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GLP-1 PHARMACEUTI CAL COVPCOSI TI ONS Background of the
I nvention The present invention relates to

WO pEBO8®AENt S i N conmpositions containing peptiBET/US2007/026490
anal ogues of gl ucagon-Ilike peptide-1 and/or
phar maceuti cal | y-acceptabl e falts thereof, nmethods for
preparing such conpositions, pharnaceutica
conposi tions and met hods of using such conpositions to
treat manmal s. d ucagon-1li ke peptide-1 (7-36) am de
(GLP-1 ) is synthesized in the intestinal L-cells by
ti ssue-specific post-translational processing of the
gl ucagon precursor preproglucagon (Varndell, J. M, et
al ., J. Histochem Cytochem 1985:33:1080-6) and is
released into the C|rculat|on systemin response to a
nmeal . The plg A of GP froma
fasting | evé 3 al.% sl AR 7a NS0, beak
post prandi al | evel of 40 pnol /L. It has been
denonstrated that, for a given rise in plasm gl ucose
concentrati on, theBackgensd ofithplingentidmsul in is

ﬁ%{g@%@h 'Bg’g'["i?cie}‘f CE)%F%'E%( at"ﬁf’{q%%]ﬁfﬁg\ljé?%ur’gﬁ)gﬁltlons containing

pedtiﬂ@eyﬁaﬁgue§ of dilic®jon- Ilk@ﬁééildéﬂsgn@/or bHPmAteutiddg-acceptable

al i mrentary enhancenent of insulin release, known as
saltshethereofet inmetbpdectior i preparing | Bycmummosﬁmsarph@rm@ceutlcal

corhifits e Hetitle BY € o URRPRP IS teat AbrEhe

G RslucaigppHlkegssptigleu HFIBE) §meee¢(Bm1 ) G& bpthegzetrin ¢he intestinal
enptying (Wettergren A, et al Dig Ds Sci

L- CQ%@Ys‘@ﬁ%sqg)lf'%@@Shﬁ§n§|ﬁﬁﬁﬁébp§€ﬁ§§lﬁ‘6r af th ghesagon precursor

e RRgor Ty 24P of! = oo PRV g 10209
andGlisPréleassd snfpy ¢se eircli@tipavsysgemhin oémmmetiooa ieat. Ehe plasma
e su cqglelgmeous s/c

I
conRAPEPa o) GPrarses et Bofoatias 6val 1al SRsEor BtRtel 15,PmollL to a
d I
pediCbbaflandial [bvBPBt oSiinolL IRASAY BB UeHRERSPatEE! that 8 a given
risel 9ipv : dldasma3 3ldddse Toorcarftiation, wie timoceﬁste tio lpdasma insulin is
nmedi ate& p.ott} H‘/ ingrea edginsul i.n relea
apRrEYMAtPY LNrerTgid reqle

yaose '%@PFHB'F’E%?@ r(‘)orlalﬁycgmpared with
intrb Ve RGN QUkTemanpl M., 0ét GLP-Ilartes Peen2s haeo- AP ﬂﬁi'sakéllmentary
post prandi al gastric enptying in pat i ents W th
enhancement of insulin release, known as the incretin effect, is prlmarlly humoral
and GLP-1 is thought to be the most potent physiological incretin in humans. In
addition to the insulinotropic effect, GLP-1 suppresses glucagon secretion, delays
gastric emptying (Wettergren A., et al., Dig Dis Sci 1993:38:665-73) and may
enhance peripheral glucose disposal (D'Alessio, D.A. et al, J. Clin Invest
1994:93:2293-6).

In 1994, the therapeutic potential of GLP-1 was suggested following the
observation that a single subcutaneous (s/c) dose of GLP-1 could completely
normalize postprandial glucose levels in patients with non-insulin-dependent
diabetes mellitus (NIDDM) (Gutniak, M.K., et al., Diabetes Care 1994:17:1039-44).
This effect was thought to be mediated both by increased insulin release and by a
reduction in glucagon secretion. Furthermore, an intravenous infusion of GLP-1
has been shown to delay postprandial gastric emptying in patients with NIDDM
(Williams, B., et al., J. Clin Endo Metab 1996:81:327-32). Unlike sulphonylureas,



10

15

20

25

30

(WIllianms, B., et al., J. din Endo Metab 1996: 81
:327-32). Unlike sul phonyl ureas, the insulinotropic
wa@ewsoseeod GLP-1 i s dependent on pl asma gl ucosSBCT/US2007/026490
concentration (Holz, G G 4th, et al., Nature 1993: 361
:362-5). Thus, the loss of GRP-1 -nediated insulin
rel ease at | ow plasnma gl ucose concentration protects
agai nst severe hypoglycem a. This conbination of
actions gives GP-1 unique potential therapeutic
advant ages over other agents currently used to treat
the N'\Qmﬂotr@%f@é@ﬁ& of wlims Ead’@pﬁlﬁm ﬁgfas}wﬁ BI ‘é@rbc;rf&entration
heal t hy subj ects, GLP-1 potently ences
(Holz\@IG 4% efeall, M&tur@s]@lgﬁrﬁﬁajn%@-mcﬁgm therioesnaf ﬁhl?ynsmedlated
abet ol o 35:701-71 1992; Hoi st
insdiiy, FEhse g, toft Plardy | @ugssd  dprisenbiatian Rintelsnateineh severe
hyp@gbﬁ:@ﬁﬂé | This _metiingtiow! oFxpefibmee V@;i%sp@_mcour%hde potential
Lefevbre PJ, Ed. Berlin, Springer Verla B
thergpestic pdvantagesovriatheragenis @@U@@tlmugegd@meat NIDDM.

( Kfr@drﬁgP@s E'rup & hQV%l'shbe / e%‘agy%&ggajﬁ%@ﬁ Slibjects, GLP-1

potdithemfleences gly&;eahlstre\ﬁflé estweip asnn@atn and Itmdd@n concentratlons
di abet es gGut ni a 226: 131 6-1

(Orshsi . NalehlpIoasni5: 181-7Al1, TOBPblelSbe!-daret oo Poteniishof GLP-1 in
dla%é%%)maﬂgééﬁl Lhe rf‘@ l%%gﬁ\ %ﬁmd&@ EXB@ héﬁ%lﬁ’gti\agmacology,

Lef@dredrd 7 &4, B@ﬂiﬁ) Smmgelfrnﬁ}é%rdng n@Q%,ypeﬁnld -328)1 reffectsnwhich are
type 1 patien Cr eut zf el dt a2 D es,, .

gluddiidgetRiertoieymade) B e kanet g 120093, AT Jverr, G.C.

et élnttﬁébé{ésa% '3@8[§4¥e198§§U| MBréch?' ftii¥idis ’éﬁ‘@h‘ﬁ\?% gatlents with

insulin resistance. GLP-1 and agoni sts thereo
diatmetes (Giutpiakel.f d¥. Esg! J M@ijl?@dt(id 6at322, s1&92orNathan D.M,, et al,,

Diaf§ik, 53351 5270 o098 TR int B UGS, el dp e 2
oD Bede! [Naut, (WA, Bet a0t CRabsiolaia 2@@4@26;6&7%993) and

In addition to the foregO|ng there are a nunbe
improng yeervicueerirolinntypgzl Patients. (Crautalaldt, YoO. wat @h Diabetes

Car%cP%ﬁg?@gw%@L f’d%rﬂﬁfn%?%tlrg;ﬁﬁg %gﬁ&v ﬂfezagﬁa |8crease insulin

senemvame@@cmmmmrr@suetancen ami/Fen ahbedg@ﬁlsﬂ%gtmreof have been
npt om of a di sease or disorder of the centra

progg$%{gr gggtrbwbjgcfg at qqkrf@ug#evmg,ppaﬂnwlm dlependent diabetes
(se%lwg@%@%gs% é}gglseg %B%f ﬁ]ektrgéﬁﬂe% Seégg@'ﬁxngl diabetes mellitus
(U.St Patent HNBDN(HQ@OAGBBGGEQ):N atry syndromes (U.S.

Pat ent 20050009742 and
In addlyon to theS forego?ng, ere are a number of therapeutic uses in

mammals, e.g., humans, for which GLP-1 and agonists thereof have been
suggested, including, without limitation: improving learning, enhancing neuro-
protection, and/or alleviating a symptom of a disease or disorder of the central
nervous system, e.g., through modulation of neurogenesis, and e.g., Parkinson'’s
Disease, Alzheimer's Disease, Huntington's Disease, ALS, stroke, ADD, and
neuropsychiatric syndromes (U.S. Patent Pub. No.'s 20050009742 and
20020115605); converting liver stem/progenitor cells into functional cells
pancreatic (WOO03/033697); preventing beta-cell deterioration (U.S. Patent Pub.
No.’s 20040053819 and 20030220251) and stimulation of beta-cell proliferation
(U.S. Patent Pub. No. 20030224983); treating obesity (U.S. Patent Pub. No.



10

15

20

25

30

200201 15605); converting liver stem progenitor cells
into functional cells pancreatic (WX03/033697);
wpe@sestese1g beta-cell deterioration (U S. Pat er€T/Bsi907/026490
No.'s 20040053819 and 20030220251 ) and stimul ati on of
beta-cell proliferation (U Sa.Patent Pub. No.
20030224983); treating obesity (U S. Patent Pub.
No. 20040018975; W98/ 19698); suppressing appetite and
i nducing satiety (U S. Patent Pub. No. 20030232754);
treating irritable bowel syndronme (WO 99/64060);
i ohint . ity i do .
20040018075 WOIBPILRCH), SPRre g Biprkthe Yarks YABLARG satiety (US.
PatéﬁOROtbﬁBI?)420030@275)8)5bea)ingrinﬁtabledimve{ls&wdb@ne (WO 99/64060);
00/.16 at acut e coronar
red A8 dLE APPItTY PP BORIS. BoRo a0 iy Jodcardial infarction (US

Patehf Futt iNY £6b4016280@ntwityds/o 1)29960998@”(%U% WO 00/16797)

attenuating post surgical cata i ¢ changes
treating &COBH, XBBNaAryt rsa'adrmgehncbaramemzegi ryocr dahsanoe of Q-wave

g —

surdiese atEhoIRy | dangds S(UBatRatenPURe. 00838300afRY: hibernating

i ncreasing urinary sodi um excretion, decreasing

myQgareiny qroﬂmtlgnﬁ:@rdmmm@thvdru Bu.Fateph Ry, Ngb 20Q60096276);
sup P@%@r? 7 gg}ﬂat tb'rl QQEFSOQ,?V O{)r%%?réeoprheeq@%or(ge% Patent Pub. No.

SSocli at OXIC Vpe
20059006226); ¢tntreasingvarifegrdodi lﬁh|eﬂcﬁetld”rﬁ Rivcedading )Llﬁldémotassmm

cirrhosis pulnnnary edema, and ertensi on
conpRpAOTPul S0 Paoubd0arosk- J00R0RYSER (etingpPenditions or

|
d|scfggt§§gt5§§o§5f$ﬁowﬁégggfgo%ggﬂeﬁﬁ? gg Lge‘htgélféllt}’re( yor$gest|ve heart
failureangphyotitr syredrotheS. cifPhosis pEintonavy. écﬁerﬁ@OéﬁdGﬁ@é&e&smn (U.S.
Patfdy Eub- it 2RBBOGHHAIsST p'"qg f%ﬁ’m‘i'r%é TRBPPRIG/ANY} increasing
cardiaB Qonfracim 2t (g, Pattrf; de No. %%do@?@@ﬁ?Qféég{nﬁerr)olycystlc ovary

subcut aneous, i ntramuscul ar, peritoneal
syndrgreet (drS.oPatentustun (Na.s. ZODIOR666TH. &l\k20040029784) treating

200402 t Pat ent. Pu
resRERIOR AR b b - Pridtt A NeFf0dibeas7 2ay dm ey ngimititon via s
norf¥IFheREy Otoul, 9-i.e. M 4 altpdvErousef subeitanedusar intramuscular,
ej ection fraction (U S. Patent Pub. No. 2004009741 1)

peritoneali Ior tothgr dnjection wdgﬁuslonow Si. tRateat fPub.f N¥p. 120840209814),

e SEHthp APy IAEST ko e I3, 20T, b SR R Bertioutar

systolici dpsfuactionek. gsy Ivdfi‘o%no&ﬁhdl asft W@Tﬁ@hléﬁtdjéditldrﬂ fraction (U.S.
endoscopi ¢ procedur Pat ent Pub.

Patgobmelggz)zoogpggmw dﬂh[hltm antro- duodenal motility, e.g., for the

treatment or prevention of gastrointestinal disorders such as diarrhea, post-
operative dumping syndrome and irritable bowel syndrome, and as premedication
in endoscopic procedures (U.S. Patent Pub. No. 20030216292); treating critical
illness polyneuropathy (CIPN) and systemic inflammatory response syndrome
(SIRS) (U.S. Patent Pub. No. 20030199445); modulating triglyceride levels and
treating dyslipidemia (U.S. Patent Pub. No.’s 20030036504 and 20030143183);
treating organ tissue injury caused by reperfusion of blood flow following ischemia
(U.S. Patent Pub. No. 20020147131); treating coronary heart disease risk factor
(CHDRF) syndrome (U.S. Patent Pub. No. 20020045636); and others.
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i1l ness polyneuropathy (CIPN) and systemc

i nfl ammat ory response syndrone (SIRS) (U. S. Patent
weiws/081856 20030199445) ; nodul ating triglyceri deCT/Ey®05026490

and treating dyslipidema (U S. Patent Pub. No.'s

20030036504 and 20030143183)-a-treati ng organ tissue

injury caused by reperfusion of blood flow foll ow ng

ischema (U S. Patent Pub. No. 20020147131 )

treating coronary heart disease risk factor (CHDRF)

syndronme (U.S. Patent Pub. No. 20020045636); and

ot ey . qsphéwe%e Jica h b|é3"ﬂa| A éstihs ‘half-life (tiz) of
havi ng a plasm L
only/|1v2) mlﬁxmg\evmusﬂi)gowtrousiseadn’emistewd LGILB 1alssalsoa;ap¢dly degraded

(De55h, GEotsT S iiatetbsiafia 2oty T8 THis ired@elc instabitty
Ilmlish@iéaﬁh%bépbéhti%%&éhhél' ofoﬁat%t GY_P ELA Aumbdr BIHRIM@E have been

attenpts have been taken i nprove the therapeutic
takgyottentmprovef tr@_mqraaﬁutlct@otantaalogé GhPdugind its analogs through

ol SRLRUSETE) Bl R 41 BRarb, B s, pubtcaton no

WO 09£8708as daseritiesse 3S pfadessr fatugiodaciigy 8hyatals odf GLP-3 analogues
anal ogues whjch are said to be useful in the

whigh asarsaidde Be yirlvinit the incaparadaporfi Phameaceyiiienl ggmpositions,
suchdh e%%l?e(grp§§ ccﬁﬂpﬁ%hg'tﬂg ?Yrkqa@r%na glohad cButical acceptable

phar I'cal “accepta car eneous m c
carmrys!ﬂ@tlemgmedusstma:m ofys(ajﬁ-hel dlust8rg) O cmawa(mm)om (h\AWe been
fraom sal i.ne sol uti ons and ex ed aftfr cr

| N
growp IaMm $afipe $0 \‘Ptnsvﬁriqwe’éfi"ﬁt” after crystar gaaki Qkﬁ’%ﬁt%\?&t with zinc
andr&y %cre%@?rﬁﬁn AP Hafeh; Fﬂ’%rr‘ﬁ% Rels \1&95!)2) No© 10€1995)). Crude

crystalli ne suspensi ons’ of GLP(7-36) NH 2 cont ai ni'ng
crys’(aHadEesUsm(enmmlystdl ST -aehbh aontainig piceatié-bke haystals and

DR SBER 40 RSB oot HoosREoBOTME S Esntaining
zchBr BRABIAGE YPrasl, ! al. 1I$1@ern@ﬂon§|3.jo'iﬁné|18\9ﬂm)armgékélﬂ%a‘{?ol 136,
pat ent 5ub| ication no. EP 0619322A2 descri bes the

pp. |c5r3e§%n(é P61 Eﬂroﬁearbpatqrﬁtmuhcat@orf 0enERP6ERB22A2 describes the

prendigteh sl G STAER tefmie B Gl LR RIS Bl Sations of the
proieﬂwlrﬁfquCZJBfﬁ bWEfegWltm@bmaﬁhkﬁbmb&haliowéod)ﬁsélEEGhd IdwB.molecular
Pat ent 490 descri bes seedi ng m crocLé/sta

weight p@lbremyl%nq slychSP(aE%. Urs.aPateshiNe.t& 566 #90ndesnsibes seeding

micfSREHSIS A iy Bt G1PG BERY % B Ad in HerolBESH of purified
peptider poahuats.f Uas. rRHient ®5p5,8R¢- (UBe 5y peisvlises GLE-1 crystals
said to have and to exhibit extended

haVF}g 9.t9tsaae@¢'\ﬂa(ty° L‘E a 5’%} '%ﬁ&\'@@et‘l‘fﬁtc hsgrersaid e have improved
purity and to exhibit extended in vivo activity. US ‘5621 teaches that such crystals

are relatively uniform and remain in suspension for a longer period of time than
prior crystalline clusters and amorphous crystalline suspensions which were said
to settle rapidly, aggregate or clump together, clog syringe needles and generally
exacerbate unpredictable dosing.

