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USE OF GLP-.1 ANALOGS AND DERI VATI VES ADM NI STERED PERI PHERALLY
| N REGULATI ON OF OBESI TY 5 BACKGROUND OF THE

| NVENTI ON This invention relates to the use of

gl ucagon-li ke _peptide-1 (G.P-1), analogs and 10 derivatives - in
nmet hods and cgﬁbggé‘?g ons, in particul ar pharnmaceuti cal ng%%{lﬁgns,
that pronote wei ght -1 oss. - Qpoesity, and especially _upper
body obesity, | §sk "Gr ML 1CRNADIES Aitbi bERPAITTHESOABEI NI SYEHRR® OVET- 15

nouri shed popul ations of th [ | hdi cate that

| oweri ng body wei ght dra%%ﬁﬁ%&%mgﬁﬁ#’gﬁﬁ%ﬁﬁ*‘gm c di seases,
such as di abetes, hypert ensi on, hyperlipidem a, coronary heart disease,
and nuscul oskel etal di seases. For exanple, various 20 neasures of obesity,
i ncludi ng, sinple body weight, wai st-to-hip ratios, and nesenteric fat
depot, are > st rongly correlated with risk for non-insulin dependent

di abetes (NIDDM, also known %?(f%%%?bﬁd ot fRet BfENnTIONACCOrding to the

Aneri can Di abetes Associ ation 25 about 80% of NI DDM patients are

overwei ght. Wi ght - reqyet 580?%%0?@%%?% Gk Ricnpdi cal treat nent

of many chroni c di seases, inc Current
met hods for pronugtiupggertiigite peptidad (GLPnbi, cnpdlgsesydsati sfactory. Sone

obese patienty My, 30at ons Wl Bhb-1 OUGRAGAL helALEnpBA il R Of

behavi or, such as changi ng di et and Increased exerci se, Failure to

achi eve wei ght | ®asthgulesbarppedsiGrdy fpemulationge ERatyaea™MoLtef act or s

that cause increggsggnePpsdd.te, a preference for high-fat foods, or a

tendency for 35 |ipogeni cObréesti%l;?I;ns(inespgg;gﬁyr{%tpeelrybogy %Sésjir{?(t,ed 33
is the most common nutritional disorder in the over-

15 nourished populations of the world. Numerous studies
indicate that lowering body weight dramatically reduces
risk for chronic diseases, such as diabetes,
hypertension, hyperlipidemia, coronary heart disease,
and musculoskeletal diseases. For example, various

20 measures of obesity, including, simple body weight,
waist-to-hip ratios, and mesenteric fat depot, are
strongly correlated with risk for non-insulin dependent
diabetes (NIDDM), also known as type II diabetes.
According to the American Diabetes Association (1995)

25 about 80% of NIDDM patients are overweight. Weight-
reduction is a specific goal of medical treatment of
many chronic diseases, including NIDDM.

Current methods for promoting weight loss are
not completely satisfactory. Some obese patients may

30 lose weight through deliberate modification of
behavior,,such as changing diet and increased exercise.
Failure to achieve weight loss by these methods may be
due to genetic factors that cause increased appetite, a
preference for high-fat foods, or a tendency for

35 lipogenic metabolism., Unfortunately, an estimated 33

billion dollars a year are spent on weight-loss



billion dollars a year are spent on wei ght-1oss

2 .heasures that are largely futile. Thus, new nethods and

conpositions such as pharnaceutical . agents that pronote wei ght-1o0ss are
urgently needed to conpl enent old approaches. 5

d ucagon- | i kewuegstipade 1 (GLP-1) is known to play a critPCEUSY¥7801d4i n t he
regul ation of the physi ol ogi cal respon®e to feeding. GLP-1 is processed
from proglucagon and is released into the blood from the endocrine

L-cel |s mainly | oeasexes rtheheadk staxigeld fewilld. Thuestheve metdiods| and | T
response to ingegLho 6;?9&03 uct‘f'eaaé %‘Ehéé&ﬂ:x@alakgenésggchatKE‘EXHE@é‘ et al.

1987, Moj sov et acts hr ough rot el coupl ed
cel | surface recEpigrt{lasp- ER? W@ﬁﬁaﬁ%%%ed to ﬁH’E‘PJr‘é?ﬁnq ®ddced--i nsul i n
synthesi s (Fehnmaggpgéadtes.15 1992) and rel ease (Fehmann et al., 1995).

GP-1 stlnulates i nsul jn secret.,ion nQ c actio and cAWP
formation (MPsov et al. i@@??on H5e1F%p§%¥ 1 (Eéﬁg% &Wﬁwétgg insulin
rel ease, | ovvers gllugaagarntlcaasemm |mn;:handegu"lh|tlimnsogaﬂ¢er| c secretion and

enptying 20 h%eY? f— f%Flgﬁéggéﬂgeeko % %ﬁ%(ﬂ GIpef is processe

gastroi ntesti nal are no vagotom ze
subj ects, poi nti figoroprraiaagen | andddi gebeased l@ﬂipe‘éhe (Gosidoirem al .

1995). GLP-1 bi ndge WAdbdYigl 1- ceﬁff&naaay ti%da%@halﬁdtﬂé‘tdl%@ pocytes,
activating cAWP 25 production (Valverde et al., 1993) and stinulating

li pogenesi s +@befmagl jtestingignd,ColppoflsieshORIP,E0 ingegtifgecttaal .

1992). GLP-1 stipuhat @%ii@spaogenal., 199nt hl@ﬁiy&tanﬁ' BEOSE, ,0Xiogati on, and
| actate formation in rat skel et al \fIIanueva et al., 1994). 30

m RNA encodi ng t H83p&hctledti c1?§/ GIE;IZ?PIf aCtsr &BEBEGE 3 & PIORELPR

relatively high guapiéed i®Ra1li Butfdce recppter e@IiPc1RS| #id enlhwﬁges
hypot hal anus, ingly

and t ,
despite the gﬁﬁ'%%gémtdﬁg?&bor}sﬁﬁéEPs{ngrhefl@_ggﬁgmaé & oraz are found 35
in the hypot hal aﬂBQZU@myrremaaee tHehmah 986t #Manséd%ed). cix-1, 1988), no

central role forsg%ﬁhfaﬁ¥%§iqgﬁffﬁﬁégg}etion {insulinotropic action)
and cAMP formation (Mojsov et al., 1992). GLP-1(7-36)
amide stimulates insuiin release, lowers glucagon
secretion, and inhibits gastric secretion and emptying

20 (Nauck, 1993; Gutniak et al, 1992). These
gastrointestinal effects of GLP-1 are not found in
vagotomized subjects, pointing to a centrally-mediated
effect (Orskov et al., 1995). GLP-1 binds with high
affinity to isolated rat adipocytes, activating cAMP

25 production {Valverde et al., 1993) and stimulating
lipogenesis (Oben, et al., 1991) or lipolysis (Ruiz-
Grande et al., 1992). GLP-1 stimulates glycogen
synthesis, glucose oxidation, and lactate formation in
rat skeletal muscle (Villanueva et al., 1994).

30 m~-RNA encoding the pancreatic~type GLP-1
receptor is found in relatively high guantities in rat
pancreatic islets, lung, hypothalamus, and stomach
(Billock et al., 1996). Interestingly, despite the
knowledge that both GLP-1 and GLP-1 receptors are found

35 in the hypothalamus {(Krcymann et al., 1989; Kanse et

al., 1988), no central role for GLP-1 was determined



3 until a recent report that GLP-1 adm nistered by the

i ntracerebroventricular route (I1CV) markedly inhibits feeding in fasted
rats (Turton et al., 1996). The sane report indicates that after ICV
adm nistration of G P- 5 1, c-fos, a marker of neuronal activation,
appears exed viziossgl Y i n the paraventricul ar nucl eus of treT/US97/20114

hypot hal anus and in the central nucl eus of 3 he anmygdal a, two regions of
the brain of primary i mportance in the regulation of feeding (Morley,

1987). 10 | CV GLRatid| soresiepti fepart thate@llbes Fddairnersd by theol | oW ng

i nj ection of the;pewerfdniRedt Pcdldiibant, (1cv) REYkOREPtiMRLYLsi N ani mals
fed ad libitum (Turton et ubsequent report denonstrates

al.., 1996). A's
that GLP- 1 £8APHNStEY FastertFals ;I.T)BFtﬁ%r“r“bﬂelr-al 1926k | MRS $88Sin 15
control of body t-epBetaindicategutiedit Aitebuicvlopmingstraticd fecicrbood i nt ake
after acuteintrﬁperi oneal ni stratji i.nrats (O Shea et al.,

adn on ji.nr
1996). A recent €a ?‘T”_claemtaé%’r’tcg% FITREOPAt ¥ YGEAPPT ARBTG5 ecti ons of
GLP-1 in sated raxslusivcky dxt ehsipexraventuiatian nokl20s Fod-tile i n t he

tricul I I I f th
youal o Subst angPaEy ALy PRG0Sl Bbrxat (AETRRY oF 1€ Cog)

Addi tional |y, theswgdala; rinesregheny LIidéserbrrir o oKgnaxeyi vati on of ot her

centers invol ved ;iRotbend£aW dheoReqf1ak@edi 88, relaingClusing, t e ghyedi at e
early gene protein product in the nucleus of thé tractus solitarius,

. th h .
the pontine 10 [I&VeFUP-bALssr siombficeactEuteddss 6989l imtAM%us of the
stria termnals, randothwey alrgacposh refimaheChbwdrful fe@aeRg OftSinaQ@asSi bl e to

peri pheral G.P-1 are found, i 30 the rat _subfornical organ and area
postrema (O skov REPTOPEPLide I}19§%)§mlmals £ed ad ﬂbl‘La'II"‘I"oIIﬁértrI:":S’I 2%(1996)

specifically statsd.;,has96). RrRheuksdpcins obp&tP-denonsboalye svaitghtt Gard f ood
i ntak . 1 Nl [ R~ ' Ly i.n.the 35
| ntaxe are C‘i“%ﬁﬁhg{@efeé%\é %Qm{‘%lﬁ%lék' gér;]r%Ihegaltlg) g rf&&o&%eggf cven

cerebroventri cul um I ntraperi a stration
at rel ativel §5hi glondoes, ofidwsiynbempgfadaire regulation, but does not

affect food intake after acute intraperitoneal
administration in rats (0O’Shea et al., 1996). A recent
article reports that lateral ventricular injections of
GLP-1 in sated rats induce extensive stimulation of

20 Fos-ir in the paraventricular nucleus and parvocellular
central nucleus of the amygdala, substantiating Turton,
et al. (Rowland et al., 1996). Additionally, these
investigators described strong activation of other
centers involved in the regulation of feeding,

25 including the immediate early gene protein product in
the nucleus of the tractus solitarius, the pontine
lateral parabrachial nucleus, the basal nucleus of the
stria terminals, and the area postrema. GLP-1
receptors accessible to peripheral GLP-1 are found in

30 the rat subfornical organ and area postrema (Orskov et
al., 1996).

Turton et al. (1996) specifically state that
the effects of GLP-1 on body weight and food intake are
caused only by administration of GLP-1 directly in the

35 cerebroventriculum, that intraperitoneal administration

of GLP-1, even at relatively high does, does not affect



4 early dark-phase feeding, and that GLP-1 fragnents are i nactive
when adm nistered peripherally, citing (Suzuki et al., 1989). Such
statenents di scourage the use of G.P-1 as a conposition (pharmaceuti cal
agent) for 5 reducing body wei ght, because central routes of

adm ni strati orwossmebesas the 1 CV route, are not feasible PCBUST28HH1 ng
obesity in humans. The physi ol ogi cal ef4f ects of GLP-1 docunented above

have led to the suggestion of its beneficial use for treating diabetes
10 and obesity bgaftindprmiesg feedimsi-nant eeat QLiPndsfragmentsodirag TLP- 1

or GLP or GLP-1 rigaepleé swhdrohdf¥Al§ered nefm&@la?483it;ing (Suzuki
Anot her publication di scouraged the use of G.P-1 by interpreting the

art to show that ®%p&dtr phkts) 15540 FhateParEd P isicosrpos gl uss eff ect on
f eedi ng behaGLer1" a§ M0 dib33 9d3on p@dhe rfrcedtiiicalpahbneatican al so

reported an effect ,of .G PR-2 on tood i,ntake whe adm ni st ered
peri pheral l y.)(5 teducing bedy weight, Wﬁ? fﬁf’%ﬁ% Fﬂk‘/%\ﬁ'l 20
Met hods and conpesdinihbssratiienpasutit dsathe ICHhaoumceate ot fimastibaei ons,

nmedi canent s, usi b Lde-1 a Jvatives, and
MW tr gwpga%fesu{qrp%!ahbﬂs. ﬁ@gb@g%oggm 3

active peptides thereof, are effective in reducin wei ght and in
treating obesity&ffRetedf HLErdndesumenteghakeys hagei éed\ka Hhgeogr aphi cal

l'ocation, clinicahggest{®tWsE 18B0b&MFidlabr @& RIICe%cadllfy MRBRTEsaNd
conposi tions_of the gresent i nventiaqn, however, are suitable for any

subj ect in whPch3REi gREST a0 bet FERRIRLAAGLBESTIRIPIPRBY Fbhtlii®8si s not
limted for use iedcoging GLP-1dbAbGLE ®Grp8LPeNtSecdpibirphefad oxdmbnist rati on

of GP-1 (7- i obese patients quite unexpectedly, and
contrary to the ﬁ%l ?ggﬁqoatn@'of Turton et al. (1996), causes a
significant reduction in Fodgheeighilicitden B cmragpdcthefusiehefpr esent

invention is a mgBod ©f interpPIULININROGYE RS WhowBhED VG YleS Pr eparing
a 15 administration of GLP-1 had no effect on feeding

behavior.” (WO 97/31943, page 3). This publication

also reported an effect of GLP-2 on food intake when

administered peripherally.)

