiaBbiin HE R BETES Ay ko b Llgry

A
identification o% potentia %en S I
af f ect i ngfisymptommend/emsevetiy 9 d@ﬁtmentd@tbecﬁwmledaweiboctoyf admipistrefiomeidel | i ng

and/ or rahg ‘P&"élkcaﬁ'{ ehd a@@éf%gg?ac'ﬁﬁﬁ) %ﬁEBF E&Qraf iRGLARS. 8 ec‘ﬁﬂ:ca'éflﬁécﬁ)agé%g%f TLQe

invention are as each c‘ggcts In I's mut an
present irAQERH $anbe §Efﬁﬂwn§@§&ﬁfmr%9ew linisnbitiglsewitn pgtienh gragress 10

ref er encedyGeldiRry einPMMI fhohitGdges, in which: Figure Ais a graphical
representation of pre og ucagon and its conponent parts; .15 Figure 1 is

a conparison of the effects of JCV and i PYN proglucagon-derived and

rel ated pERAUELE RRBY|RRAaH NUstKBtind dob@defhn’ 8liSy a low percentage of the

maximum tolerated dose in animals as the starting dose in man.

Still another embodiment may relate to the use of OXM to identify an agent which
inhibits food intake in a mammal. Another embodiment may relate to a means to
identify and develop further suitable medicaments for the prevention or treatment of

excess weight.

The use of OXM may include the use of the peptide itself or may include the use of
the theoretical or models characteristics of OXM. The functional or structural
characteristics of OXM utilised may be of a peptide itself or may be of a computer-
generated model, a physical two or three-dimensional model or an electrical
generated (e.g. computer generated) primary, secondary or tertiary structure, as well
as the pharmacophore (three-dimensional electron density map) or its X-ray crystal
structure.




Figure TAillustrates the cumul ative food intake (g) up to ﬁ/lapl%q r ICV
injection of GLP-1, OXM glucagon, or glicentin (all 3nrm|§ 1Nt o° Tast ed :
ani mal s. wip g3fa909> vs. saline control. Figure 1B illustraj@scaidbati ve 20
food intake (g) up to 24 h after an acute i PVYN injection of GP-1, OXM
(both 1nnol), or exendin-4 (0.03nrm|)1hnto fasted animals. *, P<0.01 vs.
saline control for all groups at 1, 2;7and 4 h. *, P<0.05 vs. saline
control for exendin-4 only at 8 h; 25 Figure 2 shows two graphs of the
effects of 1CV and i PYN OXMon food intake in fasted rats. Figure 2A,
cunul ative food intake (g) up to.8-h after an acute ICV injection of OXM
(0.3, 1, 3,Tier sthictwrablcharaeiagisties 2By emable thet ideatificetion of potentig) agents o 8 h
after an acute i PYN injection of 7 March 2006 03/ 022304 . PCT/.(3BQ2/ 04082
13 OXM ( 0. thalomay l%tPfaE‘OVIHh&W %@Wﬁ?@é&nm paction. ﬁhe;&tlﬁgau%l i ne

onset of 5 Be ByRoRiRudeRod8inf PR Piodd 9ol Ubay) | LiTocti on or O

- G.P-143 nnol ), or saline at the onset of the dark phase. Food intake

(grams; A) and behaviors (B) at 1 h postinjection were determ ned. *,
P<0/ 05 vs. Prsfariedefeatnts of eadld afpagtioé the sh@ntionvave [aarfogeaginsf die other
inhibition of OXMand GLP-1_effects on food intake by exendin-(9-39).
Fi gure 4A, 2BYds ekomitaudat.t er  an acute 1CV injection of GLP-1 (3
.nmol ), G.P-1 plus exendin-(9-39) (30 nnol), OXM (3 nnol), OXM and
exendin-(9-39) (30 nnmol), or exendin-(9-39) alone (30 nnol). Figure 4B,

f ood i nt akeppf n; Bnlie ¢ IR} KN B 1 and
exendin- ( 9?%113:) bl(f‘eriv,eoﬁtnnmii\{é;i?xﬁn%@ hdWNidsBiBED HYwaly Si*—Bx&mbie BAR/ lmd Gk
10 reference to the following figures, in which:

‘Figure A is a graphical representation of preproglucagon and its

component parts;

15 Figure 1 is a comparison of the effects of ICV and iPVN-
proglucagon-derived and related products on food intake in fasted rats.
" Figure 1A illustrates the cumulative food intake (g) up to 8 h after ICV
mjection of GLP-1, OXM, glucagon, or glicentin (all 3nmol) into fasted
. , animals. *, P<0.05 vs. saline controlr. Figure 1B illustrates cumulative -
20 food irntake (g) up to 24 h after an acute iPVN injection of GLP-1, OXM
| - (both 1nmol), or exendin-4 (0;03nm01j into fasted animals. *, P<0.01 vs.
saline control for all groups at 1, 2, and 4 h. *, P<0.05 vs. saline control -‘

for exendin-4 only at 8 h;

25 Figure 2 shows two graphs of the effects of ICV and iPVN OXM on food
intake in fasted rats. Figure 2A, cumulative food intake (g) up to 8 h after
an acute ICV injection of OXM (0.3, 1, 3, or 10 nmol). Figure 2B,

cumulative food intake (g) up to 8 h after an acute iPVN injection of



OXM (1 nrmol), OXM and exendi n-(9-39) (10 nnol), or exendi nfM%-rc:;@OOGal one
(10 nnol ) into fasted aninmals. **, P<0.005 vs. saline control;, Figure 5 is

a graph ¢fgdaeenpetition of [1251] G.P-1 binding in ratpciZ@eodaupst hal ami c

-menbranes by GLP-1 and OXM Figure 6 illustrates the effect of a) IP OXM

(30, 100 and 300 nnol fkg in 500 pl sgkine) or saline on cunulative food

i ntake (g) in 24-hour fasted rats injected during the early dark phase
(cl osed squares = saline, open 25 circles = OXM 30 nnol / kg, closed
triangles = OXMDXD (9ol .89 or dp@ mmdl) iistogtassed=andidIR08, Br0l05ky).; sading b) | P
OXM (30 and 100 nnmol/kg in 500 | saline) or saline on cunulative food

i ntake in non-fewted; rats 7 March 2006 WO 03/022304 PCT/ GB02/ 04082 14
injected prior to the onset of the dark phase (cl osed squares = saline,
open circles = OXM 30 nnol | kg, closed triangles = OXM 100 nnol / kg) .

*P<0. 05 vs. salgne:. ki [ t i daj P

I nj ections of &%ﬁf%g Sﬂﬁﬁglt%’ﬁgt%ak gﬁﬁshgl ‘?ﬁ%‘&? g&gégg@;@f‘gﬁﬂg@i&%ﬁat Ive
food i it ake (g)thealutk phasd)Fdyed@ighcepednan YLV hRelodof OXREOGLP-1 (3
***P<0. 005 vs. saline; 10 15 20 Figure 8 illustrates the effect of I P OXM

(50 mol / kg), sempheopsaline posict onset obrihe glark phasayFoeddnmke (Bamandl)/ kg); 2

hours = CCK (15 npuol/kg))..Qn gastric.enptying in, 36-hou t rats.
Contents (dry 30k gﬁl?i)‘“%)ﬁ ealsfihaeﬁlwr?@fbk‘%%ﬁéfaﬂagei %Zﬁf@&éa&% of the
food i nt ake deraiipch op0-m nute feeding period. **P<0.01 vs. saline; -
Figure 9 illustrates e’effect of increasing doses of OXM (0.01 --- 1.0

10 Figure 4 shows two bar graphs of the inhibition of OXM and GLP-1

effects on food intake by exendin-(9-39). Figure 4A, food intake 1 h after

~an acute ICV injection of GLP-1 (3 nmol), GLP-1 plus exendin-(9-39)

(30 nmol), OXM (3 nmol), OXM"and exendin-(9-39) (30 nmol), or

" exendin-(9-39) alone (30 nmol). Figure 4B, food intake after an acute

15 | - 1PVN injection of GLP-1 (1 nmol), GI.LP-1 and exendin-(9-39) (10 nmol),
OXM (1 nmol), OXM and exé'ndin—(9—39) (10 nmol), or exendin«(9—3_9) '

alone (10 nmol) into fasted animals. **, P<0.005 vs. saline control;

Figure 5 is a graph of the competition of [IZSI] GLP-1 binding in rat
20 hypothalamic membranes by GLP-1 and OXM;

Figure ‘6_ illustrates the effect of a) IP OXM (30, 100 and 300 nmol/kg in

- 500 pl saline) or saline on cumulative food intake (g) in 24-hour fasted

rats injected durin.g the early dark phase (closed squares = saline, open

25 circles = OXM 30 amol/kg, closed triangles = OXM 100 nmol/kg, open
triangles = OXM 300 nmol/kg); and b) IP OXM (30 and 100 nmol/kg in

500 pl saline) or saline on cumulative food intake in non-fasted rats



nmol e) on 1 hour food intake when adm nistered into the arf%tr | eus. of
24- hour fasted rats.. *P<0.05, **P<0.01, ***P<0.05 vs. sal rgure 10

illust ra%oglmgﬁffect of i ARC adm ni stration of exendin g?i%/%’%&i,o?%ml es)

or saline injected 15 mnutes prior to I P admnistration

nnol / kg), G.P-1 (30 nnol/kg) or salin§4on_ 1 hour food intake.(g). (S 7
‘March 2006 WD 03/ 022304 PCT/ GB02/ 0408 15 = saline, G= GP- 1 (30

nmol /kg), Ox = OXM (30 nnol /kg), Ex = exendin 9-39.(5 nnoles)); Figure 1la

L lustrates thangKRUsERaB B ohRS drdie b FHIPRE SBBL Y Adukri. cfeTpgRce 1O

A) I P saline or XM (50 nnol | kg) rcuat e’ nucl eus of

hypot hal anus (x40, magni fication). ***P<0.Q05, vs, saline; Figure 1l b
illustrates t h&Elgse §SQ)QMI ép P@lel(gké"i‘?sl‘?‘gum&ﬁ vatri&/‘i ﬁagl’éfnpﬁg%nse to
A) IP saline, - B) P OXM (50 nnol/kg) or C IP CCK (15 nnol/kg) in the
NTS and AP of t'#feOiavsisubne; Exanples A -- OXM causes a potent decrease in
fastin -induced refeeding when injected 15 both ICV and i PVN Peptides and

chem cals GP-1, glicentin, glucagon, and SP-1 were purchased from
Peni nsula 20 Laboratories, Inc. (St. Helens, UK). OXM was purchased from

| AF BioChem Pharma (layval, Canada Exendi n-4 ,and_exendi n- (9-39) were
synt hesgi sed at %wﬁitd‘l“ﬁ@é%F%eé@%eﬁtW'%ﬂﬁﬁ 3B i1gjecHpns 0@@?&"&550

