WD 03/ 022304 PCT/ GB02/ 04082 OXYNTHOMODULI N FOR PREVENTI NG OR TREATI NG
EXCESS WEI GHT The present invention relates to conpositions and net hods for
use i n wewghi/213o06s in mammal i an animals. 5 One of the di eeasmm2midash t he

hi ghest incidence but which | acks effective treatnment is obesity. It is a
debilitating condition which reduces quality of life and substantially

increases the riskxafrnehbsinifi soRasRsendfid Br t1heatid 2R%sef widdgr adul t
popul ation is now considered to be clinically obese. It has been estimated

that $45 billion of US healthcare costs, or 8% per annum of total
heal t hcare spend, is a direct result of obesity. In Europe the problemis
increasing. It has been predicted that w thout new approaches over 20% of

the UK pOpuﬁ%Q%e\gﬂt!i}év%ﬁio%l }fﬂcjit%?lt Xo §Ftiot?)¥ a%Qio 'eth-g?ﬁ ﬁo?%etiga\%eiéﬁhe
a

obesity is a a sease 1S being increasingly recognised by

medi cal pr od@Seinimmadat Agirhgal th authorities. There is, however,
shortage of effective and safe drugs which can be used in conjunction with

diet aldd exercise for the |ong-term managenent of obesity. 20 It is an
obj ect of the present .invention to provide such drugs and also to provide
means to i d&E P e diseases opithy Fh&gﬁgﬁcﬁlc %”ﬁ%.{"ﬁr é‘ﬁ&‘gbllﬁ@@géﬁe%"ea 160

or onor mone. SaART 4t 8051 oft 5 3 pARER clnbubhSTHER PRERS GENTPRNARS ¥ 11

a variety ohpd Yasdthingly incRALES thBeiskITidtRdr diSf¥eds system (CNS) and
peripheral tissues. In“the intestine and in the CNS, the major post-

transl ati onal products of preproglucagon cl eavage are gl ucagon-1like
peptide-1 &GLP— 1 gl ucagon-1li ke peptide-2 (GP-2), glicentin and
oxynt dfodul ik tho eod therpdigo populagipn 13 now considered to be clinically

obese. It has been estimated that $45 billion of US healthcare costs, or 8% per
annum of total healthcare spend, is a direct 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 1s 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 1s an object of the present invention to provide such drugs and also to provide

means to 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. In the intestine and in the CNS, the major post-
translational products of preproglucagon cleavage are glucagon-like peptide-1

(GLP-1), 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 Wiile GLP-1 and G.P-2 have been shown to inhibit food
i nt ake, wogoe3nol e 5 has been denonstrated for the di sPCaaBopeps2zde OXM
The inmportance of OXM as a biologically active peptide has not been
denonstrated. It has been surprisinglysfound that contrary to expectations,
the OXM peptide <can inhibit food intake and reduce weight. 10 Accordingly,
the present invention provides, according to a first aspect, a conposition
conpri si ng XMY, oas wsewinnint égpeenentTondate, ho ealarent thef C&¥cdms bemmi ght i n
a mammual. 15 In this text, the term"oxyntonodulin” is the sane as "OXM
and rel at esd@@oaﬁfﬂte‘ézﬁ?ﬁ@gﬂ\ﬁ on whi ch i ncludes an OXM pepti de sequence or
an anal ogue thereof as follows: OXM sequences are well known and
docunented in the art. The present 20 invention relates to all of the

sequences 1 ggjed) fpef %hB GIDP IURlVRGbecnnshRAF {ofishiit fodd BtsREVInBUIRA réRauence
(which is the sane as the rat, hanster and bovine OXM sequence), as

follows: Hi Ha@@dfen@din@ihsyraﬂ'd&fd?hbe distinSepepigie OXM. TheIatporyppacdyf O2EM Asp
Ser Arg Arg Ala A n Asp Phe Val Gn Trp Leu Met Asp Thr Lys Arg Asn Lys
Asn Asn ||eawaélolvz)caw@thnem@wl@cm)ﬁBagséemenwfée@xm angl er fish
sequence as follows: His Ser AQu Ay Thr Phe Ser Asn Asp Tyr Ser Lys Tyr
Leu Gu Asp Arg Lys Ala @ n

It has been surprisingly found that contrary to expectations, the OXM peptide
can inhibit food intake and reduce weight.

10
Accordingly, the present invention provides, according to a first aspect, a
composition comprising OXM, for use in the prevention or treatment of excess

weight in a mammal.

15 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
20 invention relates to all of the sequences recited herein including, in particular,
the OXM human sequence (which is the same as the rat, hamster and bovine

OXM sequence), as follows:

His Ser GIn Gly Thr Phe Thr Ser Asp Tyr

25 Ser Lys Tyr Leu Asp Ser Arg Arg Ala Gin
Asp Phe Val GIn Trp Leu Met Asp Thr Lys
Arg Asn Lys Asn Asn lIle Ala,



5 Qu Phe vVal Arg Trp Leu Met Asn Asn Lys Arg Ser Gy Val Ala du, and the
eel OXM sequence as follows: 10 Hs Ser Gn Ay Thr Phe Thr Asn Asp Tyr

Ser Lys Twooseee3®@ u Thr Arg Arg Ala A n Asp Phe Val G n PCp/dBse/oMse 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 gequence, wherein the histidine
residue at position | is maintained or replaced by an aromatic noiety
carrying a positive charge or a derivative thereof, preferably wherein the
nmoi ety i s amtha®XM agia fishoequgpreefasifalbywswherein it 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 Jd ndepgndept]y | a by _any ,ot her, .ind ndently chosen
am no acid, @Wthslef he chg‘i\]?’onlfﬁ? hlﬁggi d[gfﬁre iﬁ‘(g'ﬁ)osf‘tsbonﬁ%gf3 Any one or nore
(to 22) othegral pha-amypo aed (Rei dugpi NAkhe Boguepse cgmbe 25

i ndependently repl’aced"by any ot her one al pha-am no acid residue.

Pref erabl y, Glany Pam n&¥/ahci drpesildue bther MdtanAkhst Adinnelys replaced with a
conservative replacenent as well known in the art i.e. replacing an am no
acid with odg2of S8 s{Glyl aVathemleal BYpe such as repl aci ng one hydr ophobic

amno acid wth another. W 03/022304 PCT/ GB02/04082 4 As di scussed
above, 1 to 22 of the amino acids can be replaced. In addition to the

repl acenment aHBttff)@QeI@X}(/Fse%J&hée HeYolRRvLY a non-essential or nodified or
isoneric formof an amno acid. For exanple, | to 22 am no acids can be 5
repl aced by an isoneric form (for exanple a D-am no acid), or a nodified
10 His Ser GIn Gly Thr Phe Thr Asn Asp Tyr
Ser Lys Tyr Leu Glu Thr Arg Arg Ala Gln
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 moiety carrying a positive charge or a derivative thereof,
preferably wherein the moiety is an amino acid, more preferably wherein it 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 amino acids in the above OXM sequence 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 norleucine or norvaline)
or a non-essential amno acid (such as taurine). Furthernore, 1 to 22

am no aciwe o3esobe repl aced by a correspondi ng or differ ectr/GBomesaci d
linked via its side chain (for exanple gamma-|inked glutamc acid). For
each of the replacenents 10 di scussed gbove, 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 | position (or as defined 15 above). The

Separ at e ol SIS SYhE0RSE dr i Al e IBOGR SR ey BB RS b o
dd furth i i i d - oties . b
provi ded s Tt it GRS HRRE i iR b el PRI AOGHRATBY De

phar maceut i g@pheficats@plobineasdld aciafl B¥Meamehpid, Sl anabogmaf hoidk uda vdose
derived fromorgani c acids such as nethanesul phonic acid, benzenesul phonic

aci d arkd p- replacdebyl phonweracfam (farnevaatplaci dsaming aasl)hpdrootedeiicd and
sul phuric acid and the |ike, giving. nethane sulgh nat e, benzeEe%ul honat e,
p- t ol uenesuPBRBNAIE; THnFFABINE 8 PEATYBO ARid (SufipRabeleugpe phRovVAKRE) Or a

respect i vel y 0r. (05 oA8h0 VM [0M-03865 U AR 92018 ANl OGR! ©

bases. Exanples of sui e I norgani c r e ‘formfion of salts of

conpounds f gfayt b fepl @Y BRokREPSHIBNE BE diYeteradaf acialPRaalgss ide

bi carbonates of amonia, lithium sodium calcium- potassium alum nium

i ron, magneshaim (fai exangrie ghimend-likked Shitdamiccanid)al Bar daehfodthe cepladelman

03/ 022304 PCT/ GB02/ 04082 5 suitable organic bases.  Such bases suitable for
the follrati discyssedppbevendbethistiding rasidupraippesitend sdareitergdsen defingd n
conpounds ofbthe present invention include organic bases which are

nont oxi ¢ and ngf"ong 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 contiguous 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 corresponding salt thereof. Examples of pharmaceutically acceptable salts of
OXM and its analogues include those derived from organic acids such as
methanesulphonic acid, benzenesulphonic acid and p-toluenesulphonic acid,
mineral acids such as hydrochloric and sulphuric acid and the like, giving
methanesulphonate, benzenesulphonate, p-toluenesulphonate, 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 bicarbonates 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 art and may incl ude

5 am no acids such as arginine and |ysine, nono-, di-, or
tri hydr oxwelokgpbzand nes such as nono-, di-, and triethanol &airrGRo2oski ne,
nono-, di-, and trialkylam nes, such as nethylam ne, dinethylam ne, and

trinmethyl am ne, guanidine; N-nethylglgcosam ne; N-nethyl piperazine;

nor phol i ne; et hyl enedi am ne; N benzyl phenet hyl am ne; tris(hydroxynethyl)
10 ami nonet hane; and the like. Salts may be prepared in a conventi onal
manner usi nguitdleodsgemt] basoswn Puch t hasesr tsuilabied &etdi theonfargiationof okai d

neneous o iRamELurSuPhFSTT: Ple HIES SREBGbRatEas o Rt 1
gont arning §r’ﬂf‘enii§ﬂ‘fh£1‘69e %géaqm? b%!‘é%%i@%%&ﬂ@ﬁt%&i‘éafd‘su@ﬁé ghGudiRetd:An a
ase salt of said conpound®nay be prepared by reacting sard onpound with

a suitabl e base Sulheor@ghid BUseHAsE afaddy PRY BEPA dhQhdiareshd Yndl indhade be
obt ai ned by concentrating the solution eg. by evaporation. OXMmay al so

exi st i5n sohmanedcids shyhlaataegintrer arel 1y3theTheoroxMiinf ot hehysrexyrlkylamines i on
may be conjugated to one or,. nore groups such as a |lipid, sugar., profein or
pol ypept i deSUthe2OXRWEN, b@“coﬁ‘j"hgé&“@gawamﬂ)‘é‘?’néhé?ilf‘&ch@&mf’b tHe @¥up (for

exanpl e vi afri?ar%gg)]}ﬁﬂ{iﬁ@st §’Jch'b%9i &e&%{i&%ﬁﬁ’é & etff@agﬁﬁ%"%&t Ffﬂn&ﬂgrga%néh' The

conj ugat ed I's preferabl’y no ough termn amho

aci d, when bhigni@i¥, i s RtiRafgsubssantiBedr ON-mRgIfPdYhLRAR, bansghougat ed to
a polymer such as pol yet hyl éne glycol, polyvinylpyrrolidone, polyvinyl

al cohol , pokthytsredmmeee- pol ydxppnoyphendtleylempad;ymer s, trisploydroagmbdrnyildes
such as cellul ose, cellulose derivatives, chitosan, acacia gum Kkaraya
gum d¥ar gaminomeithrae; adnhedikg§gacant h, al ginic acid, carrageenan, WD
03/ 022304 PCT/ GB02/ 04082 6