SUMMARY OF THE INVENTION
20
Methods and compositions, in particular

pharmaceutical formulations, medicaments, using
glucagon-like peptide-1 analogs, derivatives, and
active peptides thereof, are effective in reducing body
25 weight and in treating obesity. The definition of
obesity varies with geographical location, clinical
focus, and social preferences. The methods and
compositions of the present invention, however, are
suitable for any subject in which weight reduction is
30 desired. The invention is not limited for use in, e.g.
diabetic patients. Peripheral administration of GLP-1
(7-36) amide to obese patients quite unexpectedly, and
contrary to the implications of Turton et al. (1996),
causes a significant reduction in body weight. Thus,
35 an aspect of the present invention is a method of

reducing body weight which includes preparing a



5 conposition having a gl ucagon-1like peptide-1 conpound and
admnistering it to a subject. Suitable glucagon- i ke peptide-1
conmpounds include G.P-1, GP-1 anal ogs, GL.P-1 derivatives, agonists of
the G.P-1 receptor, 5 agonists of the G.P-1 signal transduction cascade,
conpounds t hawaigessat e synt hesi s of endogenous G.P-1, PCOHPORMAS t hat
stinul ate rel ease of endogenous G.P-1, and pharnmaceutical |l y-accept abl e
salts thereof. A pharnaceutically effeltive dose, that is, a dose 10
sufficient to cause reduction in body weight, is _adni ni stered.
DETAI LED DESCRlqumaq&@Fl?Pthvannglechagon*llke peptide-1 \gampegadand
conposi tions, i miALEdnedlstering MRdiceagesils;ddthar gageabisajleageasi tions or
15 formul ations), usin% %Iugﬁgon-lik§~pe£tide-1 anal§§$ or derivatives
thereof, are ef fiedS PEEFAIF et RAIRGURLEy L cludie ChRr L andi Tl 130498y obesity.
Anal ogs and Giar-1v aervest DfesG Rgbnibes of eheselbltlfoscdgwwpractice

of the invention are _thos i t n.increased half l[ife 20 conpared to
GLP-1 and th abﬁqqntlftttsoogf%%{b%ilgﬁf’g?%é&rans%gﬁméa‘fﬁﬁﬁ S¢red to a
subj ect over a pmmpedndts thate.stimul@bepsyniimesis of endogenoud RLP-apal ogs,
derivatives, variant eqursors_and honol g are all..sui.table for
the 25 practi cecogfgmt%ﬁgsi %%%%tsﬁo&#ﬁggﬁfoﬁ%lefsset ﬁg gg PeEeus Gfl‘%é' frent t hat
ef fects wei ght l|aosk pherinacéuilerplly-acceptable sal@sPtiéremans AGLP- 1( 7- 37).
By customin th ; ) A3Q - | JULs, O P: 1(7: 3)..has been

assi gned nunber%%laé:ggétaﬁgl%ar o?f??gtrc%énnus, riuf%% §%’ %gac}sfhe amno acid
sequence of 1@ P-sHEffigipnt stoutgusensfuehion in pedyrveighi, ii$ presented
bel ow for the regfeni&teredCONveni ence:

NH2- Hi s7-Ala-J u-G y[err] -

Thr - Phe- Thr - Ser - Asp|[ er r | PEEATISHY DESCRIFTEME WFeMHE- IRGENTION

Qu-dy-An-Ala-Alaferr]-Lys- %e%hBBS‘ éllx(?'é%ln@o%&'{:li.bns, in particular

medicaments (pharmaceutical compositions or

15 formulations) using glucagon-like peptide-1, analogs or
derivatives thereof, are effective in reducing body
weight and in treating obesity. Analogs and
derivatives of GLP-1 that are useful for the practice
of the invention are those with an increased half life

20 compared to GLP-1 and the ability to effect weight loss
when administered to a subject over a period of time.

Compounds

GLP-1 analogs, derivatives, variants,

precursors and homologues are all suitable for the
25 practice of the invention as long as the active
fragment that effects weight loss is included.

"GLP-1" means GLP-1(7-37). By custom in the
art, the amino-terminus of GLP-1({(7-37) has been
assigned number 7 and the carﬁoxy—terminus, number 37.

30 The amino acid sequence of GLP-1{7-37) is well-known in
the art, but is presented below for the reader's
convenience:

NH2-His7-Ala-Glu-Glyl0-
Thr-Phe-Thr-Ser-Aspld-val-Ser-Ser-Tyr-Leu20-
35 Glu-Gly-Gln-Ala-Ala25-Lys-Glu—Phe—Ile—Ala30—
Trp-Leu-Val-Lys-Gly35-Arg-G1ly37-COOH
(SEQ ID NO:1)



Tr p- Leu- Val -Lys-Q y[err]-Arg-d y[err]-COCH

(SEQ I D NO 1) 6

A "G.P-1 anal og" is defined as a nol ecul e having a nodification

i ncludi ng one or nore am no acid substitutions, deletions, inversions,
or additions wesnI@sconpared with GLP-1. G.P-1 anal ogs knowror/ise7izbia4 ar t

i nclude, for exanple, G.P-1(7-34) and G.P-8&(7-35), G.P- 1(7-36),

Val [err]-G.P-1(7-37), Anl[err]-GP-1(7-37), D-dn9- GLP-1(7-37),.
Thrlerr]-Lys[err]-GP-1(7-37), and Lys[err]-GP- 1(7-37). Preferted
GLP-1 anal ogs are GLP- 1(7634-))”5&(1&1 W'Pip( Feb)ed Wi ahmakecwlisscl osed in

U.S. Patent H¥o7ing, 3 liflodiffi.ca8ion aikdl udiRg 1érfe ) moFbesRi £ ERQYNds
are the bi ol ogi calbl )é.ergcesseg Eo#ms of ,GLP-1, havi n% _insulinotropic
e 1atlofS areons . ‘GVSERbYEY OF B4 tiR%theRo.

properties. O herf GLP:
5,545,618. 15 compared wikH GLP-1. de3LR+dt auelogs khelwhned dise aar®l ecul e

having the am noRAhdes CAENGEnEle Odtel107-8h) dild-Brd-1 (7-S1a! Agp _DUL

additional ly having at'least oné chemca iC or nore
of its ami no acilk7si3é6e, Val%HGaeps (73 ar bandatmra, (7-an ) nedgiad-no group, or

20 term nal carboxyli id _group. hem cal nmodi ficagion includes

addi ng cheni cal qﬁ%&t‘?égﬁ 1 T%rgrgéa?ﬁnag'%ﬁ/ll%ﬁﬁ@,' and Fﬁ?ﬁﬂq{é"chem cal

noi eti es. Madi7-3eat | o falrradi GEP-ACIafdlasbgle HeOGDP-1 Eﬂ&@g_and acyl ation
i stidine, or

|O§/S! %ZI ngl Eﬁ'l%;nt Wégvgm%%yéx' QE%?ﬁigaﬁgg‘? g’%&’?bgigﬁ%“taci d groups, and
deami dation of No. §lul@neéte endashsr &giPre (76 .f | Catbensonfounds term nal
Nacyl ' modi11oatrone o peaSet Shabnsfeid sHoils eliBhecy ndib o0
i ncl ude the ani d@sulépekregieyproperyifisde, Othed KGUP-dnrualogmareower al kyl
ester modi figgakhgssa # lpewer pddt nos 8, Ll err] al kyl.
Furt hernore, one or nore side _groups, or term nal
15 A "GLP-1 derivative" is defined as a molecule
having the amino acid sequence of GLP-1 or of a GLP-1
analog, but additionally having at least one chemical
modification «f one or more of its amino acid side
groups, a-carbon atoms, terminal amino group, or
20 terminal carboxylic acid group. A chemical
modification includes adding chemical moieties,
creating new bonds, and removing chemical moieties.
Modifications at amino acid side groups include
acylation of lysine e-amino groups, N-alkylation of
25 arginine, histidine, or lysine, alkylation of glutamic
or aspartic carboxylic acid groups, and deamidation of
glutamine or asparagine. Modifications of the terminal
amino include the des-amino, N-lower alkyl, N-di-lower
alkyl, and N-acyl modifications. Modifications of the
30 terminal carboxy group include the amide, lower alkyl
amide, dialkyl amide, and lower alkyl ester
modifications. A lower alkyl is a C31-C4 alkyl.
Furthermore, one or more side groups, or terminal
groups, may be protected by protective groups known to
35 the ordinarily-skilled protein chemist. The a-carbon

of an amino acid may be mono- or di-methylated.



groups, may be protected by protective groups known to 35 the

ordinarily-skilled protein chem st. The a-carbon of an am no acid may
be nono- or di-nethyl ated. 7

In the present invention a preferred group of G.P-1 anal ogs and
derivatives fowowsshs the present i nveRIE)i on i s conposed®CAUSPHOMar i ous
G.P-1 nol ecul es clainmed in U S. Patent . 5,545,618 ('618). Effective

5 anal ogs of the active GLP-1 peptides, 7-34, 7-35, 7-36 and 7-37 have
anm no aci d substitutions abpd$i Prepenty-invention siprefesred tgrawmardd at t he

C-ternm nus and/ orgLp-1 GARIG4d A LEUSVALiIRRE 88F NseAGndtBEDSEdddiid ons in the
basi c peptide. Anal o%s havi ng D-am noﬁam d 10 substitutions in the 7 and 8

posi ti ons and/ or vention|iscompgsge L FhG XREHUHIGHS “dcPateHashe 7
position ar e qlarieduiarg ys.r @akshtilo.t 6,6efy et ('@18) 0 VEFfoctive

The anal ogs of_ the i.nvention in '618 whi ch . show.enhangegd. i nsul.in
stinulating prsopeﬂailé"gshgtea}%eacfév%e%@eﬁc@?pg%gensdt i7v§QGLi-%’ 97’5%3 7- 35,
7-36, or 7-37, andoi7-Bfieh&r¢ eminnabcidristbsthtniiains wst hoattiwas/-one
modi fi cation sel eff eholbpMd% 4heuPs UtSkRE! B0 firinus and/ox (a)
substitution of a neutral amno acid, = arginine, or a ?_ormof | ysi ne
for lysine at postant@An2PariBisawGler Junndref Whrddtpaions i teid,

lysine, or a  f3dier peptidd 9i AhBEodOMALAGNbNghiHo Reskt i on 36;

(b) substitution of an oxldatl,on-res%stant ,amno acid for tryptophan at
posi tion 31; 10 substitutiongyinsGhe:{ (3R FnPARtLIWMNGRE6°5tNT east one 25

of : alkylate¥ &t Npesyladed Hiiino acids in the K peditSoat position
18; D for E osition 21; , .S for Gat position
22; 30 R PSF ﬁ@éarﬁ— sFFF‘%SntaZ%; to degradation if Y3¥O-n at position
24; and Q f ofh&K amalpgsi ¢f dipe2énvention Wai NGle hehisihngl e letter
codes for

am no Qngﬁknhanced insulin stimulating properties have the
15 sequence, of native GLP-1, 7-34, 7-35, 7-36, or 7-37,
or the C-terminal amide thereof, with at least one
modification selected from the group consisting of:
{(a} substitution of a neutral amino acid,
arginine, or a D form of lysine for lysine at position
20 26 and/or 34 and/or a neutral amino acid, lysine, or a
D form of arginine for arginine at position 36;
(b) substitution of an oxidation-resistant
amino acid for tryptophan at position 31;

(c) substitution according to at least one

25 of:
Y for V at position 16;
K for S at position 18;
D for E at position 21;
S for G at position 22;
30 R for Q at position 23;
R for A at position 24; and
Q for K at position 26;

(Using the single letter codes for amino acids)

35 (d) a substitution comprising at least one
of:



35 (d) a substitution conprising at |east one of :

8 . . an alternative small neutral amno acid for A at

position 8; an alternative acidic am no acid or neutral am no
aci d for E at position 9; 5 an alternative neutral am no
acid for G at wossricssn 10; and an al t er natPCr@ISsrR0td c

am no acid for D at position 15; and g (e) substitution of
an alternative neutral amno acid 10 or the D or N-acylated or alKkylated
formof histidine for an ahtestiadime smaljomieutoal 7amino acid for ANTH
respect to nodif a (b), (d) and (e), the substituted am no
acids may be in %ﬁzﬁ%q%g'?% é'I'he anm no acids substituted at position 7
can also be in the N 15 an atigraasdveraqidickpminedadist g, neutral I n
anot her aspect, thend nvgat kop ®far BL8itSorflig;ected to pepti des which
show enhanced degradati on resjstance in pl asma as corrpar ed to GLP-1
(7-37) whereih this enhan@Bgalternatige;ngufiad F’Bl‘él%g%%}d’at P&nCatfows themto
exert their own gfsiticactiopnamkdnger. In these anal ogs any of the
above-nenti oned trun aied fg Dg f GDP (7-37) or
their G Cerminal affoatEFPSINE ?Csl dFF‘% ‘& % or (a)
substitution of po&itiewt A&k @md D-aci di c am no acid for H at position
7o oor 25 <?>) SUbSL} (b2 cqts g RATHN1 BEHFhdiYe fetoRPSTTI ON

10 amino acid or the D or N-acylated or alkylated form of
histidine for histidine at position 7.

With respect to modifications (a), (b), (d)
and (e), the substituted amino acids may be in the D
form. The amion acids substituted at position 7 can

15 also be in the N-acylated or N-alkylated forms.

In another aspect, the invention of ‘618 is
directed to peptides which show enhanced degradation
resistance in plasma as compared to GLP-1 (7-37,
wherein this enhanced resistance to degradation. 1In

20 these analogs, any of the above-mentioned truncated
forms of GLP-1(7-34) to GLP-1(7-37) or their C-terminal
amidated forms is modified by

(a) substitution of a D-neutral or D-acidic
amino acid for H at position 7, or

25 {(b) substitution of a D-amino acid for A at
position 8, or

{(c}) both, or

(d) substitution of an N-acylated or N-
alkylated form of any naturally occurring amino acid

30 for H at position 7.