Sci ences Center, Hammersmth Hospital, London, UK using F-noc chem stry on

an 396 MPS pemmaoltke)wnishisd ferseyénldancen afbembbaive food intakedgpundbyed by
reverse phase 25 HPLC on a Cx colum (Phenonex, Macclesfield, UK). -

The. correct rmlb%ﬁy lv@’é'ight gain (g). *P<0.05, **P<0.01, ***P<0.005 vs. saline;

Figure 8 illustrates the effect of IP OXM (50 nmol/kg), saline or a
10 - positive control (1 hourr= GLP-1 (50 nmolkg); 2 hours = CCK (15 .
| nmolkg)) on gastric emptying -in 36-hour fasted Vrats.‘ Conlents.(dry‘

weight) of the stomach were ekpressed as a percentage of the food intake

during the 30-minute feeding peribd. **¥P<(.01 vs. saline;

15 Figure 9 illustrates the effect of increasing doses of OXM (0.01 - 1.0
nmole) on 1 hour food intake when administered into the arcuate nucleus

of 24-hour fasted rats. *P<0.05, **P<0.01, ***P<0.05 vs. saline;

Figure 10 illustrates the effect of iARC administration of exendin 9-39 (5
20 nmoles) or saline injected 15 minutes prior to IP administration of OXM

(30 nmol/kg), GLP-1 (30 nmol/kg) or saline on I hour food intake (g). (S



7 March 2006 WO 03/022304 PCT/ GB02/04082 16 wei ght was C?'R)i-fﬂ?(?bﬁby mass
spectronetry. Al chem cals were purchases from Merck & Co. d{ erwort h,
Lei cest enyo bd228¢3l ess ot herwi se stated. Animals 5 Adult pejyepdyedosy rats
(ICSM  Hanmmersm th Hospital) were maintained in individual cages under
controlled conditions of tenperature (%1- 23C) and light (12h of light, 12h
of darkness) with ad |ibitum access t(} food (RM diet, Special D et
Services UK Ltd., Wtham UK) and tap water. Animals were handled daily
after recovery £rQiinsUpe GIUY| {3@@1%1&%5,0@01‘: bravs {30 ingsol/ip))) EkO=ani mal
procedures undertaken were approved by the British Home Ofice  Aninmals '

(Scientific Proced reﬁﬁ&% 1986 (Project License P1L 90/1077). ICV and i PVN |
CrC O

cannul ati on and™ ?&SY> conpounds Ani nal s had pernmanent stainl ess
steel guide cannulas (Plastics One, Roanoke, 15 VA) stereotactically
inplanted I1CV or i PVN. All studies were carried out in the early |ight
phase, between 0900-1100h, after a 24-h fast, and food intake was neasured

1, 2, 4, 8, andrigdhe Nqat ilhishGtdsOthe Eg@%&ﬁgn%ﬂ%s-ﬁ@t hﬁo.l?egc@ﬁ@%i son of

the effect of proglucagon-derived pr cts and rel ated peptides -on food
intake. In study la, rats.wefe Jj.njected i,.th . 101.1 saline, GP-1 (13
nnol ), 2OXM (3 ’%érﬁBq"jsF 9 éé;@{)ﬁaif'é rﬁ’t‘ro@ ,ﬂ)gq\jxgﬂi &an‘m?}fé@?r}ﬁoﬁ ¢ YEULqr oup) .
25 In all studies, OXMwith the foll ow ng sequence was used: His Ser Gn

dy Thr Phe ThrnudeusAsfphdhypotBalanhyss(xAPrmbgnifidapore r+*APg0/00H W. 3althey 7
March 2006

and

Figure 11b illustrates the expression of fos-like immunoreactivity in
10 response to A) IP saline, B) [P OXM (50 nmol/kg) or C) IP CCK (15

nmol/kg) in the NTS and AP of the brainstem.

Examples
A — OXM causes a potent decrease in fasting-induced refeeding when injected |

15  bothICV and iPVN

Peptides and chemicals

| - GLP-1, glicentin, glucagon, and SP-1 were purchased from Peninsula
20 _Laboratories, Inc. (St. Helens, UK). .OXM was purchased from IAF BioChem
Pharma (Laval, Canada). Exendin-4 and exendin-(9-39) were synthesised at
Medical Research Council, Hemostasis Uﬁit, Clinical Sciences Center,

. Hammersmith Hospital, London, UK using F-moc chemistry on an 396 MPS
‘peptide synthesiser (Advanced ChemTech, Inc.) and purified by reverse phase

25 HPLC on a Cg column (Phenomex, Macclesfield, UK). The correct molecular



WD 03/ 022304 PCT/ GB02/ 04082 17 Asp Phe Val G n Trp Leu I\Z/b

Arg Asn L lle Ala H GLP-1 with the fol | owi t”%ag-"s@%hﬁg%sws
rg n Lyg e Ala Human -1 wi e foll ow ng s
used: 5 His(ﬁ?@z%ﬁﬂ Gy Thr Phe Thr Ser Asp Val Ser Ser T>1/)r LeuEl ﬁy%y
Gn Ala Ala Lys Gu Phe lle Ala Trp Ley Val Lys Ay Arg 10 In study |b,
rats were injected iPVYNwith | saline, P-1 (1.0 nnol), OXM (1.0 nnol),
glicentin (1.0 nnol), glucagon (1.0 nnol), or SP-1 (3.0 nnol; n =

12- 15/ group) . W gl L.nhi [ '

ot ont 'yt hary CER o5 FnfibER yinBes Shectipihedy" AN hol Ol MUCBErRES

0. 03 nnol . 15l'dm\‘M?@tk@Ud?'('L@f&chib@tf@Ueﬁiéﬁteﬁ,flJIé?/ﬁﬁl%%bﬂﬁrﬁﬁé%&léﬁ. OXM on
food i'ntake In study 2a, rats were injected | with saline, GP=1 (3nnol),
or OXM (0.3, 1, 3 or 10 nmol; n = 8/,group). In study 2b, rats were

i njected i PV v.viti}saline, GP-1 (1.0 nol), or OXM (0.1, 0.3, or 1.0
nnmol ; n - 12:¢ 5”6 oup). To assess 20 whether OXM acts via the GLP-1

recept ofrs, Aldey

a- | Rg; ke ' | A= (9- was
perfprm;jd. NI ght !tﬁlé?}ééwglesté irnag%i_ g&?@i%@%ﬁﬁ %%@?@%ﬁ%ﬂ?gﬂf’a%s
possi bl e t ha_indD)‘iMhahEHg@bh%déﬁ@ﬁ)tﬂdﬂeﬂ‘tﬁn&iti%nﬁQ;'F%éiﬁﬁérfahﬁet{@ﬁfzg"C)za'ﬁl@lY(']gﬂts' on,
and that it is not a true satiety factor. Therefore, |ICV cannul ated rats
wer e adm ni s{iBedf dight,1 12Brofodarknes) with nublipituor acess rte food=(RVgrdief)) at
t he onset of .the dark phase. Fgod jn e was _nmeasured | h postinjection
(study 3a), Sa?ﬁia%%yg?fdiceﬁééﬁag@es@@%t &) a1K) taprysater, e ABITBYS SY&FBd f or
1 hpostin et 4108 a4 %%e?rgc%%}/)} Pr&rnaéurﬁ&%rrEnt?lhgoentlpletion of the studies. All

10 . animal procedures undertaken were approved by the British Home Office
Animals (Scientific Procedures Act 1986 (Project License PIL 90/1077).

ICV and iPVN cannulation and infusions of test compounds

Animals had permanent stainless steel guide cannulas (Plastics One, Roanoke,
15 VA) stereotactically implanted ICV or iPVN. All studies were carried out in
| the early light phase, between 0900-1100h, after a 24-h fast, and food intake

was measured 1, 2, 4, 8, and 24h postinjection.

Feeding study protocols
20 Comparison of the effect of proglucagon-derived products and related peptides

on food intake.

-In study 1a, rats were injected ICV with 10l saline, GL.P-1 (13 nmol), OXM
(3 nmol), glucagon (3 nmol), or glicentin (3 nmol; n= 8/group).
25

i In all studies, OXM with the following sequence was used: /

His Ser Gln Gly Thr Phe Thr Ser Asp Tyr
lr‘Ser Lys Tyr Leu Asp Ser Arg Arg Ala G



|
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injected wwth JCV with saline, G.P-1 (3nnol), G.P-1 (3nm)

exendi n- &y @h24030 nnol ), OXM (3 nnol ), OXM (3 nnol) pl USPCMEMM&W 39)
(30 nnol), or exendin-(9-39) alone (30 nnol). In study 4b, rats 5 were i PVN
injected with saline, GP-1 (1 nnol), P-1 (Innol) plus exendin- (9-39)
(10 nnol ), OXM (1 nnol), OXM (1 nnol) plus exendin-(9-39) (10 nnol), or
exendi n-(9-39) alone (10 nnol; n = 10-12/group). Receptor binding assays.

St udy 5. 10Asg2ecppé orvihj NdGRY aFgRY SLMET eMRe! fAsMedTAM g ysi nal vol une of
0.5 nil rat ypot hal am ¢ nmenbranes (200g protein), 500 Bg (100pM

[ 12SI ] GLP- 1ArandAsuinl el edsconpsi i nde pephlades (GLP-1 and OXM as

speci fied. Menbranes were incubated at roomtenperature for 90 rain. Bound
and free radioactivity were separated by centrifugation (2 mn, 4C.

Pel | et ed [ & er (0.5 m, ice-cold), and
t he nenbrgﬁggﬁ\%g’f%l‘ﬁ?en ti.'quugedé?\Ej \gldgtegcrl Joe\‘/je The supernat ant was
renoveg, and the radioactivity in the peIIet was counted using a
y-counter. Specific (saturable) binding was calculated as the difference
bet ween t heHammouAla of Glu 23G}yGL PFlir [hend Thr t erabsksce \(aiot al binding) and
presence of 11tm GLP-1 or OXM 20Q (nonsat urabl e binding). curves were

const ruct edS&i t thiIm nEY i b | p‘ﬁllbat(éy I @b‘ va‘?*li'es Alar e I@’éil cuI ated using
the, P €} ft Stati st |
ZSeFor r:‘zodépﬁt a ?ygg‘g d ,{So %‘ﬁr e‘é%‘nt el‘oly QE]I? egr&gn SEM 2 -I sties

Statistical dlfferences bet ween experi nmental groups were determ ned by
ANOVA, - followed by a post-hoc |east significant difference test (Systat
8.0, manstl(nnstudy Lp, rdtowebe hajected iRV Nandtly $g salinet GLEF B (ROpmesty,c0Xad t he

~ medi an nunber_ of

(1.0 nmol), glicentin (1.0 nmol), glucagon (1.0 nmol), or SP-1 (3.0 nmol; n =

- 12-15/group).  Exendin-4, when injected ICV, inhibits food intake more
potently than GLP-1. Therefbre, exendin-4 was injected iIPVN at a dose of
0.03 nmol. '

15 |

Investigation of the effect of increasihg doses of OXM on food intake
In study 2a, rats were injected ICV with saline, GLP-1 (3nmol), or OXM (0.3,

1,3 0r 10 nmol; n= 8/groﬁp). In study 2b, rats were injected iPVN with saline,
GLP-1¢ I.Q nmol), or OXM (0.1', 0.3, or 1.07nrnol; n- 12—15/group). To assess

20 whether OXM acts via the GLP-1 receptor, a study using the GLP-1 receptor

_antagonist exendin-(9-39) was performed.