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 compound may be prepared by reacting said
compound with a suitable base. The acid or base salt may separate directly or
can be obtained by concentrating 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 the group (for example via a covalent or ionic 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 to a polymer such as polyethylene glycol, polyvinylpyrrolidone,
polyvinylalcohol, polyoxyethylene-polyoxypropylene copolymers,
polysaccharides such as cellulose, cellulose derivatives, chitosan, acacia gum,

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



agarose, and furcellarans, dextran, starch, starch derivatives, hyaluronic
acid, polyesters, polyam des, polyanhydrides, and polyortho esters. The
OXM can bwoakemiszeal |y nodified. In particular, the am no @cTdGERGE0825
chains, the N termnus and/or the C acid term nus of OXM can be nodifi ed.
For exanple, the OXM can undergo one og nore of al kylation, disul phide
formation, netal conplexation, acylation, esterification, am dation,
nitration, treatnment with acid, treatnent with base, oxidation or
reduction. NeteseisaridfurceBanags,ndexéun, staede swarok ekesivatises haluroricoasidi n t he

art. In particular the OXM 10 is praqvided 3s | gwer al kyl ester, a | ower
al kyl am de PORFEHR POLyAMIESS, W%ﬁ’,yﬁrlgﬁs’é’éad’(’%ﬁ}q SWCSai t, a carboxyl ate

salt or an alkali addition salt thereof. In particular, the am no or
carboxylic termni of the OXM may be derivatised by for exanple,

esterificat e, OXNdain 88, chRextaly eRedifxd datd partRuldredhe tinfifo ddid side
particul ar, the carboxylic term nus of the OXM can be derivatised to form

an 15 Sam dehamws.ethg. NThenOxim awhorbdet € eatdeterminis o QXN cam bpanodifiedar wit h
di valent metals. For the rposes of this invention the OXM can therefore
be provi ded FoR @XAEPlgy @@eQBé\do‘Fafbﬁgg%gonﬂee OpME¥Fe Of ko stilphdde zj nc,

cal ci um n’ag@&ﬁdtg)g{l mgtgl %ﬁgﬁ)%a aitigﬁp%&]ﬁﬁgn, S?gﬁlliz‘ati rﬁ?lcaéﬁ%gg lgﬁjcgi'&a' 1':882

OXM can be provided ih co n a ‘pharmaceut |

carrier or @iehigsit. withlabRD IR abAEAKH W11k babd/ KidAidiet&iuRtien Walikinoa@Wpr i n t he
art and include pharnmaceutical grade starch, mannitol, |actose, nagnesium

25 st ear at e caspnigurntghesehpiocesset atec well knewtnuinothe, argl Uc paicutaraho $¥XM or
ot her sugar), rmagnesium carbonate, gelatin, oil, alcohol, detergents,
emul sif er s ioProyadaest as a poweralkpl gster g lomer alk cangidapadovebdialeyl aeidg, ni xed

preparation _of a nposi tiaon o be.a conbined preparatjqn f

S mur t aneoudh b afdiERGIG 63banHtsauCer AguFih sBBTRE &l fikecsll 1n
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 pharmaceutically 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, emulsifiers or water
(preferably sterile). The composition may be a mixed preparation of a

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



sequential use (including adm nistration). The OXM can be provided as a
crystalline solid, a powder, an aqueous solution, a suspension or in oil.
The conpowpdtBoesoaccording to the invention for use in thecafGaoenwsti oned

5 indications nay be adm nistered by any conveni ent nethod, for exanple by
oral (including by inhalation), parentgral, mucosal (e.g. buccal,

subl i ngual, nasal), rectal, subcutaneous or transdernmal adm nistration and
t he conpositions adapted accordingly. 10 For oral adm nistration, the
conposi ti on sequential fuse niindodidg airingurationpr Flod iQSM chorbe parpiled sslait i ons,
syrups, suspen5| or. .ermul sions, tablets, capsules and |ozepges. Aliquid
for mul at i on Shy§talh Q%ﬁ@i"élamo‘&@‘?fsﬁgtaq%m’é S§l}’§b@n§|SBPPeé’tSl(§b¢rdPi% of the 15
conpound or physiologically acceptable salt in a suitable aqueous or non-
aqueous liquid carrier(s) for exanple water, ethanol, glycerine,

pol yet hyl engrhedtyifpbsi@bn@Rcrding! e lﬁ@ﬁm&n@bhofbrn@s)é ?H e afiteieRtioned
suspendi ng agent, preservative, flavouring or colouring agent. 20 A
conposii i on indicathensf oram tof admimibleetd byranlyecqm&paamednemodgfmnyxmpledw e
pharmaceutical carrier(s) routinely used for preparing solid fornulations.
Exanpl es of %@Jcﬁnelézﬁimgerby mli@iay@@ nﬁ@rﬁasqr@lm@vwﬁht(@g drugeel, sublipgeale,
sucrose and m ro r 8 Lne cel ul ose i FB@SM gn}é n the Lormo
capsul e can"™8& EFS% %%F%O%%t {"Wé 2 &8%1"& RN PG LR VEROSIEGDS

exanpl e, po%gé@d agf&aniggy. or pellets containing the active ingredient can
be prepared using stand d carriers and then filled into a hard gelatin
capsul e; alternatively, a dispersion or suspension can be prepared using
any suitabl e pharmaceutical carrier(s), for exanple WO 03/ 022304

PCT/ GBd»/ 044%®2 org aeii@ai@e:sm@tlgunﬁle coanpasitygeean ke forpailaiedas ljuids angplidse

di spersion qQr suspensi en
P or exarggl O?UUOHS syrups, suspensions or emulsions, tablets, capsules and

lozenges.

A liquid 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 carrier(s) routinely used for preparing solid formulations.
Examples of such carriers include magnesium stearate, starch, lactose, sucrose

and microcrystalline cellulose.

25 A composition in the form of a capsule can be prepared using routine
encapsulation procedures.  For example, 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



filled into a soft gelatin capsule. Conpositions for oral adm nistration
may be designed to protect the active 5 ingredient against degradation as
it passeswOhpoeayhd t he alinentary tract, for exanple by amCowiBse/oesati ng of
the formulation on a tablet or capsule. Typical parenteral conpositions
consi st of a solution or suspension of 8 he conpound or physiologically
acceptable salt in a sterile aqueous or non- 10 aqueous carrier or
parenteral |y acceptable oil, for exanple polyethylene glycol, polyvinyl
pyrrol i done,aqueeys ghims, celakises sdilcrateﬁrorg@baam?/ the [d1spsrsien R sRSpENgiontthen

sol ution Caqlg?'lﬁfﬁq§%i5f9 and then reconstituted with a suitable sol vent
just prior LM HFY 58P Conposi ti ons for nasal or oral

adm ni stration may conveniently be fornulated as aerosols, drops, gels and
powders. Aerosol fornulations typically conprise a solution or fine
suspensi on aforhpésiacis Y& stHdsidmmiaestiatiod PhAYsheoledpsal ky prarcepicaltevaqueous
or non-aqueous solvent and are usually presented In single or nultidose
quant i t§ es iingredini lagainst wegradationaised passesalmengh \the cthineemianyakact; Her 20

formof a cartridge or refill for .use.with an atomsing device.
Al t ernat i veIeQ‘aPWgC g&éﬁl"@&f“&@ﬁ?% REheniymy tlé’“lﬂﬁ%%@“dﬁ%@ﬁé?ﬂg devi ce such
as a single dose nasal inhaler or an aerosol dispenser fitted with a

metering valve which is intended for disposal once the contents of the

cont ai ner hamgi&aeparexieal Sé@podNehe cbhdst 8pRg8ution ndC omdPension an tRer 0so
di spenser, it will contain a pharmaceutically 25 acceptabl e propellant. The

aer osol dosagenfoundsoc physiodegitake achepthblensaf im a plerpeadquboseror Won-
03/ 022304 PCT/ GB02/ 04082 9 Conpositions suj Ltabl e for buccal  or sublingual
admi ni K r at idgHePHarHer prpasnierally ascepiidde andfop sxamplerolyghwiaieelyed. acti ve

i ngredi ent is;forul i .carrier ch ug a cia,
t r agacant h, pé)llyxégﬁ;{)?ltﬁgfi% eglr]&@g?lﬁh 'arac?us S &Ramd9sh. Rﬂe%%gvefi‘/, 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 aerosols, drops, gels and powders. Aerosol formulations typically comprise
a solution or fine suspension of the active substance in a physiologically
acceptable aqueous or non-aqueous solvent and are usually presented in single
or multidose quantities in sterile form in a sealed container, which can take the
20 form of a cartridge or refill for use with an atomising 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 metering valve which is intended
for disposal once the 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.