Thus analogs which are resistant to
degradation include (N-acyl (1-6C) AA)’ GLP-1(7-37) and
(N-alkyl (1-6C ARA)’ GLP-1{7-37) wherein when AA is a
lysyl residue, one or both nitrogens may be alkylated

35 or acylated, AA symbolizes any amino acid consistent

with retention of insulin stimulating activity.

is Sheet Has Been Replaced i THIS SHEET HAS BEEN

T




(d) substitution of an N-acylated or N-al kylated form of any

naturally occurring amno acid for Hat position 7. 30 Thus anal ogs
whi ch are resistant to degradation include (N-acyl (1-GC) AA[err]
G.P-1 (7-37) and (N-al kyl (1-6C AA)[err] G.P- 1 (7-37) wherein when
AA is a | ysyl weessnede, one or both nitrogens nmay be aPRT/UsSHTAGLISr

acyl ated, AA synbolizes any ami no aci%d consistent with retention of
insulin stimulating 35 activity. N )

9 For sub&eftshubisdisubions @f Roaménesadidst he The 7 and 8

positions, the Difes gﬂé“s‘ieio@é",y thel B feSIaREWE Bhy acidW B AChL-£an be
used at position 7 and Qf any am no acid at position 8, agalin
consi stent with PRA 3F1d5cay KR USEANRE RASIHOY. T BHRh&E 8RYL®RIRDF position

7 and 8 can beisuhspbbutash By aghimnddsiatest with Bnadlne acid at
position 7 c al so he acyl ated .or. al kyl.at ed. These dified forns are
appl i cabl e n(a){| onry” tlgt(‘;ﬁé-acu”%(?- 3§¥tlbeurt °% B3t &° sl?&sgg?o?rﬁrﬁﬁoed

anal ogs. 10 8 can beThubstidmieg bhea pfi-aftdnpedcidvaltbgs Doémie ' 618

i nvention are t th.sfd \/g{eggg&mﬁ 7( Z:'al?idﬂlsc( Z:'e?’?):glgﬁed or. Qiiﬁ?ﬁtéé’r m of GLP-|
l'y by

has been nodified on / substrtution o neutral "antno aci d,
argi ni ne, or a [Fhese medifbed |fpymseareranpidicablat nqfosinliyoho28LBmd/ or 34 15

and/or a neutral g3 86tdaldd/HoN8hobfe tRuhehtr@fanalogdl gi Ni ne for
ar gi ni ne at ﬁ(ﬁf't' on 36 (secti O”ég)ége Particularly preferred are those
i t f

wherein the no acid TP mam RRefeysrdeanal 995s PEi bive 20 dnd 34 i s
sel ected from t hinwsmdpncansitHdsegwhbrdierthle, G7-®) A (735}, @ Q R

Rlerr] and M angd f raini t .ppsition 36 .is. el ected fromthe
group of K, Kler ﬁé %g,gmA?Pﬁ;,L%l 1 %?s Vi mogﬁ?jlﬁ e°|n?‘]y. g('Where [err]
indi cates a D fosustitution of a neuptab gwisbercid, mmgianakpgsr vher ei n t he

sole  modificalipnd sy bl st bud on %sﬁgi&%iﬂ%k?g- 234, resistant
am no acid for try(g(t ophan at position 31 _(section S)f articularly
favored subskd t \ARYRE @rBeutral aapipetaefidr d¥Sthe Po@pPcépsnsef ng of F, V,

L, I, A angrgdnine for argininePhSQd¥iRfishlr 86 @yeRtiBASEaNal 0gs wherein
the Particularly preferred are those wherein the amino acid
substituted for lysine at position 26 and 34 is
selected from the group consisting of K',G, S, A, L, I,
20 Q, R, R* and M, and for arginine at position 36 is
selected from the group of X, K, G, S, A, L, I, Q, M,
and R*. (where * indicates a D form). -
Also preferred are analogs wherein the sole
modification is the substitution of an oxidation-
25 resistant amino acid for tryptophan at position 31
(section (b)). Particularly favored substitutions are
selected from the group consisting of F, V, L, I, A,
and Y.
Also preferred are those analogs wherein the
30 only modification is at least one of those specific
substitutions set forth in section (c¢). Particularly
preferred are those analogs wherein combined
substitutions of S for G at position 22, R at positions
23 and 24 for Q and A respectively, and Q for K at
35 ©position 26 have been made, or substitutions of Y for V

at position 16 and K for S at position 18 have been



30 only nodification is at |east one of those specific substitutions

set forth in section (c). Particularly preferred are those anal ogs
wher ei n conbi ned substitutions of S for G at position 22, R at
positions 23 and 24 for Qand A respectively, and Q for K at 35

position 26 haw®@%mes nade, or substitutions of Y for V PAT/UBURItIHON 16
and K for S at position 18 have been 10

10 made, or these sgbsti tutions plus D for E at positions 21
have been made. ™ade, or these subgtdfupieppmldg Br Eonrfhlaggponhbienn t11e sol e
nodi fications arplthwse beeh hadd.h in section (d). 5 Particularly preferred
anong these are those Wneﬁi n eutral ami no acid substituted

the snal |
for al anine at posi t i'on° 8pﬁesfe§§ﬁgc?lé% aﬂagﬁgf W tp tB8ngPLe i ng of S,
Slerr], GC, (ermdiifSaatidherage thesa-asdta fordhAib; setdoar (ke acidic
or neutral amno I i fqr ic acid . at 10 osjtion 9 is
sel ect ed froﬁthggﬁ%ﬁggggsﬁ%{%ﬁ%éegf a‘%ﬁ# ﬂi@,e%e are 5?’35&?"?’??6{‘&@ T, T, N
Nlerr], Q {errfhe@mallymenteaild amdapyscid substitmiddbrforhelahiss net i ve

neutral am no achekssukst Bt Uk esbiectedf BFo! Ol @go% itsf‘:‘iﬁ 19-is sel ected
fromthe group _, consjsting of S, Slerr], Y, erri, ; gr[err ‘" N,
Nerr], Q err¥, EFr Cr53apRad rabetjrate apd Aly mnd/gsdtbe adidisin Dis
substi - t uted dertrEladmpasiaciansdSstituted for glutamifl gQiPpraferred are
anal ogs wherfd ns‘gosj t.ion,7 e_has been altered (section

Preferred 0 Pohd saerlg%ltt%gsgr%etr & ATPHR GaRSh téﬁ?d°§é+?))
substituted for bis¥idEye Tt ThoNt 6p 7, i, selcsd, and {deypitke group
M N orr]o N f oo, Thereitamatiae penga B ek swogestutis S0P
N-i sopropyl -H, NQB5ERYEppe-a+ poiséerylld is selecteddebyl ek egrdup P and
Plerr]. 25 consistifySer By, elser red Yarerrenfbpdl{,,rrq\nt’ sz\,iéJ,] Bit o
conmbi nation of only two of the above-referenced classes of nodified
forms, in add ti%6iPt GFhE T IFowPRY FF7 anddeE ¥heredmpBdiprenlsti-
The fol |l owi ng spedidd coanilagpoateipn efwrrred: 30
(H[err])[err]-GLP-1(7-37)A150 preferred are aggiéégl' égkfilégéng&n 7
alone has been altered (section (e)). Preferred
substitutions are those wherein the amino acid
20 substituted for histidine at position 7 is selected
from the group consisting of B*, Y, Y*, F, F*, R, R',
Orn, Orn*, M, M, N-formyl-H, N~formyl-H', N-acetyl-H,
N-acetyl~H', N-isopropyl-H, N-isopropyl-H', N-acetyl-K;
N-acetyl-K*, P and P*.
25 Also preferred are embodiments with a
combination of only two of the above-referenced classes
of modified forms, in addition to the following
specific embodiments.
The following specific analogs are preferred:
30 (H")"-GLP-1(7-37) ;
{(Y)"-GLP-1(7-37) ;
(N-acetyl-H) '~GLP-1{7-37);
(N-isopropyl-H) ’-GLP-1(7-37);
(A*)®-GLP-1(7-37);
35 (E*)®-GLP-1(7-37);
(D)°-GLP-1(7-37);



(N-acetyl-H)7-AP-1 7-37);

(N-isopropyl-H)[err]-GP-1(7-37); (Alerr])[err]-GP-1
(7-37); 35 (E[err])[err]-QP-1(7-37);
(D[err]-GP-1 (7-37); (Dlerr]) [err]-GP-1
(7-37); WO98/19698  (F[err]) [err]-G.P-.1 (7-37); PCT/USIT20114
(S)[err](R[err](R[err](Qferr]-G&P-1 (7-‘37); (S)[err]
err err err r.] - -1 (7-37 5 . -
I(D?)e]L err]eéIY12 oEms Lf(el?ngl ogié‘\%);f(%\]‘e%&m%gb; ( st;bi lity al so have only one,
or at nost two, anino (B0 YamBdLi7€3R)ions. Preferred

supspi tutions for the hi .siié)dizﬂ_g)zaER)JzQ{%)po_séI%g_qq-,Zi?pp! udga jthe D-fornms of
acidic or neutral anm no aci gds e D.forms o hi stidines. Preferred
are Plerr], Derr], E[err}S)NRer¢Y),” @ert® "GL&rt)7-3lerr], I[err] and
Herr]. 5 The histidine at position 7, or a repl acenent

(D or L), can also be N-alkylated (1-6C) or N-acylated 15 (1-6C). Al kyl
groups are straight or br3FeifdFednaprms of apphegdidiity epBprRes§d hydr ocar byl
resi dues of the stabiliiR¢i 8BéLhaRRNMBLIy Wnel. oACYt WRURFoAr 8o t he fornul a

RCO-wherein Ris_alkyl. Preferred al kyl groups are t-propyl, a-propyl
and ethyl; pref e??’ﬁﬁ*ﬁ@?“é?tewéléétyl 20 and propionyl. Preferred residues
whi ch nay be al kyl at eBrefferaeyl atlestitutliode £r DheEhidkidind/atl, |, K
and H in either r-L. for ref erre itutions for
al ani ne at L p%%%ﬁ'?gﬁ é %{Eéei t eet ef%rfr?gmcs)f o]g, a@,ﬁf, 0% g%'%y%;sf al so 25
preferred are thanidbo eeigs o?r HheED-fprig of histBlipes.H, Preferred Sone
speci fi c anal ogsyshew bgt hgenhancged 1+, d*nsid igfqr gt ease stimul ating
activity and enhanced stabi it referred group of

)i [ity. s Ap
GLP-1 analogs and 30 der TRathipeddine As@oPAtioR Tr &Left TERVRFATSHY | s
conposed of nol ecnulas 1¢f &de dl@bnukanN-alkylated (1-6C) or N-acylated

15 (1-6C). Alkyl groups are straight or branched chain
(including cyclic) hydrocarbyl residues of the
indicated member of C. Acyl groups are of the formula
RCO~-wherein R is alkyl. Preferred alkyl groups are
t-propyl, a-propyl and ethyl; preferred acyl are acetyl

20 and propionyl. Preferred residues which may be
alkylated or acylated include P, D, E, N, Q, V, L, I, K
and H in either the D or L form.

Preferred substitutions for alanine at
position 8 are the D-forms of P, V, L, I and A; also

25 preferred are the D-forms of D, E, N, Q, K, T, S and H.

Some specific analogs show both enhanced
insulin release stimulating activity and enhanced
stability.

A preferred group of GLP-1 analogs and

30 derivatives for use in fhe present invention is
composed of molecules of the formula:

R3-X-Glu-Glyl0-
Thr-Phe-Thr-Ser—Asp15-Val-Ser—Ser—Tyr—Leu20—
Y -Gly-Gln-Ala-Ala25-Lys- % -Phe-Ile-Ala30-
35 Trp-Leu—Val—Lys—G1y35—Arg-R2
(SEQ ID NO:2)



Rlerr]-X-Au-@yl[err]-
Thr - Phe- Thr - Ser- Asp[err]-Val - Ser - Ser-Tyr-Leu[err] - Y
-Ady-An-Ala-Ala[err]-Lys- Z -Phe-Ile-AlaJerr]- 35
Trp-Leu-Val -Lys-G@ y[err]-Arg-R err]

(SEQ I D NO 2) wo s8r19698 1PcT/Us97/20114
and the pharnmaceutically-acceptable salts 12 thereof, wherein: Rerr] is
sel ected fromthe group consi sting of L-histidine, D histidine, .

desami no- 5 histidine, 2-amno-histidine, b-hydroxy-histidiné, l
honohi sti di ne, al pha-f| uoamdrethey bhhrsdcaditieal dnthadegpitable salts

t hyl - hi sti di ne; i ed t L.SLI f Ala, Gy,
et hyl- i st di neindtdot Sgherdssl REOM LA (EeHPero ANGLSLENT Of A3 O

Val, Thr, Ile, ha- me Y I's selecte m t he..gr oup
consi sting of 1Ccordistigynof Al-histhdingGeD-hantliddng, déshmiset ected from
the group consis{i d 4L L@y g . 5SEa ﬁ%[yih- e and Rerr] is
sel ected froﬁtﬁy%gggéébp%sﬁrﬁxﬁgng 0?1 e NEE rl_? ;. qﬁgt%ﬁ/{yﬁ; provi ded
that the conpourkPrieddsghdine, glpbatEbteiamesbyhrhisticiaey app@ dlmha-about 6.0

to about 15 9. Qrandifusbhedind;0vikdi §0%dikatk e¥herondt@lkl brbspH s, X is
Ala, Yis GQu, and is GQu R_[errl must. be NH err

1S 1.
Numer ous GLP-1 aﬁf’&isd§§laﬁd°%e”rllavaﬁ' Ves'Havithgr 1lea@ndsatPRRTric point in
the range from aksdHy16a0a} 0 Y is sbDettdd Grbavehdamoup sehesetimndsi ncl ude,
for exanpl e:

20 QP-1 =36 .
Gy[err]-aPo (A%l Pty Ther Serw and 179 I\Hleér HE%F?T‘?‘E;_?PP (7-37)
D-d n[err]-GP- ti{e7o3bpp consisting of Glu, Glnacklta,l Thys|ger]-a@dP-1 (7-37)

Gly; and R2 is selected from the group consisting of

NH2, and Gly-OH; provided that the compound has an

isoelectric point in the range from about 6.0 to about
15 9.0 and further providing that when R] is His, X is
Ala, Y is Glu, and Z is Glu, R2 must be NH2,
Numerous GLP-1 analogs and derivatives having
an isoelectric point in the range from about 6.0 to

about 9.0 have been disclosed and include, for example:

20 GLP-1 (7-36)NH2
Gly8-GLP-1 (7-36)NH2
Gln9-GLP-1 (7-37)
D-G1n2-GLP-1 (7-37)
acetyl-Lys9-GLP~-1 (7-37)
25 Thr®-GLP-1 (7-37)
D-Thr%-GLP-1 (7-37)
asn%-GLP-1 (7-37)
D-Asn%-GLP-1 (7-37)
Ser22—Arg23-Argz4—Gln26-GLP—1 (7-37)
30 Thrl6-Lysl8-GgLP-1 (7-37)
Lysl8-gLp-1 (7-37)
Arg23-GLP-1 (7-37)
Arg24-gLP-1 (7-37)

35 Another preferred group of active compounds

for use in the present invention is disclosed in WO



25 Threrr]-GP-1 (7-37)

D-Thrlerr]-GP-1 (7-37) Asn9-G.P-1 (7-37)
D- Asn9-AP-1 (7-37)

Ser[err]-Arg[err]-Arg[err]-A@n[err]-&P-1 (7-37) 30

Threrr]-Lys[ ewbloshdsbs 1 (7-37) Lys[ er r |pcaafRodnoiis 37)
Arglerr]-AP-1 (7-37) Brglerr]-GP-1 (7-37) 35
Anot her preferred group of active conpounds for use in the present

i nvention is discﬁhﬁi@d57r]‘m91ated to U S. 5, 545,618) and includes == 13

91/11457, (rel at Qﬁ.fu?.é%ﬁ), ’ i 3) apdpl Ed Lﬁje‘%s gr GL (a0 34)