Night time feeding and behavioural analysis.

Study 3. Itis possible that OXM inhibits food intake via nonspecific taste
25 aversion, and that it is not a true s'atiety factor. _Th‘erefore, ICV cannulated rats

were administered GLP-1 (3nmol), OXM (3 nmol), or saline (n = 6/group) at

the onset of the dark phase. Food intake was measured 1 h postinjection (study

3a), and behaviour was assessed (study 3b). Rats were observed for 1 h

postinjection using a behavioural score sheet.



occurrences of each behaviour and the range. Conpari sons bﬁ\{%ﬁ&{‘z@ffsc"“ps'?
March 2006 WO 03/022304 PCT/ GB02/ 04082 19 were made usi ng e ‘

Mann- Whi dolaeasiosbdogst (Systat 8.0). In all cases, P<0.05 &Sy | dered
statisticall S’/ significant. Results 5 Conparison of the effeé@g&zq“gﬁ

progl ucagon-derived products and rel ated peptides on food intake |ICV

adm nistration. In study la, OXM and 1C§_P-_I (3 nnol) significantly reduced
refeeding. This 10 inhibition of food intake |asted until 4h postinjection
(Fig. IA). ducagon and glicentin (3nnmol) failed to affect food intake at
any time point.(Fig. 1A). iPVN admnistration. In study Ib, OXM QGP-i (3
nmol ) and Exeadiyndl rafd R3RMRIjectéd SAth 1TOVbL@dsalike, cm‘fe?cqzmﬁmme@wrﬂ ected

i PVN. This inhibition | asted at | east 8h postinjection, 1onger than when

i nj ected | Gumel) plug Bxendihi(B-<Mi (@) mnabaBaM (3 nmol), OXMI (3 $@adl) pdusnnol )
failed. to affect | nt ake at any ti oi.nt when injected, i PVN. 20

Ef fects of%‘?ﬂﬂ"é’&é%%g (é@§§§)?bf)‘®¥ﬁﬂ@ﬁ'&eo%§ 2lppe (30 P’@Oliao{ﬁi strdy Ahciadh. I n
st udy<2a, o I I e f e [ 0Se- epdent
ranngs . e R Rleeted il salile, GEPEC o B ety (ool 3565 RERFRN:
posti nj ect {00R9Y Fi@. - OXEMING hey stonatt en. : ; tqgogig' i ke was
signifi cangt |y Irgducnergél%'yoi PVI\Iinagijﬂ(la((B:l ‘ed GLP?F nzgllr]%]) ﬁicl)é)l(lfﬂ)é?%ﬂg%lﬁ nr’;om@unt 1
8h post i njewpl)oor ¢RerylinZB)39) alavier(@0 2H66 n = 10-12/group).

Receptor binding assays. Study 5.
10 Receptor binding assays were performed in a final volume of 0.5 ml rat
“hypothalamic membranes (200ug protein), 500 Bq (100pM) ["*IJGLP-1, and
unlabeled competing peptides (GLP-1 and OXM) as specified. Membranes
were incubated at room temperature for 90 min. Bound and free radioactivity
were séparated by centrifugation (2 min, 4°C). Pelleted membranes were :
15 =~ washed with assay buffer (0.5 mi, ice-cold), and the membranes were -
centrifuged as described above. The supernatant was removed, and the
radioactivity in the pellet was counted using a y-counter. Spectific (saturable)
binding was calculated as the difference between the amount of [IZSI]GLP-I
bound in the absence (total binding) and presence of 1um GLP-1 or OXM '
20 . (nonsaturable binding). All curves were constructed with points in triplicate.
ICsp values were calculated using the. Prism -3 program (GraphPad Software,
- Inc., San Diego, CA). | '

Statistics

25 For food intake analyses, data are presented as the mean = SEM. S-tatisticai
differences between experimental groups were determined by ANOVA,
followed by a post-hoc least significant difference test (Systat 8.0, Evanston,
IL). For behavioural analyses, data are expressed as the median number of

occurrences of each behaviour and the range. Cor_nparisons' between groups
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at the onset of the dark phase. The dark phase is the rats natural feeding

tinme. Thefbmssgassessing the effect of a putative satigiychegdds: i n
non-fasted animals at this time would represent a 5 nore physiol ogi cal

effect. Effect of OXMon food intake. .In study 3a, when injected in the
early dark phase, both GP-1 and OXM (1§ nmol ) significantly reduced food
i ntake conpared with that of saline-treated 10 animals 1h postinjection

[Fig. 3A]. e [ 0 | QAL tQr 1.4 [ f LM

adm ni str at ‘lgg%’ f)r#ﬁ@%)*%ﬁgsihﬁ no %f%tﬁggelgrtﬁ%}%a}rs @( %ﬁdgs Zﬂlagdct 0 ,aPk&HS
signifi Cantwﬁ?@é@ﬁ&é‘cﬂBtaﬁ@@@dl&ﬂsigﬁifﬁ@ﬁﬁs (study 3a) and an increase in
rearing 15 behaviour (study 3b) [Fig. 3B]. There was no change in
groom ng, still, head down, burrow ng, or |oconotion episodes. To assess
whet her OXM.acts via the GLP-IR, a study using the GP-1R antagoni st,
exendi n-(9-§9§m§ﬁ/as performed. ICV adm nistration. Study 4. 1CV

coadmi pi stratjon.. t P- cept i i.n-.(9-39 i.$h
GP-13at a ¢§h%8n§<$n 1‘3&}% aﬁ%@gnﬁgtﬁgéw%gwﬁﬁﬁ%%{@? Hgtsa%{)l&e%?wgaef fects
of GLP-I [Ilf‘gclgidegle],.fog&l;ﬁtgpg nore, coadm nistration of exendin-(9-39) with
OXM resulted in attenuation of the anorectic effect of OXM[Fig 4A]. i PVN
adm nistration. Simlarly, when injected i PYN, the anorectic effects of
both GLP-1 and OXM . were bl ocked when coinjected with exendin-(9-39) [Fig

4B] . 7 Mar ci¢Yodeunigirationn22304 PCT/ GB02/ 04082 21
In study 1a, OXM and GLP-1 (3 nmol) significantly reduced refeeding. This

10 -inhibition of food intake lasted until 4h postinjection (Fig. 1A). Glucagon and
glicentin (3nmol) failed to affect food intake at any time point (Fig. 1A).

iPVN administration. : _
In study 1b, OXM, GLP-1 (3 nmol) and exendin-4 (0.03nmol) also inhibited "_'
15 refeeding when injected iPVN. This inhibition lasted at least 8h postinjection,
longer than when injected ICV (Fig; 1B). Glicentin, glucagon (I nmol), and
SP-1 (3 nmol) failed to affect food intake at any time point when injected -

iPVN."
20 Effects of increasing doses of OXM on food intake

ICV administration. ,
In st‘udy 2a, when injected ICV, OXM reduced refeeding in a dose-dependent
manner, reaching a maximal effect at a dose of 3 nmol 1, 2, and 4h

25 postinjection (Fig. 2A).

1PVN administration.
In study 2b, food intake was significantly redaced by iPVN-injected GLP-1 and
OXM (both 1 nmol) until 8h postinjection (Fig. 2B).



Receptor binding assays. Study 5. The affinity (1C5(c)) of g&l?-%zéﬁ'the
GLP-receptor in rat hypothalam c nenbrane preparations vvag i (Fig.

5). The aj&&mzh\(mof OXM for the 5 G.P-1 receptor in the Fg,pgpgﬁ%gane

preparations"was 8.2 nM (Fig. 5), which . is approxi mtely

magni t ude weaker than that of GLP-1. D| scussion. OXM causes a potent
decrease in fasting-induced refeeding 2Qhen injected both 10 I CV and i PVN.
The effect was sustained until 8h (i PVN) or 4h (ICV) postinjection. The
effect of OXMis approximately of the sane magnitude and tine course as
that of GLP-1 when adm nistered ICV and i PVN at equi nolar doses. In

addi tion, @ffc shORNEinf100d cathalsted datdioniast @e orn§étsoﬁhe'fdﬁﬁ< gset of  the
dar k phase and at that tine they showed no signs of aversive behaviour. 15

It has beer hs:u@glephe&:b sithe rathensuia feediQXkmpethéiefors] askesgng theecffertigast ri ¢
mucosa. However, no such hinding S|te Qf?s been identjfied in the CNS.
Ther ef or e, Of @ RERLYH s3itEE% Qtﬂ%d“ eiafasted aniaepls @t this e wopldirepresent a

hypot Iam 1 and OXM have sinilar potency in feeding
st udi es n? ICS"L?E,IO@& " that OXM has a nanonol ar affinity for the

GP-IR (IC5(c) 8.2 nM. ThIS affinity is approximately 2 orders of
magni t ude weaker than that of GP-1 (1C50 = 0.16 nM. Yet despite this
reduced af Effﬁctyffﬁfi\fltmfdﬂ.d%tz&e OXM reduces food intake to the sane

magnltude One explanation for this is that OXM m ght act througg both the
GLP- | R ah® Smdé’ whe syeeiediip tﬂlﬁ@aﬂﬁ' qla,rbomh?éc,a . GHRab any@K

11t 5 SRR e ropbed Sl B
Y e e R e
Observation of behaviour after ICV injection of OXM.
ICV admuinistration of OXM (3 nmol) in the early' dark phase led to a
significant decrease in feeding episodes (study 3a) and an increase in rearing
15 behaviour (study 3b) [Fig. 3B]. There was no change in grooming, stili, head

down, burrowing, or locomotion episodes.

To assess whether OXM acts via the GLP-1R, a study using the GLP-1R
antagonist, exendin-(9-39) was performed. |
20 -
| ICV administration. Study 4.
- ICV coadministration of the GLP-1 receptor antagonist exendin-(9-39) with
GLP-1 at a ratio of 10:1 (antagonist/agonist) blocked the anorectic effects of
GLP-1 [Fig. 4A]. Furthermore, coadministration of exendin-(9-39) with OXM
25 resulted in attenuation of the anorectic effect of OXM [Fig 4A].

iPVN administration.
~ Similarly, when injected iPVN, the anorectic effects of both GLP-1 and OXM
were blocked when coinjected with exendin-(9-39) [Fig 4B}.