5 Conpositions for rectal or vaginal admnistration are conveniently in the
form of suppositories (containing a conventional suppository base such as
cocoa buwDes)p223pessaries, vagi nal tabs, foanms or enenas. PCOGRIZI0HISONS
suitable for transdermal adm nistration include ointnents, gels, 10

pat ches and injections including powde® injections. Conveniently the
conposition is in unit dose formsuch as a tablet, capsule or anpoule. 15
The OXM can be used as a gro hylaxis to prevent excess weight gain or can
be used as Gomprsitignsutui@bleofaroscak e seblingughadmimistratieie saclydd gplets.s
typically obesity, although the ma | will not be certifi s.clinically
obbse i n or SZEnEl BRASHY Hesnd e BecBubre,diggrtiontie foupbEed Bl o | n
iquid, Sol gy <5@MThs Slak dnlAEMial PagRHRK, Sr 96HiFhifd el REriRr eventi on or
treatnment of excess weight 1nh a m I's “a Teal need.” Preferably the
manmal is a human, although it may al so include other manmalian ani mals,
such as horses, canine animals (in particular 25 donestic canine aninals),

f el i ne Sani milosnggasriiqrerfor cedtalr odvrgsali adnfigistragionrdrgrgpsyenierlyval theadormammal s
whi ch are pg?duced,for, bovi.ne and ovjne ani mals.

at, .such as porcine,
The present rﬁ?_@ﬁ?‘i‘@r’ileé;@%@“ﬂ%oa FS“E‘?IE\%‘HF SHRRREWIHENAGRtSUCH aSsE4Pani nal s
in order tOg)ﬁﬁéll)n%esﬁalji?esagagﬁ‘ﬁgfta,BE,%Hﬁlts'o?%nﬁPﬁgs.O?’/ 022304 PCT/ (B02/ 04082 10
I'S’text, the ¥erm ne

Thr oughout prevent1 on ans any effect which
mtigates any excess weight, to any extent. Throughout this text, the term
"treatnment” neans anelioration of excess weight, to any extent. 5

Accor di ng t €ompsdond asjablt fort thansdeesanadmmveratiooninpholei ddesmentsegdled f or
the prevention or treatnent of excess weight in a mamal, the net hod

conpr il¥i ng PAGREHARE BYSGHPNS IRGHABE RAWHET dBIFAHORS ng OXM to a manmal . The
mammal is

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 mammal is
a real 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 meat, 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.



likely to be in need of prevention or treatnent of excess weight. The

wei ght | oss may be cosnetic. The conposition conprising OXMw || be

adm ni st ewed3/02304 n an effective concentration. Al prefePcedHRatsees of
the first aspect of the invention, also apply to the. second. 15 Athird
aspect of the present invention providd®ds a nethod for cosnetic weight |oss
in a mnml, the nethod conprising adm nistering a conposition conprising
OXMto a manmmal . In this circunstance, the weight loss is ﬁ_urel y. for the
pur poses of Theaughout thip pedy tecermo(prayentipnefraedspmesffertokhish miigatasr st and

second aspects also app to the thir { t hoyt being bound.to this
Theory, 1t PO SRERT R R, fucp) cdbruEhROCHYs SR bt fpbtht
prevention @feaht SaleMBRicAf ofB4EESSWHBHERS aRY ekidgi @dmi ni stration of OXM

whi ch acts aseaan inhi%fltooroto oodg\ll%ntgatéi ¥8 tﬁe manmal i an body. Such 25
reduced food intake results in the prevention or treatnment of excess wei ght
ina mamal. In this text the term"food" includes a substance which is

i ngest @d adgcardinh thaseeandasiect thapirseninpvesiior psoddecT negbod dande 11 A

fourth aspect to.the present invention provides th se of OXMin the
manuf act ur o PBPYCRUNR GF SEARPENU A OXCRe WrEDEH # Srrpma i idhed GPmpRisings

ight. A . - - £ ' : |
to the f our (VG GHRER CARPAER KhmiptSine DX, RANERR PRERm el 1307

relate to nuHeGAERS fn nedE of Padicnbibh & ERBAER 6L EXESs MWiighthi The Widight
ultimately be determ ned by the attending physician and will take into
consi der at i &1ss swazghbe aetmoetsc. abhe hem@XditiohepnprisgelOXaviiwidll be ggreinistgeed

wei ght, severity_of synptons and/or severity of 10 treatnent to be appli ed,
met hodVof  alhithEHEstNG HPCEPIMD- nedi cament, ~ adver se

All preferred features of the first aspect of the invention, also apply to the

second.

15 A third aspect of the present invention provides 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.
20 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
25 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 caloerific value.



reaction and/or contra indications. Specific defined dosage ranges can be
determ ned by standard designed clinical trials with patient progress and
recovery woeimng2f3 | y nonitored. 15 Such trials may use anPeIaBoa0#08y dose
design using a |l ow percentage of the naxinmumtolerated dose in aninmals as
the starting dose in man. The fifth aspect of the present invention rel ates
to the use of OXMto identify an agent which inhibits food intake in a
manmal . This aspect of the invention 20 provides a nmeans to_identify and
devel op fur thdoushi aspsrie torghi¢ quessnt InYPHianhprovidesy éret jueh Ar OXMatmithet  of

ight. Th f OXM i nclude th f th tide.itself
may | ncl ude TAIAGUE 64 psdicameat Gon S PrOTEReF eghsd A SPPT MR oM

The functional or 25 structural characteristics of OXMutilised nay be of
a peptide itself or may be of a conputer-generated nodel, a physical two or

t hr ee- di mensA1ppadferfod €datdres ofitheeligehiid datd gprersahigeppls- 16-the QamRtt. er
generated) primary, secondary or tertiary structure, as well as the

phar macophore (three-di nensional electron density map) or its X-ray
crystal strycture. WD 03/022304 PCT/ GBQ2/ 04082 . 12 The structural

charact eri sﬂﬁ@sﬂ%ﬁe%ﬁﬁ"&gﬁ’@% %‘H’élh YPRESTTLBE i ngen gekagntq medicgBispts, thahat nay
interact w ) fecti 10N, The i 1 ficati,on may
be by corrpuIt;pteaF&?ré%‘leItaﬁE%é’léJ ;n%r %Ij;tg‘fﬂééllélswgfrjglgﬁ%g%%n& éf C%?ﬁ’?%%dr @g Irﬂgeat ures

of each aspeeken®ing! piysicinenhd l1ahRe d%tof WnsRRENIAS sudhefaRtdiShs RS LS
mutatis inutandis. The present invention is now described by way of exanple

only and wi theingl Osadgfaermealctypecageheveight, seweargy faf gynggomis endfurcleverfriygoff e A is
a graphi cal representation. of preproglucagon and its )
10 treatment to be applied, method of administration of the medicament, adverse
reaction and/or contra indications. Specific defined dosage ranges can be
determined by standard designed clinical trials with patient progress and

recovery being fully monitored.

15 Such trials may use an escalating dose design using a low percentage of the

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

The fifth aspect of the present invention relates to the use of OXM to identify
an agent which inhibits food intake in a mammal. This aspect of the invention
20 provides 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
25 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.



conponent parts; 15 Figure 1 is a conparison of the effects of ICV and i PVN
progl ucagon-derived and rel ated products on food intake in fasted rats.

Fi gure 1 woioloeest4 at es the cunul ative food i ntake (g) up POeT&BLR2@iwser | CV
injection of GLP-1, OXM glucagon, or glicentin (all 3nnmol) into fasted
animals. *, P<0.05 vs. saline control.1Figure 1B illustrates cunul ative 20
food intake (g) up to 24 h after an acute i PVN injection of GP-1, OXM
(both 1 nnol), or exendin-4 (0.03nnol) into fasted animals. *, P<0.01 vs.
saline control for all groups at 1, 2, and 4 h. *, P<0.05 vs. saline

trol f di n-4 onl t.8 h; 25 Fj 2 t f th
ciTect's of 1180 SHECTPURRORHCENIF B8 TPl iopauraton &F paleRRetadoan
| at i f j : f AR CYpi i g6t Fon: OXM
cumil at Ve Ty} AKcl Do oo biesn 2 eA O ESHERGH O
after an acuhgy bPWNcbiipaedriRedefin¥eh@3r PRI dRiglddshgr/ 04082 13 OXM (0. 1,
VS

0.3, or 1.0 nnol) 1nto fasted animals. *, P<0.0 . saline control;

Fi gure 8 shows two bar graphs of the effect of I1CV OXM at the onset of 5
the dark phase, Sated rats_received ap |CV injection of OXM -1 (3
nnol ), or o diFeheeoa CpMET DA ERCTORSReREO o nyRaden aﬁoaﬂ??rn@%ﬂbeof?é%%,er A

and behavi or tinjection were determned. *, P<0/05 vs.
sal i ne cont ragP%(&%’(fl%Htéu’?Le‘%%%ssjhom two bar graphs of the inhibition of OXM

and GLP-1 effects on food intake by exendin-(9-39). Figure 4A food intake
| h after an acute ICV injection of GP-1 (3 nnmol), G.P-1 plus
exendi n- (9- 3Ne pfe3ntnimichtioXM r(Bv rdestribedOklyl wad afxexanple( 8al$93nd 3dtmnol ),
or

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

injection of GLP-1, OXM, glucagon, or glicentin (all 3nmol) into fasted

animals. *, P<0.05 vs. saline control. Figure 1B illustrates cumulative

20 food intake (g) up to 24 h after an acute iPVN injection of GLP-1, OXM
(both 1nmol), or exendin-4 (0.03nmol) 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



exendin-(9-39) alone (30 nnol). Figure 4B, food intake after an acute 15

i PVN injection of GLP-1 (1 nnol), G.P-1 and exendin-(9-39) (10 nnol), OXM
(1 nnol) ,wOoXiMozx3os exendi n- (9-39) (10 nmol ), or exendi n-( 9P8I)GBoaloense (10
nmol) into fasted animals. **, P<0.005 vs. saline control; Figure 5is a
graph of the conpetition of [12511 GLPi4 binding in rat 20 hypothal am c
menbranes by GLP-1 and OXM Figure 6 illustrates the effect of a) IP OXM
(30, 100 and 300 nnol/kg in 500 pl sali net)@ or saline on cunul ative food
intake (g) in 24LXMi(OfladkBdor 44t smial) sypeldsitdrammalshe’, a€0.05 dear lkabhase
(closed squares = saline, open 25 circles = OXM 30 nnol / kg, cl osed

triangl es = OXMPBB%hnol | kg, open triangl es = OXM 300 nnol /kg): and b) IP
OXM (30 and 100 nnol/kg in 500 pl saline) or saline on cunulative faood
intake in non-fasted rats WD 03/022304 PCT/ GB02/ 04082 14 injected prior to

the onset of theighaicks ﬁ)}litasﬁt\{/@lbaﬁgﬂﬁh QUARS cffcSEdf BV (YRENat tHel GlseBof OXM
30 nnol / kg, closed triangles = OXM 100 nnol /kg). *P<0.05 vs. saline; 5

Figure 5 il ust rthe dsrk pleasef Setctl rofs teatived dai IGV liRjecnpe of XM, dBLEXM 3 50
nnol / kg) or saline ;or seven days on a) cunul ative food intake (g); and b)
body wei ght gai MMQY)). ongadimeos the«quspt gf the dark-phasgs Foed iglake {arams; gl e 8

cont rol (1 hour S0y R BN bofoltBRi iRl weRBekddfidledt - iteBS on

gastric enptyingafife 3dthqur fasted rats. Contents (dry weight) of the
stomach were expressed as a percentage of the food intake during the
30-m nute feeding period. **P<0.01 vs. saline; 15 Figure 9 illustrates the

effect of increasing doses of OXM (0.01 - 1.0 nnole) on 1 hour food intake
when aldhi ni st er ddg#gt b shRwsauLee gherl1sels 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 1IPVN injection of GLP-1 (1 nmol), GL.P-1 and exendin-(9-39) (10 nmol),
OXM (1 nmol), OXM and exendin-(9-39) (10 nmol), or exendin-(9-39)