GP-1(7- 35) GP-1 ' de (for m’t her eof ,
and phar maceut i c&9 yhe amldea(ff@éﬁt'élmree I?Bdtweqr@@fceunavahgy-at | east one 5

nmodi fication i ncIaléd;leggagt@sseglggog\ﬂe;@dpwhavmg at least ond@) sSubstitution
of gl ycine, serine, st.ei pe, . t hreoni ne, ~asparagi ne, gl utani ne,

tyr osi ne, 5 ampiificats ’} fec rdbre hese, SPRHRiRed OWiet hi oni ne,
phenyl al ani ne, argi ni ne, ora)DsbyStﬂﬂm‘l@Ih bysgfciafe, 18erp@s) tion 26 and/ or

position 34; or sy tltut el af . ser.jne, .cysteine, threonine,
asparagine,  gi t%am ne, P8 e a%é’?égﬁgﬁge' v%‘ﬁr{ﬁg‘,l ?¥50"r3é‘ifb?%ﬁ1§' .
| euci ne, nethi onladenlphengdla.lnam beolducdnee, lewcine)) methiatigig)i ne for

argl ni ne at pOSI tp'h%ﬂy%@lari‘ﬁxe, arg.ldxnfne, o&b}) f %[el ng.tcl .92 J?r]:e %@

oxi dat i on-r esi st ant acl an at position 31;
(c) substituftPonPepifior e%ta“éﬁ%r cﬂOSJ{t}PQS ﬁé or supstitatiore oft position

16; lysine for S%ﬂ&@@nél serlnBQStféﬂﬁln%s t ASPSH ilrleC agbgrééi éﬁ utam c acid
at 20 position 2 seri ne e at p05|t|on 22; rgi nine for

gl utamine at posi®t5ARRE é:ryﬁf’ﬁ?ﬁ nine, jYaliNfa éf”°b%‘é"?ltqeon 24; and
gl utamne for |ydieneing, methpoaime,orph%ﬁylan@hme, lysine, or a @)

substitution of %trﬁllg.%% P&eagéingleycalt prJ?élO %rsl;ne’ or cysteine for
al ani ne at pOSI t1ro ; aspartl
15 (b) substitution of an oxidation-resistant

amino acid for tryptophan at position 31;

(c) substitution of at least one of: tyrosine
for valine at position 16; lysine for serine at
position 18; aspartic acid for glutamic acid at

20 position 21; serine for glycine at position 22;
arginine for glutamine at position 23; arginine for
alanine at position 24; and glutamine for lysine at
position 26; and

(d) substitution of at least one of: glycine,

25 serine, or cysteine for alanine at position 8; aspartic
acid, glycine, serine, cysteine, threonine, asparagine,
glutamine, tyrosine, alanine, valine, isoleucine,
leucine, methionine, or phenylalanine for glutamic acid
at position 9; serine, cysteine, threonine, asparagine,

30 glutamine, tyrosine, alanine, valine, isoleucine,
leucine, methionine, or phenylalanine for glycine at
position 10; and glutamic acid for aspartic acid at
position 15; and

(e} substitution of glycine, serine,

35 cysteine, threonine, asparagine, glutamine, tyrosine,

alanine, valine, isoleucine, leucine, methionine, or



acid, glycine, serine, cysteine, threonine, asparagine, gl ut am ne,
tyrosi.ne, alanine, valine, isoleucine, | euci ne, nethionine, or

phenyl al ani ne for glutam c acid at position 9; serine, cysteine,

t hreoni ne, asparagine, 30 glutam ne, tyrosine, alanine, valine,

i sol euci ne, wodsrems ne, nethionine, or phenylal ani ne for gPCRVSIF2HI4
position 10; and glutamc acid for aspartii¢ acid at position 15; and
(e) substitution of %I ¥ci ne, serine, 35 cysteine, threonine, asparagine,
gl ut am ne, tyroghsaylalanifiggncietbeddi v NrasyakEcher pkkciated net hioni ne,

or form of histidine for histidine a¥ positiBhenyla&afdine, or the
D- or N-acylated or  al kgl ated . f,orrr(ltaﬁf ghitiéne fqr hjstidine at

posi tion 7; wherd fhe SUbshitukdons ks i @iri SRE i Wrapnd(b5)r (P -and (e),

t he substi t Whedtarhbed asiids gatdopianopatiyndidy bet be thd @-Porm and t he

am no aci ds subst] ed_at LLon .7 n t |1y, be in the
N-acyl ated o l\l—aﬁiﬁlgt %%”}og(r%%l&s Supstitited ag%éjgggggnt.ﬁecaennzyne,

di pepti dyl - pept iaggsonbVly be ihDPRe|NAacylayeteor dbpdhyldted fimrnt.he observed
rapid in vivo inactiyatiQn Ofe ahd MHeSt 85 5chiPghal ey et 10
al., 1993), admnistrati on@%fu %LP—?L an ggs alﬁ%) Y dg?%@%ﬁév?eg?t hat are
protected from ttRPPadVivindy b pegponsiblevips Hreefobsesned arrpichen

adni ni stration ofiyd Yheetdva®iBn of adkAs2ErMl@Eh, (Mentlein et

Val [err]-GP-1(7-37)O4, _a-nmethyl -Ala[err]-G.P-1(7- 36)NH err], and
Gy[err]-a APer ql-a o937 SArdpispration ofnGhRh AReledf| 38%ccept abl e sal ts
thereof, is noreerivapi®é£rined. are protected from RfeUsetivithempepent

i nvention of a mol ecule clained in U S. Patent No. 5,188,666 (' 666) is
al so preferred. 8ud# arafeeed e2pdcthniasimdnpabratden2of TBone of the

foll ow ng am no I e TP (7= - -Ala8-GgLp-1(7~
N2 Hi S[ r r] _Aﬁgﬁcﬁg?gﬁgtgéﬁ]_GLP 1(7-37)0OH, a-methyl-Ala8-GLP-1 (7

Thr - Phe- Thr - Ser -9 Ring!, r dnv/al1yBet1 SeY-cp-14euberod,- or
15 pharmaceutically-acceptable salts thereof, is more
preferred.

The use in the present invention of a
molecule claimed in U.S. Patent No. 5,188,666 (‘'666) is
also preferred. Such a molecule includes a peptide

20 having one of the following amino acid segquences:
NHp-His7~Ala-Glu-Glyl0-
Thr-Phe-Thr-Ser-Aspl®-val-Ser-Ser-Tyr-LeuZ0-
Glu—Gly—Gln-Ala-Ala25—Lys—Glu—Phe—Ile—Ala30—
Trp-Leu-Val-X
25 (SEQ ID NO:3)

wherein X may be Lys and Lys-Gly; or a
derivative of said peptide, and wherein said peptide
may be a pharmaceutically-acceptable acid addition salt

30 of said peptide; a pharmaceutically-acceptable
carboxylate salt of said peptide; a pharmaceutically-
acceptable lower alkylester of said peptide; or a
pharmaceutically-acceptable amide of said peptide
selected from the group consisting of amide, lower

35 alkyl amide, and lower dialkyl amide.



G u-dy-dn-Ala-Al a25-Lys-GJ u-Phe-lle-Alaferr]- Tr p- Leu- Val - X

25 . : (SEQ I D NG 3)
wherein X may be Lys and Lys-dy; or a derivative of said peptide, and
wherein said peptide may be a pharnmaceutical |l y-acceptable acid addition

salt 30 of savoelegmegsi de; a pharnmaceuti cal |l y-acceptabl e PCTUBIRIILAL €

salt of said peptide; a pharnmaceutically- 15 acceptable |ower alkyl ester

of said peptide; or a har maceuti cal | y-accept abl e am de of said peptide
sel ected fromthe group cdmSi $BYSRFIOM &Ri (866 |RARERIDS tQ%kpePsiPde, Znd

| ower dial kyl amf#@gment which is insulinotropic and is derivable fi8m

The invention in '1619911 eyt aionsmt:oina pe%gde . fragnent which is

i nsulinotropic aRd™ R BV eEriY 6P F 3o A5G FRIPFY Bt curr | ng amno acid
sequence. TiThel aveentiiom comprises aaconppouhdedelceetied 5 from
t he group congi st ’ i et a peptide conprising the
sequence: 81 SELBA fle %OSPAf%r}sdsl}}&gygﬁr - Phe- Thr - Ser - Asp- Vval - Ser -
Ser-Tyr-Leu- d u-d y- A n- Al{&) Apapentside gompeising Ahg- sequenfes- Leu- Val - X 10
wherein X is selected for @i%hﬁlﬂldluﬁe‘wnﬁh;ﬁPH%Q-TQE'—Ser-Asp—Vaé—QQQ— Lys,

(b) Lys-Qvy, (c) LXS-GI - Arg; and (B) a derivative of
the peptide: whePEFRTYFd-ei5Clusibifla-plashirstlysrrirrineilde-8tanat ur al

cont am nant s, TrpAdel@m1a® i Nsul inotropic activity which exceeds the
insulinotropic activit ff &LP-1 (1-36) or, GLP-I 1-37).

The T nvent  ohtal SheFtt dids SeISnsstAaE0rhE amevPeaoR BHhIWa OFF oup
consi sting of: (a) Lys, (A) a peptide conprising the sequence:

Hi s- Al a- 3 u- A y- Thr - Phg- ThE - Sg{ ¢ Asp- Val - Ser -
Ser-Tyr-Leu-d u-dy- GP?—AI é’-sffaﬁ-"L Ss-d u-Phe-11 e- Al a- Tr p- Leu- Val - X
25 wherein X is sel et®led WeredyHeeddr oup consisting of :

and (B) a derivative of the peptide; wherein the
15 compound is substantially free of natural contaminants,
and has an insulinotropic activity which exceeds the
insulinotropic activity of GLP-1 ({1-36) or GLP-1
(1-37).
The invention also includes a compound
20 selected from the group consisting of:
(A) a peptide comprising the sequence:
His-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-
Ser-Tyr-Leu-Glu-Gly-Gln-Ala-Ala-Lys-Glu-Phe-Ile-
Ala-Trp-Leu-Val-X
25 wherein X is selected form the group consisting of:
(a) Lys,
(b) Lys-Gly,
(c) Lys-Gly-Arg:
and (B) a derivative of the peptide; wherein
30 the compound is substantially free of natural
contaminants, and has an insulinotropic activity
at a concentration of at least 107'M,
Of particular interest are peptides of the
following formula:

35 (1) H,N-X-CO-R!



(a) Lys, (b) Lys-Qy, (c) Lys-dy-Arg;

and (B) a derivative of the peptide; wherein 30 the conmpound is
substantially free of natural contam nants, and has an
insulinotropic activity at a concentration of at |east 10[err]M
O particul ar waossereesst are peptides of the fol |l ow ng foPEINET2884

(1) Herr]NX-CORerr] Wner’gin Rerr] is OH OM or
-NR[err]Rerr]; , 1. Mis a pharmaceutically acceptabl e cat.ion or
a | ower branched "8FT&HBRNERH al Ry °Fr NH R Rlerr] and

Rlerr] are the same or di if eseatpleahackutically selcept &¥ld raubilbheogr oup

consi sting of hydrogen and a | ower Rhranched.or unbranched al kyl
gr oup; a ?wserabﬁgrb?}?edie ocror‘fﬁ}rg?as?%eaﬁnﬁéﬁgiq%%{?é:

Hi s- Al a- G u- G y- Thr - Phe- TH- 8ad -BAspra/diheSeeme or different and

Ser - Tyr - Leu- Gyu- G y- G dr &N 2o VisieFgtol e'ér{s@‘f

Al a- Tr p- Leu- \C/ng - Lys-%y- Arg © €9 B T\IH ersrt%gfgsof h%ydfnglgr?g arrlgup of
the amino terminus @& lower bgpnghedy@f gapranghps éakpdbng¥oupioup of the

car boxy term nux @k X peptide comprising( Zhet B&qaiicd.addition salts
t hereof; and 15 the protected or partially protected

, (3
derivatives thereof; m&%@%ﬁ'%' ¢oRPHURE HAS ~3RT TARRI artotrEpi ¢

activity whi ch exseedsyrt-heutEGBuHAlyeGl apATa-adtai-LysyGDi-FHeRTie-  (1- 36)
or GP-1 (1-3%). 20 et a_dother preferred group of nol ecul es for
use int é pr esenzf\l? nTvr n an@:igtr@%stc;gyo%‘g%orrpounds cl ai ned in US

Patent No. 5,512,549 havi fg’t e thenemihe groupopfiutle amino terminus

Rierr]-Ala-Au-Ay[ergt-y25n4 co is th bonyl £ th
Thr - Phe- Thr - Ser - Asp[ err ] -_Valn- Ser -lSser - '(Fyrc?fe%rfyer rg]r-oup ° e carboxy
A u-dy-d n-Al a- Al af ebenieag. ef XPhe-11e-Al aferr]-
Trp-Leu-Val -Lys-A y[err]-Ang- RERE rdcid addition salts thereof; and

15 (3) the protected or partially protected
derivatives thereof;

wherein said compound has an insulinotropic activity
which exceeds the insulinotropic activity of GLP-1 |
(1-36) or GLP-1 (1-37).

20 Another preferred group of molecules for use
in the present invention consists of compounds claimed
in U.S. Patent No. 5,512,549 having the general

formula:

R1~Ala—Glu—Gly10-
25 Thr—Phe-Thr—Ser—Asp15—Val—Ser~Ser—Tyr-Leu20—
Glu-Gly-Gln-Ala-Ala23-Xaa-Glu-Phe-Ile~-Ala30-
Trp—Leu—Val—Lys-Gly35—Arg—R3
!
R2
30 (SEQ ID NO:4)

and pharmaceutically-acceptable salts
thereof, wherein Rl may be 4-imidazopropionyl, 4-
imidaéoacetyl, or 4-imidazo-a, a dimethyl-acetyl; R2
35 may be Cg-C10 unbranched acyl, or absent; R3 may be
Gly-OH or NH2; and, Xaa is Lys or Arg.



Rlerr] 30 (SEQ I D NO 4)

and pharnmaceuticall y-acceptable salts thereof, wherein R err] may be
4-im dazopropi onyl , 4- i m dazoacetyl, or 4-imdazo-a, a

di nrethyl -acetyl; R2 35 nmay be (Jerr]-Cferr] unbranched acyl, or absent;
R3 may be wébyro6dd or NH2;, and, Xaa is Lys or Arg. PCT/US97/20114

17 More preferred conpoundsibf SEQ ID NG 4 for use in
the present invention are those in which Xaa is Arg and Rlerr] is a
Clerr]-Cerr] unbranched atode preferred compoundsHiafhiSEQpERfNG rdedoconpounds
of SEQ ID NG 4 fqrse i Hﬁ@ ﬂ:]%stelﬂ@ PiRsfibal BYENtAR %ewﬁﬂ_q%%gaa égh' ch Xaa
IS Arg, R err] err ( err] unbranched acyl, and 'S

More highly pref@m@ednd aundsCefcfﬁﬂgdHBanched«aowlfor use |n t he present

i nvention are those in a |s Ar r rr] err]
unbranched acyl, R3 is ld{lgg]\)'-&f ‘%?‘]“ﬁ{cgs Zflf h?% C%

The nost pref erreﬁecmrrpohmcbnefseSEQ.ri@ﬂ‘tl@pd are tfrmseusa wlmdzrhe{apr esent
invention is that in [ r nbranched acyl

Rlerr] is dy- O—I,Argnd\lgg[e‘f‘ qu €10 ur%razv%gda %lryrc?ﬁ’rdoﬁyl 1s {&ly-OH The

use in the present inventigyyeOhighly preferred compounds of SEQ ID

NO:4 for use in the present invention are those in

which Xaa is Arg, R2 is a Ce-C10 unbranched acyl, R3 is

10 Gly-0OH, and Rl is 4-imidazopropionyl.

The most preferred compound of SEQ ID NO:4
for use in the present invention is that in which Xaa
is Arg, R2 is Cg unbranched acyl, R3 is Gly-OH, and Rl
is 4-imidazopropionyl.