22 5 coinjected, the anorectic actions of GLP-1 are bl ocked. é@gﬁao Mis
coinjected with exendin-(9-39), the anorectic effects of O I\Ware al'so -

conpl et elyo B3/@2kad. This woul d strengthen the argunent thper/QvbiMms:
mediating its effects via the GLP-1R W investigated the effects of
glicentin, and glucagon after an acutg;lCV injection in fasted rats. No
effect on fasting-induced food intake was seen after the adm nistration of
t hese peptides. In addition, there was no effect of these peptides when
they were adm nistered i PYN. When SP-1, the putative 10- m ninmal active
structure of OXM was injected i PVN, no inhibition of food intake was
observed. TRecepterkinding assaysctStaded. by OXM i s specific. 15 B Peri pheral

adm ni strat,jon of. OXM 3| so r.e e ood, odi.nt ake and .bod wei ght gai n.
ept | das. antie RN Sl laOLil chlo Qi ObRIAEDE! dencth PREPRRI TRy Al
‘Canada) . - Peri psul &L Hel ens,
00 xendi eBoEe pRUAENTRE s OT6 A 5 3) RO FHRESE, DM fol the 2. o7
Unit, & iniGRP-RRcopictnf fe &80 hemirai®preparitdonsossy 8.3inM KBipd &), whighusi ng
F-noc chem stry 25 on a 396 MPS peptide synthesizer (Advanced Chenilech

I nc., Loui sisiappmximejely 2ratdens of maghitide vecakes thanHheeofiBLE-bn a C8 col um
(Phenonmex, Macclesfield, UK), using a gradient of acetonitrile on 0.1 %
trifluoroacetic acid. Correct nolecular weight was confirmed by nass

spect r onet r]%isc@isﬁox?hem cals were purchases from Merck Eurol ab Ltd.
(Lutterworth, "LerCéstershire, UK), unless otherw se stated. Animals

- OXM causes a potent decrease in fasting-induced refeeding when injected both
10 ICV and iPVN. The effect was sustained until Sh (iPVN) or 4h {ICV)
postinjection. The effect of OXM is approximately of the same magnitude and
time course as that of GLP-1 when adnﬂniétered ICV and iPVN at equimolar
doses. In addition, OXM inhibits food intake in nonfasted rats at the onset of
the dark phase, and at that time they showed no signs of aversive behaviour. |
15 |
It has been suggested that there is an OXM-specific binding site in gastric
mucdsa. However, no such binding site has been identified in the CNS.
_ Therefore, it was proposed that OXM mediated its effects via the hypothalamic
GLP-IR, as GLP-1 and OXM have similar potency in feeding studies. It has
20 . been shown that OXM has a nanomolar afﬁnity fof the GLP-IR (ICso = 8.2
' nM). This afﬁnity is approximately 2 orders of magnitude weaker than that of
GLP-1 (ICsp = 0.16 nM). Yet despite this reduced affinity for the GLP-1R,
OXM reduces food-intake to the same .m_agnitude.' One explanation for this is |
that OXM might act through both the GLP-1R and its own receptor in the
25 hypothalamus. Thus, OXM could elicit a response comparable to that of GLP-
1 despite its lower affinity for the GLP-1R.

Exendin-(9-39), a fragment of the GLP-1R agonist exendin-4, is a potent and
selective antagonist at the GLP-1R. When GLP-1 and exendin-(9-39) are



7 March 2006 Adult male Wstar rats (180 - 200 g) were rrai?mi(%ﬁ%n y
I ndi vi dual cages under controlled conditions of tenperature ( - C and

light (1&d@dhsioki ght, 12 hours dark) with ad Iibitum aCsEs - ndard
rat chow (RM g’iet, Special D et Services UK Ltd., Wtham Egéie?géﬁﬁﬁm and

water. Al procedures 5 undertaken weég approved by the British Honme Ofice
Animals (Scientific Procedures) Act 86 (Project Licenses PPL: 90/1077,
70/ 5281 and 70/5516). 23 10 15 WD 03/022304 PCT/ GB02/ 04082 | nfra-arcuate
nucl eus canpyliati@n gani had meromaneaj p. Igj' uniwRLeré@ {.ai nl ess
steel guide ca{nnu?’ae@(agﬁg%tn?cgc eS, Eog%gkg%A logg%?'eot act'fca%(mlslts -

i mpl ant ed icoiifjedibé Mithuakendinc(9e3®), die tdherdtyipokhRiaMes, OXMGra also
cannul ati on protocol using cannul ae positioned 3.3 mmposterior to and 0.3

mm | at er al competehndlecked9. Al Bebddy strengthenethe sarghmeat othat KaXdk uis| .
Intra-peritoneal. (]P)_.injection | P injections were delivered using a |
M syringe ™ aténégs éqlﬁﬂjévl‘ﬂa@(ﬂ@}:‘él'iﬁe maxi mum vol une of injection was 500
|, and; was adj usted according the weight of the individual aninmal. All
pepti des were dissolved in saline. 20 In these studies, the hunman OXM and

human GLP- WueinQestiatbdMlid) cffeers SEQIRRARS, Bh@VEIHEShdN aPREem ABu@NIC6
above. In vivo protocols 1. Investigating the dose-response. effect of

peri pher al igjgniion it fastedanatsoNOXMecPen dastingsindieedfeod mtdkeswesdseemi aftdrs :
Animal s were fasted for 24 hourseagrior to.the s

tudy. During the early |ight

phase (09. 8 admigstpiaq of these pepbfles. ol @dduios; Hare was nﬁjegtepr oh tesesal i ne,
ap-1 peptides when they were administered iPVN. When SP-1, the'. putative
10 minimal active structure of OXM, was injected iPVN, no inhibition of food

intake was observed. Therefore the effect Se_en by OXM is specific.

‘B - Peripheral administration of OXM also reduces food intake and body

weight gain,
15
Peptides' and chemicals
OXM was purchased froniVIAF BioChem Pharma (Laval, Canada). GLP-1 was
purchased from Peninsula Laboratories Inc. (St. Helens, UK). Exendin 9-39
was synthesised at Medical Research Council, Hemostasis Unit, C.linical '
20 Sciences Centre, Hammersmith Hospital, London, UK using F—moc‘ch'emistry
on a 396 MPS peptide synthesizer (Advanced ChemTech Inc., Louisville, KY)
and purified by reverse phase HPL.C on a Cg column (Phenomex, Macclesfield,
UK), using a gradient of acetonitrile on 0.1 %. trifluoroacetic acid. Correct
molecular weight was confirmed by mass spectrometry. All chemicals were
25 purchases from Merck Eurolab Ltd. (Lutterworth,\Leicestershire, UK), unless

otherwise stated.

Animals



(30 nnol / kg body weight as a positive control) or OXM (10 -- 38[9 ﬁ'(ggnl | kg
body weight) (n = 12 per group) in a volune of 500 I. Follg\M?{ ? e .7 March
2006 VO Q@ $3A3aa4 PCT/ GB02/ 04082 24 injection, the ani malgcrese/diedur ned to
their hone cages and provided with a pre-weighed anount of chow. Food

I ntake was neasured 1, 2, 4, 8 and 24 3hours post-injection. 5 2.

I nvestigating the effect of peri phera? adm ni stration of OXM on food intake
in non-fasted animals during the dark phase: The dark phase is the "normal"

feedi ng ti ngdilermalat Wisthheae! (180, —a200 khidet indftaidied f@omhdividaliecagest hi s
time could be considered to be nore physiological than alterations to
ref eedi ng fwideovpnigolied eanditivny afalesnpessaio/@d -23 8Chghé light (1) katrs dight,0 of

saline or 3 - 0 npol | body wei ght n= 12 per group) prior to
lights out %@é dﬁfjlgl‘y!fglc)ﬁdfﬁl%ﬁmﬂ Beﬁsrfgél(%“{ﬂé‘% T3k é@M(fl digt, Specgalang 12
hours postpil.i — QUtr3 1 I N fect r t LP. LN egli ons XM 15
45 ani mal s %# ;%grrglﬁggnyls(e&“%&’/evv\\g{haﬁg F%{eé’.ﬁﬁfﬁzeﬁgjr aﬁaﬁéﬂ( nﬁﬁ:l %?ng{r]re roup): .

1) S i ne-drideahksh Werb @fprbvéd wmt@CBﬂgi@htHo&féOd)ffié’é AsR41s r(sefentificS0

nnol / kg body weight per injection - a dose based on the previous

dose- r esporiFecedxedrActedR80 (Birojecldickngsis tith: RO EQE7, 176/3528ddand3]0/5516).
Saline-treated, but food restricted to the nean |ight and dark phase food
i ntake of the OXMtreated 20. group. Aninmals were injected twice daily

(07.00 and Iﬁﬁ'i‘%%ﬁ&%’r‘{é%“ﬁé’mé&ﬁ'fi .. Food intake (g), body weight (g) and

wat er intake _ ; measure . On the eighth day, the animals were
killed by dogapild Ahd QermaREAY meaéniﬂ%' ﬁrﬁiat&‘il,pﬁﬁﬁnlés‘s%gé@ MﬁDcaﬂﬂglae ,
i nt erscapul ar brown adi pose tissue (BAT) were renoved and wei.ghed as an”
asseskhent (Bfasticd@PnaoRpmsoley V Apstereotactically implanted into the arcuate nucleus

of the hypothalamus, using a cannulation protocol using cannulae positioned

3.3 mm posterior to and 0.3 mm lateral to bregma and 9.0 mm below the outer

surface of the s-kul].

15  Intra-peritoneal (IP) injections
All IP injections were delivered using a1 ml syringé and a 25 gauge needle.
The maximum volume of injection was 500 pl, and was adjusted according the

weight of the individual animal. All peptides were dissolved in saline.

20  In these studies, the human OXM and human GLP-1 were used with the

sequences prqvided on pages 15 and 16 above.