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

Figure 5 is a graph of the competition of ['*’I] 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 during the early dark phase (closed squares = saline, open
25 circles = OXM 30 nmol/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



of 24-hour fasted rats. *P<0.05, **P<0.01, ***P<0.05 vs. saline; Figure 10
illustrates the effect of i ARC adm nistration of exendin 9-39 (5 20

nnol es) owogaloerse4 i nj ected 15 minutes prior to | P adm ni stcatGrm/oadfs2 OXM

(30 nnol/kg), GP-1 (30 nnol/kg) or saline on 1 hour food intake (g). (S WO
03/ 022304 PCT/ GB02/ 04082 15 = saline,j46 = GP-1 (30 nmol/kg), Ox = OXM (30
nnmol / kg), Ex = exendin 9-39 (5 nnoles)); Figure 1l a illustrates the
expression of fos-like i munoreactivity in 5 response to A |IP saline or

B) | P OXM (50 nimpédtedprionta the erseual die daok pbass (clostd sqhynss Hhaliaauepeix 40
magni fication). ***P<0.005 vs. saline; and Figure 1l b illustrates the

expression of fg; ke t RO i ne,
oM (50 nmol TEa or GNP G (I ot wshele BRORMAR, nR A ne

brai nstem Exanp J%e A- OXM causes a potent decrease in fasting-induced
ref eedi ng when | f@@tc’é’& dHehot h | CV and | PVN Peptides and chenicals GLP-1
glicentin, glucagon, and SP-1 were purchased from Peninsula 20

Labor at or i es, Inc. (St. Helens, UK). OXM was purchased from | AF Bi oChem
Pharma (Laval, Canada). Exendin-4 and exendin-(9-39) were synthesised at

Medi cals Researc r"‘?e@‘) i g:l g €
Hamrer gm th I—bsh}g{a?%m%ur?t gn @Kaﬁg?%rt]gtg&%&”r%%c dlg m stn?gétgjr?lﬁaér:]f ggg@ll\}gg
pepti de synt he5| ser dvanced. Chenilech, .pu ed by reverse phase
25 HPLC on a CsMBQME F‘ﬂéﬁofﬁéﬁe"%@s&éﬂ éaueinur] i;@ﬂfb neder @ akbPec Ul ar
WD 03/ 022304 PCT/ GB02/ 04082

body weight gain (g). *P<0.05, **P<0.01, ***P<0.005 vs. saline;

Figure 8 illustrates the effect of TP OXM (50 nmol/kg), saline or a
10 positive control (1 hour = GLP-1 (50 nmol/kg); 2 hours = CCK (15
nmol/kg)) on gastric emptying in 36-hour fasted rats. Contents (dry
weight) of the stomach were expressed as a percentage of the food intake

during the 30-minute feeding period. **P<0.01 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 1 hour food intake (g). (S



16 wei ght was confirned by mass spectronetry. Al chem cals were purchases
fromMerck & Co. (Lutterworth, Leicester, UK) unless otherw se stated.

Ani mal s 5SwAdualoe23oml e Wstar rats (1 CSM Hamersmi th Hospi tPaiT)GRU20€082

mai ntai ned in individual cages under controlled conditions of tenperature
(21-23C) and light (12h of light, 12hjof darkness) with ad |ibitum access
to food (RM diet, Special D et Services UK Ltd., Wtham UK) and tap
water. Animals were handled daily after recovery fromsurgery until

conpl etion of thkesslingi@s= GLP-L{3anmal/kgy, c0gdur@xXMInNder imbtRg WeF e =
approved by the British Home Ofice Animals (Scientific Procedures Act
1986 (Project Li .. I1Cv and i PVN cannul ati on and i nfusions
of test conpoun ggﬁ(ﬁlﬁndg#%(igé%gisﬁ nent stainless steel guide cannul as
(Plastics One, Roanoke, 15 VA) stereotactically inplanted ICV or i PVN. All
studies were carried out in the early light phase, between 0900-1100h,
after a 24-h fast, and food intake was nmeasured 1, 2, 4, 8, and 24h
postinjection. Fegeengylstiddyiraeotiae odxpréfideraiardsseke Amrhiveoreddiasty of

progl ucagon-derived products and rel ated peptides on food intake. In study

la, rats were injected | Wt h,101] | § Pz 13 1),,. OXM (3
nmol ), SSI ucagonr%Sfoﬁﬁ%lt ,sz)m)gﬁlwgn?ﬁ ﬁ(gp%ﬁ (ﬁh %PBV%@B)R thes argpal |
studies, the human OXMwith the foll owi ng sequence was used: H's Ser G n
Ay Thr Phe Thr nSeleuasop thg/hypghalamps (740 magmificpioser *AFB<A0§5 Alsasating; WO
03/ 022304 PCT/ GB02/ 04082 17

and

Figure 11b illustrates the expression of fos-like immunoreactivity in
10 response to A) IP saline, B) IP 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 both ICV 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 Unit, 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



Asp Phe Val G n Trp Leu Met Asp Thr Lys Arg Asn Lys Asn Asn |Ile Ala Human
GP-1 with the foll ow ng sequence was used: 5 His Ala Qu dy Thr Phe Thr
Ser Asp VabDo38za305er Tyr Leu Qu Gy G n Ala Ala Lys d upPPmgHoR®4082a Trp
Leu Val Lys Ay Arg 10 In study Ib, rats were injected iPYNwith 1 saline,
GP-1 (1.0 nnol), OXM (1.0 nnol), gligentin (1.0 nnol), glucagon (1.0
nmol ), or SP-1 (3.0 nnol; n = 12-15/group). Exendin-4, when injected |ICV,
inhibits food intake nore potently than GLP-1. Therefore, exendin-4 was
injected i Pw¢ight waslesefiahed byOBassopectibndtny estli ghemornlofwert puedtfaset  of

i ncreasi ng doses of OXM on food intake In study 2a, rats were |nj ected ICV
with sal i neframplarck 3n fs. (Lutggrwori, fgiegster, UK ug}esggthﬁaﬁypse shated.g/ group). In
study 2b, rats were injected iPVN with saline, GLP-1 (1.0 nnol), or OXM
(0.1, 0.3, or 1.0 nnol; n - 12-15/group). To assess 20 whether OXM acts via
the GLP-1 regfplay, a study using the G.P-1 receptor antagoni st

exendi n-(9-39) was perfornmed. N ght tine feeding and behavi oural anal ysis.
Study 3. It Adulposde BVestarhedts @OSMyHillmtersmnh Hospakd) wieae mﬁmamdf in: taste
25 aversion, and that it is not a true satiety factor. Therefore,

cannul at ed Ardigiduabeegesdwdar sentralledgamdiiqamfdempeaime(3 1 k) an@ﬂlgbhl i ne
= 6/ gf Jthe d Food i nt d 1
T post i eld7 et gty 2R58s BockineSoicRid: B0kt altesoieditad TR Rat s
WO

b . i - h
‘82; 82(2)33 ir ;%?’FI%{‘) ?/18{41 ggf%@@és' UlKe ¢td OWHRAAI UK P 99@‘&;9 Wakr. S i fafhGRle

handled daily after recovery from surgery until completion 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 10ul saline, GLP-1 (13 nmol), OXM
(3 nmol), glucagon (3 nmol), or glicentin (3 nmol; n= 8/group).
25

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

His Ser GIn Gly Thr Phe Thr Ser Asp Tyr
Ser Lys Tyr Leu Asp Ser Arg Arg Ala Gin



18 In study 4a, rats were injected with ICV with saline, G.P-1 (3nnol),
GP-1 (3nnol) plus exendin-(9-39) (30 nnol), OXM (3 nnol), OXM (3 nnol)
pl us exewaionnt8e89) (30 nnol), or exendin-(9-39) al one (P0TrGRIRN4082N st udy
4b, rats 5 were iPVN injected with saline, GP-1 (1 nnmol), GP-1 (Innol)

pl us exendin- (9-39) (10 nnmol), OXM (11mnol), OXM (1 nmol) plus
exendin-(9-39) (10 nnol), or exendin-(9-39) alone (10 nnol; n =

10-12/ group). Receptor binding assays. Study 5. 10 Receptor binding assays
were perfornkg i Phe fividl V@nundrpf OG.ed niMetat Aspypdthhal duysc nmenbr anes
(2001tg protein), 500 Bq (100pM [125]]CG.P-1, and unl abel ed conpeting
pepti des (GAE i OB adFped s edl€ MeddRanes were incubated at room
tenperature for 90 min. Bound and free radioactivity were separated by
centrifugation (2 mn, 4C). Pelleted nenbranes were 15 washed wi th assay

buffer (0.5 Mimah -9 ikh t}%“ﬁ)lfo%ngﬁé@fe%@@%a‘éﬁfsgd: centrifuged as described
above. The supernatant was renoved, and the radioactivity in the pellet

was counted using a y-counter. Specific (saturable) binding was cal cul at ed
as the difference between the ampunt of [1251]G.P-1 bound in the absence

(total bindilhg) aha playenddyof Thi albibel dhroxfepo @AsensMalr abl e bi ndi ng) .
Al'l curves \l/§ere nstructeqd w tgy oi 5 intri %ca\'gﬁﬁ. C50 val ues were
cal cul at ed se’rrng “he Prifsm Uor am éragﬂﬁad ftiafe, “Yfnc., San Di ego,
CA). Stati stdgs Fare food,i ntiake angl yses. a @16 pnesented as the
mean SEM Stati s]ﬁécal © di ?Qgr encés %et ween exg%%i rrgl al Aggoups wer e

determ ned by ANOVA, followed by a post-hoc |east significant difference
t est (gﬁstat 8.0, Evanston, 1L). For behavioural analyses, data are

expr esHbd adntshedyvbbli rats wartbayeaied iBY Buwitbnige salofe, &l Indhninel)y, QXM t he

range. CompayiSoNS\PELUESH, 8 84RSon), 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. Therefore, exendin-4 was injected iPVN at a dose of
0.03 nmol.
15
Investigation of the effect of increasing doses of OXM on food intake
In study 2a, rats were injected ICV with saline, GLP-1 (3nmol), or OXM (0.3,
1, 3 or 10 nmol; n = 8/group). In study 2b, rats were injected iPVN with saline,
GLP-1 (1.0 nmol), or OXM (0.1, 0.3, or 1.0 nmol; 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. It is possible that OXM inhibits food intake via nonspecific taste
25 aversion, and that it is not a true satiety factor. Therefore, 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 {(siudy

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

postinjection using a behavioural score sheet.