15 The use in the present invention of a
molecule claimed in U.S. Patent No. 5,120,712 is highly
preferred. Such a molecule includes a peptide having
the amino acid sequence:

NH2-His7-Ala-Glu—Gly10—

20 Thr-Phe-Thr-Ser-Aspl3-val-Ser-Ser-Tyr-Leu20-
Glu-Gly-Gln-Ala-Ala25-Lys-Glu~Phe-Ile-Ala30-
Trp-Leu-Val-Lys-Gly35-Arg-Gly37-oH

(SEQ ID NO:1)

25 and a derivative of said peptide, wherein
said peptide may be a pharmaceutically-acceptable acid
addition salt of said peptide; a pharmaceutically-
acceptable carboxylate salt of said peptide; a
pharmaceutically-acceptable lower alkylester of said

30 peptide; or a pharmaceutically-acceptable amide of said
peptide wherein the amide may be an amide, lower alkyl
amide, or lower dialkyl amide.

The use of GLP-1(7-36) amide, or a

pharmaceutically-acceptable salt thereof, in the



nmol ecule clainmed in U S. Patent No. 5,120,712 is highly preferred. Such
a nol ecul e i ncludes a peptide having the am no acid sequence:

NH err]-H s[err]-Ala-Au-dy[err]- 20

Thr - Phe- Thr - Ser - Asp[err]-Val - Ser-Ser-Tyr-Leu[err] -

Gu-dy-Adn-Awogsebmrr]-Lys-Ad u-Phe-1le-Aaferr]- PCT/US97/20114
Trp-Leu-Val -Lys-d y[err]-Arg-Gy[err]-OH 18
(SEQ ID NO 1) 25 and a derivative of said peptide, wherein

sai d peptide nayptesentplhiavemtian iisambyt dviggdvabkefeiedl. Thadgiminon Talt of
sai d peptide; a phbaj ReRUhEEals -1 (7286ERARLe;carboxyl ate salt of said
peptide; a pharmaceuti cal | y-acceptabl'e | ower al kyl ester of said 30
pepti de; or a pharnaceutically-acceptable bmzi-ﬁes&AJsa-iGiufelyb@pt.j.de wherein
the ami de may be an amge, Jower alkyl, _15_amde, ar |ower dixal kyl am de.
The use of GLP-1(7-36) %’rﬁ (ﬁg,%mgér Zéeﬁ/ AsBQgr?rag}(L:ceisﬁ 5 §5F| F{/)Y%clteébt abl e salt
thereof, in the Glu-Gly-Gln-Ala-Ala —Lys-Glu-Phe—Ile-AlqﬂQ- present
invention is nmost highl Jrpiebevakelys-GAg38rhrg-NH2 aci d sequence of
GLP-1(7-36) am de is: .

NH err]-H s[err]-Ala-Gu-dy[err]- (SEQ ID NO:5)
Thr - Phe- Thr- Ser- Asp[err]-Val - Ser-Ser-Tyr-Leu[err]- 5

A u-G3 y-d n- Al a- Al a25- LysTi@ wsehef| Vel AGR=il(]/-37)0H, or a
Trp- Leu-Val - Lys- G yleldel t &I W@ Ebtable salt in t

(SEQ I D NO 5%& & = ,wﬂ_\e %Eae o Wl [5??I?°c§:p}f( ey oH, or a 10
phar maceut i cal | yPERIRSN apventign isheeefhighdyt peeferreg.esBhe amivention is

hi gh f _ - - !
Val Lerr -G pr1( Ao Gopaned B ar-cLA £1-3FTRNLS: ©

NH err]-H s[err]-Val-Qu-Qy[err]- NH2-His’-val-Glu-Glyl0-
Thr—Phe—Thr—Ser-Asp15—Val-Ser-Ser-Tyr-Leu20—
15 Glu-Gly-Gln-Ala-AlaZ5-Lys-Glu-Phe-Tle-Ala30-
Trp—Leu—Val—Lys-Gly35—Arg—Gly37-OH
(SEQ ID NO:6)

_ Preparation of the Compounds

20 Methods for preparing the active compounds
used in the present invention, namely, GLP-1, an GLP-1
analog, or a GLP-1 derivative, or any related compound
including an active fragment effecting weight loss when
administered peripherally, are well-known, and are

25 described in U.S. Patent Nos. 5,118,666, 5,120,712, and
5,523,549.

The amino acid portion of the active compound
used in the present invention, or a precursor thereto,
is made by 1) solid-phase synthetic chemistry; 2)

30 purification of GLP molecules from natural sources; 3)
recombinant DNA technology: or 4) a combination of
these methods.

Solid phase chemical synthesis of
polypeptides is well known in the art and may be found

35 1in general texts in the area such as Dugas and Penney
1981; Merrifield 1962; Stewart and Young 1969.



Thr - Phe- Thr-Ser - Asp[err]-Val - Ser-Ser-Tyr-Leu[err] - 15
AQu-dy-An-Ala-Alaferr]-Lys-A u-Phe-Ile-Alaferr]-

Trp-Leu-Val -Lys-A y[err]-Arg-Ay[err]-OH

(SEQ I D NO 6) Preparati on of the Conpounds 20 Met hods for
preparing thewaxdsrive@s conpounds used in the present inveptrrosprneasel y,
GP-1, an GP-1 anal og, or a G.P-1 derilfative, or any rel ated conpound
including an active fragment effecting weight |oss when adm ni st ered
peripherally, are well-kndW®a, es#ePlfre ths amin @chddrentiorSmaRabent NOS.
5,118,666, 5, 120s¢Aehesivbd by 5@f¥5¥§ﬁﬁge methodology utlligY%ﬁaglﬂgoﬂc'd

portion of the actlvedcosgpwg in the présent invention
precursor theret peptide §&1%5F 1()P BPPF%%@sgﬁﬁ?%'tlIé’%heﬁﬁgtry 2) 30
purification of &Rcum ermltes Driora,ndostel iy, Ces; 98104) angeconbi nant DNA

t echnol ogy; n of t hese, et Solid
phase chem ca% Xﬁﬁeés)%% o&tcags su(ﬁpllgf)lt? S[?E ?*E’P%Fi? RIS EemSt he art and
may be found 35 Bpﬁ eiTer glcidexand |Orthtehera¢mt§uelneasozﬂ£gaﬁaam§l Penney

1981; Merrifiel d3@62ap1¥ %waﬁltP YQuRIBISER:
19 T Eor exanpl e, tR& am no ac eS‘Srta?d Other ghemical

synt hesi zed by s8PPRLpHRSHet hmwyahtwq zqh?gllatrmoxsmg dopkpei de

synt hesi zer (PE- w@bl@(brﬁteﬁyﬁé% abphed&?& the stii#i GgJ fé& Q@Eflgp Dri ve,

Foster G ty, 18,‘A é Oﬁ)%ﬁ g{d s%‘?‘? IS celr%laes suggl ie PE- Appl i ed

Bi osyst ens. o 8%+0R d“ﬁt h&F GERAECHIN &?nﬁer cially

avai |l abl e from PEeAppldledaBbosarsiidens aRdr otIHeelpretieatrc&i of c-supply houses.

Sequential BOC c g u up rotacol,s are applied to

the starting p- pgﬁ‘ﬁgfoagggﬁihé}l r%l %res %n&r)lélgl Eéﬁf%ersﬁ"hé' SpP888ction of C

term nal car boxaﬁﬁ@lesGlrFOIandh@rc.praGGu@PP@lrﬁd)qu@ng prefemednaldackys, the

correspondi ng Pp%ﬁfédv‘la'zéléls@&ers PRa, foci‘l%mﬂ dﬁ“& AL§ncoupl ed using
0

pref ormed hydr ox benzotri azol e esters, Wing i de chain 15
protecting groupErNe§Fi3@IugEeups may be used
Arg, Tosyl

Asp, cyclohexyl
Glu, cyclohexyl
Ser, Benzyl

20 Thr, Benzyl

Tyr, 4-bromo carbobenzoxy

BOC deprotection may be accomplished with
trifluoroacetic acid in methylene chloride. Following
25 completion of the synthesis the peptides may be
deprotected and cleaved from the resin with anhydrous
hydrogen fluoride (HF) containing 10% meta-cresol.
"~ Cleavage of the side chain protecting group(s) and of
the peptide from the resin is carried out at -5°C to
30 5°C, preferably on ice for 60 minutes. After removal
of the HF, the peptide/resin is washed with ether, and
the peptide extracted with glacial acetic acid and
lyophilized.
Techniques well-known to the ordinarily-
35 skilled artisan in recombinant DNA technology may be

used to prepare the active compound used in present



Arg, Tosyl Asp, cycl ohexyl G u, cycl ohexyl

Ser, Benzyl. 20 Thr, Benzyl Tyr, 4-brono

car bobenzoxy BOC deprotection nmay be acconplished with
trifluoroacetic acid in nethylene chloride. Followng 25 conpletion of the
synt hesi s t hewiegstib@des nmay be deprotected and cl eaved fPrponusdrRomnesi n

w t h anhydr ous hydr ogen fluoride (HF) @gntaining 10% neta-cresol.

Cl eavage of the side chain protecting group(s) and of t he peptide from

the resin i s cariherntdn.at In5fagty] Cecon3arBCPNpreédehats magnbece f or~ 60
mnutes. Aft ertﬁﬁé@/@ble peliudd1@sHRi gh e ﬁ%&h'.d%ﬁé%a@i'cssg@gbgﬁ W th
n

et her, and e peptide extracted with glacial acetic aci
| yophi | i zed. recombinant RERYHFtdG8s2a4R] | - known to the ordinarily- 35

skilled artisan in reconbapantidJ¥AthirghacliagyalBYNDesequenkged t 0 prepare
the active compound used i T

esent , .
20 i nvert i oAt S ﬁcEPPr%WﬁﬁFﬁéﬁtowewﬁfﬁBﬂ? n&yep&ion okreferabl e
because of hi ghecoysteduwttifibea bagithestiepsr iseni-syneloarin mant cpaDeict i on ar e:

a) isolating a 2nC coding a GLP-1 nol ecul e of the
g@%#ﬁﬁﬂe QN@ §q§5#33.50155§¥£

present invention constructing a syrit.het Ic or sem-synthetic DNA
codi ng sequence for ab@ P-Blagdhgctihe coding sequence ipro ghaci ng the

coding sequence &x$ion ve&¥dY QRShORaMRG QuikhbPe MBINQLpsHEL ARl € for
expressing 10 proteins either alone or as a fusion proteins,

c)  transfothi iEAPASpPOPRE T “BEKAF vt idc Tusiop Prgt&iasyotic host cell
with the expression vectog) transforming &%) app&tipfidteN@ukhgydEanst or med

host cell unéj::erprco(?:%gi;/ELfnslqésQat gi/lvlvit%ertgit expression of a GLP-1 15
nol ecul e, and ?)ro%h &Boveli My ﬁdeﬁ%ﬁﬁﬁg"?ﬁ?r'

d) culturing the transformed host cell
under conditions that will permit expression of a GLP-1

15 molecule, and

e) recovering and purifying the
recombinantly produced GLP-1 molecule.

As previously stated, the coding sequences
may be wholly synthetic or the result of modifications

20 to the larger, native glucagon-encoding DNA. A DNA
sequence that encodes preproglucagon is presented in
Lund et al. 1982 and may be used as starting material
in the semisynthetic production of the compounds of the
present invention by altering the native sequence to

25 achieve the desired results.

Synthetic genes, the in vitro or in vivo
transcription and translation of which results in the
production of a GLP-1 molecule, may be constructed by
techniques well known in the art. Owing to the natural

30 degeneracy of the genetic code, the skilled artisan
will recognize that a sizable yet definite number of
DNA sequences may be constructed, all of which encode
GLP-1 molecules of the present invention.

The methodology of synthetic gene

35 construction is well-known in the art (Brown et al.

1979.) The DNA sequence is designed from the desired



reconbi nantly produced GLP-1 nol ecul e. As previously stated,
t he codi ng sequences may be wholly synthetic or the result of

nodi fications 20 to the larger, native glucagon-encoding DNA. A DNA
sequence that encodes preproglucagon is presented in . Lund et al. 1982
and may be usedoagispRarti ng materi al in the sem synt het iRCTHIS3UEt4 on of
t he conpounds of the present invention BV altering the native sequence
to 25 achieve the desired results. Synt heti c_genes, the in
vitro or in vivo 3ming AgidcPeReTGS aﬁHHQHﬁﬁbﬂéP?E%F(ﬁ°dﬁhlUhl?%skﬁts ™ the
production of a G.&;lermlseeuta.neraiabybeh@cumhuewpl-smﬁned beshegmtes wel |

known in the art to the natural e eracy of the etic code,
the skilled artls%ﬁfe dgsw???drégﬁgﬁFgue?ﬁ1 ggg éﬁygfnaé?gﬁgte nunber
of DNA sequencsisigrepnisentiomstl Dui\ewntaielsminqvmpmremuedeuch asGLP-|

mol ecul es of the preseliel NYER] i@N380 \%ﬁtheﬂ%e a;’(?b“%?%if’&}’ Of

synthetic gene 35 construction is we
1979.) The DNA secRfRsyEEeps, d@‘sqgnééof%rrﬁq%caégﬁeﬁrlve: Foster
21 am no acighgqeanggsemi.ng the genetic code, mhlch IS easily

ascertained by the ordinarily- skllled bi ol ogi st , Once designed, the
sequence itsel f may be gent?PFess thgiam oﬁGéﬁtHQﬁE%°nDN£‘%ynthe5|Z|ng

appar at us such ascorpdulne Nbdﬁhmﬁ&ﬁé pfeéEHﬂBlﬁménst{ha&Iéﬁ@ﬁnééﬂidApp|Ied
Bi osyst ens, C. [ 4V ty,.CA 94404).
1rb )ﬁﬁo%eltl por t Ic%hlteg sergg& in angeane b% H%

To express the anl aC| nmpound U resent
i nvention, an engﬁpnnﬂpgdaiﬁ rqggmbheant QNQAeseqaeﬂmqn|W§0tnsertmmbugh any one

of many appr offd afs@ Becmaﬁ%t%@e&&wéhOéha%%fc%éséérOugh the

use of appropriate restriction endonucl eases (Maniatis et al., 1989).
Restriction endonfardasds et 2l.eaddfR) si thestaietivmioncdeopedleat® either end

of the 15 GP-1 éﬁéd%%@besﬁ%ééﬂﬂrﬁgeE@%héé}éBthtbtéﬂﬁhérsghétéf”khe from
and integratian |nto lifjcatio Ssi on vectors wel | - known

e
inthe art. Tite F“P gof e@ﬁﬁgﬁ%l%ég Eg‘f)’r Wi FPLdEiqn ct ated by

from, and integration into, amplification and
expression vectors well~known in the art. The
particular endonucleases employed will be dictated by
the restriction endonuclease cleavage pattern of the

20 parent expression vector employed. Restriction sites
are chosen to properly orient the coding sequence with
control sequences, thereby achieving proper in-frame
reading and expression of the protein of interest. The
coding sequence must be positioned to be in proper

25 reading frame with the promoter and ribosome binding
site of the expression vector, both of which are
functional in the host cell in which the protein is to
be expressed.