In vivo protocols |

1. Investigating the dose-response effect of peripheral édnﬁnistration of OXM
- 25 onfood intake in fasted animats: ,

Animals were fasted for 24 hours prior to. the study. During the early light

' phase (09.00 - 10.00 hr), rats were given a single IP injection 6f saline, GLP-1

(30 nmol/kg body weight as a p;ositive control) or OXM (10 - 300 .nmollkg

body weight) (n = 12 per group) in a volume of 500 pl. Following the



- access to a

4. Investigating the. effect of peri'pheral adni ni stration ﬁ&' OX% gastric
enptying Aninmal's were fasted for 36 hours to ensure that t tho h was

enpty. | e early light phase (09:00-10:00) were a i bitum
%bi;%drl_ch 2006 WD 03/ 022304 PCT/ GB02/ 04082 25 pir)ééf"@lqgﬁ@é amount

of standard rat chow for thirty m'nutfti. After that tinme, the food was
renoved and rewei ghed. The aninmals we then P injected with saline, OXM
(50 nnol / kg body weight) or CCK-8 (15 nnol/kg body weight). Rats were then

1120 2 R gy bORRHERy Bl o S, eydgacinen S 4 oo

CCK- 8 gr oupyréasciph&f adudt BPThblw e Fosatihtlkel Whs ndusaradet ] PpA} 8aind N4

t wo- hour tinme-point only. Aninals were killed by carbon dioxide

asphyxi at i dourfpostdappgcoommy was rapidly perfornmed and the stonmach exposed.
The pyloric junction was ligated (2.0 Mersilk, Johnson & Johnson,

Bel giun), followed by 10 ligation of the gastro-oesophogeal junction and

t he stgmac S.r | e r aced in
o pr o- et grted NGRS M tEct A TRakEr SRRl G S BYA dakel
the cont entjg nWalRsiRIglsss AfnkiRe dBR sigRkage of the. chow ingested during
the hal f-hour re-feeding perio remaining in the stonmach per rat was then
cal cul at ed Tiss dayktphasd BltheWnognal? Feédinguime {66 fatso dThenefiom; ary inhibitienst omach
= dry weight of stomach content x 100 weight of food ingeg}ﬁed 20 5.

| nvest i gat iafgfopddntake e thisitime cpulsbe gonsidaeedoto bemerepysiplegiepdihan

I - | - L . | d n s 12- . Or-

Fandom sed AFratshie reieng TN Bt A feebfid 1 el RIbIRRE0) ' °

1000) 19 24- RGULIHBTrOXMIE I 866 nHRAAG bOARwdi Mht§ Thi=Or Bér gAY PridPfy (0. 01,
| lights out.(18.00 —19.00 hr). Food intake was measured 1, 2, 4, 8 and 12 hours

“post-lights-out.

3. The effect of repeated IP injections of OXM

15 45 animals were randomised by weight into three groups (n = 15 per group): 1)
Saline-treated with_ ad libitum acceés to food, 2) OXM-treated (50 nmol/kg |
body wéight per injection — a dose based on the previous dose-response
experiment) with ad libitum access to food, 3) Saline-treated, but food
testricted to the mean light and dark phase food intake of the OXM-treated

20 group. Animals were injected twice daily (07.00 and 18.00 hr) for seven days.

| Food intake (g), body weight (g) and wa.té.r intake (ml) were measured daily.
On the eighth day, the animals were Killed by decapitation. Epididymal white
adipose tissue (WAT) and interscapular brown adipose tissue (BAT) were

_ removed and weighed as an assessment of body adiposity.

25
4. Investigating the effect of peripheral administration of OXM on gastric

emplying

Animals were fasted for 36 hours to ensure that the stomach was empty.

During the early light phase (09:00—10:00).weré allowed ad libitum access to a



0.03, 0.1, 0.3 or 1.0 nnoles). Food intake was neasured 1,
hours 25 post-injection. 6. I'nvestigating whether periphe

&'alr % 20%6_and, 2_4

adm ni st QicegsgldWyi s acting directly via arcuate nucl eus gfchodigegotors. 7
March 2006 WO 03/ 022304 PCT/ GB02/ 04082 26 Rats cannul ated into the arcuate

nucl eus were randonmised into 6 groupsggn = 10-12 per group). During the
f ast

early light phase (0900 - 1000) 24-ho
i njection of saline or exendin9 39 (5 nnoles) foll owed by

ed rats received an i ARC

an I P injection

of saline, (XN ¢i3Red aRloBnt of KGnBREY rAIhIN ForOthir FiAufe30 ARBPHRS timK9 body
wei ght) 15 minutés later. The injection details are described in Table 1

bel ow. G oupt food waRCemoyed and ndweighiedc (Thenaniftalsi werathend). inpgtdd watt)XM (30

nnol es/ kg) 3SalineG@.P-1 (30 nnol es/ kg) 4Exendin 9-39Saline (5 nnoles)
Exendi n 9- 3abres O3M {58 rauelidkg bedy gk orexeKd® (1D nymbike bedso weaghtbs/ kg)

nj oot on dRatbon B DTG e e e b thegy il LR

RgtEedioe.

termingl |y qndesthel 426ds WBSrs! FAARTEATiAL th 'Y 1PBES P Yerttn€-pbint). The

10 -

15

20

25

CCK-8 group was used as a positive control for the experiment at the two-hour
time-point only. Animals were killed by carbon dioxide asphyxiation. A
laparotomy was rapidly performed and the stomach exposed. The pyloric
junction was ligated (2.0 Mersilk, Johnson & Johnson, Belgium), followed by
ligation of the gastro-oesophogeal junctibn and the stoinach was remo{/ed. The
gastric contents were then removed, placed in a pre-weighed weighing boat and
left to air-dry for 48 hours. Once dry, the contents were weighed and the
percentage of the chow ingéstcd during the half-hour re-feeding period
remaining in the stomach per rat was then calculated using the following‘-‘

formula:

% food remaining in the stomach = dry weight of stomach content x 100

weight of food ingested

5. Investigating the effect of increasing dosés of intra-arcuate OXM

Intra-arcuate (Intra-ARC (iARC)) cannuiated rats (n = 12-15 per group) were
randomised by weight into 6 groups. During the early light phase (0900 -
1000), 24-hour fasted rats received an iARC injection of saline, OXM (0.01, |
0.03, 0.1, 0.3 or 1.0 nmoles). Food intake was measured 1, 2, 4, 8 and 24 hours

“post-injection,

‘6. Investigating whether peripherally administered OXM is acting directly via

- arcuate nucleus GLP-1 receptors.



M phosphate buffered saline (PBS) follow ng by 4 % PB-for The
15 brains were renoved and post-fixed overnight in PBF an?M%?ﬁf@Ensferred

t 0 PB- suy®éf2630Q % W v) overnight. 40 gm coronal -secti o%ﬁ&B@q@b@ and
brainstem were cut on a freezing mcrotone and stained for fos-lik

i mmunoreactivity (FLI) by the avitin- %%Otl n- per oxi dase mnet hod. The sections
were then. nmounted on pol y-L-1ysine-cbated slides, dehydrated in increasing

7 March 2006 WD 03/ 022304 PCT/ GB02/ 04082 27 concentrations of ethanol (50 -

100 %, delR#k dahmslated ik fHreardiste GRS w&&eﬁnduﬁhm X RiepaIth = Sl i des
were exam ned for FLI-positive nuclei using a |ight mcroscope (N| kon

Ecl i pse E- 802 padgroupjeDunapg theedarlys light phasei @900rrad600) 2dHhioux fasted
M crol mager). The nunbers of .FLI-pagsitive nuclei in the ggjt hal arrus and
br ai nst em Vidtsdeeavied @%I“W\Cam‘?cﬂi’@@mfrﬁébﬁ? OF8HeRdingf SHumole BAam who

was bl i nde n ositive
nucl ei erqléle@?tlrg&tbﬁpgég? ?#X%f gﬁ@%&% ég(edi;@(g?é‘f‘?léﬁﬁ k ach

ani mals 10 dﬂx&e& hR h@}rlts rﬁhﬁ}téscla'{éicuﬁ%ing&ttonpde“t&]‘i’é bl% dé%@ﬂ@@a I on
syst em was. sta svvere killed by de itation and the whole
brain rermuad‘abtmbde]mxel y The brain was nounted, ventral surface
uppernost, and placed in a vibrating m crotonme (M crofield Scientific

Ltd., Dartmouth, UK). A 1.7 mm sI ice was taken fromthe basal hypot hal anus,

15 bl ocked | at erg Cr e of—4h o ctbatet chanber s
containing 1 m SP“Brtl W'a' inies 188pi na WJGFH‘)%l ch was equilibrated

with 95 9% 02 anﬂ—m%ﬂmﬁﬂmwmhe medi al
pre-optic area, LVN (paraventricul ar hypot%a am c nucl eus), dorsonedi al

nucl eus, ventrongdi al  Mggineus, |ateral hypotv @OufmeRd/KYYC. The tubes
were pl aced on a platform20 in a water bath nmaintained at 37 C. After an

initial 2-hour eduili br Halime peri od, GLP-1 (30 nmoles/kg)
' ' 4 Exendin 9-39 Saline
(5 nmoles)
5 Exendin 9-39 OXM (30 nmoles/kg)
| (5 nmoles)
6 Exendin9-39 GLP-1 (30 nmoles/kg)
' 5 nmoles) :
Table 1
10
- Immunohistochemistry

- 90 minutes after an 1P injection of OXM (50 nmol/kg), CCK (15 nmol/kg) or
saline, rats were terminally anaesthetized was transcardially perfused with 0.1

M phosphate buffered saliﬁe (PBS) following by 4 % PB-formalin (PBF).' The

15 brains were removed and poSt-fixed overnight in PBF and then transferred 10
PB-sucrose (20 % w/v) overnight. 40 pm coronal sections of brain and
brainstem were cut on a freezing microtome and stained for fos-like
immunoreactivity (FLI) by the avitin-biotin-peroxidase method. The sections

were then mounted on poly-L-lysine-coated slides, dehydrated in increasing



each explant was incubated for 45 mnutes in 600 | aCSF (bzi&gggé‘déod)
before being challenged with a test period. OXM 100 nM wa a dose

repr esentymgs/@zsiancentration ten times that of its | C50 fper/iGReddes: 1
receptor. The viability of the tissue was confirnmed by a final 45-mnute
exposure to 25 aCSF containing 56 nM k&gl . At the end of each experimental
period, the aCSF was renoved and stored at -20 C until neasurenent of
aMsH i munoreactivity by radi oi nmunoassay. Radi oi mmunassay to neasure

aMsH- | R 7 MumeBn28@sns\WP 18432304 ROTYGE82isd448d ir & yMnehard\dsveydlippadasur ed
using an in-house radioi munoassay, devel oped using an antibody from
Chemi con | ntsan@ &% mountant. Slides Sicre skammagd, BorsFIohpasifive muckei aiseng ARC

f_eedi ng st di ets wer e anal éiiﬁd b lANO\/AE‘goba go t- hoc LSD (| east.