WO 03/ 022304 PCT/ GB02/ 04082 19 were made using the Mann-Whitney U test
(Systat 8.0). In all cases, P<0.05 was considered statistically
significawD.03®esmMts 5 Conparison of the effects of proglPatagpIRAOdsei ved
products and related peptides on food intake ICV adm nistration. In study
la, OXM and G.P-1 (3 nnol) significantjgy reduced refeeding. This 10
inhibition of food intake |lasted until 4h postinjection (Fig. 1A). ducagon
and glicentin (3nnmol) failed to affect food intake at any tine point (Fig.
lA). i PVN admnistration. In study Ib, OXM G.P-1 (3 nnol) and exendin-4
(0.03nnol) also inhibited 15 refeeding when injected iPVN. This_ inhibition
| asted at | Bhswdgtaygatsi wepectesicd WikhleV vHAralinenOLE bédemolclldtily. 1) .

Gicentin, ucagon (1 nnpl) SP- 1. ( ) faijl ffe god

i nt ake at aﬁ{?r?(?l?r@l%of)ﬁ?n%'é%ﬁﬁﬁégtn_é]a(g])’i éwv(léomgppe@gﬂgf?inﬁboﬁiggﬂsn_g
doses of OXMGpid-pedoh g:?@iﬂﬁholj, &Y eil@l;mml(@tj%tdl&fb (30mmbBdMn 28udM¥S Faisn) ect ed
| CV, OXMreduced refeeding 1n a dose-dependent manner, reachi'ng a maxi nal
ef fect Sat awdas@\aN iBjevtsd with s2ling@lLBH (125np)sGLIFE E¢lnmaal) (phigexedd)n- | PVN
adm nistration. In study 2b, food intake was significantly reduced b

i PVN-i nj ect €43 010 ranel), OAWM( bbtnal).n@aiM UnnmolBiplyoskentiadPiih ((19?/9.
2B). W0 03/ I(l)r%%l?)(,)gr 5%%93{3%4)1%%%6 (%8 nmol; 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 (200pg protein), 500 Bq (100pM) ['*’IIGLP-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 separated by centrifugation (2 min, 4°C). Pelleted membranes were

15 washed with assay buffer (0.5 ml, 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. Specific (saturable)
binding was calculated as the difference between the amount of [IZSI]GLP-I
bound in the absence (total binding) and presence of 1uym GLP-1 or OXM

20 (nonsaturable binding). All curves were constructed with points in triplicate.
ICso 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. Statistical
differences between experimental groups were determined by ANOVA,
followed by a post-hoc least significant difference test (Systat 8.0, Evansion,
IL). For behavioural analyses, data are expressed as the median number of

occurrences of each behaviour and the range. Comparisons between groups



Effect of OXMin |ICV-cannul ated sated rats at the onset of the dark phase.
The dark phase is the rats' natural feeding tinme. Therefore, assessing the
effect oWOa3pea3etive satiety factor in non-fasted ani mal PCatGRobiogsei ne
woul d represent a 5 nore physiol ogical effect. Effect of OXM on food
intake. In study 3a, when injected in i@e early dark phase, both G.P-1 and
OXM (3 nnol) significantly reduced food intake conpared with that of
saline-treated 10 animals 1h postinjection [Fig. 3A]. Qbservation of

behavi our af@e hide uBin@ctht Mafh-VWiivhey OVid T Picat 8 @)1 BNaRfcalMVED. o3l ) in
the early dark phase led to a significant decrease in feeding episodes
(study 3a) anab amsidececbstsestioallyessgriifigantl5 behavi our (study 3b) [Fig. 3B].
There was no change in groomng, still, head down, burrow ng, or

| oconoti on epi sodes. To assess whether OXM acts via the GLP-1R, a study

usi ng the G‘Iﬁ:si']ﬁ ant agoni st, exendin-(9-39) was perforned. 20 I CV

adni ni stration. St udy 4. ICV coadm nistration of the GLP-1 receptor

ant agory st &x&ipirisond-0?lheMdffectEdt- %r@%lu@ag'@itéi&i@d Hoducts and_ related

(ant agoni st/ agoni st) bl ocked the anorectic effects of GP-1 [Fig. 4A].
Fur t her nor e pepadendmicid atiken of exendin-(9-39) with OXM 25 resulted in
attenuation of the anorectic effect of OXM[Fig 4A]. i PVN adm ni strati on.
Simlarly, when injected i PVN, the anorectic effects of both GLP-1 and OXM
wer e bl ockeggyw%coi n'tect ed with exendin-(9-39) [Fig 4B]. WO 03/022304
PCT/ GB02/ 04 ACIMPHAY or bi ndi ng assays. Study 5.

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 (1 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 study 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 reduced by iPVN-injected GLP-1 and
OXM (both 1 nmol) until 8h postinjection (Fig. 2B).



The affinity (1C50) of GLP-1 for the G.P-receptor in rat hypothal amc

menbr ane preparations was 0.16 nM (Fig. 5. The affinity of OXMfor the 5
GLP-1 recwptosn2idnd t he sanme nenbrane preparations was 8.2 mT(GB0G04@8R, which
is approximately 2 orders of nagnitude weaker than that of G.P-1

Di scussion. OXM causes a potent decregpe in fasting-induced refeedi ng when
injected both 10 ICV and i PVYN. The effect was sustained until 8h (i PVN) or
4h (1 CV) postinjection. The effect of OXMis approxinately of the sane
magni tude and time course as that of GLP-1 when adm nistered ICV and i PVN

at equi nol ar_ __dos In addition, OXMinhibits food inta n. nonf ast ed
rats at the%@é?ﬁéxMtlﬁéca/aFR”rbﬂé@é Sa‘&adatétatttfl*?a?nsﬁtHﬁt}’(erf@!}'l(é)ﬁé%d no signs

O 2rCr o1 ve et Blee 1ond fo DR DEF ReiAORRIC ARt NSLAST, @ cffecy

OXM speci fi g si ar ng site

has been i depty ﬁutﬁﬁve &tkh}eﬁ@}*@ in JREFRIQN indals Eﬁ%ndoﬁﬁié%@@ldtlﬁﬁiesé??ﬂ\é
nmedi ated its effects via the hypothalamc GP-1R as G.P-1 and OXM have

sim | ar5 pot emay physiobegdcaigfftcudi es. It has 20 been shown that OXM has a
nanonol ar affinity for the GLP-IR (1C50 = 8.2 nM. This affinity is
approximately 2 orders of magnitude weaker than that of GP-1 (1C50 = 0.16

nM . Yet despit ISy A ed |n|tyfor the GP-IR, OXM reduces food
i ntake to tﬁﬁ@iﬂt&@&nﬁ%&’? & explanation for this is that OXM m ght
act throughmgmgi be hén ifeaRd i httﬁe%‘ﬁﬂ?ﬁcﬁaﬁ‘ﬁﬁ}h‘aﬁe Iihith RELBS ercp@m ggrus.
Thus, OXM coul

|Tcit a response conpafable'to that of GLP- despite its

| ower affi nininyol§ eigniifiear@yPrddicedfood iintak®-cd)pared MlaQthofoialmhar@t&} 1R
agoni st exendin-4, is a potent and selective antagonist at the G.P-1R
When dAP-1 antmalsdhdiostipsction [Bige 30D 03/ 022304 PCT/ GBO2/ 04082 22

Observation of behaviour after ICV injection of OXM.

ICV administration 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, still, 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].

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



coi njected, the anorectic actions of GLP-1 are bl ocked. Wen OXMis
coinjected with exendin-(9-39), the anorectic effects of OXM are al so

conpl et elwolwBoezised. This woul d strengthen the argunent thaCTO@HRi0$082
mediating its effects via the GLP-1R 5 W investigated the effects of
glicentin, and glucagon after an acutei CV 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 mnimal active
structure of. OXM s.injected i PVYN, no inhibition of food intake was
obser ved. Tﬁ@?%ﬁtSFg?ﬂ%‘ég 8fsaEtt Sg’@é%'by OXM is specific. B - Peripheral

adm ni strati - S f LN o] ' ' 15
pept i des and TenariEt <o SESEER RS dhbr BRI ARPGT OB dat BhARAR, i
Canada) . GLBich¥age pRepah@sRdwhs @NEamM 15l )L aPre afRhite of |OEM (& thdiel ens,
UK). Exendin 9-39 was synthesised at Medical Research Council, Henbstasis
Unit, G ini €HlP-2Ge&gitennabe Cememeembiemegnepdrbhiotdowps 84 nMLUdingldn, wbikchusi ng
F-noc chemistry on a 396 MPS peptide synthesizer (Advanced Chenifech Inc.,
Loui svi | | e, Isapproximatphyr prdses ofymagyidadeawpiked dhapthat ghGAEed. col um
(Phenonmex, Macclesfield, UK), using a gradient of acetonitrile on 0.1 %
trifluoroacetic acid. Correct nolecular weight was confirmed by nass
spectronet r phisAskiophem cal s were 25 purchases from Merck Eurol ab Ltd.
(Lutterworth, Leicestershire, UK), unless otherw se stated. Animals WO
03/ 022304 POXNEBLRsE40PBtent decrease in fasting-induced refeeding when injected both

10 ICV and iPVN. The effect was sustained until 8h (iPVN) or 4h (ICV)
postinjection. The effect of OXM is approximately of the same magnitude and
time course as that of GLP-1 when administered 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
mucosa. 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 for the GLP-IR (ICsq = 8.2
nM). This affinity is approximately 2 orders of magnitude weaker than that of
GLP-1 (ICso = 0.16 nM). Yet despite this reduced affinity for the GLP-1R,
OXM reduces food intake to the same magnitude. 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-IR.