To achieve efficient transcription of the

30 synthetic gene, it must be operably associated with a
promoter-operator region. Therefore, the promoter-
operator region of the synthetic gene is placed in the
same sequential orientation with respect to the ATG
start codon of the synthetic gene.

35 A variety of expression vectors useful for

transforming prokaryotic and eukaryotic cells are well



the restriction endonucl ease cl eavage pattern of the 20 parent expression
vector enployed. Restriction sites are chosen to properly orient the
codi ng sequence with control sequences, thereby achieving proper

i n-frame readi ng and expression of the protein of interest. The

codi ng sequenge@ygnesds be positioned to be in proper 25 reascmyssvatig wth
the pronoter and ribosone binding site %)f t he expression vector, both
of which are functional in the host cell in which the proteinis to

be expressed. known in the ar§ ARFORASE ERFAEPEIR, tLP8AsCFiRta@enef tTe 30
synthetic gene, dalcalB§he P€ 9BREL ADAYsASHQEGI. abSebnd 8. a4, 710 @Ot er - oper at or
region. Therefore, the pronoter- perator reqgion of the synthetic gene
is placed in thé’escrlgﬁ'ﬁECJsré:d‘g@ﬁt?% Pgtaisg‘h?a*ﬁad‘r? FRAL IR PERALOES the ATG
start codon of tlwefayntbetdxprgenion IF exogenous gefevainety &flieypr essi on
vectors usefyl fau, ;o LfanshRLIL NG Q8T Yo G gyd gukarvotic cells are
(Pronmega Cat al oguansfe8fatiSir yeagere in reCamixd regute PNA9SP)cedtires, U. S.

Patent No. 4,71Q,473 describes circular DNA plasm d transformation
vectors useful for ex&ressi on of exogenous genes in E coli at 5 high
| evel s. These pl asmi ds ar&luséppfernon thet phpdist fei expaedyorfori n

reconbi nant DNA RitQeeflti€Seplicadffon in a host cell;(d) confer on the
pl asm d the capacity for aut onommous replication,in a host cell; 10

I
(b) controlPut onomous pi¥lsnFaFEM iEPPEHOUS PLagmig) teplratd opne
tenperature at v eblhdsdén al lkthe tenpdriatines & evhiwhnhasheaskll
(c) stabilize maintenance of thgaﬂlieads,m din host cell popul ations; 15

(d) direct syntqﬁl STESor 6‘ra6‘f’e| n product i ndicative of plasmd

mai nt enance in a host cellc) stpoplizet mgAantenance of the plysa)idphiovi de

[ In se_rijesz(r)est relstORe11 pdptdQRUGhEASE recognition sites unique to the
asm d, an
P 15 {d) direct synthesis of a protein product

indicative of plasmid maintenance in a host cell
population;

(e} provide in-series restriction
endonuclease recognition sites unique to the plasmid;

20 and

(£) terminate mRNA transcription.
These circular DNA plasmids are useful as vectors in
recombinant DNA procedures for securing high levels of
expression of exogenous genes.

25 Having constructed an expression vector for
the amino acid portion of a compound used in the
present invention, the next step is to place the vector
into a suitable cell and thereby construct a
recombinant host cell useful for expressing the

30 polypeptide. Techniques for transforming cells with
recombinant DNA vectors are well known in the art and
may be found in such general references as Maniatis, et
al, supra. Host cells made be constructed from either
eukaryotic or prokaryotic cells.

35 Prokaryotic host cells generally produce the

protein at higher rates and are easier to culture.



(f) termnate nRNA transcription. These circul ar DNA plasm ds are
useful. as vectors in reconbi nant DNA procedures for securing high
| evel s of expressi on of exogenous genes. 25 Havi ng
constructed an expression vector for the amino acid portion of a
conpound usedwonsidses present invention, the next step IBCTIUS90ABe t he
vect or into a suitable cell and thereby3construct a r econbi nant
host cell useful for expressing the 30 polypeptide. Techniques for_.
transforning cel PROYGINS XPressSEndPnBiAl BRK Eeéi‘%’%%néllee%@ﬁs%ﬂﬂ/m in the
art and may b}esﬁmndhaﬂaMsgeaeIw argqfregeﬂé:e.&u FrahbDeatds, et al .
supra. Host cells njg’ge be cQ nst eukg otic or

n

prokaryotic cel | §ACiion bo les'ruaf”‘é a?% |18 hb@? leviels §EnER%I Fy produce

t he pr ot el n meﬂu@hesse@tmtamd arudapreteim aggriegrées
23 Prot el T FHa*?ﬁ eflusd U %c!;%?éd b%%&ﬁﬁif‘iz pB@ﬁéE@P d andSySt ems
characteri sti cal aggr gate in granu usn on a7 es

contai n hi gh | evegfolgied: heing t LERDY éfseslédkﬁP‘(b‘% e‘t‘h thsyakt pr ot ei n
aggregates 5 typigaldgermdstaPe neegyes ofl, psekHPind zadozdepgjpred and

refol ded using techni'ques well known in the art Kreuger et al., 1990;
U S. Patent No. 4,923,967). Preparation of G.P-1 Anal ogs and
Derivatives 10 preparationAbt J1t-il ONSaldysd apBEDSE S@ItiGeE- 1 Or G_P-l

am no acid seguence to prgﬂgce a des red GLP-

derivative, Bt active fra attlﬁgise é’rr&cursoﬂaa(%}?l}y%eﬁ?# ovvn net hods:
chem cal nodifi catimen ac:.d seqmpmt ke prmﬁtiqecat desi regl GAPebnimakxig on of

chem cal 15 and, gr{;paq! JeCak, Oélﬁzlve-r??”%ﬁ%m'twé%o?f cl assi cal
sol ution phase netho s and sem - s{/nt ds may_al so be usef ul
for preparing theady Ryl well-kngwsc pptlodsedhenichk f%ﬂdé§en@t+ment| on.

Met hods for &F AR BImbier 1@aR1 dn M0 L GUICBRL Ohat i BECSRER: dvent i on 20

are well known to an ordinarily skilled peptide chem st .
15 and enzymatic modifications. The techniques of

classical solution phase methods and semi-synthetic
methods may also be useful for preparing the GLP-1
molecules used in the present invenuion. Methods for
preparing the GLP-1 molecules of the present invention

20 are well known to an ordinarily skilled peptide
chemist.

Addition of an acyl group to the epsilon

amino group of Lys34 may be accomplished using any one
of a variety of methods known in the art (Bioconjugate
25 Chem. 1990; Hashimoto et al., 1989).

For example, an N-hydroxy-succinimide ester
of octanoic acid can be added to the lysyl-epsilon
amine using 50% acetonitrile in borate buffer. The
peptide can be acylated either before or after the

30 imidazolic group is added. Moreover, if the peptide is
prepared recombinantly, acylation prior to enzymatic
cleavage is possible. BAlso, the lysine in the GLP-1
derivative can be acylated as taught in WO 96/29342.

The existence and preparation of a multitude

3% of protected, unprotected, and partially-protected,

natural and unnatural, functional analogs and



Addi tion of an acyl group to the epsilon am no group of Lys34 may be

acconpl i shed usi ng any one of a variety of nethods known in the art
(Bi oconjugate 25 Chem 1990; Hashinoto et al., 1989). For
exanpl e, an N-hydroxy-succini m de ester of octanoic acid can be added

to the |ysyl - apeps/9m98 am ne using 50% acetonitrile in boregrawsinbiier. The
pepti de can be acylated either before or afger the 30 imdazolic group is
added. Moreover, if the peptide is repared reconbinantly, acylation
prior to enzymat d@rivatiyesyp4gelpst p‘dﬁﬁgﬁ’él.d%la@@, GLRel | {&i37d in the GLP-1

derivative cgn bﬁio&@&lh.’_@éé‘«‘dua?% baé&QF&esjcgiM\% 9&!.];2;5%3%&. Nos. t tThg g
exi stence and preparati.on i tude of protected, unprotected, an
partial | y-prot ecseg,&&h?’n%ﬂa?aw;a%@ nRattfH66/f Qrekevrt adnal ogs and

24 derivat ii9es; ofo @Q1P11467) 36) am de and G.P-1 (7-37) nol ecul es

have been desgribed (U. S t. . 5,120, 712; 5, 545,618 and
5,118, 666: O Skov et al | , og%m”!i\g’sa‘@; e FHIO f87) cargoxy terminal

Optionally, the amino agidl casbdwss tedr GLRal derivaahves ey der esi dues of
aP-1 der'vat've§r8@¥béga orx, égéﬂ%ﬁ?g? %ﬁﬁy(ymélggaéﬂé“te %h%iogg of the

termni is protected. Reactl ons formation and Tenoval of
such protecting BrotfEtat-e BeaeriuwdIPh W komrashantand emoliodeobf skil |

in the art includusg, pddteceXAgPifoups arEr MAGHEE G WRSd AnQelPLC
Chem stry 19;@; gleen, ,i?81; chroder and Lubke, 1965. Representative
ani no- pt Ot eEPPRY Y SHPSLi BRI e 2T E o Pe, fPBr§HA PG et yI |

i sopropyl, but oxpeatéomle, Gikbuos eiry lovehhox yatamienyl, 1973 ; @&é@ﬁpelnzgl ox]}/,
and the |ike. S ati.ve carhoxy- rotectin roups include, for
exanpl e, benzyl Rggég'r ?éjcthmd%t?ﬁ‘/ q‘e"é%%f,lgeﬁ%yl E‘SEF%?‘?Q‘“'?"- ey PmiR?er |
p-nitro phenpkoesttaing gndupseindlkde, for example, fdEayhoxycéeynj nal,

reparod | by L RIRG  Ra L ey e e b b BB 1 0" 2
15" carbobenzyloxy, and the like. ~ Representative carboxy-
protecting groups include, for example, benzyl ester,
methyl ester, ethyl ester, t-butyl ester, p-nitro
phenyl ester, and the like.
Carboxy-terminal, lower-alkyl-ester, GLP-1
20 derivatives used in the present invention are prepared
by reacting the desired (C1-C4) alkanol with the
desired polypeptide in the presence of a catalytic acid
such as hydrochloric acid. Appropriate conditions for

such alkyl ester formation include a reaction

25 temperature of about 50°C and reaction time of about 1
hour to about 3 hours. Similarly, alkyl ester
derivatives of the Asp and/or Glu residues can be
formed.

Preparation of a carboxamide derivative of a

30 compound used in the present invention is formed, for
example, as described in Stewart et al., 1984.

A pharmaceutically-acceptable salt form of
GLP-1, of a GLP-1 analog, or of a GLP-1 derivative may
be used in the present invention. Acids commonly

35 employed to form acid addition salts are inorganic

acids such as hydrochloric acid, hydrobromic acid,



desired pol ypeptide in the presence of a catalytic acid such as
hydrochl ori ¢ acid. Appropriate conditions for such al kyl ester
formation include a reaction 25 tenperature of about 50[err]C and
reaction time of about 1 hour to about 3 hours. Simlarly, alkyl ester
derivatives oiwgdsaesdsp and/ or A u residues can be f or MeERCT/US97/20114
Preparation of a carboxam de derivative of 28 30 conpound used in the
present invention is forned, for exanpl e, as described in Stewart. et

al ., 1984. hydroiodicAlapivhr seduticadig, apbempldrtic salitd, fardn of —
GP-1, of a GP- I , ; =3 rivat L v, din the
present inventi o#éal}gikgg 8@%‘“133%%?%#%%;5&%% pﬂp%)ﬁggiecsiuggodl tion salts
are inorganic acihi asthareswlLomigr seidodxelaei Acidy @rospBarkemtid,

25 hydr oi odi¢1 @i@ asidf Wdrboact acih)ospbeihic amid, angdric the like,
and organi c acids such as P-tol, enesu] f oni g gci d, t hanesul foni c aci d,
oxal i ¢ acid, D- RTHpkeRgPic acids PEEHT a5t dd, 2BArYthildX8ei d, succi nic
acid, citric 5 exdnthleBebZoswuchaciadtsatmdlivdieathd, santhtiehe | i ke. Exanpl es

of such salts include.the sulfat .Qsul ni_ su sulfite,
bisulfite, phosp??éﬁoéulfageh%lo%)}gra Baén%tﬁ%%g’%ét {éf%‘%%?&’ oééﬁ%ﬁl&astpﬁfat e,
met aphosphat e, pyerophydgpbanehospiiagel déihysregenphoswhatiepdi de, acet at e,

pr opi onat e, decaxwagmossagw,l Hyophospifte),! @heor{d MYremiksobut yrate,

caproate, heptanoateg, ropiol ate, oxalate, malonate, succinate,
suberate, 10 selrdisice, aFaibdtat ProRaPRAtY, dSGRYPRES,, £ABTEARES, hexyne-

1, 6-dioate, benzgat@matehl o6akangoaksoutpldiyl besgosdws, hepdhnbitobenzoate,
hydr oxybenzoat e, neth xgbenzoagt & ht hal at e, . suclef onahe

xyl enesul f onat e, P PaEet Ffatate, malonRkcs: SBFOHRYS, SHERER bR yrat e,
citrate, | actatesebacatgamiamdnateoxmbleéatat dutghy€h) biddoatay tiatyme-

met hanesul f onat e r S , £l - e

napht hal ene- 2- su}‘fe.(;nag!t%%?gh;ﬂﬁ%’gz{%%g’ gﬁgﬁ%%%h%gt%? Igfgegh%?%%g%?ge%e'aci d

addi ti on sall%s adinitirebentoertmd hydrowyhenagater anetdxybesaeateas hydrochl oric

acid and phthalate, sulfonate, xylenesulfonate, phenylacetate,
phenylpropionate, phenylbutyrate, citrate, lactate,
gamma-hydroxybutyrate, glycolate, tartrate,
methanesulfonate, propanesulfonate, naphthalene-1-

20 sulfonate, naphthalene-2-sulfonate, mandelate, and the
like. Preferred acid addition salts are those formed
with mineral acids such as hydrochloric acid and
hydrobromic acid, and, especially, hydrochloric acid.