A biodegradable triblock copolymer of poly [(dl-lactide-co-glycolide)-B-
ethylene glycol-B-(-lactide-co-glycolide)] has been suggested for use in a
controlled release formulation of GLP-1. However like other polymeric systems, the
manufacture of triblock copolymer involves complex protocols and inconsistent

particulate formation.
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are relatively uniformand remain in suspension for a

| onger period of tine than prior crystalline clusters
wa@pasasmwsphous crystalline suspensi ons whi ch WeCEUSRDT026490

to settle rapidly, aggregate or clunp together, clog

syringe needl es and general | y5-exacer bate unpredictabl e

dosi ng. A biodegradable tribl ock copol yner of poly

[(dl-lactide-co-glycolide)- - ethylene

gl ycol -/3-(-1actide-co-glycolide)] has been suggested

for use in a controlled release formul ati on of GLP-1

of T T RRSRERRIAe e 6, 1 REBLELS ORI (PLOA)

hawmalsnsb@&resuggesteddorase |hosu1m|'ned cﬁiliw'ehafdrmulatmns of peptides.

Howgyen Heptset Siehibarearacells st dted Bt deirec’in the art

sméélf’eﬁ@éé‘ BIyiRersV ey MRV | F@Bﬁ sBlubARP ik §)2§ter VB Y&4uire water-

he use of such™ bi odegradab l'ymers
lmrmsgubéa/ @rganicnsaluentsy te &, rmethylmm chisirigies randjen énaesh preparation

cor{@foz}so W‘B@'%gghtﬁp&ﬁr tgtqﬂarﬁg s‘rg?\gems nﬁq«ﬂ gﬁlésh preparation

corifitiats gk, corsitigred h@rﬁé‘reﬁéélﬂﬁ’é Atk oniriitHd tommarfbtibmal change of
manuf acture. Such organi c sol vents and/ or harsh

thephepiitieacr goteim@ftintaigstarreseldingi inedeerepsed rifusiieral imegrity and
corﬁbr%'fmg d'tﬂgk‘) e éc‘iﬂ‘/t? (& stk Cﬁﬂgﬂﬁeﬁeéé%‘?gﬁ’,e%l.dﬁ No. 5,

I nteres resuftrng i ease

(20921) yébwv@lmeretrwel beeralickwisefauitads €. pi ol ogi cal
act Vit [gChm et al., Pharm Research, Vol. 2 1, No.
(ﬁ{ Sitians Asseritac in thrSpregoing flefergnces are less

I |
tha aﬁs%'ﬁ@ @@Eﬂf"%@eﬁ’ﬁ*&f‘sh £ fBFRGRHERE 4GLPS, ince they tend to
tra;phmpmid:leat an@ﬂorfanermIterwms difficGit Ptos reprocieictbie ymanaaficture and
totrap ur es apd/ or_ar hervvlse difficult to
RiRBEn ATy Gl paalidse 2iRa KT B dpodeq pSligep &t elevated
corﬁ;@:ﬁh‘éﬂén@r Tl @MEre & I HeeR RAYSBIidR! aekaymimed drug effect with

concentrations, thus there is a need to provide
redsoed ainitiad Wjas:@aecoe@entvattdmsr Ritead det il |Ia||abptcﬂcsgra 38: 720-725

(19930°80k 5. ‘Blabfn Ceran 7Ny 2haPulucigd, pepeon et al,

DiabBtés, 4a441{2829431 (Pe9sPN Blenadk; thekd datried bt GLIRAGoimulations
131 (1995) ) Hence, there is a need for GP-1

Wh*ﬁbrﬁ[ﬁdﬂpfms‘aaﬂﬂb/cﬁnﬁr ecligbhe rearyfeptuied, that gieymore easily and
reprody tégrﬁlglsttél%%t a'{%h?aaergns I'L &Bgldesng‘ 9?8'&&4 thitial plasma

A tere oapa irént prov
conoeditratidns in brddr tplréduee or eliminate unwanted side-effects.

Summary of the Invention

The invention may be summarized in the following paragraphs as well as
the claims. Accordingly, the invention provides a pharmaceutical composition
comprising a GLP-1 analog. Particularly preferred is a GLP-1 analog according to
formula (1):

(Aib®3%)hGLP-1(7-36)NH,
(N
or a pharmaceutically acceptable salt thereof, wherein the formulation of said
composition provides for superior manufacturing, administration, pharmacokinetic

and pharmacodynamic properties, as well as attenuated negative side-effects.
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concentrations in order to reduce or elimnate
unwant ed side-effects. Summary of the Invention The

WO poosngliesn may be sunmarized in the fol |l owi ng PCT/US2007/026490
par agr aphs as well as the clainms. Accordingly, the
i nvention provides a pharmac@dti cal conposition
conprising a G.P-1 analog. Particularly preferred is a
G.P-1 anal og according to formula (1): (A b8
5)h@P-1(7-36)NH 2 (1) or a pharmaceutically
acceptabl e salt thereof, wherein the fornul ati on of

Pre‘f%ria@)lfW%ﬁbFrﬁQ@etﬁf&Yic@%JS‘ﬂfqr?Hg%é vermachgfélehbﬁsonsist of a

adm ni strati on, P ar nracoki netic pnar maco nam C
clear ageeousZnChssolatibn daving pHuhte avhiehy said/fAib®*°JhGLP-1(7-36)NH,

. side-effects. Preferabl h har maceuti cal ¢ osition
s BIESHE P rasRnatenngl EoReiel B S eZRCiqdpdesent at a
con@ehtratioflofo.®mdiayi ng pH 4 in which said _

[ Ai b835] hG.P-1(7-36)NH 2 is present at a concentration

of @nﬁgpr@p‘erg@m embelimeot ofitbe ghegntian provides for a pharmaceutical

cofBBGAA AR o BB PG SR AR T o roauced

initabbpati ti on having an i nproved drug rel ease profile,
preferably with a reduced initial burst., The present .
i nvERe | Bresand o IpeslirBe 215 PiYidatacient Pharmaesiiisal + cemposition

| .

corfiBfBRa S EemPafRaRP itlta () HealitiePen bhacrtéfuufion of action.

t heln pvefetriedn fedtares)rivel dreention alsphprovidesitfocada pharmaceutical

conp@si tiqn which precipitates in vivo at L .
corBRORITISN JYNE PresiptAfes 4 verAt RhSIQIdoiGaLRkite fersp ap in situ deposit
for aUsiisthined réfé%@@%ﬁu?@‘ﬂ&ﬁl@f ofile. A further enbodinment

of the invention provides for a pharnmaceuti cal

confofrthern ectbystimeinh gofa the nipyantiornf providasl dor( 19 pharmaceutical

corfREH ARG LPTPRSITD ot c AT RAES. By A ()| fond, Phammaceuticall

acddpthiieabhl Rrébfcanti ar pRarfhtaifitallg OadptasleVvabfier b diluent.
preferred features, the invention provides a

Prejeeably gaidt Gageer eodibsnt commprisesprater.ng a conpound or

GLF)I'nlppe“afg};réea| efegfa%g,gth%r i%@éhﬁ&'n \ﬂircs\ﬂdgs SaalpF1ar?‘£a<§ehu“atical composition
comprising a compound or GLP-1 peptide analog prepared with a salt of the
peptide or with a mixture of peptide and salt thereof.

Preferably, the salt of the GLP-1 peptide analog in said pharmaceutical
composition is selected from the list of pharmaceutically acceptable salts of
organic acids, such as those of acetic, lactic, malic, ascorbic, succinic, benzoic,
citric, methanesulphonic or toluenesulphonic acids, or pharmaceutically acceptable
salts of inorganic acids, such as those of hydrochloric, hydrobromic, hydrio‘dic,
sulfuric or phosphoric acids. Pharmaceutically acceptable salts of strong acids,
such as hydrochloric acid, are particularly preferred. A strong acid is defined as an
acid having a pKA of less than 4.5. Additional preferred peptide salts in said
pharmaceutical composition are salts of organic acids such as those of acetic acid
or trifluoroacetic acid, lactic, malic, ascorbic, succinic, benzoic, or citric acid.

In one preferred embodiment, the solubility, the pH, and the release profile

of the pharmaceutical composition can be modulated by adjusting the molar ratio
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peptide or with a m xture of peptide and salt thereof.
Preferably, the salt of the GL.P-1 peptide analog in
W@ 200d/08288¢ maceut i cal conposition is sel ected fPONUSINE7/026490
list of pharmaceutically acceptable salts of organic
acids, such as those of acetdze, lactic, malic,
ascorbic, succinic, benzoic, citric, nethanesul phonic
or tol uenesul phoni c acids, or pharmaceutically
acceptabl e salts of inorganic acids, such as those of
hydr ochl ori c, hydrobronic hydri odic, sulfuric or
of G’Lmﬁlpé‘t%lbﬁ ifsafSorn? l't’@ rLaﬁ@JT; hit ﬁ'F PiciRl  SREhE tRé release
stron s, such as dr oc I C ac are
proﬁl&ranct:mcmde)thpnrmtlaksmlde |rAG¢JPr bragatog concendrstioned as an

or dors cbrefefied osripdi Py, J8R, ok RGEUlRAlc gomposition further

con@&%sbtdloéleﬂf el 4 I%e?rtﬁéﬂhﬁte?(‘éo‘l@olﬁt?c@f fhe EBH}?}%Sltlon and
acetic acid or trifluoroacetic acid actic, nmalic,

thew&wo%ead the celeape profiahite sigrultaneouslyaedacingrtheriaitial burst or

spif LB GRREEFObs Pifer s dleebl mek R AP 3ihc it copper.
Salbforidef thbedivalgnedictsisiarg pargcuiaaprafeire@oincfddihg but not limited
analog in salt formto G.P-1 analog not in salt Torm

to ahlorida and aqplatecsalissel theodivalens meetalsd uEdACheCLRiz iZBAC2, and/or
Znélﬁg'@ rﬁ&t?rgqe#e@na\i’%gel%%[}ﬂ Cafjﬂ}a'lé)rﬂ mél{él gn@%o‘?fcf\ﬁfl&qt metal salts

harmace COMnposI
in saudpphaﬂﬁa@elﬂlcaalc&mnpasmtl@h isoplesert ihhe vemegntration from about

ubi | ft conposi tion and thereby extend th
0. 08&”@%’8' }5{6813%?&}“97 B sf‘—LHﬁP tBAE R 9“@6 Ubergvalget Metal and/or
dlvéIBh | fetdur tsormSEbl&e cépn&ﬁﬂbéﬁhbﬁn% present in a

erre I'val ent et a s |nc ude zinc and copper
conSahtratmm irono fabolué O v abgdmil tosttalug 0a5@ npg/mtli dvbeer pgeferably, said
but. not limted to.chlori

phefr e aiCd orontion Somiplistarm HiiRn Bnefeifds dided Comprises a
phazﬁr’é%%utlé‘él@/ SEcetabié 3G GedsolRfisherTies dilkesf fiztomprise sterile

the divalent netal and/or divalent netal salts’in sad
watghar maceut i cal conposition is present in a

v af i Bheddliielt dia PrpRRERottaL bR iopy MRe bomprises

a diliaertanetareindlors@ivarnt inétal dalphanhersie whé @adlar ratio of said GLP-1
conposition i resent in a concentration from about

anajo@ to nggid dlt/@leagcm@tab /ey divelentometalr ealeimiseid pharmaceutical
compGEifise ?éﬂaéﬁéoﬁ\ogﬁé’rﬁg @n%%lygggpgf éﬁﬁ‘ro%rﬁé N9l Preferably, said

erein s armaceut’ cal'l y
ratiacargésifioen agprximatsly &t 5:drto a'rptmoﬂmhaielw r‘rayMomrprefembly, said

ratlcsft ?arr%gle% rtrr(;Jr approximately 5.4:1 to approximately 1.5:1. Even more
preferably still, said ratio is approximately 5.4:1, 4.0:1, or 1.5:1. Most preferably,
said ratio is approximately 1.5:1. What is meant by approximately in this aspect of
the invention is a ratio of 1.5:1 £ 10% each target value, thus expected ratios
include ratios encompassing, e.g., 1.35-1.65:0.85-1.15.