si‘gni f1 cant U8t FREERCRRe « @OFon FREIIRSE GefiOM an rURF FPRR FriBg font
roups wer . e ' al am c
gxpl gnt i n?ﬂ@ﬁ‘%@ggﬁgﬁq}@&\?ﬁ ggér?éag‘ﬁkeiﬁ%erﬁ Bmlgf)dr%%‘%é;@m%y@h%?t S own
basal peri dgypotiiemas ani2edinglenp ddr€ CotinfedShy ahlindépenciefe meier G theas

considered to be statistically significant. 10 Results 1. The effect of
peri pher al rgserreh deamt wbn whs blivded toathicedxperimantal growps. apbhd tyamge

dm ni strati f 10Q | ] kg. d. 300 / d i gni fi t
i i £ on MR OB o HYE Akl et AR HAP FRICALOHE AR Swpsased sgan

i njection, . .t.h- saline controls (I hour: OXM 100 nnol/kg, 5.4 O. 2
g (P<0.05),lﬁ%?£%%t§?]"ﬁ%5 0.2 g (P<0.05) vs. saline, 6.3 0.2 g). The

reduction in food intake caused by 100 nmol | kg was sustained until 8 hours

10 Hypothalamic explant static incubation
A static incubation system was. Male Wistar rats were killed by decapitation
and the whole brain removed immediately. The brain was mounted, ventral
surface uppermost, and placed'in a vibrating microtome (Microfield Scientific
Ltd., Dartmouth, UK). A 1.7 mm slice was taken from the basal hypothalamus, -
15 blocked lateral to the Circle of Willis and incubated in chambers containing 1
m] of artificial cerebrospinal fluid which was equilibrated with 95 % O, and 5
% CO,. The hypothalamic slice encompassed the medial pre-optic area, PVN
_' (paraventricular hypothalamic nucleus), dorsomedial nucleus, ventromedial
‘nucleus, lateral hypothalamus and ARC. The tubes were placed on a platform
20 in a water bath maintained at 37 C. Afier an initial 2-hour equilibration period,
each explan_t was incubated for 45 minutes in 600 pl aCSF (basal period)
before being challenged with a test period. OXM, 100 nM was used as a dose |
representing a concentration ten times that of its ICsq for the GLP-1 receptor.
The viability of the tissue was confirmed by a final 45-minute exposure to
l25 aCSF containing 56 mM KCL. At the end of each experimental period, the
aCSF was removed and stored at —20 °C until measurement of oMSH-

Immunoreactivity by radicimmunoassay.

Radioimmunassay to measure cMSH-IR



post-injection. However, the highest dose of OXM (300 nrml?llﬁ% % 6|nued to
significantl y I nhi bited food intake 24 hours post-injectio 9{' ours: OXM

20 300 %g 3%15 0.6 g vs. saline, 17.5 0.7 g; P<0. 0%1‘?(51&(9;‘64@8266‘) The

0 nnol/kg failed to alter food i ntake at any (1 ne-point
| nvestlgat ed. 2. The effect of peri prhe% adm nistration of OXMin
non-fasted animals on 25 dark phase od intake: OXM 3 and 10 nnol/ kg,
failed to affect food intake at any time-point i nvestigated in

~nocturnal ly, { K ey d

ovever - OPPRESSH A dnédbiet fitob HIPIH-Rofiel b Rimbfodslfy (8 Elodtie S
hour s post isfjsesit drfiibolig At Cien§¥bh IRGrmawBhAEC. 4. 5 0 4'g vs. saline, 5.8
7 March 2006 03/ 022304 PCT/ GB02/ 04082 29 0.4 g; P<0.05). Food intake was

reduced 4 ISatissicplomtalyssj ection, but this was not significant. OXM 100
nmol | kg, significantly in i.ted foo I nt ake hr h e rk hase (8
hours: OXMPapr ARg 1A w{eed@]gs %Fé Wl "‘}"r‘i‘izy e?l%gr 8K]t {Jg

(Figure 6b h r ad r O e-daily
[P et RS TN sBlG SRRRLRS b T bR ARt %@. é‘ﬁﬁ' .‘Q%Qm

decrease i RreaifidftabionPs Opkley ahal9ged rtismgeanc:@.giwea Witkdl. sTdrh o' @af ed
control animals (Clnulative food I nt ake da OXM 50 nnoll kg, 168 10 4.6

g vs. sali hgpothdlimi¢. Splant Rréuigatipn(Fudyrie Wh)ch ¢aoht ¢xplair was Cxivipareeht ed
ani mal s gai ned, wei ght significantly nore slowy than saline co troI

(cunul at i v&villeityewigbasal aavoclv wemwnaéﬂeﬁnw pwge biesh In aff @S% ﬁs ne,
37.6 1.9 ¢ f restricted "pair fed" animals did

0
not gain msgﬁ‘?fls@ )egllt% tanl mal s, despite receiving the
sane jjgppod 15 intake (Day 7 pa| r fed 33.5 2.0 g; PzNS vs. saline (ad

l'i bi tum fed), P<0.05
_ Results

1. The effect of peripheral administration of OXM in fasted animals:
Intraperitoneal administration of OXM (100 nmol/kg and 300 nmol/kg) caused
a significant inhibition in refeeding in 24-hour fasted animals one hour post--
15 . injection, compared with saline controls (1 hour: OXM 100 nmol/kg, 5.4 :L- 0.2
| g (P&0.0S), 300 nmol/kg, 4.5 = 0.2 g (P<0.05) vs. saline, 6.3 + 0.2 g).- The
reduction in food intake caused by 100 nmol/kg was sustained until 8 hours
" post-injection. However, the highest dose of OXM (300 nmol/kg) continued to
significantly inhibited food intake 24 hours post-injection (24 hours: OXM,
20 | 300 nmol/kg, 9.5 £ 0.6 g vs. saline, 17.5 £ 0.7 g; P<0.05) (Figure 6a). The 30
nmol/kg and 10 nmol/kg failed to alter food intake at any time-point

investigated.

_ 2. The effect of peripheral admin'isfration of OXM in non-fasted animals on
25 dark phase food intake: |
- OXM, 3 and 10 nmolkg, failed to affect food intake at any time-point
investigated in nocturnally feeding rats injected immediately prior to the dark
phase. However, OXM, 30 nmol/kg, significantly inhibited food intake until 2
hours post-injection (2 hours: OXM, 30 hm,olfkg, 45+ 04 g vs. saline, 5.8+




vs. OXM (Figure 7b). In addition, chronic -OXM caused a de?rnﬁ'i‘&? dld% -
adi posity that was not seen in saline-injected pair fed animals % able 2).

Water i . significantly reduced in OXMtreated ang SoPResays 1
and 2 of w‘?ﬁ:@n\ggﬁgeri ment (Day 1: OXM 24.1 1.28 ml vs. saline, 28.1 1.33

m; 20 P<0.05). On subsequent days, there was an increase in daily water
I ntake conpared with saline-treated 2 mal s (days 3-6). However, by day 7,
there was no difference in water intake between saline and OXMtreated

groups (not, ,sh Ti ssuel ho neSali neOxXMPai rfed .. ) 69...0 51

0 0170, 61 104 B 08T RAS LA NER s p6inif il HoonEE N

03/ 022304 R : 82 fa ' t: 3 aj I3

admi ni strat ﬁ%%?%s%ﬁ?ne O;‘ngOXE)Ab?S%mOEE%I % %}ﬁﬁ{g%ﬂrﬁys eﬁ\'/ﬂéiﬁﬁggy?dgn lﬁtﬁ]e(evmi ght
of epi di dynghrovihbuttid dark ?hﬁﬁﬁ@dﬁﬁﬁs: GRM, 100/ 9a6l/kLSE4.1 ¢1G:8 gavid salthd, i bi t um
fed rats. 5 4. The role of delayed gastric enptying on the anorectic effect
“of OXM Onel®8ur0.5fg; PxOi@X) (Figase pbesented to the 36-hour fasted rats, the
dry weight of the contents of the stomachs (as a percentage of the food
consumed during the 30 minute feeding period) of GLP- | -treated animals

ree O A AR A g R S 57 L (1 o
Sha9zeL L 10, ORI IP AR SRR, g oRg bchoeky Lo
those of t hdgsifichine decreadecth auntulative dallyhfoedhintilies omapare with saline-
‘ treated control animals (Cumulative food intake day 7: OXM, 50 nmoikg, 168
10 £4.6 g vs. saline, 180 £ 4.3 g; P<0.01) (Figure 7a). Furthermore, OXM-treated
animals gained weight significantly more slowly than saline controls
(cumulative weight gain day 7: OXM, 50 nmol/kg, 21.0 + 1.5 g vs. saline, 37.6
+ 1.9 g; P<0.005). Moreover, the food restricted “pair fed” animals did not
gain weight as slowly as OXM-treated animals, despite receiving the same food
15 intake (Day 7: pair fed, 33.5 Vi 2.0 g; P=NS vs. saline (ad libitum fed), P<0.05
| vs. OXM) (Figure 7b). In adc_iition, chronic OXM caused a decrease in |
adiposity that was not seeri in Saline—injected pair fed animals (Table 2). Water
intake was significantly reduced in OXM-treated animals on days 1 and 2 of
the experiment (Day 1: OXM, 24.1 + 1.28 ml vs. saline, 28.1 + 1.33 mi;
20 P<0.05). On subsequent days, fhere was an increase in daily rwater intake
| compared with saline-treated animals (days-3—6). However, by day 7, there

- 'was no difference in water intake between saline and OXM-treated groups (not

shdwn).

Tissue/hormone Saline OXM Pairfed
WAT 0.69 +0.02 0.51+0.01% 0.61 + 0.02°
BAT 0.16 + 0,01 0.12 001" 0.15 +0.01°

25



not statistically significant (1 hour: OXM 50 nnol/kg, 7278(' &‘éhﬂg VS.
saline 65.8 1.6 g; P=0.07). Two hours post-feed, OXM did &y ct the
cont ent swhysphzdope stomach, conpared with saline-treated gahaRbS4edfOVEVET,
animals injected with the positive control for this tinme-point, (15
nmol / kg), had significantly greater %éomach content (2 hours: CCK, 15
nnol / kg, 64.7 6.4 g vs. saline, 38.5 g; P<0.01), suggesting that CCK
caused a significant decrease in the rate of gastric enptying. There was

no effect @alRX:0Nhd leffeeoBf @Wice-04ily2 IPtAikninistARion, of salRay 6d OX M (50
saline-treated animals, at 4 or 8 hours post-feed N&Fi ure 8). 5.

| nvest i gat inmtplikgd fer sevan days ow tea sierghtddsepididyn@iX 'it’dljgend enfersqapalanr cuat e
nucl eus 25 d i.ntake was significant]ly inhibited by all doses (except
0.01 nnol egﬁgfn estitfted apd pddbitkigdedyaiSng the | S hour of re-feeding
followng a 24-hour fast (1 hour: OXMO0.03 nnoles, 6.1 0.5 g (P<0.05);
0.1 nnoles, 5.6 0.4 g (P<0.05); 0.3 nnoles, 5.1 0.6 g (P<0.01); 1.0

nnol e5 3. 64. Thé réle(dP<R1:HRd)gastric erhﬁ/tgi h i anbréctideffe@ofGXBHre 9). OXM
0.3 and 1.0 nnoles continued to 7 rch 2006 WO 03/ 022304 PCT/ GB02/ 04082 31

si gni fi canOne hovmiabier f6od avas preteateshtol the Scloeursfapedtratsn fhecdriyomeightvefit y - f our
hours post-jinjection, food intake was inhibited by OXM 1. 0 nnol.es,_ although
this was ndi€ SQHeRts io(fé%? SW%L{P_%?‘ P@F@ﬂ"ta_ﬂecpfn‘#&! fé‘,)d spngumed dugng dhe sal i ne,
100 115 90 RDR o LA FECLIRI YOSy B BRRL Bl ke o 004
G ani 11 cant TR ofXihe feadd ambhdIEPt hoB o Pyl T8 O EECe (1
hour :10GLP- 3alife, %65.8- € 9.6 FNP<®01), Qighebting tha@biPg. cQused Q- dgfificant
~ decrease in gastric emptying. The contents of the stomachs of OXM-treated
animals were greater than thos¢ of the saline treated controls, although this was
not statistically sighiﬁcant (1 hour: OXM, 50 nmol/kg, 72.0 £ 1.4 g vs. saline
65.8 + 1.6 g; P=0.07). Two hours post-feed, OXM did not affect the contents
15 . of the stomach, compared with saline-treated animals. However, animals -
injected with the positive control for this time-point, CCK (15 nmol/kg), had
significantly greater stomach content (2 hours: CCK, 15 nmol/kg, 64.7 + 64 g
vs. saline, 38.5 g; P<0.01), suggésting that CCK caused a significant decrease
| in the rate of gastric emptying. There was no effect of OXM on the contents of
- 20 | the stomach, compared with saline-treaied animals, at 4 or 8 hours post-feed

(Figure 8).