Base addition salts include those derived

25 from inorganic bases, such as ammonium or alkali or
alkaline earth metal hydroxides, carbonates,
bicarbonates, and the like. Such bases useful in
preparing the salts of this invention thus include
sodium hydroxide, potassium hydroxide, ammonium

30 hydroxide, potassium carbonate, and the like. The salt
forms are particularly preferred.

A GLP-1, GLP-1 analog, or GLP-1 derivative
used in the present invention may be formulated with
one or more excipients before use in the present

35 invention. For example, the active compound used in

the present invention may be complexed with a divalent



hydr obrom ¢ acid, and, especially, hydrochloric acid. Base
addition salts include those derived 25 from i norgani c bases, such as

anmoni um or al kali or al kal i ne earth nmetal hydroxides, carbonates,

bi carbonates, and the |ike. Such bases useful in preparing the salts of
this inventi onvddsuséssncl ude sodi um hydr oxi de, pot assi unpbyisorode,
amoni um 30 hydroxi de, potassi um carbonate,26and the |ike. The salt

forms are particularly preferred. A GP-1, GP-1 anal og, or

GLP-1 deri vativemetal yédopnby Heeldréserin methhodisi onSwely medafloratien®dWi t h
one or nore excipj b r in he asen [ ti For exanpl e,
Pgi‘&ée ‘%9&( atigie zh i PP, ﬁggﬁh !

t he active conpound uUs€d™l € present invention conpl exed with
a dival ent Ni**, and the like. - 26 metal cation
by wel | -known net hods. Such netal cations i nclude, for exanple,
Zn[err], Mierr], Fe[err], Co[err], Cd[err], Ni[err], and the |ike.

5 Conpositions ofompwsiltiventobrthe Invention Optionally, the active
conmpound used in the g 11,V i B t
pharmaceutical | y- accept ablg %&P% Pp gﬁ%l %) l%yc ﬁfu tec‘f@%‘él %o%?ow de
accept abl e st abi PF?%ﬁntaﬁévaanh@@éprab‘F@nbﬂ@edf Bitthar ent eral

adm ni stration. pharmaceutlcaT 1¥RidRpabbYe KR! 5@& %W@W&S%&é&?' ly-
accept abl e anti -m crobi, ent s rra be added. Vet cresol and phenol

are preferred phhf? e c% fgptable al':%‘%’p]t’é:m'eaéﬁt? RH @C5BPRRPYgent s. One
or nore 15 ophar fecepidendkky? anidpisbketsal.t s may be added to adj ust
the ionic strength or tonbckté{na e gr . more .o XCI i ent.s g?¥ be added to
further adjust the i sotoni ¢l 9”0? The fmorrrmPa?f% eu('iﬁﬁé nis an
exanpl e of amc¢epitabiiecanli-adjcrsbial agenitsi way. b@@dded. Meta- GLP-1
receptors and thgeslgnaha! pAIRAIGEOPre for AR GRIER Aldes 20T, LY 11 0and

bi nding to the GP-1
acceptable anti-microbial agents. One or more

15 pharmaceutically-acceptable salts may be added to
adjust the ionic strength or tonicity. One or more
excipients may be added to further adjust the
isotonicity of the formulation. Glycerin is an example
of an isotonicity-adjusting excipient.

20 GLP-1 receptors and the signal transduction
cascade initiated by ligand binding to the GLP-1
receptor are described in WO 96/25487; Thorens, 1992;
Thorens et al., 1993; Widmann et al., 1994. The GLP-1
receptor is a membrane protein with seven transmembrane

25 domains, coupled to heterotrimeric G-proteins that link
activation of the receptor by ligand binding to
production of intracellular secondary messengers,
especially, cyclic adenosine monophosphate (cAMP),
cAMP, in turn, activates a specific protein kinase,

30 cAMP-dependent protein kinase (protein kinase A, PKA).
This enzyme phosphorylates a number of key response
elements present in the promoter region of certain
genes. In pancreatic b-cells and other neurocendocrine
cells, phosphorylation of some specific proteins of the

35 regulated secretory pathway stimulates peptide



receptor are described in WO 96/ 25487; Thorens, 1992; Thorens et al .,
1993; Wdnmann et al., 1994. The G.P-1 receptor is a nmenbrane protein
Wi th seven transnmenbrane 25 donmains, coupled to heterotrinmeric G proteins
that |ink activation of the receptor by ligand binding to

producti on of wgysneewe! | ul ar secondary nessengers, especrcaUsgiR2@yL| i c
adenosi ne nonophosphate (cAMP). CAMP, ppn turn, activates a specific
protein kinase, 30 cAMP-dependent protein kinase (protein kinase A .PKA).
This enzyme phosphorstignebyashiMbI@tiog R¥SCHtOSHENSE secredlogyent's présSent in

the promoter regpemm@fesertain genes. In pancreatic b-cells and other
neur oendocri ne cells, Ehos‘?horyl ation of sone sgeci fic_proteins of the
35 regul ated secretory palVRRAUStGOREPHPEE Hspipgen to stimulate

27 secr et i 0OBebyetsidnTofabhdgyeonsyGDBi . Offogeekiple), expogtadul es.

Vari ous conpounds known.to_ stinulate secretion of endogenous GLP-1.
For exanpl e, xp8§3$'€ck]‘508 l%Tf(f2 fe%gfﬁé ?e()crceé:ralggﬁﬁesé'ecsruecthaégguglg? such as,
t he adenyl at edeyylatse cgclasmtamtivhbeoskdianskodint her prhet pirntein

ki nase- G sti nmul at 2Nt . 125 tLadecanyy-rReboks ~acetate (TPA),
caused signifi ca%%gigsh%rq'g%ts%g&??\tqr;ge %gﬁe?se. of %_PT le?amgll%§°g§fal ., 1994).
The STC-1 cel |l 1®3taertadei TRk ePas6rh BHIHHRIESPENERCIqARSS LA transgenic
mce carrying ingglbdeddg@meLbND QHAIBNES, aANd1598 1 The 6LLE @&p known to
contain mRNA transcripts of pro- gl ucagon, fromwhich GLP-1 is
generated. Otherline Bahes, XA a ?t%%?g?‘é? staPPH iydgepseenrhi bitory
15 pol ypepti de, mgtéicaneydagensaillin-peuho tiniy @ptogeedd | Gadd sTc-bonbesi n,

calcitonin gene-rel ated tide astrin- rel easing peptide,
chol i nergic agonfg%gs, a[‘r‘ngBE’wn to TEP&RED SNy SAPEECTY sc?pf’%t Bf@nol, and the

muscari ni c cbhdicargi ¢ragowhisth GhEtharecieslerabed. siQublear |y known 20 to
cause rel ease of _g oUs, G Pl (Bhatsangdis, ehastrilinhi ., O skov et
al ., 1986: Brubaker. 1891; Buchar, et al .’ %5?3751 £ohib2e3ry

15 polypeptide, glucose-dependent insulinotropic peptide,
bombesin, calcitonin gene-related peptide, gastrin-
releasing peptide, cholinergic agonists, the b-
adrenergic agonist, isoproterenol, and the muscarinic
cholinergic agonist, bethanechol, are similarly known

20 to cause release of endogenous GLP-1 (Plaisancie et
al., 1994; Orskov et al., 1986; Brubaker, 1991; Buchan,
et al., 1987).

Administration of Compositions

25 Administration may be via any route known to
be effective by the physician of ordinary skill, except
that parenteral administration directly into the
central nervous system is not a route taught or claimed
in this invention. Peripheral, parenteral

30 administration is preferred. Parenteral administration
is commoniy understood in the medical literature as the
injection of a dosage form into the body by a sterile
syringe or some other mechanical device such as an
infusion pump. For the purpose of this invention,

35 peripheral parenteral routes include intravenous,

intramuscular, subcutaneous, and intraperitoneal routes



Adm ni stration of Conpositions 25 Adm ni stration may be via any
route known to be effective by the physician of ordinary skill, except
that parenteral administration directly into the central nervous system
is not a route taught or clained in this invention. Peripheral,
parenteral 30 veslogimssstration is preferred. Parenteral adm neernwsa7zen4d IS
comonly understood in the nedical literatage as the injection of a
dosage forminto the body by a sterile syringe or sone other mechani cal
devi ce such as apf admindsgsabiprpunpgntFayendvs, pdnpoareussiulap, sandvent i oh, 35

peripheral parenferale RULESrédLGe bAhiA\LRRAUSon of tHA! CLARHSEAAT
subcut aneous, and 1 ntraperitoneal routes

28 of adni nP82¢ & SRhe PYHTdy ERBEREIThAFEnTISEYIRASEeAREd:

subcut aneous routgsrHfenddei Hhs tidicu@Banedud toueespefindtininistygedon N t he
present invention aéf nor e Qr$ferr%d" | ntravenous and subcutaneous
routes of adm ni 8f retS GY™PEIRTS FEC: SRpEPESTERE T THe OBr 888 nYSY nvent i on
are yet nor emdirg i ighpyepeefeadedror Fpamarestatrabhddmiingstaa t bon, an
active conpound ed j.n t KN |0 r i s conbi ned
with distilled méﬁe%ﬂét@eaﬁgm“‘ﬁi’ﬁgﬁssgr.Y‘Str%*ep%f-’ei%“@ BRI Certain
compounds used | prefrraplesdatcombinedyehieh gistdléed sdatageaghen| oss may al so
be anmenable to ,oAddiRkstp@ti on by the oral, rectal, nasal, or |ower
respiratory routes, which are non-parenteral routes. O the said

non- parentery® routes, thESFEAKY CPEPPRRPT (Used Y r BRR PEeSePEeferred for

admi ni stration ofnventip@ptbdestdiaretelght ivdsnmbanilid\BankineAabMarious

formul ati ons of Iide _compouynds.for m ni stratjon by t he | ower
respiratory tracgg'gjrrélsgirgggggg%yist Ul ?P’ re%ﬁ?én’fa%ls'. o 389656 and
5,364, 838. Publ i caspiorat2ey\W>@&s],9¥87chli i ovespaeemsuialf gontieat i ons of
vari ous pept bﬂe&é%&gbwmi reafl 99!{@@9\;6&& eRRlatory tract

absorption of the conpounds used in the instan 1 nvention. The oral
route of admisresRixatory routqrist pre&eriast fesnpPIiStde&dornct he inst ant
I nvention. peptides used in the instant invention. Various

formulations of peptide compounds for administration by
the lower respiratory tract are disclosed in U.S.
Patent Nos. 5,284,656 and 5,364,838. Publication

20 WO 96/19197 discloses aerosol formulations of various
peptides suitable for enhancing lower respiratory tract
absorption of the compounds used in the instant
invention. The oral route of administration is
preferred for compounds used in the instant invention.

25 Additional pharmaceutical methods may be
employved to control the duration of action. Controlled
release preparations may be achieved by the use of
polymers to complex or absorb the active compound used
in the present invention. Extended duration may be

30 obtained by selecting appropriate macromolecules, for
example, polyesters, polyamino acids,
polyvinylpyrrolidone, ethylenevinyl acetate,
methylcellulose, carboxymethylcellulose, or protamine
sulfate, and by selecting the concentration of

35 macromolecules, as well as the methods of

incorporation, in order to prolong release. Another



25 Addi ti onal pharmaceutical nethods nay be enpl oyed to

control the. duration of action. Controlled rel ease preparations may be
achi eved by the use of polymers to conplex or absorb the active
conmpound used in the present invention. Extended duration nay be 30
obt ai ned by sewessmnssgs appropri ate macronol ecul es,- for eX@ErIp 9720114

pol yesters, polyam no acids, pol yvi nyl pgg r ol i done, ethyl enevi nyl

acet at e, met hyl cel | ul ose, carboxynet hyl cel | ul ose, or protam ne

sul fate, and by wsééPiﬁg“%%dcéﬁc@Fﬁ%@t ithe @fra3s.omnofoact apuleys, as—wel |

as the methods ofcontrow@&rmeagé%e;ia&aeigﬁé tsotlar%eaﬂp%ﬂt%a%ﬁ Anot her
29 possi bl e nethod to extend the duration of action controll ed

rel ease preparati 3G VE SCYBRE0PHRY e AR Presepd |1\’7‘éfeEBh°b‘bu’-|ﬁ°used in the
present inventiomarhioles ofpar pbmymm:f matéﬁia/lmulcﬁ g8t 851 @ stedeh as

pol yesters, I aci, ly .(lactic acid) or

et hyl ene vi ny?ac%t%?gmgopoqm‘%\%fsgy %ﬁ'?ha’??@él S},(acglc f?fs‘f’eégf of .

i ncorporating a ethpbeme vimydatheste copopghemeri @lparbatiwsly,it is possible
to entrap a GRgReYE b ASedokPotdiE ngﬁtﬂrﬁéd}\\ée'lhltgntﬁgsem crocapsul es 10

prepared, for exanple, by coacervatio tec ues or by interfacial
pol yneri zation, 8 Y@R’é%ﬁ)lﬂé‘rti‘:lemwto%?nﬁ?m tal eBeran a

gel atin-mi Crocap&@}npsund uscdespeetd \@&Iegenermxibr&qtahom%éifol&pgﬁhéyery
posones | bumi n m crospheres,

systens, for
m croemul si ofg, ﬁ’ﬁﬁng‘?‘f'i c%oésexﬁr%ll%a gcapRepEatign F?Phnlquﬁr’écpée'ﬁm si ons.
Such teachi ngs adetknfaeidlopbhoseridation, Skét lexampllbe art and di scl osed,

e.g. in Rem ngto i cal Sciences, ,1980. Dose

The dose of GLP- gyéﬁgﬁeﬁﬁaFOEF&°seG?l5 gefa INTELE 53??%‘%1esor active
fragments eff ect respéqtiwvely, parin cwldridabjduly teltvese syaitght; | oss wil |
depend on a @ggbg{angl aggggioemeﬁgggg?mrplgu%g:gsglqg%égded the 25

subj ect's sex, weight and yl ng cause
15 mlcroemu151ons, nanoparticles, and nanocapsules, or in

macroemulsions. Such teachings are known to those of
skill in the art and disclosed, e.g. in Remington’s

Pharmaceutical Sciences, 1980.