Preferably, said pharmaceutical composition comprises an aqueous
mixture, suspension or solution, wherein said analog of GLP-1, compound of
formula (1), or salt thereof is present at a concentration of approximately 0.5% -
30% (w/w). More preferably the concentration of said GLP-1 analog and/or salt
thereof in said aqueous mixture, suspension or solution is approximately 1%, 2%,

3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%,
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In a further enbodi nent, said pharnmaceuti cal
conposition further conprises a divalent netal and/or
walpaabgaste met al salt, wherein the nolar rati o PET/BES1007/026490
G.P-1 analog to said divalent netal and/or dival ent
nmetal salt in said pharmaceusscal conposition ranges
fromapproximately 6:1 to approximately 1:1 .
Preferably, said ratio ranges from approxi mately 5.5:1
to approximately 1. 1 . Mre preferably, said ratio
ranges from approximately 5.4:1 to approximately 1.5:1
18%, F9ep 9BYe @f%f, 13l Y384 | hy,, SPaof, DB0L 02779, 28%, 29%, or 30%
appr oXi nat €l Y4717 4°0:1, 'or 1.5:17. Most
(Wiyw). d\‘/lereabre;ferat&y,dhealdrm:ehtraﬁpp ofsaith Py 1 Breddg antoatsalt thereof
. is,meant b roximatel.y in this,as t,of e
in sai, BRcPoye FetlBds pEPLrinadly 1% cafte ok 4% 5% 0k fee: 8%, 9%
1o%hm$°/oe>m%t®%r 416%381 g%%%ezn% 1209/, PERMDAYS 19596, 26%, 29%, Or
1 5. Preferably, sai'd

30"{9r(w/whd\élgte gmfetahlqostshl,tthcrcaﬂ'@ﬁptrak@@ of saigjaralag of GLP-1 analog

andlpr tallfipr8BERR A Bbup 3ol e ARBRRIBIAT h 0% % %, 5%

6%p IQ% GM%aH 196 CRPUL AI%} A%, H5%POF QBPATRIVAY)Y Bl/eﬁ’/moréql%ferably
re preferably the concentration of said GLP-1

stilyfhg @gnmraﬂons@ﬂ saifl fanaleg of pLEx(l andderesalt thargelinesaid aqueous

B 0 % % o o
sol P RabRDRhaRRL 448, e SUEPRISHATST, Hokr 227, 28R 4%, 25%.
or 26% (WKe% 1B nideo pr%@@(;abg/ Itte @cﬁ%enﬁ%n%ﬁo/sal%%alﬁg%f GLP-1
7% 28% 29% or 30% More preferab
an e%aﬁtthgﬁqogﬁnoﬁe@mfe Vgphatm.n &?ggBH@/XHPa 1%)1 phérect /o, 10%,
0 8 "
23925}3& fo g&%?ggy %Bb%%ﬁﬁ%ﬂo / qg%/fé‘r'\ltmbeﬁl)g@&l 63/3/9 %é”rg/gentratlons
of aggyt 5%/ to 2dut 238 +20.856 25dhe ZB%etZ@We s tiBodeginedyrange (for

Nor e erably still, the .cpn tration of sa .
exaffERol) S B-So I ATOHARED St T HEde CorEsiagions of about
5%%@%59&\&0@% B thes taABRE Q¥iuEBiscthg dddired’ba ((f&P/@xé%ple, 8% to

6% 9 10% 11% 22% 23% 24% 25% or 26% w w) .
12°5v@@pnm>@rn@wt/é|0&b) y still, the concentration of said

Sor tidfabie s SfChRpuS] of IBSSR Py I s BuRger oLP-1

or Qél%he?é&ﬁ m&ﬁ%pf%’i%ac@btlaﬁl%dmb@éltloﬁis hbouot % (welght/volume) and

preferably, eaago ncentration of anal o P-1
theamalasrradia) af W‘é Bﬁh%—%éﬁ@)'élbbé@@l@&I\(ﬁ'eaﬁnme&al Gndior divalent

mefé?@a%'sr%cﬁly &"4’ I\%JPe ﬁ@f?ﬂ]a;b"(g,otﬁﬁ%d?{ce%ﬁél oM AP IhGLP-1(7-

roxi na OW N
36 )INHIC et rsli oﬂfner@cif abOlshld) |5I%m®aca§m|cbl 486mpositidho i about 2%

(wetlgr?t/\}oall&%et) a\a?il Lf|1e rlnséIegrhr(:éltl(geotJ [lAl d83g]?‘|&;q_ep_(1129_%6)NH2 or salt thereof to
said divalent metal and/or divalent metal salt is about 1.5:1. More preferably still,
the concentration of [Aib®*°]hGLP-1(7-36)NH, or salt thereof in said
pharmaceutical composition is about 10% (weight/volume) and the molar ratio of
[Aib33°JhGLP-1(7-36)NH, or salt thereof to said divalent metal and/or divalent
metal salt is about 1.5:1. Most preferably, the concentration of [Aib®>*]hGLP-1(7-
36)NH; or salt thereof in said pharmaceutical composition is about 23% or about
25% (weight/volume) and the molar ratio of [Aib®**JhGLP-1(7-36)NH, or salt
thereof to said divalent metal and/or divalent metal salt is about 1.5:1.

In a preferred embodiment, the concentration of the analog of GLP-1,
[AiIb®3IhGLP-1(7-36)NH,, or salts thereof in the pharmaceutical composition is
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exanple, 0.5%to 1.5%is approximately 1% ; for target
concentrations of about 5% and hi gher, 20% of the

W a00808265@l ue i s the desired range (for exanplBCT/B32000026490
12%is approximately 10% . Preferably, the
concentration of [Ai b8 35]h@&P-1(7-36)NH 2, anal og of
GP-1, or salt thereof in the pharnmaceuti cal
conposition is about 1% (wei ght/vol une) and the nol ar
ratio of [Ai b8 35]hGLP-1(7-36)NH 2 to said dival ent
metal and/or divalent netal salt is about 1.5:1 . More

aonl"t %f°€éﬁ@|g\ht/vbhﬁnéf39ﬁ8'?ﬁé Fhbiap ré’tfo Bﬂﬂ@péﬁﬂlw tHd divalent metal

or salt thereof In sald pharnaceu
andt@mpdwatartbn metahbealt 2%6 arner@hltrmyu@f}1and/lmrbe rmelfmably, the

conrggfr ggr?r]; #M%&rﬁ@%ﬂ&}g&%ﬁg) NHZeI?r {;’r%o 40, stalg omposrtlon is

aboR B (e voltMﬁé? aﬁaeéaiaaaklw |§tdddrOX|H2ﬂel904196ﬂtN’/I6Fé Pheferably
of [A b8 ] h@&P- 1( 2 or salt thereof in said

stlllph@pnmpntfatroraoﬁﬁo[ﬁl ’%\!g}hGlsPd&&aG)mb% or salt thereof in said

con 13 BbBIE QAP L RABl e Bl 3okt B8 gpprpmptely 5.6:1.
Stilmguaherantéferablyy aheniconeentration tofi $ABBSINGLPS (- 36)m-$2t or salt

referablfdy the concentration of [Ai b8 35] hGP-1(7- o
th e@’?)fNHZ sgid LAMPesitierR Js ?ho%l"@/ph eightyelbgg) and said ratio is

[ 41 s about 23% or about 25% (wei ght/vol une)
appgggllﬁzg&@pa ratio of [Aib8 35 hGLP-1(7-36)NH 2 or

sall?rdférab@ofsatdads/alelhtdhml ant/aretivdleatcietal sdilthvialpeavided as zinc
ab In a referred enbodi,ment
CHIGTH 26786 A RtBorMOre Praterihly. G Png eiate IEATRYISd BS ZnAcy2
H,35]1 hGLP-1(7-36)NH 2, or salts thereof in the
phar maceuti cal conposition isabout 5% (wei ght/vol une)
andntarealieinative mbodimertiesaidptivalent metdleanti/oativatent metal salt

d/ di | | I
s pSvjaqd 8KePep BRI Fores Bkt For on ort oY

[ AllR&d BFABBdiménBand! I-?oﬂ"saiiiablﬁartrﬁ‘&féi‘ﬂf:al Boﬁrébgltlon is adjusted

conposition is about 5% (wei ght/volune) and said ratio
upwardaysinga base| More orqferawn,real rid @djustinest is madenhusing NaOH.

Mofehg egg e[b"i\?1 sg é @1]: éﬁpg E%%%gﬁlgg%éjn%ogftroﬁ% adjusted with

NaOwres @it thae) when cﬁludedsm df)pﬁi irpatety a’i)ﬂ‘ﬂwldmtc%h}faﬁo# ubing 0.9%

. Still further preferab t he concentrati on of
NaClaet i pf approxénriely 56? - a7 is ebfainast using difegt potentiometric
detSARRAELLI on is about 10% (wei ght/volune) and said

ratio rs approximately 4.0:1 . Preferably, said

di val preferretialensatiioventli vl thet inedrtions detturss paophaethaceutical

corr?goszltligr(r:, wherein the composition is formulated such that a peptide analog of
GLP-1 or salt thereof, e.g., the compound according to formula (I) or salt thereof, is
released within a subject in need thereof, e.qg., a mammal, preferably a human, for
an extended period of time. Preferably said release of said compound extends for
at least one hour, more preferably at least 4, 6, 12, or 24 hours. More preferably
still, said composition is formulated such that the compound according to formula
(1) is released within a subject for at least 36, 48, 60, 72, 84, or 96 hours. More
preferably still, said composition is formulated such that the compound according
to formula (1) is released within a subject for at least approximately 5, 6, 7, 8, 9, 10,
11, 12, 13, or 14 days. More preferably still, said composition is formulated such
that the compound according to formula (1) is released within a subject for at least
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chloride or zinc acetate. Mire preferably, said zinc
acetate is provided as ZnAc2-2 H2O. In an alternative
wepdsmsasent , sai d dival ent netal and/or di val eP€T/DE1087/026490
salt is provided as copper chloride or copper acetate.
In one enbodi nent, the pH of1®Gai d pharmaceuti cal
conposition is adjusted upward using a base. Mire
preferably, said pH adjustnent is made usi ng NaCH.
More preferably still, the pH of said pharnmaceuti cal
conposition is adjusted with NaOH such that, when
app%*iH‘Fa?é’lg 9, BPPE0M &) EveRl hiohé 6@?&%&'@}7, akhian cHpg¥ition s
0.9% NaCl, a pH value of approximately 5.0 - 5.5 1is
forroblatechedclighaigthei cempopoteatdosdingr focfoteuda i) iatreteased within a
referred enbodi nent, pf, t pnvention. features a
subfi et Eap el et 1 ohS: G SiROTHS. BbGErt 1 on i s
f orALbmd epelt bf thatindemiH, | e Moaufdiod! o Saftl cétbht of the
t hereof, e.g., the _conpouno'l according to formula (1) -
GLRBy1 paptide repkass in saidr pharmaceuticahcemaosilibndoproves el solubility

e .. .RLe l. . .an i
anck I 881G g o Bepth SEI8E Y 1ia PPk 8icdbompositor
ands didheongreuptovdésnals ifmprosémientisén dhe houwivo nefeaise profile by

preferably at least 4 , 6, 12, or 24 hours. Mre
decrpasing e {pitialiburst. sai d conposition i's fornul ated such

th QN . ' .0 of ' .
et B RSN B85 Apls 58 4R f o SR
of sa donters. byMdjesting frer molar mtib|df the SLP-d carpahsg iri sait form to GLP-

for mul étlt ed Iz ch that the conpound according to formula
1 angloginotin Ak XM -wi t hin a subject for at |east

apEwr ARre! preferably, the %;epﬂde]ééltdi%lsaiéQpha}%ac%Dtiéé'I composition

days. More preferably still, said conposition is
is of saltof dydrbahieric ohacetit@cith mrothiaridess or dicatptes of saim peptide of

forr{wé%s(it@.pl{gﬁlﬁeﬁ fpﬁ%&%tcgw%agf&%wq%gtiqé ! a}éﬁam)p%chlorides is present
as fiiAneslabratio PAELIAERTDOSHIbHES tb SalddEdrpatRd of BsrthuUIA#4) in ranges
t he conpound according to fornula (I) is rel eased

fromi apprexinatel] ©ft0.66t tat aprreximalehr 39 tralMarg prefarably said ratio

OF Ia o ] . .of e .
rands ol B PR IPEY o, AReRIASERr b: € Rldlfmore arperably said
ratiélis- appeximdtelynat ot iaﬁ)pﬁf@i(idwamélﬁlr BEIC EMOsE Preferably said ratio is

conmposition inmproves the solubility and the stability

appspximtely 01 ipartiedanded:bg in the phar maceuti cal
CONROH;d !é%@e@?%fft%t iﬁ%ﬁﬁ{;ﬁ t@(eokﬁo‘i’&rs r@fd 'R RXEEEBE Mbride to
the in vivo release profile by
peptide means the molar proportion of acetate (CH3COQO") or chloride (CI) in the
pharmaceutical composition to the molar proportion of the peptide in the
pharmaceutical composition. In example for a molar ratio of 3:1 in the
pharmaceutical composition, acetate is three times the molar content of the
peptide in proportion. This is a stoichiometric ratio of a compound compared to the
other.

The wording “approximately” means in this aspect of the invention a ratio of
1.5:1 + 10% each target value, thus expected ratios include ratios encompassing,
e.g., 1.35-1.65:0.85-1.15.

In additional preferred aspects of the invention, the pharmaceutical
composition pH is adjusted by modulation of the acetate content of the

composition. Preferably, the pH ranges of said pharmaceutical composition is
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decreasing the initial burst. The wordi ng "nodul ati on"
nmeans in this aspect of the invention adjustnment of

W@ 2008/0806¢ ent by adjusting the nolar ratio of PE¢CEUSERP?126490
analog in salt formto G.P- 1 analog not in salt form
Even nore preferably, the pept-ide salt in said
phar maceuti cal conposition is a salt of hydrochloric
or acetic acid, or chlorides or acetates of said
peptide of formula ( 1) . In said pharnmaceuti cal
conposition the acetate or chlorides is present as

fronfm' Bﬁ' 3"'55 HH 't verefp Biye sald PH %hgést@f said phalrmaceuhcal

npound of formula ( 1) 11 ranges from approxi mtely
conmosmcm Tis t fsormp ipHb>3. fratoe 15/5.1 0Adst. pmﬁembﬂy@faedawﬂyrame@ of said

ratio es froma oxi 0.8 1 to approxi mately
phaémfceuﬁ:@% om%sltbqrbggffr Rj3§§ é’ P'at‘* "1s approxi mately
1 rdretérae@prt@xaémme Itbie GoHarmalesticar &5rﬂb§§|wn Stﬁbdaéétbté) content
is ap roxmatel%i’ :1in particular 3.2:1 . In th
RGHEF

maaabpee@reasedrbya @hcﬁﬁ@ mol ar ratio of acet ate or

22 IeI rén%e?%&@%")’td gg%réf ﬁ'\% {%pﬂarmﬁ(&?ﬁgélo&n%osition may be
lncr@béémaﬂhgdﬁimcaapepﬁdé isalt of ant AealoglcfrGPoPhavingma Ww acetate

t he %tl de int har maceuti cal conposition. In
or r@x%ﬁﬁiﬁ Fteqt %!'K?ALH%WQ%OB@C@&P ¢enteRk phar maceuti cal

of qﬁﬁﬁbférl%{hl gﬁfb%ﬁ%gnfss ad s?r%e%mefhé B& |ﬁqll'1@rfhrﬁa? %\S%aceutlcal

e pe e I n proport IS a stolc
cormpnsnmomfbyarmmmmlmd of cagedatedot @htdrizleotbatent Tallowso nibcgation of
r oxi mat el ans |.n this aspect of the inventi )
pargMErse SHEN 128, he. PEMldacHOReE SRRIDal tie. AT Eontentation, the
che%‘i@@l%t%glli’éﬁtth@sphﬁééidétabﬁﬂy 9fd %‘W%’@éﬁe‘a@@ préfie by decreasmg
1.35-1 .65:0.85-1 .15. In additional preferred aspects
the itialHeurshvent i on, t he pharnmaceutical conposition pHis

adjusted b ation.o et ate cont.en f .the
“Bocg]et gg%ecqoﬁ?gkgﬂg\bqrvlontzg 05 895@5'? Fléeacg ooch is controlled by
mo@tﬁléflﬁgcﬂ#é | fGdtafONEUHEAL. ON |1h&rlea8BHP HoRtdr? BH &cetaldr $hows an
preferably said pH ranges of said pharnmaceuti cal

impeaveioent porthe solukility it pbygical stpbility pndfdecigaged content of

s 1 AN o R U DB RN PR A o o

phdnnmreferred @miscdipesits, | sHid tprairarekati€alcesthpdsition comprises an
aqueous mixture, suspension or solution.