5. Investigating the effect of increasing doses of OXM injected intra-arcuate
nucleus |

25 Food intake was signiﬁcantly inhibited by all doses (except 0.01 nrﬁoles) of
| OXM administered iARC during the 1% hour of re-feeding following a 24-hour
fast (1 hour: OXM 0.03 nmoles, 6.1 + 0.5 g (P<0.05); 0.1 nmoles, 5.6 + 0.4 g
(P<0.05); 0.3 nmoles, 5.1 £ 0.6 g (P<0.01); 1.0 nmole, 3.6 + 0.5 g (P<0.005) ail
vs. saline, 7.7 £ 02 g) (Figure 9). OXM 0.3 and 1.0 nmbles continued to . -



However, the anorexia caused by |IP adm nistration of OXM V\ﬁgﬁ gd

prior adm nistration of the GLP-1 receptor antagonist, exe (300
nnol / kg) wo e4/e3@d directly into the ARC (Table 3 & Fi gurmﬂ@ﬁoydaﬁzl bition
of food intake by IP GLP-1 was not affected by prior i ARC adm nistration
of 15 exendin 9-39. PeptideFood int ?;l_f}g (g0S.EEM Saline / saline9.20.3
Saline | G.P-15.00.6 Exendin 9-39 / -15.00.3 Saline / OXMb.10.4 Exendin
9-39 OXMWB. 40.4 Exendin 9-39 | saline9.00.3 Table 3: The effect of i ARC"
admi ni st r at i9fifRhn@ %ﬂei'ﬂﬁilﬁt SoctP iftakO BAHSY IRfurs S{ﬁ:lst- ebtirE CUEReAfy-fouput es
prior to IP admnistration of OXM (30 nmol/kg), P-1 (30 nnmol | kg) or
sal i ne on lhdwspofebgedtiungfeod fitake $as ighibited byG)XM;LIFO ningleq arlthpugkg) X
= OXM (30 nnol /kg), Ex = exendin 9-39 (5 nnol es Lﬂs 7 March 2006 WO

03/ 022304 P w800 saBuficar (24 hawswi AN nhé-Cenmolss 37ch t03.0rg (Vs salings

hypot hal a Ln resp IP OXM After IP OXMadm nistration (50 nnol/kg)
dense st ai n&?ré—o]f 6I§_%-E%) found al nost exclusively in the hypothal am c
arcuatg nucleus (Figure 11 a). No other hypothal ami ¢ nuclei (PVN
(paraventricul ar hypot hal am ¢ nucl eus), DVH 5 (dorsonedi al hypot hal am ¢
nucl eus), \dHn¥&igat g&ﬂh@d]eﬁ a%ﬁb%hnwaamlmdférwﬁm Rt AalstcaReci fic
c-fos staining. Inthe b

of FLI, m)smuclmst@bel rem:eptmes NTS (nucl eus tractus soli tarl us) and the area
postrerra (Figure. 1.0 . .However, neither IP saline_nor XM 5(80

nnol / kg) c clatogg@lc ,afimémstratlon ‘of both GLP-1 (30 nmol/kg) and
nmol/kg) caused a significant inhibition of food intake one hour into the dark
10 phase (1 hour: GLP-1, 5.0 +£ 0.6 g, OXM, 5.1 + 04 g vs. saline, 9.2 + 0.3 g).
However, the anorexia caused by IP administration of OXM was blocked by
| prior administration of the GLP-1 receptor antagonist, exendin 9-39 (300
nmol/kg), injected directly into the ARC (Table 3 & Figure 10). Inhibition of
food intake by IP GLP-1 was not affected by prior iARC administration of

15 exendin 9-39,

Peptide - Food intake (g) S.E.M.

Saline / saline : 9.2 | 03
Saline / GLP-1 50 , 0.6
Exendin 9-39 / GLP-1 5.0 0.3
Saline / OXM | 51 0.4

. Exendin 9-39/ OXM | 9.4 0.4
" Exendin 9-39 / saline 9.0 0.3

Table 3: The effect of iARC administration of exendin 9-39 (5 nmoles) or

saline injected 15 minutes prior to JP administration of OXM (30 nmol/kg),

.20 GLP-1 (30 nmol/kg) or saline on 1 hour food intake_ (g). (S = saline, G = GLP-
| 1 (3_0 nmol/kg), Ox = OXM (30 nmol/kg), Ex = exendin 9-39 (5 nmoles)).

r ai ns I P 'CCK (15 nnol/kg) caused dense staining -



I ncrease in c-fos expression in the sane. brainstem nucl ei 5 N'alp&?%d ggat ed
(Figure 11 b). 8. Changes in al pha-MSH rel ease from hypot%a am ¢ explants

when i ncm% 35 with OXM I ncubating OXM (100 nM was W@B@E@/&%
expl ant s caused3 a significant increase in the rel ease of a- conpar ed

with basal release ((x-MSH: OXM 1.00.nM 4.1 0.6 frol/explant vs. 2.6
0.5 fnol/explant; P<0.005). Explant ability was assessed by incubation
with 56 MM KCl, and viability was 20 confirmed in >80 % of explants. Those

SXpl ant's. ¢ hahhfs fRtexphabloh dRG nEHE B HAAR hEsARREYPIOXNP Scussi on

25 Peri phera |str |on caus are |ntake I n.

rats. This Afes ﬂ?ee)rxmoédrﬂwmfnmmf et nmmvkgy deh@hitaithag of d was ifognd he
" nocturnal feeding phase. The anorectic effect was potent and sustained for

peri ods up almostzxchisimedy il thiecleyahalgmieazhaieniudeust (lFmgurGfl laxVNwethseven
days cause

f ood k d h d
win el nbyboitef nﬁ%t RoRl R BNl uriclas Aot e AR S PMH
tachyBny! atofR! RyLSRALES O opligd GLAREAAN hind RaRmE! oht

than pair anr-mal s espite the gr oups ece|V|n I'ca ily

caloric i nuakds)) Id@f,{@mﬁﬂeggggghcaﬁmsrytﬁhf@ Il on of OXM d| d transiently
reduce water intake although this was not sustai ned, suggesting that the

reduction in the rate of body wei ght gain was not due to dehydration. On
oo ani s e 1 S0 fos Pheb e e e B e
ani ral o, _a0eie T AR Rl § ﬁ%&ééo?%ﬁ‘ﬁieaﬁ2”?%%3&%%@@??&@%‘3‘1 o
per i per al 6b). However, neither IP saline nor IP OXM (50 nmol/kg) caused a specific

| increase in c-fos expression in the same b.ra.instem huclei- investigated (Figure

11b).

8. Changes in alpha-MSH release from hypothalamic explants when incubated
15 with OXM

Incubating OXM (100 nM) was hy;ﬁothalamic explants caused a significant

_increase in the release of 0-MSH, compared with basal release (0-MSH: OXM,

1100 nM, 4.1 £ 0.6 fmol/explant vs. 2.6 0.5 fmol/explant; P<0.005). Explant

viability was assessed by incubation with 56 mM. KCl, and viability was
20 | confirmed in >80 % of explants.. Those explants that were not viable were

excluded from the analysis.

Discussion

25 Peripheral administration of OXM causes a reduction in food intaké in rats.
lThis was seen following a fast in the light phase and during the nocturnal
feeding phase. The anorectic effect was potent and sustained for periods up to
24 hours. Twice-daily IP administration of OXM for seven days caused a

reduction in daily food intake compared with those treated with saline, with no



OXM adm ni stration is also affecting other netabolic par am;ﬁ\%rr&z 6matj or.
contributor to satiety is delayed gastric enptying via vagally-nediated .
mechani sgd fdrzdegads to brainstem activation. Both GLP-1 gigcfdNahe 15
potent inhibitors of gastric enptying in rodents and humans and I n the case
of G@G.P-1, this is thought to be the sgm nant mechani smthrough which it
pronotes satiety. W hypot hesi zed that“OXM was acting in the sane way, and
that its effects on gastric enptying were the cause of sustained anorexia.

. However, ri L i ; #RkahQy des! Waidht del ay
in .20 gastattdikc e t)§|§'ngﬂﬁﬁﬁiﬁhé%gtﬁﬁ%gxgggne?@élﬁi nt¥oductiic?r?tof
food, this thas paimfedsargmald, cespitarit tve gedipsaiecoiaing iientickl daly. calbric
suggested that OXM does slow gastric enptying, but it is not likely to be
r esponsi bl einfake. dh@apasbonealaadminisisatigione Kw?uildi@answntbbé@ducm‘ak@r 25 Ve
report here that peri ral admnistration of. OXM.increases ELI, in_ al nost
excl usi vel ymﬁam‘et og\gﬁ_t ‘ﬁtﬂ"f%&ﬁb’? ,mf-%te“ﬁ%ﬁﬁﬁ n ﬁéﬁt ‘Bﬁéﬁ‘@ﬁﬁoﬂd"ﬁ%&tﬁm ani ¢
expl ang wit @%{I g.:a Sioni: ' e in the rel ease of the POMC
(pro- (I}?o_i orre(?ano o‘??igﬁ&%‘Z’r‘%ﬂ@tp%l%ggt&ewg{ﬂgﬁm rom hypot hal ami ¢ expl ants.