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



23 Adult male Wstar rats (180 - 200 g) were maintained in individual cages
under controlled conditions of tenperature (21-23 C) and light (12 hours
light, Iwohlwewemsodark) with ad |ibitum access to standardPCatGroowwsg RML
diet, Special Diet Services UK Ltd., Wtham Essex, UK) and water. All
procedures 5 undertaken were approved py the British Hone O fice Aninals
(Scientific Procedures) Act 1986 (Project Licenses PPL: 90/ 1077, 70/5281
and 70/5516). Intra-arcuate nucl eus cannul ati on Ani mal s had per manent

i ndwel |'i ng, cohij¢@atdr dle, andbmictt esciomseef @UPde acarblotleel. 1WHeRl &5XMcss One,
Roanoke, VA) stereotactically inplanted into the arcuate nucleus of the
hypot hal anu$oinegted ‘é(ltbaﬁmlll%ﬂi@rﬁ%r dhecanorgsiiqgeldesthupheOpddi arcordep 3.3

teri t 3 I | to b 9.0 bel t
curf ace of - EREPLIERY PiokE: PHESShob B SHRIERST e BB AR FBMARCL i ons
wer e deli Ve%iwﬁﬂﬁég%ii?ﬁ@@ﬁﬁpd a 25 gauge needl e. The maxi mum

vol unme of injecti and was adj usted according the weight of
the individual animal. Al peptides were dissolved in saline. 20 In these
studies, the human OXM and human G.P-1 were used with the sequences

provi ded on Vagasestatadd thies eslisotseof Ighcontin prdigdaesizoniaftemvesadugatdCVg t he

ook P, BRSO AL 44 8 e R 3, ™ =
During th gt - - i i ngl
O 1, e 98 bt n P B2, PABRLIE) s ool

control) or g@mﬂésl&vhenmﬁéynrwérékgdmhﬁmreaeiigw). (Whenl Z0er (5E Opithtive a
vol une of 500 I. Followi ng the WO 03/022304 PCT/ GB02/ 04082
10 minimal active structure of OXM, was injected iPVN, no inhibition of food

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

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

weight gain.
15
Peptides‘ and chemicals
OXM was purchased from IAF 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, Clinical
20 Sciences Centre, Hammersmith Hospital, London, UK using F-moc chemistry

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



24 injection, the animals were returned to their hone cages and provi ded
with a pre-weighed anount of chow. Food intake was neasured 1, 2, 4, 8 and
24 hour swp@s#213nf4 ection. 5 2. I nvestigating the effect ofPCpasBoploersal

adm ni stration of OXMon food intake 1in non-fasted aninmals during the dark
phase: The dark phase is the "nornmal" j4geding time for rats. Therefore, any
inhibition of food intake at this time could be considered to be nore
physi ol ogi cal than alterations to refeeding followng a fast. Aninals
recei ved a sAdigt endl® Wijtactrator(180 -0f208ag) merorm@XMind&l in 100 vl /dagebody

wei ght n=1 er gro rior to lights out (18.00 - 19.00 hr). Food

i n!t gke) vvgas 1. gﬁg%lgojl,e'égc?ongyt1cglsag{de@@qu@gma5{21F%%g‘{q QIW@tc{&?.hOB.TS) Irglet, ef f ect
of repeated LR inj j f 4 i.mal,s re,ran i,sed wei ght
into F hr ee gllr2 ohudﬁlgg ?%}@Q’?’Eh %grl%ﬂr\&éﬁgfc:e%i@S@g’pfl?ﬁé\fafrc_ggfve '%?ﬁ%%ﬁef‘@#tum
access 1o fangs RhvieMURepied WhlamTotdke_ Uiofantelaflr. et flecdien -
dose based on the previous dose-response experinent) wth ad |1 bitum

access % o f andert®enSalerneppreaidety thatBfiostd Homast Offidee A iimatsh eSefemiri¢ i ght
and dark phase food intake of the OXMtreated 20 group. Animals were

nj ected {wiksecadres) AQ7 986 (Rricetd iogmsws FPLo P05 dn 705781 andGoes3 ake (g)
body weight (g) and water intake (m) were neasured daily. On the eighth
day, the aninmals were killed by decapitation. Epididynmal white adipose

tissue (V\AT)In@Q—QrddBEeeﬁécQé’tH’dJé;ﬁfnuPthb‘g{” adi pose tissue (BAT) were renoved and
wei ghed as an assessnent of body adi posity. 25 4. Investigating the effect

of peri pher @lniagis hadtpeanhboehtohd NI (Galstarhl; stARREY iste] AvidBkanase
fasted for 36 hours to ensure that the stomach was enpty.

10 (Plastics One, Roanoke, VA) stereotactically 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 skull.

15 Intra-peritoneal (IP) injections
Al TP injections were delivered using a 1 ml syringe 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 provided on pages 15 and 16 above.

In vivo protocols

1. Investigating the dose-response effect of peripheral administration of OXM
25 on food intake in fasted animals:

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 of saline, GLP-1

(30 nmol/kg body weight as a bositive control) or OXM (10 - 300 nmol/kg

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



During the early Iight phase (09:00-10:00) were allowed ad Iibitum access
to a WO 03/022304 PCT/ GB02/ 04082 25 pre-wei ghed anbunt of standard rat
chow f or whiosty3nd nutes. After that tinme, the food was r @CoOGE2AMS2

rewei ghed. The aninmals were then IP injected with saline, OXM (50 nnol/kg
body wei ght) or CCK-8 (15 nnol/kg bodygwei ght). Rats were then killed at
the sanme tines as those used in the previous feeding 5 studies: 1, 2, 4 or
8 hours post-feeding (n = 12 per group per tine-point). The CCK-8 group
was used asimeqisi, tthe @aninoult rvedre froturnérk te xiper hoeret cages tind pravideduwith a
time-point only. Animals were killed by carbon dioxide as%hy iatigrz. A

| apar ot ony pEsswekghicd| ymeunts ofr gh@w ankPad étake asnmesgysedd. Tﬁﬁé S9ndridc
junction vva]s_l | i %%ted .éZ. 0 Mersilk, Johnson & Johnson, Bel giun), followed by
10 |i gati onBPSAPSUYYEGHY: oesophogeal junction and the stomach was renoved.
The gastric contents were then renoved, placed in a pre-wei ghed wei ghing
boat and left to air-dry for 48 hours. Once dry, the contents were wei ghed

and thg penceifeaggatify theeffdroof ipagphtrat adminisgatidreoh@XMhaufoadintdedi ng
period remaining in the stomach per rat was then cal cul ated using the
fol l owi ng iSnéodaiechanimaloderingHig dark@hase:t he st omach = dry wei ght of

e T e T
B e g e A D

rats recei vegeafiohd\RErdfeddas foIMowingsafdsne AntiMs(Bcdited aQifide IPidiectior3 or

1.0 nnoles). Food intake was nmeasured 1, 2, 4, 8 and 24 hours 25

post - i) ect iofrsalife of XS {Byat 10ynmiedkadrodyeweigher Gl Y2 aubmi gibep)epedr KM i s
. . | ;

acting dir e(fitgh%/s (\)llit%]S.OO —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 access to food, 2) OXM-treated (50 nmol/kg
body weight per injection — a dose based on the previous dose-response
experiment) with ad libitum access to food, 3) Saline-treated, but food
restricted 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 water 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) were allowed ad libitum access to a



arcuate nucl eus GP-1 receptors. WD 03/022304 PCT/ GB02/ 04082 26 Rats
cannul ated into the arcuate nucl eus were random sed into 6 groups (n =
10-12 perwgrooipso4 During the early |ight phase (0900 - 10@QOY/GBI2loense f asted
rats received an i ARC injection of saline or exendin9.39 (5 nnol es)
followed by an IP injection of salineysOXM (30 nnoles / kg body weight) or
GP-1 (30 5 nnoles / kg body weight) 15 mnutes later. The injection
details are described in Table 1 below. Goup Intra-ARC injection IP

i njection PprSatdigleedSambnet af Sahdard @Xkh¢@0fon irgysinkigltes. 3 ASedrithat @ne; 1 (30
nmol es/ kg) 4 Exendin 9-39 Saline (5 nnmoles) 5 Exendin 9-39 OXM (30

nnol es/ kg) thefepthbwasyeraorsdard W\@elgbecta_ﬁhq apsnalﬁmrééh%il’ ingectadyidy)

(50 ol 1 ko) TR R0E SRR oo Saiib bF Bk Sk Tafi v nd):

anaest het i zgeh\agerd rtl?é?ﬁﬁﬂfe@'zﬁ'thé’ s@ﬁ"cftﬁﬁééjaﬂﬁ&eq)s%d 1Mt98%§é\héﬁ§f&dﬁﬁ§r ed

saline (PBS) follow ng by 4 %PB-fornmalin (P rains were Tenoved
and posi - fi »edliesdr, 2 ghir 8 hotBpoanfeediven(it ta]r?slﬁe&rgredp tper tikR-poiat)oSEhd 20 %
w v) over ni %ﬂ 40 pm coronal sections of brain and
K-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
10 ligation of the gastro-oesophogeal junction and the stomach was removed. 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 ingested during the half-hour re-feeding period

remaining in the stomach per rat was then calculated using the following

15 formula:

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

weight of food ingested

20 5. Investigating the effect of increasing doses of intra-arcuate OXM
Intra-arcuate (Intra-ARC (1ARC)) cannulated 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 1ARC 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

25 post-injection.

6. Investigating whether peripherally administered OXM is acting directly via

arcuate nucleus GLP-1 receptors.



brainstemwere cut on a freezing mcrotone and stained for fos-1ike

i munoreactivity (FLI) by the avitin-biotin-peroxidase nethod. The sections
wer e t herwowmatnesol4 on pol y-L-1ysine-coated slides, dehydratea/GBu2iomseeasi ng
WD 03/ 022304 PCT/ GB02/ 04082 27 concentrations of ethanol (50 - 100 %,
delipidated in xylene and coverslippedg usi ng DPX nountant. Slides were
exam ned for FLI-positive nuclei using a light mcroscope (N kon Eclipse
E-800) and i mages captured using a mcroimger (Xillix Mcrolmger). The
nunbers of [Raks powiuiated intocthei arcunte mackul ot rahdomssedndtdb grospem wer e
counted by an independent nenber of th research feam who s blinded to
the experi maAtld PYr&ioys)- ﬂ%l%@ea&j’éfy &lh‘bléli‘as@f((é&@ﬁs-‘pb(%@\,&i%\Qﬁﬂ%}%fedper

section was_cal cul at ed expr.e i nteger for i, 10
Fypot hal am SO BIRCTREARIR! sl cheffie o dm BTy BB s va
Wstar rats ;pgpeiniddioRtoyal HRC WX VRII®AmART/ kBenddiohRidHiRop GlePmvesh

i mredi ately. The brain was nounted, ventral surface uppernost, and pl aced

in a visbrat nngled Ckgbode Wdkla) dbireinaiteSclaemt iFhecinjdctidn,deBalst roulebcrittdid) . A
1.7 mmslice was taken fromthe basal hypothal anus, 15 bl ocked lateral to
the Gircle &f Toplel]iBelawd i ncubated in chambers containing 1 m of
artificial cerebrospinal fluid which was equilibrated with 95 %02 and 5 %
CQ2. The hypot hal am ¢ slice enconpassed the nedial pre-optic area, PVN
(paraventricul ar hal C s dors . nucl eus, ventronedi al
nucl eus, | ateral %g@i’haﬂg%&"%hﬁ%@w‘}he t ube bgﬁe?lg pl aced on a platform
20 in a water bath maint&yanpd at 37 C. AfterS@lind nitial 2-hour

equi libration period, each explant was incubated for 45 mnutes in 600 |
aCSF (basal perio2l) bef @Galineei ng chal | engedOMNMH36 mmekesike)i od. OXM 100
nM was used as a dose representing a concenfration ten tipes that of its

1 C50 for the GLP-1 receptline LP-1 (30 nmoles/kg)
4 Exendin 9-39 Saline
(5 nmoles)
5 Exendin 9-39 OXM (30 nmoles/kg)
(5 nmoles)
6 Exendin 9-39 GLP-1 (30 nmoles/kg)
(5 nmoles)
Table 1
10
Immunohistochemistry

90 minutes after an IP 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 sali.ne (PBS) following by 4 % PB-formalin (PBF). The
15 brains were removed and post-fixed overnight in PBF and then transferred to
PB-sucrose (20 % w/v) overnight. 40 um 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