The present invention also provides for a method of eliciting a GLP-1
agonist effect, said method comprising contacting a receptor of the GLP-1(7-
36)NH; ligand with a GLP-1 analog or salt thereof, directly or indirectly. )

In the foregoing method, said receptor of the GLP-1(7-36)NH; ligand is
present in an animal subject, preferably a primate, more preferably a human being.
Thus, in this embodiment the present invention provides a method of eliciting an
agonist effect from a GLP-1 receptor in a subject in need thereof which comprises
administering to said subject a composition of the instant invention, wherein said
composition comprises an effective amount of a GLP-1 analog or a
pharmaceutically acceptable salt thereof. ,

In a preferred aspect of the foregoing method, said subject is a human
afflicted with, or at risk of developing, a disease or condition selected from the
group consisting of Type | diabetes, Type Il diabetes, gestational diabetes, obesity,
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may be increased by adding acetic acid. In one

enbodi nent, the pH of the said pharnmaceuti cal
W@ 09p08i6sé on nmay be increased starting from a PeEpUsSIE7/026490

salt of an analog of GLP-1 having a | ow acetate or no

acetate content by nodul ati erp-of acetate content. In

preferred enbodi nents, adjustnment of the pHin the

final pharmaceutical conposition by nodul ati on of

acetate or chloride content allows nodul ati on of

parameters such as, the peptide concentration, the

c r t ‘

excéﬁé‘i@e Q;F'ﬁ@t{lgb?t?éll{?fblgﬁg%a%smvirﬁir g?éetgggh% rdfb?or:dgﬁb;referably said
dlsmhaaleéléypegl dlbbeielslcm'Wdelhldﬂbetem one aspect of the

invent| g?r or Cu content is_fi

Rigns mecTabRi-gebacs f e ForegBing.Qefiath e Subiect is a

hurﬁén %‘ﬂﬂ&@dewﬁhowﬁ a@rr‘lskrﬂi’fr Qe\RAIBHihgOR @|§§a§é’|sétédtéd ¥rotidhe group
t he physical stabil and decr éased content of

congiséingtef Em)sdabetea:r | hgliahiatesi Ochesﬂmglpsammas secretory

disqIRETS BY AP ST (aiid e ot Pors™s, Rieth Bl ifetous, syslem dlisease,

res@ho@%ueﬂé@roﬂlb§éﬂé©tlvéualsé@%e0rreﬁé| gailurel adn g'ébﬁve heart failure,
present invention also provides for a netho

nephirotig tsyﬁlgr%mg_mrih@@&nmmgna@c@deg@ dhyrgrigipion, and disorders

wh%%w Jb@cﬁ ?(#)&‘9@5(5 iscﬁgé Fodg(%gfsggfgot ar o(ra?r of the central

nerdd:mesyi;tﬁnar(el g\dthreoghymodulatlba dfarergogengesiet aradi e. gaaP@rkinson’s
receptor of the GLP-1 (7-36)NH2 |i and i S present
D'sgaS%nA@e'm%ﬁePeseaaeef'épaﬁwoasp Se stroke, ADD, and

ne&&ﬁéféfﬁ&hﬁf?ﬁ?!’ﬁgﬁ p)?gﬂ\l;@%ge%\ﬁel éﬁ’ggH}Pé ﬁ%egfd@nﬁfér@t%n (e.g.,

present citing an
redagiogi she efn‘oebudityrendb)anﬁbrlalrtyecagsﬂamated therebiitbyt stnoke, acute

corgie EhaOR i BA 1 FOAFBORERE! By pHrRDSHHIENEI Gy wave) myocardial

mfa%‘lﬂfr? &oﬁ%&g%méﬁélw chAABEs S Abetatiid 9RYdARIRM WK diabetic
P-1 anal og or a pharmaceutically accept abl e

carémmyqnaélmeonsufﬁmeat privaer sediuasexatetion, exgessiyedyinang potassium
sai d ect flici

corf8bit3fion g BuBe Bk 4B et ofb T dotecinetlgBinia, (e..

renbl €aNlUree c@hgéﬂl\@héaﬁtt faﬂGré)f ndptiretit lindpenes cirfiydsis,| bulmonary
di abet es, gestational diabetes, obes)ﬁg excessi ve
edepactand, hynestersian)enpokyaystisr yovaiydsyrdrams. ¢espiratory distress,

nepq‘|r885t‘fin?/f Ielﬁr eve‘?{tﬁ‘@u%rsey&ollc dysfunction, (e.g., with abnormal left

ventricular ejection fraction), gastrointestinal disorders such as diarrhea,
postoperative dumping syndrome and irritable bowel syndrome, (i.e., via inhibition
of antro-duodenal motility), critical iliness polyneuropathy (CIPN), systemic
inflammatory response syndrome (SIRS), dyslipidemia, organ tissue injury caused
by reperfusion of blood flow following ischemia, and coronary heart disease risk
factor (CHDRF) syndrome.

In an additional aspect of the invention, the invention features a method of
converting liver stem/progenitor cells into functional pancreatic cells, of preventing
beta-cell deterioration and of stimulating beta-cell proliferation, of suppressing
plasma blood levels of norepinepherine, of inducing an inotropic response and of
increasing cardiac contractility, of improving nutrition via a non-alimentary route,

(e.g., via intravenous, subcutaneous, intramuscular, peritoneal, or other injection or



10

15

20

25

30

di sease is Type | diabetes or Type Il diabetes. In
anot her nore preferred aspect of the foregoi ng nethod,

W@ a008/082b¢ ect is a human afflicted with, or atP€T/B5K2007/026490
devel opi ng, a di sease selected fromthe group
consi sting of Type | diabetes3- Type Il diabetes,
obesity, glucagonomas, secretory disorders of the
airway, arthritis, osteoporosis, central nervous
system di sease, restenosis, neurodegenerative disease,
renal failure, congestive heart failure, nephrotic

S R of B (R G BRI Bk an BYRORESRE s doqdures, and

of dexiulatthg drigiysedde levelsi sior delsubj‘ect ha oeeadr teraef, veaid method

corgB g e fataia O S Bibiegt, Acrduialics SETHE Prised vention
corhbtidihg ShastfectiVe SRS Ent Ailedcomipbake: ofmulﬁr(ﬂb ora pharmaceutlcally

neuropsychl atric syndrones), irritable bowel ?/n rone,
acceptaide gsall thereaf.cPreferghdy gaald rsuhjestni ahmanwne ahtqnlmal more

o3 TeTor D PaTe DRl ATERLBENG an absence:

of Q wave) myocardial infarction, post-surgical
cat abol i c changes, hibernating rTyocardl um or diabetic
car di onyopat hy, i nsBfief Pesatiption efihe Ld@winas excr et i on,
HY f
d'?’sor geotgsd"gg S’fpé% ﬂ)géﬁﬁg ﬁ?&llgggfn@(’i %r%élﬂ@s 88&%&1 8ftar a single

sut(oategaemrse(rsad ) bdiinistration ty esyis \of efmmmfamlwmg of [AIb®¥JnGLP-
hrotic syndrone, cirrhosis, pul nona edema, and
1(7r~F§F§NH2eH§| gAgh %%%mqptwamssﬁﬁav@ﬁ{ereai e@%.arhtaatg?ous zinc

corﬂeéélf|8r§scoﬂfb‘?‘(’éfr%oaéﬁw 4{95%}9’ e'i‘t’/r ' F‘W%%eﬁéémé Cand having a

unction Mor mal I cul ar
pepidecZn anolar aatio oof) apgmdmateﬂu dsh.i nkiledi scmates samimlpeassquares
repgéﬁ%rhea aggﬁgrﬁ)g elrat ?\,%’ée qﬁlsg&g%toegjfe (5H deescrlbed

her8IH; rfﬁ’leeut?igﬁ?@s r'@&ﬁ’éééﬁty coffpdsitiR in thtf?ﬁﬁ'ne pH was not adjusted

pol'yneur opalh , system c inflammtory response
wnttswaﬂfdnfdle(@ums r@tyesem aleairgwosiiogan buftesed withj AcQH/AcO-.

caused b eper f n of blpod flow follow ng,. . .

ooHanS 2 e b iy elp eSSl PouRY) Bftagpea afer a single
sud&mfé%ussy(yﬂé9>rr%drﬁ|nus&@naﬁdltbl UYs a@ﬂoespp:@&urha@y 15 mg of
Iqven i nvention features a nethod

[Altton}&“&l:F?ﬁghGﬁWstﬂ@nm%g‘eaﬁet dhe crentide was fasiﬁemls(ser@ld as an

X e:?@::& oﬁ1 ﬂ@ ff:oﬂ{p?‘éuﬁf&ata'b%g&gﬁ}%@lgel % (wt/vol) peptide and
ha\mﬁ@| fp@pﬁde.tzn nedlas wptid e sapigroximately 1.5. Filled squares and open
squares represent compositions in which the pH is adjusted with NaOH as
described herein; filled triangles represent a composition in which the pH was not
adjusted with NaOH; filled circles represent a composition in buffered with
AcOH/ACO-.

Figure 3 depicts the plasma profiles (median values) obtained after a single
subcutaneous (s.c.) administration to dogs of approximately 1 mg of [Aib®3**]hGLP-
1(7-36)NH,. In each case the peptide was administered as an semisolid aqueous
zinc composition as follows: solid circle: about 5% (wt/vol) peptide, peptide:Zn
molar ratio about 5.4:1, no pH adjustment; open circle: about 10% (wt/vol) peptide,
peptide:Zn molar ratio about 5.4:1, no pH adjustment; open square: about 10%
(wt/vol) peptide, peptide:Zn molar ratio about 5.4:1, pH adjusted with NaOH; solid
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pl asma bl ood | evel s of norepi nepherine, of inducing an
i notropi c response and of increasing cardi ac
w@oowBHosasté | ity, of inproving nutrition via a PCT/US2007/026490
non-al i nentary route, (e.g., via intravenous,
'subcut aneous, intranuscul ar -1peritoneal, or other
injection orinfusion rout), of pre-treating a subject
to undergo an endoscopi ¢ procedures, and of nodul ating
triglyceride levels, in a subject in need thereof,
said method conprising adm nistering to said subject a
[ VdFB [ A
SO T RSO PR PR ARISHPRO oM #1, oH adjusted
witphNaQhdceut i cal | y acceptabl e salt thereof. Preferably

o g it AR, PRSI oBHg LS e usetul i
preasﬁﬁg Icehbm&ﬁaulét%n@rcﬂ%@@?e@r&uﬁ@eriho%epI cts the
plasima profiles (median val ues) obtained after a

si niggere bistapictadbe plasma proflem(mesiamvaloes) ebtairgd efter a single

sut R BT o BRiPliat L8 it o ebaralihateil Y oy drdae™InaLp-

1(7236)N|-€20rm@31dpt@@ WasRthfihigtbred Risan Sauebys iu%(om;mdut)on having
tide an haw%gt;q te tide:Zn nolar ratio of
amy

apﬁﬂ SLPRegrration 1280, ard arreptideopwiardgtiarafabout 1.5:1.

r ?%@ﬁg%b' cfe?@gzh{a :pgé]sénﬁgbrrm!eg r{pfeﬁ‘f fuﬁsﬁgbféﬁﬁ&fj after a single

subceparesrE  @&.cHmadsihistmation wbi cdogsheofpl-bpmxmnately 15 mg of

AR b SINBar T peRith WeerPATESERPquRe @ semisolid zinc
corft @élﬁéﬁ htabfhao Md@r&ﬁbbﬁﬁaggﬁ% %Bogﬁtﬂ%s:)anﬁbé %bBtﬁ%'e.Zn molar

ter a single subcutaneous mnistrati
ratidefsbotit dppr oxi mately 15 ng of [Ai b8' 351 h@.P-1(7-36) NH

R 8 B 80D AT s e
sut(dMérYéﬂOs p@ébd%d?fﬂﬂlst}@ﬁbﬁg 18 RERYs d§f ZBpproxhateRf | 85 mg of

835ap rOXI mat el é . | ed squares and open sguares
[Aib’e 1(E3aNER |T<h$s nawtldm wiast administesed dpsisa esemisolid zinc

corfo S, BB Bhllon  E AT pepcezn o

ratioGfuboed1v8:1h NaOH, filled circles represent a
conmposition in buffered with AcOH AcO-. Fi gure
?Iguse t&edqnl@t§nﬂwqarfyﬂutlr@§ cautsca plagma ceipfilgs mesian values)

o 2 Py SBSAPRBRE e i 8o or .
of 10% solution) of the GLP-1 analog HCI salt test formulations:

(1) (Aib®*®)hGLP-1(7-36)NH, HCI salt with CuCl,: the molar ratio of
(Aib®3%)hGLP-1(7-36)NH,/CuCl, is 1.5:1. The peptide concentration is 10%
(30 mM) in water (w/w) with approximately pH5.5.

(2)  (Aib®*®)hGLP-1(7-36)NH, HCI salt with ZnCly: the molar ratio of
(Aib®33)hGLP-1(7-36)NH,/ZnCl; is 1.5:1. The peptide concentration is 10%
(30 mM) in water (w/w) with approximately pH5.5.

Figure 9 depicts the full time course plasma profiles (median values)
obtained after a single subcutaneous (s.c.) administration to rats of 0.3mg of (3 pL

of 10% solution) of the GLP-1 analog acetate salt test formulation:

(Aib®***)hGLP-1(7-36)NH, acetate salt with ZnCl,: the molar ratio of
(AIb®3*)hGLP-1(7-36)NH,/ZnCl, is 1.5:1. The peptide concentration is 10%
(30 mM) in water (w/w) with approximately pH5.5.
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1(7-36)NH 2. I n each case the peptide was adm ni st ered
as an sem solid aqueous zinc conposition as follows:
W@ oi0BaiIsss¢ cl e: about 5% (wt/vol) peptide, peptPUEU007/026490
nolar ratio about 5.4:1 , no pH adjustnent; open
circle: about 10% (wt/vol) peptide, peptide:Zn nol ar
rati o about 5.4:1 , no pH adjustnent; open square:
about 10% (wt/vol) peptide, peptide:Zn nolar ratio
about 5.4:1 , pH adjusted with NaOH, solidsquare:
about 10% (wt/vol) peptide, peptide:Zn nolar ratio
about 4:1 , pH adjusted with NaOH Figure 4 provides a
schemati c presentation of various devices useful in
pr eﬁiawrengOcéepiatawthe)raannlb/atimensowfset plasmee proftles (median values)
L.nventj on. 5.de the pl.asma profiles
obtaifg e ipipath SGAPRER T 6 25T RUD dpcaisapidbama of (3 L
tely 1 ng of
of 1@% %obut@ﬂ?:ggtprg fe§£ fdggq)dlgt djr%ﬁ'é&/g% 3? é;% &8
adrﬁlgusat éﬂederastsamea@aelwemm oqursenplasima pmﬂhesu(n@daan values)

obtBERY, AMes S RGR Sliniansaus (56 acrinty aanie Pats: ¢t 3mg of (3 uL
of 1@%{%%%2& h‘?este%mhﬁﬂat‘f éiﬁjgwﬁm A gaﬁé* gafter a

si ngl e subcut aneous nistration to dogs of
apd-'rlgwrermaeﬂgpltfs ttige mst[meatbs péicke6tayel OF - (M)%P)hmpm(a? -36)NH,

ronfR Bt | B FIBAHER SHEp  deieoRER: PaSITAIS ofubBYaRECUS (5.6
adrﬁrﬁ?@tra@:@ﬂ & OSRhd ¢ (éng[mﬂfa’i 0%k Iﬁh@ﬁ ?PQHé threk fest formulations

Figure 7 depictS the plasma pro medr an va ues)
shownt ini frigdrea8t er a si ngl e subcut aneous (s.c.)
adm nistration to dogs of approximately 15 ng of
[ Ai b835] hGLP-1(7-36)NH 2. The peptide was adm ni stered
as a sem solid zinc conposition having a peptide
concentration of about 23% and a peptide: Zn nol ar

rati o of about 1.5:1 Detditag Bescriftigncts the ful | tine

- & RERBrERBLPLE oshlle BBy Wiiks 4874 atplife 25N, tbéipvention,
is d@natmj Réreid uyithe%udmﬁgswrmal(t 08y, thutsf”ﬁé)r@LFP-’h(ml)Naz, with the

salt test fornul ati ons

sub§;m@qbam|mo;§gdq-|frgm-|¢w gatqralv\j;equemg macqa%@eﬁﬁegm the first set of
b e 5ok R AR R SRl ol %™ i
hGP11). AlPisaKe Edbedvatid® fér a-aminoisobutyric acid. The abbreviation GLP-
1 means glucagon-like peptide-1; hGLP-1 means human glucagon-like peptide-1.
The numbers between the second set of parentheses refer to the number of amino
acids present in the peptide (e.g., hGLP-1(7-36) refers to amino acids 7 through 36
of the peptide sequence for human GLP-1). The sequence for hGLP-1(7-37) is
listed in Mojsov, S., Int. J. Peptide Protein Res,. 40, 1992, pp. 333-342. The
designation “NH," in hGLP-1(7-36)NH; indicates that the C-terminus of the peptide
is amidated. hGLP-1(7-36) means that the C-terminus is the free acid. In hGLP-
1(7-38), residues in positions 37 and 38 are Gly and Arg, respectively, unless
otherwise indicated.