20 Dose

The dose of GLP-1, GLP-1 analog, or GLP-1

derivatives, or active fragments effective in a
particular subject to cause weight-loss will depend on
a number of factors, among which are included the

25 subject's sex, weight and age, the underlying causes of
obesity, the route of administration and
biocavailability, the persistence of the administered
compound in the body, the formulation, and the potency.
Where administration is intermittent, the dose per

30 administration should also take into account the
interval between doses, and the biocavailability of the
administered compound. Where administration is
continuous, a suitable dosage rate is between 0.25 and
6 pmol/kg body weight/min, preferably from about 0.5 to

35 about 1.2 pmol/kg/min. It is within the skill of the

ordinary physician to titrate the dose and rate of



obesity, the route of adm nistration and bi oavail ability, the

persi stence of the adm nistered conpound in the body, the fornulation,
and the potency. Where administration is intermttent, the dose per 30
adm ni stration should al so take into account the i nterval between
doses, and t NEOBI8Bai | ability of the admi ni st ered conBELNE20ér e
admnistration is continuous, a suitahje dosage rate is between 0.25
and 6 pnol/kg body weight/mn, preferably fromabout 0.5 to 35 about

1.2 prol /kg/m n Lt ds MR £ N8 3LLLs O 18 casns S URRTY, Ri¥SCTEN to
adm ni stration a:rfalcc@mposrt ctonsl certigbnings Gd?- bet@r®- iragmeragzal ogs, or

GLP-1 derivatives t a n t e he desired
clinical resul tt Gt'rh %8 g&%JJe g:ﬁ% ?gsned éﬁ% %Ll PesqHkl?’h\ﬁ’rrl;acceut| cally
accept abl e” rreaNELgS'm tlablse for adm nistration to a human, that is, does
not contain toxic ele  NALY I i ke,
and does I:]OES interfere w gﬁﬁ%cegc%ggg;dg %qrggw actr?%éguétg%%éﬁnds
therein. 10 for adminfRbrajiyeric ianbélmmon‘-hﬁltl Eshedet exqteadi | y

under st 00d by TEIRIAHCR okoe fe RAKLE] Cufd@iPldb1 MBbfbamants ROthded 1o

illustrate, not tolimt, the present i nventi on.
31 like, and does noqaagﬁﬁpge{e with the activity of the

active compounds therein.

30

10 The present invention will be more readily
understood by reference to a specific example, which is
provided to illustrate, not to limit, the present

invention.



Four patients having non-insulin dependent di abetes nellitus (NIDDM (3
male, 1 femal e; age: 5 60.21,8 years; starting BM: 33.5 1.4 kg/nferr];

starting body weight: 97.5 6.5 kg; starting wai st/ hip: 0.946 0.036;
starting HbAlc: 7.1 0.3% fasting bl ood glucose: 7.2 1.1 nmV)

recei ved WMes1Be8us, subcut aneous i nfusions of GLP-1(7- BEWUSAT28044 10
for four weeks. Solutions of GLP-1 were pr3pared by conbi ning 100 nnol
of G.P-1(7-36) ami de and 0.025 nL hunan al bum n sol ution (20%, then
adjusting the pHto 4 using 5 rol *a®R® il acid, and finaliy brifging

t he volume to 1 nL using normal saline. The solution was 15

adm nistered at a GLP-1 d&eerrpatdeaotslh&ving nomplinsglim miependdhe vol umetric

delivery rate of ﬂigﬁetes mMPlE@ ‘MBBMBNE%}%Q%?EW%?& Par g), used to

adm ni ster e GP-1 ution was subcut aneous
site of adm rﬂstsatiﬂn&/\@sathe stactaieg. BI®D: 33.5 + 1. 4 kH‘,llng treatment with

GLP-1 was conpar A t ekg- 0 ‘L gn |ve ulin therapy prior to
and after thggﬂ}r{& bo% N@lrﬁ’t\ﬁ:méy ngg 1 he i n901 T H J;t%-‘ &8t ment peri ods,

i nsulin was admi waksefhdd:s0bR4k @@o@éﬁy $efrdrieg HbARACHY - ﬂfeal 0¢3®e Table 1).
During the GLP-I 5 syl i nlster During both
the insulin realltdhr#(a?’ribogil 1%1 $se anz heV%?Pgﬁ tlfeecetlms peri od, the
patients adheredcowtmmuamdamhbtmaabeusclldﬁlalomngf KRLMg (7-36pf aminde a

caloric bas' a?@“tfoﬁé(y%ﬁéﬁ?Oh%lﬁﬁ:?ﬂng’oo/f GLP- ﬁa&eréaribqeg)gé%grg ein. No

exerci se regl rren was 30 fol fa ients were no spitalized, and
remai ned out - pat FeMRNiNgr d0GHIRRL tReCBRT {7360 | aride angej-845 mL

During GLP-I treaﬁxﬂaama,lbhh@nfmrutriahl @21055), thehosa wtingeepgep®fe 3. 5 1.2
kg body wei ght, |Iet st _onl %( durln %eflrst t wo

weeks of i nt &n¥FR | ng‘ﬁf‘?‘ﬁ aﬁ’eééf’n%ﬁ td. a?ﬁ‘&l gﬂ:’? rd&?h’é@l
32 wei ght , mmltaneert@ge,mnlursmg thensE cardnbwo Meelkslation was

15 administered at a GLP-1 dose rate of 1.2
pmol/kg/minute., The volumetric delivery rate of the
Minimed pump (Minimed Europe, Paris) used to administer
the GLP-1 solution was 0.05-0.07 mL/h. The
subcutaneous site of administration was the abdomen.

20 This treatment with GLP-1 was compared with
two weeks of intensive insulin therapy prior to and
after the GLP-1 infusion. During the insulin treatment
periods, insulin was administered subcutaneously before
each meal (see Table 1). During the GLP-1 infusion, no

25 insulin was administered. During both the insulin
treatment periods, and the GLP-1 treatment period, the
patients adhered toc a standard diabetic diet consisting
of, on a caloric basis, about 55% carbohydrate, 30%
fat, and 15% protein. No exercise regimen was

30 followed. The patients were not hospitalized, and
remained out-patients throughout the entire trial
period.

During GLP-1 treatment, the four patients
lost an average of 3.5 + 1.2 kg body weight, while they

35 lost only 1.3 £ 0.6 kg during the first two weeks of

intensive insulin treatment, and actually gained



intensive insulin treatnent. Al values are individual val ues, or nean

SEM (standard error of the nean). No data are available for patient M
for the second 5 insulin treatnment period. Table 1. Insulin

Treat ment Reginmes. The four val ues represent the anmount of

I nsul i n adm niwed s3F106bs subcut aneously (1U) to epchossRédht | ust
prior 10 to four daily neals. 3e first insulin

treatment preceded, and the second insulin treatment followed

4 weeks of GLP-|wei®dineptaverage, during thg sapend twy weeksnafil'in
Second Insulin intensive insulin treatmentll €abMBfdlues are iddLAdENt

(2 weeks) (2 weeks VI 47; 39; 35; 53 21;
20; 28; 26 values, °’-’N%ﬁan + SHY. (i‘f?,ndffy gpror °f1f?”‘em‘?a‘1)2-, k) 2
HF 11; 10; daxa RGe availllabl®0folZpatliZnt MP for the sebbnd - 20; 14; 34;
30 - .15 .Table_ 2. Patiept . Weight and Weight Change. G.P-1 (7-
36) am de was ad’rﬁ%uflsltnegéaa r§encto§|‘? Fﬁé%’us subcut aneous
i nfusion for four weeks, _ _ ~ immedi ately preceded and foll owed by
two weeks Table 1. Phsd11heDSLYEndrtS R imdder a¥- £80r values
Patient Weight (kg) representV€hgmcdA@NEE insulin administered
(kg) Initial &fidSftaneously (1U$e€ONach fpatksbnt just priorSecond
Pat i ent 10 | nsul i nto Gddrldal Dy Wdalsl nstheé fir@Pidsulistsul i n
2 weeks 4 weeks 2 weeks Premmient preoveeales],2amgetdss secWhd insulik0l1. 5 99.0
92.0 95.0 -2.5 - Ttfeatment Bollowed\WV weeks Dbif3 GOP-1 1tddedrment08. O
108.0 -2.0 -3.0 0.0 HF 94.0 93.5 91.5 91.5
-0.5 -2.0 0. OpacidiE Firsto4ndlilin O1. FBecondlindulin - -0.1
-1.9 - 97.5 [err]rrelemént €rr] 92rRakRédd 98.2 -1.3
[err] -3.5 +1.0 [err] (2 weeks) 6.0 (2 wbeks) 5.0 0.6
1.2 1.0 VN 47; 39; 35; 53 21; 20; 28; 26

NW 12; 13; 11; 12 11; 10; 12; 12

HF 11; 10; 12; 56 11; 10; 12; 12

MP 20; 14; 34; 30 -

15 Table 2. Patient Weight and Weight Change. GLP-1 (7-
36) amide was administered by continuous
subcutaneous infusion for four weeks,
immediately preceded and followed by two weeks
of intensive insulin therapy.

20
Patient Weight (kg) Weight Change
(kg)

Initial First Second First Second
Patient Insulin GLP-1 Imsulin Insulin GLP-1 1Insulin
2 weeks 4 weeks 2 weeks 2 weeks 4 weeks 2 weeks

VN 101.5 99.0 92.0 95.0 ~2.5 -7.0 3.0

NW 113.0 111.0 108.0 108.0 -2.0 -3.0 0.0

HF 94.0 93.5 91.5 91.5 -0.5 ~-2.0 6.0

MP 82.0 81.9 80.0 - -0.1 -1.9 -

97.5 ¢ 96.4+ 92.9t+ 98.2% =-1.3% -3.5% +1.0 %
6.5 6.0 5.8 5.0 0.6 1.2 1.0
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1. The use of a conposition conprising a gl ucagon-1li ke peptide-1 or an
anal ogue or dewpwsidsye thereof, to reduce body wei ght. PET/USI7/20114 2.
The use of a conposition conprising a %l?ucagon-l | ke peptide-1 or an
anal ogue or derivative thereof in the preparation of a nedi canent. for

t he treat menteotlobmesity. _ 3. A nethod of reduci ng body
O O 10, 2T 1 PhEr 10 0 el A of CORPASLLD
rou I'stin

n
conprising a conpound selected fromthe g cons g ap- 1,
GLP-1 anal ogs, GoRutadertlidts pegtide-1_ggoansanalsigueher Glexrivatdyept or,

agoni sts of the @uRylor, tsir@aatetbsdisddelhon cascade, conpounds that
stinmulate 15 synthesis of_ endogenous GLP-1, conpaounds that stinulate

rel ease of enflogenous GLP-Z:, ahBeptsfh PdcufPrRAgifion comprisinghre salts
thereof, in a dog@usdbbh<ciiont peptLaare or anl£HIGguRN ok Nd&EIhAs tweeght .

¢ oot 104 OhBLELE & LD, LIS oR0pcooRONuRR, ! ot ed from the
phar maceut i cal | ytaeeepéablef shkssty her eof . 5. The nethod of
claim 3, wherein the CPNPogi ﬁé%éi %faggamq{?e%gg by, iaqrﬂ:e’ri pheral
parenteral 25 route. . “"The met Hod of ¢ alm’5, wherein the
10 comprising, administering to a subject a composition
comprising a compound selected from the group
consisting of GLP-1, GLP-1 analogs, GLP-1 derivatives,
agonists of the GLP-1 receptor, agonists of the GLP-1
signal transduction cascade, compounds that stimulate
15 synthesis of endogenous GLP-1, compounds that stimulate
release of endogenous GLP-1, and pharmaceutically-
acceptable salts thereof, in a dose sufficient to cause
reduction in body weight.
4. The method of claim 3, wherein the
20 composition is selected from the group consisting of
GLP-1, GLP-1 analogs, GLP-1 derivatives, and
pharmaceutically-acceptable salts thereof.
5. The method of claim 3, wherein the
composition is administered by a peripheral parenteral
25 route.
6. The method of claim 5, wherein the
composition is administered intravenously.
7. The method of claim 6, wherein the
composition is administered subcutaneously.
30 8. The method of claims 3, 5, 6 or 7,
wherein the administration is continuous.
9. The method of claim 8, wherein the
administering of the composition is at a rate of

between 0.25 and 6 pmol/kg/min.
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conposition is adm nistered intravenously. 7. The nethod of

claim®6, wherein the conposition is adm ni stered subcut aneously. 30
8. The met hod of clainms 3, 5, 6 or 7, wherein the admnistration is
conti nuous. 9. The nethod of claim8, wherein the

adm ni st eri ng yad odzfagesconposition is at a rate of bet weercHuBiyi2and 6
prol / kg/ m n. 38 38

10. The nethod of claim8, wherein the adm ni stering of the

conposition is at a rate d0. Th¢aerded of aclavieh 8, 4whpamstik ghei n. -

11. The net hod Ofadﬁlﬁ‘isme@un\ﬁhgfeéﬂé (& ?051«&%& gyepeus AfllY Qgstration is
intermttent. claim 3, wherein the

conpound i s GLP-®eteds)0.- émaﬂé 204r P&‘%Hé?ﬁﬁ’ébutl cal | y- accept.abl e salt
t her eof . 13 llTheTIEE?tn{&ﬁoafoﬁhﬁLalIhBW\hﬁlﬁﬁdlnt k@e 10 conpound

adm ni stered |s Va 8-GP-1(7-,37)0H ceutical ly-acceptable
salt thereof. Rt Eavdiiont af’ﬂlgfﬁfﬁgﬁ% b ﬁ”%&ﬁﬂ‘gﬁ'@e%‘ody wei ght,
conprising, admnisteringlo aTlsibjetbbdaof oripdsi 8| owhereincahpri sing a

compound sel ect edofggd g BLOUP 1A GONSHRIL NG00 BOOHIS QL1 G OLP- 1

receptor, agonists si gnal trans i'on ‘cascade,” conpounds
that stinul ate sgacéptiaxleofadhdopaeeds GLP- 1, conpounds that stinulate

rel ease of endogenous GLP13%, afith metnhBRASFBORUY @ahha/réiqp%ﬂgabl e salts
thereof, in a dose 20 sufficient to cause reduction in body weight.

15. A conposioi onomseuhd Grdmihés ek tisovia bi-GLP-1136y7 M, glotr, asai d
composi tion Com%h§£@£:&tqlcﬁimbcetptabiéks%lﬁ:emxbggoé or an anal ogue,

derivative, tive
- 14, A method of reducing body weight,

comprising, administering to a subject a composition
comprising a compound selected from the group
15 consisting of agonists of the GLP-1 receptor, agonists
of the GLP-1 signal transduction cascade, compounds
that stimulate synthesis of endogenous GLP-1, compounds
that stimulate release c¢f endogenous GLP-1, and
pharmaceutically-acceptable salts thereof, in a dose
20 sufficient to cause reduction in body weight.
15. B composition used for the reduction of
body weight, said composition comprising a glucagon-
like peptide-1l, or an analogue, derivative, or active

fragment thereof.
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