The viability of the tissue was confirmed by a final 45-m nute exposure to
25 aCSF containing 56 nM KCl. At the end of each experinental period, the
aCSF was wememwezaioand stored at -20 C until neasurenent of PEVEHB02/04082

i mrunor eactivity by radi oi nmunoassay. Radi oi munassay to neasure aMsSH | R WO
03/ 022304 PCT/ GB02/ 04082 28 Al pha- MSHmas neasured using an in-house

r adi oi nmunoassay, devel oped wusing an antibody from Chem con I|nternational
Inc. Statistical analysis Data fromI|P and i ARC feedi ng studies were

anal yzed by cah@trationh opegianob(Ioe 108050), Idetipidasidymi X ylemnandlc6¥es keproeel) test.
Fat pad weights fr mdifferent . treatnent grgups wer e anal yz?d usi ng

unpai red t vede DB moungints h%l‘ Ry BeHCh e Ame JQbmtpoiSHB’t?b%‘tq %‘n“%t‘&dy |n

whi ch h | | yzed
by pai red t el cior8rE TRBEF mlisR ' S00r e Sheel e B R T
si gni ficant mll‘g)lhjﬁgélll txln&mﬁﬂﬁnﬁifgfe@ctmé n@ﬂbbmﬁflatl E@is'nloe ahERE iPheof OXM

in fasted animals: ~ Intraperitoneal adm nistration of OXM (100 nnol/ kg and
300 nndkg) hypotethmes sidybidingtemt wermcdmrttccblbylzm inefepentiony mafmﬁélr obthe f ast ed
ani mal s one hour post 15 inj ectl on, ared with saline controls (1 hour:

OXM 100 nrm|r¢afégrc hsteam gvio was( p od@a)to oxPetioKegtal agmoupy. 2ThHe (Peragss) vs.
sal i ne,

vas Sust ai nauiRe B PR HEC e BelPB iR luBd cemre el e o
o oo IR S B8 LLUSE LT L T it
17.5 .7 g; P<0.05) (Figure 6a). The 30
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
ml 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. After an initial 2-hour equilibration period,
each explant 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 ICsy for the GLP-1 receptor.
The viability of the tissue was confirmed by a final 45-minute exposure to
25 aCSF containing 56 mM KCI. At the end of each experimental period, the

aCSF was removed and stored at —20 °C unti] measurement of oMSH-

immunoreactivity by radioimmunoassay.

Radioimmunassay to measure 0MSH-IR



nmoUkg and 10 nnol /kg failed to alter food intake at any tine-point
investigated. 2. The effect of peripheral adm nistration of OXMin
non-f ast edoaniozsbs on 25 dark phase food intake: OXM 3 &oo/GE24msk/ kg,
failed to affect food intake at any tine-point investigated in nocturnally
feeding rats injected imMediately prigg to the dark phase. However, OXM
30 nnol /kg, significantly inhibited food intake until 2 hours
post-injection (2 hours: OXM 30 nnol/kg, 4.5 0.4 g vs. saline, 5.8 WO
03/ 022304 P@TpkBOILIRN4082 m&Suftddugng Re011BEpuscFomlioinmhakeaseays deodlaed 4
hours post-injection, but this was not significant. OXM 100 nnol / kg,

si gni fi cant bgingraa; asitibedy feswa Gheuge ntemalighddnct he dark phase (8 hours:
OXM 100 nmyl / k 0.8 g vs. saline, 16.9 0.5 g; P<0.05 Fi gure
6b). 5 3. TR& t@%?%lcatnabfmr epeated I P adninistrati on of OXM Twi c)e ((Jlal Igy | P

I nj ections @fa PP JREG WD) fééaﬁngewaresdaa&% AANSRE B ANV WaBHosdecr ease

in curmul ative daily food I ntake, conpare with sdline-" treated control

ani mal $ ( Cumgt aL$De(léazod1gmf1aém disfieréticeDxddt. SPatnpadivgeigh8fram ddfédent vs.
saline, 180 4.3 g; P<0.01) ure 7a). Furthernore, OXMtreated aninmals
gai ned wei glteangyi inO(blaﬁtW9r€rr@n?gY§¢Cb\MSylgt nanury:e@miedet et r @%a (@Hn{heatl ve
wei ght gai n,da OoxXM sal i,n d9 g;

P<0. 005) . NQWB&%PmWﬁé‘p?%dn?‘g??’PPc%\é%y IBaYVP e%PCha‘?‘ﬁpr%If Waﬁ 8°W8?fe gai n
vei ght as sLgw ¥s %%mfoa%i pEAhecyen mhy;ze 55 Phit & | RGE! ?hgﬂl 4Ag, pagwS 0od 15

i nt ake (Day pair sal i ne Itumfed)
P<0. 05 vs. “@gl\&)ngllabgmrt@ b&)atlslnr@ang@igmmntchrom ¢ OXM caused a decrease in

adi posity that was not seen in saline-injected pair fed animals (Table 2).
Vat er 10
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 £ 0.2
g (P<0.05), 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 administration of OXM in non-fasted animals on
25 dark phase food intake:

OXM, 3 and 10 nmol/kg, 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 nmol/kg, 4.5 £ 0.4 g vs. saline, 5.8 £



intake was significantly reduced in OXMtreated animals on days | and 2 of
the experinent (Day 1. OXM 24.1 1.28 inl vs. saline, 28.1 1.33 m; 20
P<0. 05). o osukseguent days, there was an increase in dai PgTWERo0R04(8nt ake
conpared with saline-treated aninals (days 3-6). However, by day 7, there
was no difference in water intake bet n saline and OXMtreated groups
(not shown). Tissue/ hornone Saline OXM Pairfed WAT 0.69 0.02 0.510.01
0.610. 026 BAT 0.16+0.01 0.120.01 0.150.016 25 WD 03/022304 PCT/ GB02/ 04082

30 Table 2: oTzh? kD). dFoddiintsked@id YedReadmhouStpaRt-irgBetin, Hak ithig wis OXM
(50 nmol/kg) for seven days on the wei ght of epididymal WAT and

i nt er scapul awot B@mﬁcamf 000 XMst FHi(:tregoldegd  signifidaintlymifhebitechtfood 5imakeThe

rol e of del\e;%[ gastrl c enptyi ng on the anorectic effect of OXM One hour
after food wWaxpugheuldhe dark phasedS Beurro X MadP8ameltks, 1dHet 88,2 Wei ghieof  t he

contents of t ; .a percentage of the food consuned during the
30 m nute fééﬁﬁ@%ﬁﬁ@ﬁgg&@igé@t reated animals were significantly
greater: than that of saline-treated aninmals (1 hour: G.P-1, 50 nm)I/kg,
76.9 .7 g vs. 10 saline, 65.8 1.6 g; P<0.01), suggesting thatGP-1

caused a si gniTheeaRkt oﬂ%ea@aqplaanﬁ@%ﬁml@n eMYNING. The contents of the
stomachs of OXMtreated aninmals were greater than those of the saline

treat ed conftliwice-dadlyt Hbunjectibns O\fve@XMo(tSOantal/ng (faflsxtvsm ghiyb i camsed (d. hour :
OXM 50 nnol [kg, 72.0 1.4 g vs. sallne ; P=0.07). Twg hours
post - f eed, @»@Wfawtn@ﬁcr%&rﬁem chpglatiyst émbé f@Qddﬂtfth@e COPHINEE Vit caBBe=d Wit h

e el Tt e R G B L
10 1 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 & 2.0 g; P=NS vs. saline (ad libitum fed), P<0.05
vs. OXM) (Figure 7b). In addition, chronic OXM caused a decrease in
adiposity that was not seen 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 ml;

20 P<0.05). On subsequent days, there was an increase in daily water 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

shown).

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 +0.01° 0.15+0.01°

25
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ble 3 & Figure 10). Inhibition of
saline, 65.8 £ 1.6 g; P<0.01), suggesting thatGLP-1 caused a significant

decrease in gastric emptying. The contents of the stomachs of OXM-treated
animals were greater than those of the saline treated controls, although this was
not statistically significant (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
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), suggesting that CCK caused a significant decrease
in the rate of gastric emptying. There was no effect of OXM on the contents of

the stomach, compared with saline-treated animals, at 4 or 8 hours post-feed

(Figure 8).

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

Food intake was significantly inhibited by all doses (except 0.01 nmoles) 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 £+ 04 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) all
vs. saline, 7.7 £ 0.2 g) (Figure 9). OXM 0.3 and 1.0 nmoles continued to



food intake by IP GLP-1 was not affected by prior i ARC adm nistration of
15 exendin 9-39. Peptide Food intake (g) SEM Saline / saline 9.2 0.3
Sal i ne / vwR3MB0H 0.6 Exendin 9-39 / GP-1 5.0 0.3 Sal iPag/GBoQKMS3. 1 0. 4
Exendin 9-39 / OXM 9.4 0.4 Exendin 9-39 / saline 9.0 0.3 Table 3: The
effect of i ARC adm nistration of exendgp 9-39 (5 nnoles) or saline
injected 15 mnutes prior to |IP admnistration of OXM (30 nnmoUkg), 20
G.P-1 (30 nnoWkg) or saline on 1 hour food intake (g). (S = saline, G =
GLP- 1 (30 nimifikgitly @xhibitBddd( Blakoruintik) hobxs poexmijetition9- ABv¢iyfoot es) ) .
WD 03/ 022304 PCT/ GB02/ 04082 32 7. Mapping the expression of FLI in the
hypot hal amudiours pesipaiestonPloodvntakes way inhpbigdvbr XN 4iG amolas, eBbowghbl / kg)

dense staining of FLI was. fou al mos cJusively_in the hypothal am c
arcuat e nucltglgswﬁzf’@hﬁlénﬂcaé} ?g‘f\lé‘OBfShé%BX%y)pgt‘H%?]&nﬁé -%n’t?tc:f-gig ?P\fr@%ne’
(paraventri cuyl L hé/gphgﬁlsgm' ¢ nucleus), DVWH 5 (dorsonedial hypothal am c
nucl eus), VI E? eln ohedial hypot hal am ¢ nucl eus)) denonstrated specific

c-fos sgaining. In the brainstem |P CCK (15 nnol/kg) caused dense staining
of FLI, nbst notably in the NTS (nucleus tractus solitarius) and the area

postrema (Fig@uneestiz@tif®)whdtarey@ipherdlyt hdminiflefed OXMngractiRg MiMatdfdte
nmol / kg) caused a specific increase in c-fos expression in the sane

br ai nst em nusicksus Ghvi2dtriegentes (Figure 11 b). 8. Changes in al pha- MSH

rel ease froq]ntqglg)e?}tggel:a n?i rmen)%)tlrﬁp(}nso eor%hiaﬂwft(gg nmol/kg) and OXM (30

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 £ 0.4 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 TP 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 0.3
Saline / GLP-1 5.0 0.6
Exendin 9-39 / GLP-1 5.0 0.3
Saline / OXM 5.1 0.4
Exendin 9-39 / OXM 9.4 0.4
Exendin 9-39 / saline 9.0 0.3

Table 3: The effect of iIARC administration of exendin 9-39 (5 nmoles) or
saline injected 15 minutes prior to IP 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 (30 nmol/kg), Ox = OXM (30 nmol/kg), Ex = exendin 9-39 (5 nmoles)).