Particularly preferred GLP-1 peptide analogs used in this invention are in
the form of pharmaceutically acceptable salts. Examples of such salts include, but
are not limited to, those formed with organic acids (e.g., acetic, lactic, maleic, citric,

malic, ascorbic, succinic, benzoic, methanesulfonic, toluenesuffonic, or pamoic
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(2) (Ab8 55h@A&P-1 (7-36)NH2 HCl salt with ZnCl 2: the

nmolar ratio of (A b8 35 hGP-1 (7-36)NH2/ZnCl 2 is
wa2®3082656The pepti de concentration is 10% (30 PdA/UB2907/026490

water (Ww wth approximtely pH5.5. Figure 9 depicts

the full tinme course plasnma-fg-ofiles (median val ues)

obt ai ned after a single subcutaneous (s.c.)

adm nistration to rats of 0.3ng of (3 m _ of 10%

solution) of the GLP-1 analog acetate salt test

formul ation: (A b835)hGA.P-1(7-36)NH 2 acetate salt

acuy, %ﬁbcrﬁgﬁlczailﬁge(le@l ?h/d"r@éﬂl&l@fac o Qirudie) B&GHPot SJno%?)wB'H; acid),

epti de concentratioh
and( 3lykericn amiser(e(g/v/ v@anmd mm¢pr®rbmmé§hypl—BeIExI@segurpelylactuc
ofiles

1Q d ts th t] .
polyghutiiin of Spaaiyesh of rbiFcied SSiCadiFE Alic Tirted of making
a séﬁ df-ad p%?md@'cﬁ‘tth@t pisehe invantioff isOwéMknelvn( # fHe_affand can be

10% sol ution) of the test formnulations shown in Figure

accemptished @yﬂad@@rdcwthm @fa$alyex¢hmwgsao uAscaorpirgymthe TFA salt of

2 PO pE e FEESER R (eirP B Fedy s fah P Singagon of the

peptideny ueinglPréppatiid PIPLOS elubing it TFA Bbh&iiniag ouFfe®\Wdlutions)
in Figure 9. Figure 12 depi cts t he estimated

canp be e itedhintp Apmhes)sath, much7aseNkcetatensalhityg digsolving the
pep}ig‘é 4 es%ﬁ%xlﬁlgs rLér& IogLO g%tlg_%,%i‘ég?&? %Woﬁgﬁ%@ﬁ%ﬁ@ﬁé@esulting

sol@t(druns appliell toha sbm@ré;@aﬂPf_Gr soluatn (Zertshov800 18B, C-8). The
ription A preferred P-1
co'wagt@ &&Jte@av'@sdmm mé?ﬁ"%“@@ﬁfﬁaé‘oé’&ws&%%?@ for 0.5 hrs., (2)

0250 88y SRR A58 Brp RSP el Bl o o
100841 afcscddtiars Bf oven 8@emima} at al flmqatmoéﬂpnrﬂiuad (pelutioBrA is 0.25N
oS ghed 5 Pl BB e S R et

80: 20)’*I Phé Sfré@lﬁ)r%b%ﬂ‘t’élﬁh?‘)%é PeRRMAPE| SQllicted Iéhoaqy&bhmzed to
he abbrevi ation nmeans gl ucagon-|i ke peptide-1

dl’yne$ﬂ3LP 1 nmeans human gl ucagon i ke peptide-1 . The

ggers hetyeen ht210§§958@9e&5 Q%ta ﬁh?ﬂ@hgﬁbgpég&énta‘?uses of

GLPE‘1 8re vé}ﬁd’aﬂ»d (n?ulﬁﬁhdlrﬁ(ﬁisi(f%é Q'o%m QeF.aet g, ClinibaloS&Bnee, 1998,
36 of the peptide seqﬁuence for human GLP-

The
95, quy R 829 oanth doddy J(7- el i E,uropean Journal of) Ciinical Investigation,
1997, 27, pp.533-536). Thus, the administration of the compounds of this invention

for purposes of eliciting an agonist effect can have the same effects and uses as
GLP-1 itself. These varied uses of GLP-1 may be summarized as follows,
treatment of: Type | diabetes, Type Il diabetes, obesity, glucagonomas, secretory
disorders of the airway, metabolic disorder, arthritis, osteoporosis, central nervous
system diseases, restenosis, neurodegenerative diseases, renal failure,
congestive heart failuré, nephrotic syndrome, cirrhosis, pulmonary edema,
hypertension, disorders wherein the reduction of food intake is desired, as well as
the various other conditions and disorders discussed herein. Accordingly, the
present invention includes within its scope pharmaceutical compositions as defined
herein comprising, as an active ingredient, a compound of formula (l).

The dosage of active ingredient in the formulations of this invention may be

varied; however, it is necessary that the amount of the active ingredient be such
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listed in Myjsov, S., Int. J. Peptide Protein Res,.
40, 1992, pp. 333-342. The designation "NH2" in hGP-1
W@ 7608032456 2 | ndi cates that the C-term nus of tPEI/US2007/026490
peptide is am dated. hG.P-1 (7-36) neans that the
Ctermnus is the free acid-1t-n hGP- 1(7-38),
residues in positions 37 and 38 are Gy and Arg,
respectively, unless otherwi se indicated. Particularly
preferred GLP-1 peptide anal ogs used in this invention
are in the formof pharmaceutically acceptable salts.
thaﬁ’é\a@ﬁhﬁﬁleogo%g@ |§36 Birddc! Uige s@l’éct?ﬂ edé’éEQé 'd@Pbﬁgs upon the
, ose organi c acld
desjuedttherapmjtleleﬁeom dm the rowié ot adasrmstrbmam a'miccm the duration of the
fonic, toluene

t h f
treqliikgRcaias Bprmans bR SErtteoby tie atanding ohysiciag; i general

an éﬁ'éétWe' d‘os%@'eofor fHe BORARO6T ﬁxlﬁﬁlwéhtlorﬁmnﬁﬁ&fﬁﬁ@é ef 1x107 to 200
acid %a@t anni C, aci d, carboxynethyl cell ul0se,
r

mg/dxgrqayadzre wl VeIoy o 160 e/ kaiay, ywiich egn be administered as a

| typi cal nethod of making
sm@g &a/(ﬂst% ’Jf°c¥1'%8§§ﬂ°a’§“§ﬁ’ ?dﬁés% ‘'esent invention is well
knome ifemidiatiend of fisis davertragr prafe ity aliyinistsrdarshrenterally,
nmet hods of salt exchange. Accordingly, the TFA salt of

e.0q iptspmugeularly t intrapedtosgally iptavereusly. Habramnagusly, and the like.

R A R B SR g ntuoe

stedlel @qguensy oann@&aqgeuaslte@lutmmﬁ suepémloasxl tg;elsuoh @sulsions,
t at S t ISSOVIn t he eln a
promant %ftﬁé %'W%%M"@ 5%‘?8 qQI@B'Gs@saFW?V%‘P\ E#ﬁ@‘p'es of non-

I e
s 401 e 3y ERBb Rk G Pn I GR A o, vegetabe
oilswisukh (aslplive dilNrahwom oil) gelatint enddojectabls argamnioredters such as

cthg] Qlefl<: Sykh 408402 Kormearay AR ST RaRI AN KBRS Preserving,
weﬁlﬁbUtérﬁﬂlsﬁylﬁkjerarﬁp dispersindt a@ehtOW TREP rﬂfay4b81 &terifized by, for
(sol ution 25N acetic acid aqueous sol ution;

exaemplet |ftbtnatB>n éhr@ungaab@@teaaaetannmg tilternt diy tnddrmnaQngwtenhzmg

8 The fract.ions n t he tlde are
ag{l il (P SRTHOSHISR: el RUARE i SoRRBHEREIAF tan fggting the
corhpositions eyl edni rlsdeb@r mantftlreawWin athé FofraNbf adterile solid
uses of GLP-1 are varied and nul titudi nous (See,

Todd,
corgpgsitiops which canpnbeaflisseivedcin sterdg, water, iy sgpw 3>2lger sterile

.n,%%pgmggggd, ']”'Enm%@?%Wﬁ 2 n Journal of Cinical

nvesti ga Ion, 3-536). Thus, the
adm ni stration of the conmpounds of this invention

Svynthesis of Peptides

Peptides useful for practicing the present invention can be and were
prepared by standard solid phase peptide synthesis. See, e.g., Stewart, J.M., et
al., Solid Phase Synthesis (Pierce Chemical Co., 2d ed. 1984).

The following examples describe synthetic methods that can be and were

used for making peptides with which the instant invention may advantageously be
practiced, which synthetic methods are well-known to those skilled in the art. Other
methods are also known to those skilled in the art. The examples are provided for
the purpose of illustration and are not meant to limit the scope of the present

invention in any manner.
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for purposes of eliciting an agoni st effect can have
the sane effects and uses as GLP-1 itself. These
wo 2008082686es of GLP-1 nmay be sunmari zed as f ol POIES2007/026490
treatnment of: Type | diabetes, Type Il diabetes,
obesity, glucagonomas, secreigry disorders of the
ai rway, netabolic disorder, arthritis, osteoporosis,
central nervous system di seases, restenosis,
neur odegener ati ve di seases, renal failure, congestive
heart failure, nephrotic syndrome, cirrhosis,
Pul SBHAPEpAEEETsUdH PR [G0PLPTandlbg OEAE! e V@ﬁaﬁféa With different
reduction of food I ntake 1s desired we
synﬁmsus)Issownfterth@sefdkrfle@mtfamdrtdvmdn dm;scmmsnaeshedl preCIpltatlon of

ccord the present ipvention jnclpudes
the PERfd . (5888 Hoda) AirtssL EAPM, STGY: P GHESELVRG processes
knoWH imgt S-r abA H@ABA é'df*@@nﬁﬁodga”ﬁpﬁwd)éfﬁoh@@&éﬁéﬁdé of Buffer and
conmpound of formula . osage of active
dlflltrﬁgae@puld be ﬁutthbbff@ethﬂ@t indhis lﬁf/emtmrstq pudfiytaraelestythe peptide
cﬁ’lﬁer\éﬁg%%gfommver IS necessary that the anmount of

ve | ngredi ent be suchthat a suitable dosage is

obtBot3hIa-Ute, Bet-Er-Aeg(Tery@ie atepBoc-D-ABP(OEHExXIwetd pdrchased
t herapeutic effect on the route of adm nistration,

frompoya Binehamy 2amPiggos kaliforaia: mﬁﬂc AHAPHoWAEI FPVChased from
d t p [ H!

Bacidh, Rind Sh RGO OGN AP BISARGION i purchase

frothtaermtmpex dntereatmmatthongalef Ilx1Boe2Nal-QB0was purchased

day ref rabl xIO 4 to 100 ng/ kg/ day, which
frorg%yrgéetgg a single dose or divided into

i e‘;hé’hﬁ‘ 4% § forT &‘Flefr% B\%\ﬁéﬂl&r@uﬁd ﬁ@fe‘fn LAY a8 RWS Boc for t-

erably admi ni stere arenter
butyloxycarbeowl, & jor mydrogperfluomdethy fon fmmak/é(amﬁdrwanthyl Bzl for

oo T oS PR bl BB N KSR e, DM

for | NEitHBROAEMENES A9BTFOUS fOF @ﬁf-ﬁB@ﬁQHﬁna&d miw)om 3 3-tetramethyl
suspensi ons, els, or enul sions, provided t

_ uropisin rhexafivoro apeaée\s@ﬂfaﬁofmrl@lspgrmtbv@@mnam@sfor acetic

o TN PR 5P A B LR R, 257 for 2

broﬁidbé?@ldxy@@:fbowyrn 00cHegel atarn, @neydisheaiabl #moc for 9-
rgani ¢ esters such as ethyl ol eate. Such dosage for

fluqmyylm@bowwwlam%rfpg Mﬂwr@svwgmanofﬁg AM ‘resin for 4-
hy fgkgrteﬂwyﬁfﬂﬂ(ﬁébééfé@%orﬁ% fii spersingspgents. Theys for

eril or exarmpl e, f||tra I'on throug a
Tni(hydmxymetleyl)nmlmméthbher ary BissDrigofoat |B1g2 hydroxyethyl)amino-
agents i

RN ERY G S AT A"

1,3-propanediol). The term “halo” or “halogen” encompasses fluoro, chioro, bromo

Q

and iodo.

Unless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to
which this invention belongs. Also, all publications, patent applications, patents and

other references mentioned herein are incorporated by reference.

Example 1

(Aib®*°)hGLP-1(7-36)NH,
A detailed synthesis procedure for (Aib®*°*)hGLP-1(7-36)NH, has been
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conpositions. They can al so be manufactured in the

formof sterile solid conpositions which can be
waele@sosed in sterile water, or sonme ot her stePCT/852007/026490

i njectabl e nmediumimedi ately before use. Synthesis of

Pepti des Pepti des useful forqgracticing the present

i nvention can be and were prepared by standard solid

phase peptide synthesis. See, e.g., Stewart, J.M, et

al., Solid Phase Synthesis (Pierce Chem cal Co., 2d

ed. 1984). The follow ng exanpl es descri be synthetic

pro RS inteiRodrl F ReAlPLERIRANING, WO e BT iEfor00660),
theprantentedf wiich anentihedrporated hbdreimr i \teeil - &mtirety. t Briefly, the
t hose, skille

CorpRPI S, RERIZER PR ABPIGH B BSUsTEMsG (Epaepiuth de) model

43dAPrpeTph9e %Vrﬁﬁéﬁz@rf WHIéHJ%ésaffﬁéﬁlﬁ&!‘% ad& dtekldrB@dt Bbe-chemistry
t he 'scope of present I nvention in any

50|ldEFFh®e ;%@ttdqoemthaw sSleh Sehnclzerlebalal lot .bd?\emtgje Protein Res.,

40: i%) ?Hg@ﬁi)l m%t gﬁ)ter%ﬁy(arpﬁ%mgpe @h%l;i?\i ée§|ptr{§’|en|nsu?a Belmont, CA)

W|trpltl$§ls@||bfsﬂﬁjt|©ﬁ & 0. NemBRINg Was USREZ Thedr BbOhrRinecasids (Bachem,
vacuum dr or ot her dr%@kgbprocesses known in

t he
CAaferrange, geBl@ﬁh@rm,t h{eA)oxeist u%ecbmthathge‘owwmg side

chalts! bRte8l .d'édcltﬁ\faaﬁl-?n QUL B Rl A AREIGANGAIOH, Boo-

Invention to puri’fy or t e pepti
Tyr(RBiZo+GiH Bxad- IHlsf(DNP) @GH¢ -Bdd-wal8H,BBocei-QHT 0Bde-BGiy-OH, Boc-

and Boc-D- Asp(Qc were purchased from Nova Bi oche
GlnsRnt. esyte-Qia BP@W&ZC@é)%ﬁOQIm&Z At R ef(Bahr OH, Boc-

PhETHIEHYH A @-@)P‘Pf 5’6@ em?ﬁpex n&%cq'}pﬁﬂ)@q PHOEH groups

Wer € purc ased rom nt ernati
werBaremolvéd BodreiiamlenOvitta st 0096 CTiaA efdr 2 on Spirt h@cm: famino acids

) b , The, fyj | h
(2.5 el W ire Zrtiatnniih HET Q0 FmBhugia BIEA (4,0 mi) in 4 mi of
DNFFbHF\d | Perecés sy |W|tHﬂthf;§HorrWéUtF&i§Qtlérl1 ‘dﬁrthé"?)ep't_‘ Hlefrgém TFA salt.
fornyl, Xan for xanthyl, Bzl benzyl
Cowphng timesRvérer 5 min- @Kneplrf@phlemaoc ﬂbFOi-bremdues and the following

res@'ucai; :Hc}?gﬁ&sg?&g)zgrpcwgl Eoiq-hs@m%?@-ﬁ ealirf E‘%J éoupllng times

wer*éf@ﬂbum hexaf | uorophosphat e, DIEA for

di i sopropyl et hyl am ne, HOAc for acetic
At the end of the assembly of the peptide chain, the resin was treated with a

solution of 20% mercaptoethanol/10% DIEA in DMF for 2 x 30 min. to remove the
DNP group on the His side chain. The N-terminal Boc group was then removed by
treatment with 100% TFA for 2 x 2 min. After neutralization of the peptide-resin
with 10% DIEA in DMF (1 x 1 min), the formyl group on the side chain of Trp was
removed by treatment with a solution of 15% ethanolamine/ 15% water/ 70% DMF
for 2 x 30 min. The peptide-resin was washed with DMF and DCM and dried under
reduced pressure. The final cleavage was done by stirring the peptide-resin in 10
ml of HF containing 1 ml of anisole and dithiothreitol (24 mg) at 0°C for 75 min. HF
was removed by a flow of nitrogen. The residue was washed with ether (6 x 10 ml)
and extracted with 4N HOAc (6 x 10 ml).