P OXM did not affect the expression of FLI in the NTS and AP -- areas

known 7 March 2006 WO 03/022304 PCT/ G302/ 04082 34 to be inportant in
i nt egr at i ndPuagatlugionedl theechropfcostndy. emdidymal AT and dnigrisepulag BAE noti on.

that OXMis not acti via these path s. It is thought that. nuclei in the
br i nst om Y@ feavayefland, S ghes, Peias To8ad s, et 58 & rbiliafitf b
subsequent | y..cel a ] VIN - re. i nQrect.Lc ehfects
are mgdi at e%.ﬂggsr ég?a lli ﬁﬁa&ezﬁngﬁﬂg;@%%ﬁeﬁtteg %hléﬂaﬁélgééﬁaa%mvg?{@ fF{l)w doses
causegpa r %ﬁﬁhls@%sﬁﬂé?iﬂéﬁ%liﬂ%iibhﬁél@ﬂ PhhertfR€ it nippksrs {Hat tgeeipheral
supporting the hypothesis that that the ARCis the Site of the actions of

OXM  Anor €0XiM admiimistraticmissalso bifecting other ailctahdicipasameteron of OXM wer e
bl ocked by

A major contributor to satiety is delayed gastric emptying via vagally-mediated
mechanism that leads to brainstem activation. Both GLP-1 and OXM are -
15  potent inhibitors of gastric emptying in rodents and humahs and in the case of
GLP-1, this is thought to be the dominant mechanism through which it -
promotes satiety. We hypothesized that OXM was acting in the same way, and
- that its effects on gastric emptying were the cause of sustained anorexia; _
‘However, although peripheral ziclministration of OXM led to a slight delay in
20 gastric emptying in the first hour after the re—introduction of food, this was non-
significant and the effect was short-lived. This suggested that OXM does slow
gastric emptying, but it is nof likely to be responsible for the robust and

sustained inhibition of food intake.

25 We report here that peripheral administration of OXM increases FLI in almost
- exclusively in the ARC., Furthermore, we found that incubating hypothalamic
'7 explant with OXM caused a significant increase in the release of the POMC
(pro-opiomelanocortin)-derived product, tMSH from hypothalamic explants.

IP OXM did not affect the expression of FLI in the NTS and AP — areas known



10 prior adm nistration of exendin9_39 into the ARC. Inter i :
however, the anorectic actions of peripherally adm nist erzyﬁn@?@%re

not. Thi gyddpsbos@ sStrongly indicates that OXMis acting wpidcBhiohs:
receptors in the ARC. In addition, it has identified di stdljnct- pat hways

whi ch nedi ate the actions of GLP-1 a OXM 15 Taken together, these data
denonstrate that OXMis potentially inportant in both [ong and short-term
regul ati on of food intake and body wei ght rmaintenance. Rather than

reduci ng apgetdet Sinyicttank r 34l Eﬁteg@ti'hgsa{algﬁny RALHNRYS infdrmaBiod] NfrilepW ng of
gastric enptying and activation .of Brainstemnuclei, 20 circulating OXMis
medi at i ng istrengtheningt the nefioachst OXM di netcActingtvéa duese pathwiays. t he ARC, -
potentially by activating POMC (pro-opionel anocortin) neurons wthin the
nucl eus. Therefore, OXM may be useful in the treatnent or prevention of

Carget Tor N ethpaan Bahatcicyfn IR PRMETRraqls pimaty sith FIGEFL Aol 25"
freces, el hh SRRl MRS R FUNCEH 3
Mohamad Alanordsiiel dffecGasel mediattdn Dirétknjectioatdf €D X Meirto the ARCQ,282nFaod
L1505 G301 2EMoBnp doses caused a robust and sustained ihibition of food iniake, further
| supporting the hypothesis that that the ARC is the site of the actions of OXM.
Anorectic effects caused by peripheral administration of OXM were blocked by
10. prior administration of exending.sg into the ARC. Int.erestingly, howéver, the
~ anorectic actions of peripherally administered GLP-1 were not. This finding
strongly indicates that OXM is acting via GLP-1 receptors in the ARC. In
addition, it has identified distinet pathways which mediate the actions of GLP-1
and OXM.
15
" Taken together, these data demonstrate that OXM is potentially important in
both long and short-term regulation of food intake and body weight
maintenance. Rather than reducing appetite via “traditional” satiety pathways,
involving slowing of gastric émptying and activation of brainstem huclei,
20 circulating OXM is mediating its anorectic effects via direct interaction with
| the ARC, potentially by activating POMC (pro-opiomelanocortin) neurons
- within the nuc}eusl. Therefore, OXM may be useful in the treatment or
prevention of excess weight such as obesity in mammals, and further represents.

a novel target for the development of therapeutic agenis in the treatment of

25 excess weight such as obesity in mammals.
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<212> PRT

<213> Homo sapiens

<400> 1

His Ser Gln Gly Thr Phe Thr Ser Asp'Tyr Ser Lys Tyr. Leu Asp Ser
1 5 10 15

Arg Arg ala Gln Asp Phe Val Gln Trp Leu Met;Asn Thr Lys Arg Asn
20 : 25 ‘ 30

Lys Asn Asn Yle Ala
a5

<210> 2

<211> 3¢

<212> PRT

<213> Lophius sp.

<400> 2
His Ser Glu Gly Thr Phe Ser Asn Asp Tyr: Ser Lys Tyr Leu Glu Asp
-1 5 10 15

Arg Lys Ala Gln Glu Phe Val Arg Trp Leu Met Asn Asn Lys Arg Ser
20 25 : io0.

Gly val Ala Glu
35-
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CLAIM5 1. Use of oxyntonodulin for the manufacture of a ne%%ﬁaneag(;Or use
in prevention or treatnent of excess weight in a manmal. 2. "% % cl ai med
in claiml, wherein the excess weight 3ps obesity. 3. Use as clainmed in
claim1l or claim2, wherein the oxyntonodulin is human oxyntonodulin. .4.
Use as clainmed in any one of clains 1 to 3, wherein the oxyntonodulin is
an anal ogue thereof in which the histidine residue at position 1 1is
naintainﬁalsf r is replaced by an aromatic noiety carrying a positive charge
or by a ﬁé%ﬂ&me derivative and in which (i) any one or nore of up to 22
ot her al pha-am no acid residues are independently replaced by any other

al pha-am no acid residues, nodified or isoneric forms of an amno acid, a

correspondi ng(Re ¢f b:{RitgMbdalh Tor fe Fhahhitithitedffa M&liSdHECRR ke AN/ O

(ri) 1, 2, 3, 4, or of the amno acid residues are renoved fromthe OXM
sequence prevaition of ittea)ymettsof@xicessniveight 0f a tiaen@¥M sequence i s nodified by
the addition of further amno acid residues or other noieties. 5. Use as-
~clainmed in any one of clains 1 to 4, wherein the oxynotonodulin is in the

form . of sa or.1.s conjugated to one or nore u i.s chemcally

nodi f i ed,zf'j1 or |U§E|S‘F 8!?\“&’&@ lpr?ﬂaﬂ"eﬁd?’é%rswc e&xcgsw§%h?1%o_sbq§g¥. as clained in
any one of clains 1 to 5, wherein the nedicanent is in a formsuitable for
oral, parenteral, mucosal, rectal, subcutaneous or transdernal

admi ni st Bat i oltlse AsMiaithe@GRG1dm T- osRims2¢ hticteid iR expitondduliheikei n the
medi canent is in a formsuitable for adm nistration by inhalation, or for

buccal , bublanmgyatorsedulitsal

4. Use as claimed in any one of claims I to 3, wherein the oxyntomodulin
is an analogue thereof in which the histidine residue at position 1 is maintained
or is replaced by an aromatic moiety carrying a positive charge or by a histidine
derivative and in which
(i) any one or more of up to 22 other alpha-amino acid residues are
independently replaced by any other -aipha-amino acid residues, modified or |
isomeric forms of an amino acid, a comresponding or different amino acid
linked via its side chain; and/or | |
(i) 1, 2, 3, 4, or 5 of the amino acid residues are removed from the OXM
sequence; and/or ' '
(i) the C-terminus of the OXM sequence is modified by the addition of

further amino acid residues or other moieties.

5. Use as claimed in any one of claims I to 4, wherein the oxynotomodulin
is in the form of a salt, or is conjugated to one or more groups, is chemically

modified, or is provided in the presence of a metal.

6.  Use as claimed in any one of claims 1 to 5, wherein the medicament is in
a form suitable for oral, parenteral, mucosal, rectal, subcutaneous or

transdermal administration.



adm nistration. 8. Use as clainmed in any one of clains I t9 My %86 in the
_ : : . rc

manmmal is a human. 9. A nethod for cosnetic weight |loss in a mammal, the
net hod conprising admnistering a. cgpposition conprising oxyntomodulin ta
a mamal . 10. A nethod as clainmed in claim9, wherein the oxyntonodulin is
as defined in any one of clains 3 to'5. 11. A nethod as clained in claim?9
or claim10, wherein the conpositionis as defined in claim6 or claim?7.
t

12. A nethod cl ai;ned. jn an ne,of .clainse 9 to 12, .wherein mammal

e o hurn. 1 Psciis e e Briidteit sh MboasRent i i To quiBblenner ef n
~the wei gifhr h@SnikRaich by CSihdla®in,” &HVCRY 1ol ngﬁlflﬁlgé.\%f" o %I%Qzﬂndu' 'n
for use in prevention or treatnent ‘of excess weight 1n mammal . 15,
Oynt onodadiminasratibai ned in claim 14, wherein the oxyntonmodulin is as-
defined in any one of clains 3 to 5. 16. Oyntonodulin as clainmed in claim
14 or claim 15, wherein the conposition is as defined in claim6 or claim
7. 7 Margh 2006 37a .17, t dul | | ai gped.in, f. ¢l ai 14 t
17, vvhre ei n ?fﬁg qé#ﬁgpe(%ﬁlgnﬁ%?gfcmamss (ita(;g}awﬂepelgr%e%]amme 0al ?s %I m ©

- human. .

9. A method for cosmetic weight loss in a mammal, the method comprising

administering a composition comprising oxyntomodulin to a mammal.

10. A method as cléimed in claim 9, wherein the oxyntomodulin is as

defined in any one of claims 3 to 5.

11. A method as claimed in claim 9 or claim 10, wherein the composition is

as defined in claim 6 or claim 7.

12. A method as claimed in any one of claims 9 to 12, wherein the mammal

" is a buman.

13. A method as claimed in any one of claims 9 to 12, wherein the weight

loss is as a result of reduced food intake.

- 14. - Oyntomodulin for use in prevention or treatment of excess weight in a

mammal.

15.  Oyntomodulin as claimed in claim 14, wherein the oxyntomodulin is as

- defined in any one of claims 3 to 5.

16.  Oyntomodulin as claimed in claim 14 or claim 15, wherein the

composition is as defined in claim 6 or claim 7.
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17. Oxyntomodulin as claimed in any one of claims 14 to 17,

wherein the mammal is a human.