15 with OXM I ncubati ng OXM (100 nM was hypot hal am ¢ expl ants caused a
significant 1increase in the release of a-MSH, conpared with basal rel ease
((X- MSH. weM3/02800 nM 4.1 0.6 fnol/explant vs. 2.6 0.5PcmadBoeopisant ;
P<0.005). Explant viability was assessed by incubation with 56 nM KCl, and
viability was 20 confirmed in >80 % ofgpexpl ants. Those explants that were
not viable were excluded fromthe analysis. D scussion 25 Peripheral

adm ni stration of OXM causes a reduction in food intake in rats. This was
seen fol | owZnNlappinestheienptdssiohiaffiLlghabehgpethdlaniusgn résponsc tRiIOMAM:  f eedi ng
phase. The anorectic effect was potent and sustained. for %ri ods_up to 24

hours. Twi c&fteailPyOXM asminissration GR mnold@) depsesuyangal S avasefpund

reduction in, daily food,intake co d wth thaose tre i th.saline,

wi th no o 85N5SS3ENSRER s yanH S A ‘"ﬂ%?\%ﬁ‘ﬁf@ (ERRRET A SRoREhAS i (1
OXM gai ned gi,gfhhiagAlt hiclbeSPWe GhataveniduiRaiHypbaflARicTRugleusSeSPME t he
two groups receiving identical daily caloric i'ntake. Intraperitoneal

admi ni $tr at (dorsohe@¥M Hipbthalansic enutleusedddd Hvatwentroimeidad e hgipbtimlaghict hi s
was not sustai ned, suggesting that the reduction in the rate 5 of body

wei ght gai nnuglsunddeagastraied spgahacion stamngoncl usi on of the chronic study,
epi di dymal WAT and interscapul ar BAT were renoved and wei ghed. It was
found that there was a reduction in the weights of all fat pads in

OXM treated i ) g i 1 : it er i i cal
food int ake.m%éer?% ggtgﬁ?? pggggatr(gs mélmﬁﬁ%%gggemoiﬁlgg%ﬁﬂ gltdlr’gtﬂpgﬂn IS

al so af f ect hogbd} hethaBIME alucteyBatradtes goKktarifis Mand the ardar pddteaia (Kigart i ety
i s del ayed gastric enptying via vagally-nediated nechanismthat [eads to
br ai ndilem aébj.vataveaver BagitheGlP-shliap oo @XM (50 nmol/kg) caused a specific

increase in c-fos expression in the same brainstem nuclei-investigated (Figure

11b).

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

Incubating OXM (100 nM) was hypothalamic explants caused a significant

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

100 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 KCI, 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 intake in rats.
This 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



15 potent inhibitors of gastric enptying in rodents and humans and in the
case of GP-1, this is thought to be the dom nant nechani smthrough which
it pronovedspaety. W hypot hesi zed that OXM was act i ng PCh/GHBUe/0sae way,
and that its effects on gastric enptying were the cause of sustained
anorexi a. However, although peripheragzadmnistration of OXMled to a
slight delay in 20 gastric enptying in the first hour after the
re-introduction of food, this was non- significant and the effect was

short - | i ved.tachyiphykngpge A rd chalh e a@Mvithe© XM ogmingrh sigriilicantdt Jasagyelght it is
not likely to be responsible for the robust and  sustained_inhibition of
food i nt ake tha@ispyis fed gaimalsefespitgathe guio gosparecivngi identigal dalyicapmg

i FLI, | I t. | usi.vely..in t - th , d that
| neubat ng. 1aEEn G ERRE oS A obo R e tngRAIF Bl dfehce T
the rel ease okt {AﬁhS’%hli Wae-rfa@!seﬁﬁi'n@apggég%%m%%%ﬁ ket dREQEN S thee@iSH from

hypot hal am ¢ expl ant s OXM did not a e expression of FLI in the

NTS and AP -of doegsydi giovgniNGr 03/00 228 0t dBGTr@ROR/ 04082 34 to be inportant in
integrating vagally nediated information, further strengthening the notion
that OXMis not acting via these pathways. It is thought that nuclei in the

brai nstem are the pr.imary.site of -1 act.ion nd, i nf or mat.i oy .i
subsequent | ﬁrf Qpﬁi)gﬂof‘d)fttﬁ% %’BFHSEF me@uﬁ%qnamga?chmq%ﬁ%?ri BAéjfsf ects
are nedi at eq,,..Di hnj.act f ' I doses
caused a rogﬁesr? .fgﬁg)%gggitng %’Ig%@lleghi Ei)%]gog&g}dt pﬁ% [ ntgéita ‘?3}’%‘@ To dhEY
supporting tigghipet habifat thadt inh@XWheeABE amintdle @mpared Whe patifeds of
OXM  Anorectic effects .caused by peripheral adm nistration of OXM were

bl ockeld by Ddipaispdespitd ndesticat ifond ohtakge AidiendoB9 it pppearh ethaR@eripheral

I nt eresti ngl owever, the, anorgctjc actions of peripherally adm nistered
GLP-1 were rdgw 153y alsg ldeding qtﬁ%ﬁ ’E‘SF‘QQL? R4ta Sts acting via
G.P-1 receptors in the ARC. In

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 humans 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 administration 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 not 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
explant with OXM caused a significant increase in the release of the POMC
(pro-opiomelanocortin)-derived product, «MSH from hypothalamic explants.

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



addition, it has identified distinct pathways which nediate the actions of
GP-1 and OXM 15 Taken together, these data denonstrate that OXMi s

pot enti alwg oBwopa3nt ant in both | ong and short-term regul aPcorcRIR/0fmsod

i nt ake and body wei ght mai ntenance. Rather than reducing appetite via

"traditional" satiety pathways, invol3g ng slow ng of gastric enptying and
activation of brainstemnuclei, 20 circulating OXMis nediating its
anorectic effects via direct interaction with the ARC, potentially by

activating ROM® ( pmpedpitonl antegoating)) vagdlyonmediatadi mformeatinne| duher

Therefore, OXM may be useful in treatment or reventi on of excess
wei ght suchSlé@“&Sb@k}Pg QﬁOtﬁ%{’fﬁ?&Fé} rfanph?%tﬁb%vwébg%m‘@aysa novel target

for the devel opnent of t herapeutic agents in the treatnment of 25 excess
wei ght such as obesity in mammals. WO 03/022304 PCT/ GB02/ 04082 35 C ains

1. A CO”DOSlltllsQHO&g}{metsx'lﬁlgcﬂ%}’tﬂéQﬂ"ﬁ’l%'ﬂehﬂaref Ok ptifatysithef OLPvenLiion, or 5
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Anorectic effects caused by peripheral administration of OXM were blocked by

10 prior administration of exending.so into the ARC. Interestingly, however, 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 distinct pathways which mediate the actions of GLP-1
and OXM.
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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 emptying and activation of brainstem nuclei,

20 circulating OXM is mediating its anorectic effects via direct interaction with
the ARC, potentially by activating POMC (pro-opiomelanocortin) neurons
within the nucleus. 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 agents in the treatment of

25 excess weight such as obesity in mammals.



6. A nmethod for the prevention or treatnent of excess weight in a manmal,
20 the nethod conprising adm nistering a conposition conprising

oxynt onodwbiog/oe304 mammal . 7. A nethod, as clained in claPergBoaersei n t he
excess weight is obesity. 25 8. A nethod for cosnetic weight loss in a
mammal , the nethod conprising adm nisgg&ring a conposition conprising
oxyntonodulin to a mammal . 9. A nethod, as clained in any one of clains 6
to 8, wherein the conposition conprises oxyntonodulin and a
pharmaceutically acceptabl e WO 03/ 02230#nCT/ GB02/ 04082 36 exci pi ent or
carrier. 10. A nethod, as clained in any of clains 6 to 9, wherein the
weight loss is a result of reduced food intake. 5 11. Use of
oxyntonmodul in, in the manufacture of a nedicanent for the prevention or
treatment of excess weight. 12. The use of oxyntonodulin to identify an
agent whi ch 1i nhi B t8mipesitionIdmpidke oxfnfniRINHR, foldse ThtheUs@vedsortbai ned
in claim12, which is of the functional and/or structural characteristics
of oxyrft onodrgaimentld ekéessTheight sy a ammuhal.med in claim 12 or claim 13, which
is of an electronically generated nodel of oxyntonodulin. 15. The use, as
claimed in any one of clains 12 to 14, wherein the characteristic of
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10 3. A composition comprising oxyntomodulin, for use as claimed in claim 1

or claim 2, in combination with a pharmaceutically acceptable excipient.

4. A composition comprising oxyntomodulin, for use as claimed in any one

of claims 1 to 3, in liquid, solid or semi-solid form.
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5. A composition comprising oxyntomodulin, for use as claimed in any one
of claims 1 to 4, wherein the mammal is a human.
6. A method for the prevention or treatment of excess weight in a mammal,
20 the method comprising administering a composition comprising
oxyntomodulin to a mammal.
7. A method, as claimed in claim 6, wherein the excess weight is obesity.
25 8. A method for cosmetic weight loss in a mammal, the method comprising

administering a composition comprising oxyntomodulin to a mammal.

9. A method, as claimed in any one of claims 6 to 8, wherein the

composition comprises oxyntomodulin and a pharmaceutically acceptable



exanples. 25 17. A nethod for the prevention or treatnent of excess wei ght
in a manurial, the nmethod as described with reference to the exanpl es.
WO 03/022304 PCT/GB02/04082
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excipient or carrier.

10. A method, as claimed in any of claims 6 to 9, wherein the weight loss is

a result of reduced food intake.

5
11.  Use of oxyntomodulin, in the manufacture of a medicament for the
prevention or treatment of excess weight.
12.  The use of oxyntomodulin to identify an agent which inhibits food
10 intake in a mammal.
13.  The use, as claimed in claim 12, which is of the functional and/or
structural characteristics of oxyntomodulin.
15 14. The use, as claimed in claim 12 or claim 13, which is of an
electronically generated model of oxyntomodulin.
15. The use, as claimed in any one of claims 12 to 14, wherein the
characteristic of oxyntomodulin is its primary, secondary, tertiary structure
20 pharmacophore and/or X-ray crystal structure.
16. A composition comprising oxyntomodulin, for use in the prevention or
treatment of excess weight in a mammal as hereinbefore described in the
examples.
25

17. A method for the prevention or treatment of excess weight in a mammal,

the method as described with reference to the examples.