The peptide mixture in the aqueous extract was purified on reverse-phase
preparative high pressure liquid chromatography (HPLC) using a reverse phase
VYDAC® Cig column (Nest Group, Southborough, MA). The column was eluted
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acid, TFA for trifluoroacetic acid, 2C Z for
2-chl or obenzyl oxycar bonyl, 2BrZ for 2-
whe@snkeszyl oxycar bonyl, OcHex for O cycl ohexyPCT/BRIm®07/026490

for 9- fluorenyl-met hoxycarbonyl, HOBt for
N- hydr oxybenzotri azol e; PAM20esin for
Ahydr oxynet hyl phenyl acet am donet hyl resin; Tris for
Tri s(hydroxynet hyl ) am nonet hane; and Bis-Tris for
Bi s(2- hydr oxyet hyl ) ami notri s( hydroxynet hyl ) met hane
(i.e., 2-Bis(2-hydroxyethyl)am no-2- (hydr oxyrret hyl ) -

withla ﬂn@épgmtq%% 808 ebf%olt]l%r"? B &e er Jﬂ% RERY alt a flow rate of 10
enco ses fluoro, chloro, bronmo and I odo.

mi/rdis¥ |(Bewt|onhé>r \# swateal tontating c@l1%antFAci Solution th er @setonitrile

contiigBaeT gty TERY of ST AWeres ROl e SHE chipckes, on analytical
HPLO vhoéélbéntdwgtpme prebasuwerd\cémbiridd aRdRybSAliZéEN B dryness.
patent applications, patents and other references

In enghiexempde refr éynthaslé oﬁélaiSpmrap@un@yméfmgeﬁ&@ white solid was

obt AR Lty MAS Sa3E ek Rroghabyieey PR sbBs., Slsgtro-spray

mas¥e epecteorndtet (lmsaﬂs)e)srmial 8llgavat et nidlddulgaivieyhtNet. 3339.7 (in
WO 00/ 34331 (PCT/ EP99/ 09660) the contents of which
agregraenhwih foe selcylated anelepwlar M@'théﬁﬁ%«?@t@ Briefly,
t he conpound was synt hesi zed on an Applied Bi osystens
(Foster City, CA) nodel 430A peptide synthesizer which
was nodified to do accel dadng) [gIIeBbc chem stry solid
phase peptide synthesis. fgc I zer et al., Int.
J. Peptide Protein ReENUIa 9” gC¢ '@f@?)
4- et hyl benzhydryl am ne (MBHA) resin (Peninsula,
Bel nont, CA) with the substitution of 0.91 mmol/g was
2.1 Matdrialsh8tarkcSalntions dcaldslatiBashem CA, Torrance, CA;
Nova Bi ochem, LaJdolla, CA) were used with the
followi ng side chain protection: Boc-Al a-OH,
A) PRte rﬁilg( TZﬁQ:rgQNa@qCpé’lﬁélé CahigxnydrbehiBAE-acly, 33% Zyefdobtained
oc- Hi s{( ~OH, Boc- Val - OH, Boc- Leu- OH, Boc-Q y- OH,
frorB&anrQ;acp]Qm{mcgo(Barp@Iooa, Sg@m \WE( gsterde-wpter for injection/irrigation)

wassgﬁtpﬁ%f @Iln) %%*@3’?‘8? Eir,?x %91 Fgrﬂ(? gg)% nl'r B?FS;- OH. The

Boc groups wer e renoved by treatnment with 100% TFA for
mn. Boc am no acids (2 5 mol) were
BLL&@ lutieRsd with HBTU (2.0 mml) and DIEA ( 1 .0 m)

'} ZHci9 pH=3:
1. With stirring, add 35%HCI to WFI to achieve pH=3.
2. In a volumetric flask, transfer a weighed amount of ZnCl,. With

stirring, add pH=3 HCI to achieve a final concentration of approximately 1-4 mg
ZnCly/ml.
(i) ZnClo, pH=2:
1. With stirring, add 35%HCI to WFI to achieve pH=2.

2. In a volumetric flask, transfer a weighed amount of ZnCl,. With

stirring, add pH=2 HCI to achieve a final concentration of approximately 4-12 mg
ZnCly/ml.
(i) NaOH, 0.1 to 10 mg/ml:
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DMF and were coupled without prior neutralization of

the peptide-resin TFA salt. Coupling tines were 5 mn.
we@2@eps2660©r t he Boc- Al b- OH resi dues and t he foPdDUR2997/026490

resi dues, Boc-|_ys(2Cl Z)-0OH and Boc- Hi s( DNP) - CH

wherein the coupling tinmes were 2 hours. At the end of

the assenbly of the peptide chain, the resin was

treated with a solution of 20% nercapt oet hanol / 10%

DIEA in DMF for 2 x 30 min. to renove the DNP group on

the H's side chain. The N-term nal Boc group was then

removed pyjnt ;

Ator nolt el | oaTatic Ak, RS g neq armo iyl laOH.  with
stirbigzAadich VUIFAH {o Bchievemaniinalt txmcfentrrajnbngobappmxumheelgiQie-10 mg
Naépl?ig of Trp was renoved by treatnent with a sol ution

5% et hanol ani ne/ 15% wat er/ 70% DVF for 2 x 30
ni Niv) Fiee Bt 20 B9 dli NS piewih 706G viaiM and

dried under reduced pressure. I nal” cT eavage was

done by ‘stl?nepiar@atmw%e(ry(v)dhluneeuqﬁ ax:ﬁthacm araﬂ WWHHL.

cont ai ni 9 | % | Le 'at h|e hr.ej nt(gtA(Angé'ss)HGLP-
at 0C fdf P2 §PI!  BAOSTEY apyeighgf aingy
1(7I36)N9Q€(@cefﬁhé Jaftyi d/\li?th\/s‘,iﬁrn%qg sffichertttdes % Bcticl8cid to bring

and extracted with 4

the pfermh erRnGaEnkiatiee fon ZPhE‘Qa(ﬁﬁébus)F&lt'?é&? aﬁa@Hpbmh f ifcdlowting filter
stefi l%\égégﬁsgﬁ@ﬁ%?%ﬁﬁgéﬁlfe@ n{] 'ngrhr|e ugfs:gf é é&Hwa&re transferred

to Iyophil&atiohwials( flesze Gried ra,ndSbetdﬂwrmghct dt8yed ahe2°C.
. O% to 50% of

(S0l Ut Of e PEhR] 190 gvf/@ mruﬂep%f;a&&.z gé.d S oD B =

acetonitrile contalnln 1% o acti ons were
col | ect €2 laral voliendtdd flask atrahsfer aadveigﬁb@ arfboskeof (A|b8 35)HGLP

N B R TRES e 4500 A o e
finaf 08B HIratibR° 50 50f ‘“’(‘A‘béafs)HbLCP W@ﬁ3€mﬁ5/ﬁﬂd PeNbwing filter

was 98. 6% based on anal ytical HPLC anal ysi s.
steritizagon o1 gpl aljquats of $he sofutiant are (rwfas)e)iSOdM@plybzailon vials and
t he nol ecul ar wei ght at 3339.7 (in agreenment with
free[gz% Oerf:eacrcul ated nol ecul ar wei ght of 3339.7). Exanple 2
Formul ati on Procedures | 2.1 Materials, Stock

Sol uti ons, Cal cul ati ons
C) Calculatlons

(i) To determine the total weight / volume of excipient (E) for a composition:
= (A x 100/T) - (A/P)

wherein:

E = excipient in mg

A = content of pure peptide (mg);

T = target concentration of the composition; e.g., 2 if target is 2%; and

P = concentration of pure peptide (mg peptide/100 mg formulation)

With respect to the total volume of excipient, the assumptionthat1 ml=1g
is applied.

(i) To determine the volume/weight (W) of ZnCl, to add to each ml or g of
composition solution:

a) W=100% E for compositions in which no pH adjustment is made;
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A) Materials: ZnCl 2, NaOH pellets, and hydrochloric

acid, 35% were obtained from Panreac Qui m ca,
w@2008e8wh@, Spain. WFl (sterile water for PCT/US2007/026490

injection/irrigation) was obtained fromB. Braun

Medi cal , Barcel ona, Spain. B2-Stock solutions (i)

ZnCb, pH=3: 1. Wth stirring, add 35%ICI to WFl to

achieve pH=3. 2. In a volunetric flask, transfer a

wei ghed anmount of zZnCl . Wth stirring, add pH=3 HC

to achieve a final concentration of approximtely 1-4

ZnCl ) I o

35%_0 %J”'W Sbt/g)Eai?E@g%P fé?}_ﬁrglé'tg)n\éﬁmmﬁiyaltﬁn@%tlag% about 1%,
or abloas R% or apdd aboat W8¥/gaerd tlzmphlns anijus':ted:luzmgm bhlase;

stirring hev a fina

concent ra50% Edobseutimelidy GeT Smuabins mawpich thepeptide is
abd¥e Pk, & dbdul 2% SFRip"th about A 0% %AH WI@V\?H i¢ ddj@stkd using a base;

transfer a wei ghed amount of h stirring, add

WFI Il to c:b)cNVE@MQ%|E1aiorcmeaolmtorogebffomp\mlatmnmnemlch the

pertiBiigAbERt &5 51 wig Bk b AREReE LshE £RaRE 2 Moo

(v/v) diéuw=00%fE aeetibmmaeationgnd wiith the péptiie is reconstituted
volunetric flask, transfer a weighed anount of

from & fseezsiFied Prenqratign)andAheatdinediustad ysingie base.
SULil) T e RAMi R d %@m%/g,e%@ AR SaBH & 58486 '¢38h mi or g of

concentration

- confpodi®or8SoIdGoR: 1( 7- 36) NH 2/ m . FoI | owi ng fi I ter

sterilizatjon usin 945 mcron filters

of the T%Q\/"V\Fe foramdationsin t"@“'?@é%lﬂqpﬁ'gf’l '§nab°Ut 1%, or
aboﬂé?%%or}:\?q'@fag)ggjy ?’? ggg él&é‘ﬁql—ﬂ%'é‘bﬁu&é&%ﬁi%étb%'égg at

5) HGLP- 1§ )AWWE0RI-E furalemlasollérce'pgﬂi foranlations {vwhich the peptide is
abat J% a6 s b thaiitdnthAnd Jhe phl isepdidstbRising a base:

1(7-36) NeR W 2geate Eafotr) seW-EbliPtdr béﬂ%rrﬁ@l‘étlons in which the
sufficient 0.1 % acetic acid to bring t

peptide is about 25% and the pH is adjusted using a base
d) W=10% E for formulations in which the peptide is reconstituted
from a freeze-dried preparation and the pH is adjusted using a base.
(iv). To determine the concentration of ZnCl; (mg/ml or mg/g) to be used in
each composition:
[ZnCl;] = (136.29 x A)/(W x 3339.76 x R)
wherein:
A = content of pure peptide (mg).
R = molar ratio of peptide/Zn
R=1.5 for formulations in which the peptide is about 1%, or about 2%
or about 10% or up to about 23%;
R=4.0 formulations in which the peptide is about 25%; and
W = weight (g) or volume (ml) of ZnCl, solution to add to each g or ml of
composition solution.

2.2 Preparation of compositions with 1-10% freeze-dried peptide and ZnCl,, no pH

adjustment
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final concentration to 50 ng (A b8 35)HG.P-1(7-36)NH
2/lm. Following filter sterilization, 1 nm aliquots of
w0 bsogdest i on are transferred to | yophilizati oPCwiU81087/026490
and freeze dried. C) Calculations (i) To determ ne the
total weight / volune of excepient (E) for a
conposition: E = (A x 100/T) - (A/P) wherein: E =
excipient in ng A = content of pure peptide (ng); T =
target concentration of the conposition; e.g., 2 if
target is 2% and P = concentration of pure pepti de

( g?zfﬁ\@/é? ‘Pl\%/régoa'fgrrﬁﬁl'é%h@dn?fﬂ su\/{ita%t =4l 6f‘béd?ﬁe describes

ume of “exci pi ent
a fdrmuulatorapphmpeising ai \)/e‘gdmt d)ét;mpMdaeperhletadoNengbt wértlg@tcomposmon

dd t h iti,
€94 0l % PO IR185: & TPERUHAR SSIRRARD (18 RhRERUAS A 1009 of
tota?d:ldr'\%d@t"ﬁn ' $d?ﬁﬂ.ﬁatk8nsv‘€§|91°ﬁr|§|nﬁfooéb6utq‘ﬂ¢/ droapBUitadd,0B8 to about

I n which the peptide i's about or about 2% or up 2
10%brrptidEONEse PreparedHas §0|M$Jst|:§§ezsﬂdnlgdasamQ@s @f) (Aib®**°)HGLP-

1(734eINE e plearsd S Sftiscngl Fete 4foMigRly Hiked Wi znCre stock
soldti¥h pHB e dfthedbias bREiplsit VBl anga; [p@bt.d@rﬁzﬁ] éa% K.

for sem-solid or. gel fornulations in which _
peph) dt% sc@rmgﬁltlgs% &ig trepated sbyadmisnad 295| mg afreeze-dried

(SR W5 ST Qb2 801 bORTe) MY ot BRCBSGISh (0.272

econs roma dri’e repara

mgirhie spéi 2. $Ba(di)alsds\m) using a base. (i ||) To det erm ne
the_vol une/ wei ght (W of NaOH to add to each nmi or

of Bbnddsi EPHROSHPDE| Ge Preparash, iy 1 Bixingr Al afMdonikeeze-dried
(AM“S)’@%%O}( d&}ﬁ{g{ez (‘%&'?1@99 { athdbe %tﬁ*%%[)o?—%@% $Blufih (0.544

about His adjusted SI ng a
mglvbeee 2.1 a(l)saatmvaol id or gel fornmulations in V\,hl ch

the Pe? 65/0 composmons are prepared by mixing 50 mg freeze-dried
(Aib®**)HGLP-1(7-36)NH, (see 2.1 B (v) above) with 0.45 ml of ZnCl, solution
(3.023 mg/ml; see 2.1 B (i) above)

Freeze-dried peptides and solutions were allowed to equilibrate to room
temperature. The designated volume of ZnCl, solution was injected into the vial
containing the freeze-dried peptide and hydration allowed to proceed for about 2
minutes for 1% or 2% peptide compositions to about 60 minutes for 10% peptide
composition, or until all freeze-dried peptide is completely hydrated and the
solution is free of clumps of peptide. Following hydration, the reconstituted peptide
is shaken for approximately 1 minute.

The appropriate amount of dissolved peptide may be removed for dosing,
e.g., 100 ul of a 1% peptide solution prepared as per A above equates to a 1 mg
dose, 50 ul of a 2% peptide solution prepared as per B above equates to a 1 mg
dose, 150 ul of a 10% peptide solution prepared as per C above equates to a 15
mg dose, etc.

Using the teachings of the instant application, one skilled in the art could
vary the amounts of peptide and ZnCl; to achieve compositions other than the 1%,

2% and 10% compositions detailed below as well as desired dosages.
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about 1% or about 2% or up to about 10% and the pH is

adj usted using a base; ¢c) W33.33% E for sem-solid or
w@edoshgassal ati ons in which the peptide i s abourCRBSS0aTIOR6490

the pHis adjusted using a base; d) W10% E for

formul ations in which the pep4- de is reconstituted

froma freeze-dried preparation and the pHis adjusted

using a base. (iv). To determ ne the concentration of

ZnCl2 (mg/m or ng/g) to be used in each conposition:

[ZnCl 2] = ( 136.29 x A)/(Wx 3339.76 x R wherein: A =

2.3@2%[55' getio?{] oMﬁgB&ﬁ%hQ%n@\nﬂh oﬁfréeﬁe-'d?fed!f@ép' tge"énd ZnClp, with a
pH pdjstaient s about 1% or about 2% or about 10%or up to

Sbobhmilafof et 5P B i (i J5 Ao ok eprice
wer%OF%;ba%dt 8s Fdflows. eFedesb-afied! sé}ﬁpré%rrepf(Atu**@%HGLp 1(7 36)NH,
ution .2 Preparation of conpositions wt

prepaeasy as dieisedbed yraredharaughiCrixed avithi-a a?d]QJststmkt scslutlon pH 3 at

ook RSETAL e T Bl4 ORI B, 1 Y SS0LRETe hpeneo by

thewtidiﬁofp@iruté@t\l’ﬁow%loﬁhtorpf the conposition, e. 9 , 1%
peptide, describes a fornulation conprising lg
peph) dé qaeﬁomeggltlenSt @ral REBRPES tbsonmmagmﬁcht mshsfreeze -dried

pepil e F{Ite':_';(r% as%f’? 8%?’%@@212@ t°f Iﬁsplunon (see

2.1@ (if Abbde)p) HALP- 1(7-36) NH2 prepared as descrl bed wer e
th% gpl m xed, with a ZnCl stock sol ution
7% h§

t
O’F‘Bf)ﬁ!t'ogﬁc:l%?erﬂre‘?%'ie&’ne ¥n Bq'f'ﬁeptf% e"%a] freeze-dried
8,35 1 t
(NP SHGLEASRIGES 2 A AUSRALTA P15 2008 ton (oo
2. 1(B(A)abbvw)e) with 2 M O ZnCl 2 solution (0.272 ng/m ;

o .

See 92’ 2%3 ’H@g‘?'{%é%?aa%z |/OBEFOP "98 tblyonfﬁiX?nrge g(seﬁ'lagr eﬁl'eeze-dried
(Aib8 35)HGLP -1(7-36)NH; (see 2.1 B (v) above)with 0.40 mi of ZnCl, solution
(see 2.1 B (i) above)

To the above solutions, add the necessary volume (10% of total volume of
excipient) of diluted NaOH solution to achieve the target concentration and pH.
For example, to each:

1% composition: Add 0.2 ml of NaOH solution of proper concentration

2% composition: Add 0.1 ml of NaOH solution of proper concentration

10% composition: Add 0.05 ml of NaOH solution of proper concentration

Using the teachings of the instant application, one skilled in the art could
vary the amounts of peptide and ZnCl, to achieve compositions other than the 1%,
2% and 10% compositions detailed below.

2.4 Preparation of liquid compositions with 1-10% peptide and ZnCl,, no pH

adjustment
Liquid formulations comprising about 1%, or about 2% up to about 10%

peptide were prepared as follows. Samples of (Aib®3*)HGLP-1(7-36)NH, were
weighed and mixed with a ZnCl, stock solution pH 3 to achieve the target
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(A b8 35)HGELP-1(7-36)NH 2 (see 2.1 B (iv) above) with

1mMm O ZnC 2 solution (0.544 ng/m; see 2.1 B (i)
wW@bwse$268) 10% conpositions are prepared by mRCHYSH07/026490

ng freeze-dried (Ailb 8 5)HGP-1(7-36)NH 2 (see 2.1 B

(v) above) with 0.45 m of 22812 solution (3.023

mg/ M ; see 2.1 B (i) above) Freeze-dried peptides and

solutions were allowed to equilibrate to room

tenperature. The designated vol une of ZnCl 2 sol ution

was injected into the vial containing the freeze-dried
coriR@Rtrafien %mdwy@%ahgqa ﬁj%qyaﬁmbo FYIRWESE nﬁnQanaWEo%gosutlon is

m nutes for 1% or 2% pepti de corrp03|t| ons to abou
filtenisterilizedfamd stosechaptiliute. conposi tion, or until all

freeze-dried peptide is conpletely hydrated and the

solution is free of clunps of peptide. Follow ng
2.5hyepaiation lohelidiag 0rshigositRmsPentt dE10% Shabie faid znCl,, pH

apprOX| mately 1 minute. The appropriate amunt of
adigstrentved pepti de may be renoved for dosing, e.g., 100

ul ) e 0 o
ot Spu® A SRS aBEEP 19807 S0BEF o2 TBPAF apout 0%

pemidepaiees meparsd asafmwwSeqwrﬁpleEOofa(Mbﬁﬁ’)Hm_@ 1(17596}NIH2 were
of a 10% peptide sol ution prepared as per

weighgd s HoreLanly Ryxedydth 8w Clusiogs &thét'qrbakz!rﬁ ﬁb§0%f of the total
exd\;hénﬂ ogms o i grfcf 58F&tuloggﬁlg gﬂxlz ne@?\gk fzﬁd\e R InAONRA20. The

e anounts pept to athi eve
desrmnipplsll of thves sotutien ishexached ki%th@%dﬁirtcbrilﬁ?/odlluted NaOH solution.

it] | ed bel i d
Prepolalis G540 6 CHAPIR PiPAsRd SomabErs Matasdy t h 1. 10%
fre@élﬁgt | e aRAMgsAST B it aﬂpﬂc}étl@n Pb'n@déHﬂ%dTﬁmhe art could

0

For mul ons conpri sing about or about 2% up t
varythloe & mamtp o peptidevand £nElhde edhmyefasinmpegitions other than the 1%,

dried.s | es of (A b8 35)HGE.P-1(7-36)NH 2
2%pqu§€£6é,ad%§cr@g§gfq "5&%9 were thoroughly nixed with a
ZnCl 2 stock solution pH 3 at 90% of the total

exci pi ent volune. The desired pH of the solution is
2.6/Rrepaeatianof semi-splid/igelrc iti it d ZnCl,, no

SR itions are prepared by m xing 20 ng

p—ér@e'z!gﬁg‘j- i ed (A b8 5)HGP-1(7-36)NH 2 (see 2.1 B (iv)
abagenni-sblid ot g8l farmeilatiBisl coraptisihg @bolus 26% peptide were prepared

as follows. Samples of (Aib®**)HGLP-1(7-36)NH, were weighed and thoroughly

mixed with a ZnCl, stock solution pH 2 at 66.66% of the total excipient volume.

The zinc solution may be either ZnCl, or ZnAc,*2H,0. Preparations C1 and C2
were prepared using this method.

More specifically, the semi-solid or gel compositions were prepared using a
“push-pull” mixing method:

a) The desired amount of peptide was weighed into the barrel of a
disposable syringe S1 previously fitted with a special two-way hand valve HV
(1.D.=0.5 mm) and tubing was placed inside the syringe Luer hole;

b) The syringe plunger was secured with a stainless steel rod SR;

¢) HV in S1 was connected to a vacuum source and HV was opened. After
10 min HV was closed;

d) The Zinc solution was accurately weighed into the barrel of a second
disposable syringe S2;
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2.1 B (i) above) B) 2% conpositions are prepared by
m xing 20 ng freeze-dried (A b8 35)HGP-1(7-36)NH 2
W@ s@e/02636 B (i v) above) with 0.9 m O ZnCl 2 spCTIUSN7/026490
(see 2.1 B (i) above) C 10% conpositions are prepared
by m xing 50 ng freeze-driedg-Al b8 5) HAP-1(7-36) NH 2
(see 2.1 B (v) above)with 0.40 mM of ZnCl 2 sol ution
(see 2.1 B (i) above) To the above solutions, add the
necessary vol unme (10% of total volune of excipient) of
di l uted NaOH solution to achieve the target
co [ I ach: 1%
Corgoss 1S e B e B e (AL ol AVGRC 0t o oper
corfy &#M watsi apenzw andhthes solivent waddpuled by thef vadadirh into the barrel

al ution of proper,cqouecentrati on 10% conposition: Add
con .'ngﬁﬁecﬁemﬁaﬁ%%ﬁﬁn of proper concentration Using
t Eeq)tnvqbw%s% ANEtH8bRBAt SPdE BRI WA rEMBVEH| {Ht%%zydrating
i

he art could vary the anounts of peptide and Zn
the peptidaipovalerdm®dsi ti ons ot her than the 1% 2% and 10%

comBoRrMEnrit 27 48 sBlhodialnighf BAs o Aagecd” ¢
adjiyFhewytinge pirthdras mbvald @uShempuldi withaboopedify HVY, so that
about 2% up to about 10% pepti de were prepared as

the pemdaRgnassaigfHby seakghby SOBSPHGLP- 1( 7- 36) NH 2 were

vveh?ﬂet%o- gy @éﬁgﬂs\g’ictonnggt%?gé I(]ISLE))?—-CIEQ @%&Waggslgtgécgg%wnge s2

achieve 't targetconcentratio

withpthe tubéng btddeavinsigienthei sygingeheuerdngdesand dts plender was pushed to
sterilized and stored until use. 2.5 Preparation of

theigngui d conpositions with 1-10% peptide and ZnCl ?. pH

adjsiigent gb i gau j COURIUrS! ARAUHVL
abokétﬁga)ﬁu%#t\gg%%gfgﬁ 6 O%a%%rgtntlﬁ ge vverdéﬁr p?r?gjparedhgsﬁhsorremoved'

The sytinges pllBeger was ohoed B88' tR) HIELIR- the7sdBigd-barreewas minimized;
wei ghed and thoroughly mxed with a ZnCl 2 stock

aNGol ution pH 3 at 80% of the total excipient vol une.

mg) BN Shuldrencdimedisd By IS anditht Ompadiioh wHE&kneaded from
S$1 to S2 through SC.
Using the teachings of the instant application, one skilled in the art could
vary the amounts of peptide and ZnCl, to achieve compositions other than the
25% described herein.

2.7 Preparation of semi-solid/gel compaositions with 25% peptide and ZnCls,

pH adjustment

Semi-solid or gel formulations comprising about 25% peptide were prepared
as follows. Samples of (Aib®3°)HGLP-1(7-36)NH, were weighed and thoroughly
mixed with a ZnCl, stock solution pH 2 at 66.66% of the total excipient volume.
The zinc solution may be either ZnCl, or ZnAc,+2H,0. The desired pH of the
solution is reached by the addition of diluted NaOH solution. In this example, the
total volume of liquid added to the powder must be divided between the zinc and
the NaOH solutions. Therefore, the concentration of the zinc solution was
adjusted so that the total volume of zinc solution needed was reduced to 50% of

the total liquid volume added to the peptide powder (step d). The remaining 50% of
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desired pH of the solution is reached by the addition

of diluted NaOH solution. Preparations C5 to Cl3 were
w@e@paswes usi ng this nethod. Using the teachi nRST/U820011626490

instant application, one skilled in the art could vary

the amounts of peptide and Z#Cl 2 to achi eve

conpositions other than the 1% 2% and 10% descri bed

herein. 2.6 Preparation of sem -solid/qel conpositions

with 25% peptide and ZnCl ?. no pH adj ust nent

Sem -solid or gel formulations conprising about 25%

98 GRRIGrA] SR, B LU BuaRIRA el a0 solutor
as getatlechbglo®l. 2Pseparkticns M3 amd O4 Were prépabsdausingtthis method.
totgl excipjent volume.. The zinc sol ution may be ,
of i PHh AP0 ARESOIbGT $HlcimarrlngS Ve, Atergred using a
qup@"’pﬁﬁ,)gﬁg%tﬁéung this nmethod. Mrre specifically,
sem -solid or gel conpositions were prepared using

a qc)ua'hepdleslrem amcvgmtre@fh@@ptl@ wae wgsgrmbl inteoting bdrrel of a

cisslFblc 05 B0 YA aef Wb orlioudl SRR e vane mv
(1.Dhemg er’H)th""tﬁt{lhg Wasopléc@ar)nsawtﬁ@bm@e/\@@erM@léed

I nside the_ syringe Luer hole; b) The syringe plung
wad)sSHSWINga pilnges wasressEed with|a st@mlw stee! rad BR; s1

O I S LAk LRI AVBRPOY Y SBPHIPGRS bpened. After

10 md:rCHNaWabplorwdghed into the barrel of a second
e S2;e) S2 was then caonnected to the

dIS osable syrin
ﬁaetf ige “sqlution wag qecurgirineveighed ipte the bare! R second

d b d1i§zvacuuminto the barrel containing the
IS%?QDA' 39%% er S1; g) HV was closed and the sol vent

syre)r%vx@% thvan qoeneutadi totthesreieyparaof Wyt he peptide

Yjﬁg&l o Slgqr&?ﬂ ?nq ezgé@gtr)\%/ ﬁ/)%s?qlrgletgil& ﬁé{e\b%&toitge barrel
con'i@MFh@ tﬁ@%tl@@cbd%ﬂlér)m,w t hout opening HV, so that

g) HV was closed and the solvent syringe S2 was removed, thus hydrating
the peptide powder in S1;

h) SR was removed and the syringe plunger was slowly released;

i) The syringe plunger is moved (push and pull), without opening HV, so that
the powder mass is fully soaked by solvent;

j) A two-way stainless connector SC (1.D.=1.0 mm) was placed in syringe S2
with the tubing placed inside the syringe Luer hole, and its plunger was pushed to
the end;

k) HV in S1 was opened to vent the vacuum and then HV was removed.
The syringe plunger was moved so that air in the syringe barrel was minimized;

I) S1 and S2 were connected by SC and the composition was kneaded from
S1 to S2 through SC;

m) After homogenization, an aliquot of the mixed product was removed to
determine the concentration of the peptide;

n) The remaining intermediate bulk product was accurately weighed and the

amount of NaOH solution required to reach the desired pH was calculated;
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the powder mass is fully soaked by solvent; j ) A

two-way stainless connector SC (1.D.=1 .0 nm was
w@b@emskesdr syringe S2 with the tubing placed iPST/tis200T1€26490

syringe Luer hole, and its plunger was pushed to the

end; k) HV in S1 was opened-28& vent the vacuum and

then HV was renoved. The syringe plunger was noved so

that air in the syringe barrel was mnimnmzed; and I|)

S1 and S2 were connected by SC and the conposition was

kneaded from S1 to S2 through SC. Using the teachings

of §Hhenkn id ' b i i i

cou e e o e g MT e iy figposable
syriogep$s¥iandons ot her than the 25% described herein. 2.7
Pre ation of sem -solid/qgel, conpositiaons with.25% . .
perD; T SHHnd elROSER AeTP oy ForaBirssed) Paisimigs the ai in the
syringeBHaAhbERS CBMAi SyiringedbRsie oAhARBYH IleSERAd the composition

repared as follows.  Sanpl es of

p
wag lnedeshihough $Crz- 36) NH 2 were wei ghed and t horoughl y

m i . k. tian RE % 0

 haJsigy 6 sBahfiog o1 BRlrtert ARIcREbE e KRR e art couia
vargithbedamdosiis2o0 peptide 2riHZOCI T ke adbiivieedommbositiohBeother than the

osol ution is reached by the addition of diluted NaOH
25% gegeribed hereipni s exanpl e, the total vol ume of 1iquid

added to the powder nust be divided between the zinc

and the NaOH sol utions. Therefore, the concentration
Tabdé 1t he zi nc sol uti on was adjusted so that the total

vol unme of zinc solution needed was reduced to 50% of

the total liquid volune added to the peptide powder )
Ex.(§eplidg) . The remining 50% ofthe total |iquid vol unédPeptide:

& o0 the peptide powder was added as NaOH sol ution

No.as % lelibrbel ow. Preparations C3 and C4 wereZn Ratio Dose
C1 pri@par &hQGls0r8#6 tmgémhet hod. The pH adj usted sem %411 d 1 mg

or gel ¢ osptions were prepared using a "push-pull"
C2 hi ®ing On&yﬁ&j ”Q;;/mhe desired anount of peptide wa%l 1mg

O3 e P o D N Bl Y and vl Ty 1 ™9
C4 10 50% ZnCl; 2.28 mg/ml, 50% NaOH 1 mg/ml 41 1mg
Cs5 b5 80% ZnCl, 0.674 mg/ml, 20% NaOH 3.81 mg/ml 41 1mg
Cé 2 80% ZnCl; 0.26 mg/ml, 20% NaOH 2.15 mg/ml 541 1mg
C7 10 80% ZnCl; 3.81 mg/ml, 20% NaOH 4.47 mg/ml 151 1mg
c8 10 80% ZnAc,.2H,0 2.3 mg/ml, 20% NaOH 6.1 mg/ml 41 1mg
cCo 2 80% ZnCl; 0.695 mg/ml, 20% NaOH 1.75 mg/ml 151 1mg
Ci10 2 80% ZnAc,.2H,0 1.12 mg/mi, 20% NaOH 1.44 mg/mi 1.5:11 1 mg
C11 2 80% ZnCl; 0.695 mg/ml, 20% NaOH 1.75 mg/ml 1.1 1mg
C12 1 80% ZnCl; 0.384 mg/ml, 20% NaOH 0.875 mg/ml 151 1mg
C13 10 80% ZnCl; 3.85 mg/ml, 20% NaOH 4.47 mg/ml 151 15mg

* Target value shown. Actual value was within 5% of target in all cases

** Target value shown. Actual values were within 10% of target in all cases

3.0 Determination of GLP-1 receptor affinity

A compound useful to practice the present invention can be tested for its
ability to bind to the GLP-1 receptor using the following procedure.
Cell Culture:
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(1.D.=0.5 mm) and tubing was pl aced inside the syringe

Luer hole; b) The syringe plunger was secured with a
wGe@Bn®wse steel rod SR, ¢c) HV in S1 was conneRCEUS1007/626490

vacuum source and HV was opened. After 10 m n HV was

cl osed; d) The Zinc solutiomeas accurately wei ghed

into the barrel of a second di sposable syringe S2; e)

S2 was then connected to the free part of Hv, f) HV

was opened and the solvent was pulled by the vacuum

into the barrel containing the peptide powder S1; g)

HV e rd ; :

s by o Ol LA TS CRAGTS G ER Fibe Cuture
CollestionedManalssase ¥4\),i eyprassingy dhe wak Pst ordegptar] emsred;cultured in

Dubbes s POHIERAREBa Shedifal (ORENIERRBITRRIETYY Fetpl gaif serum,
ancﬁg@@'&?ﬁ&g@@ﬁ@&&!ﬂ@? IC ih é\hhmdl‘f@yaﬁﬁ@éﬁﬂe&é%fg%ﬁ 25% air.

mm) was placed in syringe S2 wt
. tubing placed inside the syringe Luer hole, and its

Raﬁl Hgge[Bﬁﬁ@“ E,ushed to the end; k) HV in S1 was opened
acuum and then HV was renoved. The

syriegtrahes gelemas c?f@péﬁbdso fohatradiolignd hebmding'gestudies by

barrel was mnimzed; |) S1 and S2 were connected b )
horaegenigatitie of oo RIN; efllsndz 2héealdet igg-6aidsH0t mM2Tris-HCI with a

- : |7 At al
Bridthah gt WAy, SRRt ag e, Ty 588 f gt Rongehafes were
washett éwiceaby aentfifugbtiong@0iald gn) 10hmingranditing final pellets were

i nterpmed| ate bul k _proqguct was, accurately i ghed and . )
resypRENGRSLIN DOrMNa GHSIHE s tGaEIPIEG 2 B BTN Moelec B T agim! bacitracin
. ' [ . T. '
(SigiFa, CREmRAISE ESYEIMOR Ay OFf PR TR dss8, Miduats. (0.4 mh)
weren thquibaTdtk vt 000 i uEGLR( 2-36) (w200 oBidmesaledNeéwo England

Nudst BRStoer UAoB eBd BYfeRd 3138 TRb oHpBBrlachirompeting test
peptides. After a 100 min incubation (25 °C), the bound ('*°I)GLP-1(7-36) was
separated from the free by rapid filtration through GF/C filters (Brandel,
Gaithersburg, MD), which had been previously soaked in 0.5% polyethyleneimine.
The filters were then washed three times with 5 ml aliquots of ice-cold 50 mM Tris-
HCI, and the bound radioactivity trapped on the filters was counted by gamma
spectrometry (Wallac LKB, Gaithersburg, MD). Specific binding was defined as the
total ('**1)GLP-1(7-36) bound minus that bound in the presence of 1000 nM
GLP1(7-36) (Bachem, Torrence, CA).

4. Determination of solubility vs pH

4.1. Determination of Compound Solubility vs pH in Phosphate Buffered Saline
PBS

A compound that may advantageously be used to practice the invention can
be tested to determine its solubility in PBS at different pHs and temperatures using
the following procedure.

A stock PBS buffered solution was made by dissolving one packet of pre-

mixed powder (SIGMA, Product No.: P-3813) in one liter of de-ionized water to
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was kneaded t hrough SC. Using the teachings of the
instant application, one skilled in the art could vary
wao h@sasmwent s of peptide and ZnCl 2 to achi eve PCT/US2007/026490
conpositions other than the 25% descri bed herein.
Table 1 Ex. *Peptide "Pepti dg-Peptide No. % Sol ution
Zni Ratio Dose C1 10 ZnCl2 0.846 ng/m 5.4:1 1 ng C2
5 0.40 nmg ZnCl 2Anl 5.4:1 1 ng C3 10 50% zZnCl 2 1. 69
mg/mM, 50% NaOH 1 ng/m 5.4:1 1 ng C4 10 50% ZnCl 2
2.28 mg/mM, 50% NaOH 1 ng/m 4:1 1 ng C5 5 80% ZnCl 2
ylelg Y @hggfzh?sph%@%ul %d%a‘-’rﬂﬁer@ﬁﬁm 38 n}A\/ﬂN%I %7%@/@%@ and a pH
of 78@0/oPB&beferSBW|thgj’|ﬁf¢renﬁo% mmes xNeﬁé m@dewbyhdjilslmg thg pH of this

stogk UGN HIBURHOARROT SR AR SMFHR oS ID D RRCHRA.. 75 g i

1. % , 0/
T i@oﬁgln@@;aﬁ?&eg 0P n%&%ﬁ?%n%&%o@(%ltze%%dg‘égo@ 2 r%Q; @)M\@'bompound

of BxamnpleOt, were wglghrledlmﬁ) Ylassmgiatsl Anto ea%lzmﬂl Wae aIBiEd a 50 pl

allqgﬁépnng 4 ﬁ%q% a0 cgégér{g%rjq'nedfgol#ﬂ%m C13 elxiegg %d*lf necessary

sonTe'ﬂHtS@t uMﬁ‘lI é!@aﬁhqx’hﬂ ede ‘f,'ﬁ-l té’s?éél'ﬁlhéﬁété’lﬂ \idhrﬂe58f) Quffer needed to
et in all cases * - Parget al ue shown. Actual

dlsspslvea @angef dhevcompoundowyas recorded and the Isobpildy vaasocalculated.

e TR Sl it R BorlaniyplrE ROFR lare piaced

in d pafrigérat@b(4° CYov@rnigm daridotiensolGbifitylof Brepéptide/at A8 C was then
the tollow ng procedure. Cell Culture:RI N 5F rat

examigadi noma cel |s (ATCC-# CRL- 2058, Anerican Type
Culture Coll ection, Manassas, VA), expressing the
GLP-1 receptor, were cultured in

4.2. Determination of compound solubility vs pH in saline

A compound that may advantageously be used to practice the invention can
be tested to determine its solubility in saline at different pH values and
temperatures using the following procedure.

A stock saline solution is prepared by dissolving 9 grams of NaCl in one liter
of de-ionized water. Saline solutions with different pH values are made by
adjusting the pH of this stock solution with HCI and/or NaOH.

Two mg samples of a compound to be tested, e.g., 2 mg of a compound of
example 1, are weighed into glass vials. Into each vial is added a 50 pl aliquot of
saline solution at a certain pH. The vial is vortexed and, if necessary, sonicated
until clear. For each tested pH the total volume of saline needed to dissolve 2 mg
of the compound is recorded and the solubility is calculated.

Solutions that are clear at room temperature (20-25° C) are placed in a

refrigerator (4° C) overnight and the solubility at 4° C then examined.

4.3. Determination of compound solubility in saline at pH 7.0

Compounds that may advantageously be used to practice the invention can
be tested to determine their solubility at room temperature in saline having pH =7
using the following procedure.
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Dul becco's nodi fied Eagl e's nedi um (DVMEM cont ai ni ng
10% fetal calf serum and maintained at about 37 0C in
wa@2vensssd ed at nosphere of 5% CO2/ 95% ai r. RadP@I/U§anT026490

Bi ndi ng: Menbranes were prepared for radioligand

bi ndi ng studi es by honogeni zgf.ion of the RIN cells in

20 mM of ice-cold 50 MM Tris-HCI with a Brinkman

Pol ytron (Westbury, NY) (setting 6, 15 sec). The
honogenat es were washed twi ce by centrifugation

(39,000 g / 10 m'n) and the final pellets were

re%ﬁﬁ@”ﬂg&gg@ﬁ‘{s? rep %@'b}nggglgﬁnﬁgl 'ré‘rgggbfa\léCFM (%%:Ilt*er of de-

ionized v@atﬂar %AB3AgFsamplesafya (E:Innmmtdstc( be4eele)d weg.e a compound of

I ncubated with 0.05 nM -2 00 .
exa@pﬁ%“s W%ﬁ]tﬁﬁdglﬁﬁél éaj 3"‘% 'o‘% ﬁ?'ﬂzﬁﬁ grfyadded, with
vorb@xh‘l@;oéﬁd QoBR BN OlNtI8RE! THe ‘ié’t‘ép%lu?vge b?§£l|rﬂ,£ B5&8€S dissolve 2

ter a 100 mn i ncubation (25 0C), the bound
mg (Oiz:sp)u&ﬂs reqordes pnddbe sephilily @t réomriemperdtuee ishgalculated.
rapid filtration through G-/ C filters (Brandel,

Gai t hersburg, MD), which had been previously soaked in
4.4 0DBtarath MRS EstabOUNE sollibflity i s&lirfe ¥evAiduzgsH washed

three tines wth 5 m aliquots of 1ce-cold 50 mM Tris-

HCI Compaungds thatumay rastypptagaoustybe uspeda rsactigeethe invention can

ve S 18P UL BB A Ul G souons
havireg aariqus2pH)vallred uing3hg fbltnmdgrprﬁcleddrbat bound in the

presence of 1000 nM GP1(7-36) (Bachem Torren CA) . .
ggcé(rsﬁlwgteq%thﬂ |ssQﬂe99reql E)ydvgs OhiNg 91grams of NaCl i one liter

o QST S BB T bS58l oo o

- treadihgaalicugpéo abthys bclksatine soutimet witle HCleandMa®H.on can

e S%E?S%ﬁe'%%fé Campanid (e tstéd, ' 0o e CoBlnongo of example

S
1. RSRGEES B0 S AP AR Gl 5 S P Y i o
areFadulddct Tie soldﬂoﬁ&é&brﬂexedmd sardcatetl uteil ictearz §thentatairvolume of

bufladseddoisaavas ria et Pepiite & reEosdehaslghe el bify fhcalculated.

different pH val ues were nade by adjusting the pH of
this
5. Determination of agqueous solubility of compound vs zinc concentration

A compound that may advantageously be used to practice the invention can
be tested to determine its solubility in pH 7 water at different zinc concentrations
using the following procedure.

A stock zinc solution was prepared by dissolving ZnCl; in de-ionized water
to a concentration of 100 mg/ml and adjusting the pH to 2.7 using HCI. Solutions
having various ZnCl, concentrations (“Zn Test Solutions”) were prepared by
making appropriate dilutions of the stock solution.

One mg of a compound to be tested, e.g., 1 mg of the compound of
Example 1, was dissolved in 250 pl of each Zn Test Solution to yield a solution
having 4 mg/ml of the compound. The pH of this solution was then adjusted using
0.2 N NaOH until white precipitates were observed to form. The precipitation
solution was centrifuged and the mother liquor analyzed using HPLC. The UV

absorption area of test compound peak was measured and the concentration of
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stock solution with phosphoric acid and/or sodi um

hydr oxi de. Two ng sanples of a conpound to be tested,
we@2@8/08%856rg of the conpound of Exanple 1, wer eP@EU§NOT026490

into glass vials. Into each vial was added a 50 mi

aliquot of PBS buffer at a cgxtain pH The sol ution

was vortexed, and if necessary sonicated, until clear.

For each pH tested the total volune of buffer needed

to dissolve 2 ng of the conpound was recorded and the

solubility was cal cul ated. Peptide solutions that are

[ e :

the B o Ty AR Lol S By [ driofijeon to
cahpeﬁxwunuue 4 C was then exam ned. 4. 2. Deternlnatlon

onpou bilit n sali co ound t hat .
ey VB SRRatYS, cxennls of G chaeund dnak EaRG8 Hoeg o practice
the ‘Frﬂférh@nt fifd 86mbBUAR 0P BRIk SWaS tedtkhiif Yhé ﬁnﬁ@d'iaﬁ@ly%regomg
di fferent pH val ues and tenperatures using t
assay| laowdi rthepfolmwinge results overeg apbtained| (,aqumuss pH 7.0, room
temg)r?%}gh d by dissolving 9 grans of NaCl in one liter of
- zed water. Saline solutions with different pH
valTtsie@r e made by adjusting the pH of this stock

solution W|th HCl and/or NaOH Two san‘pl es of a
conpound Z8Ckecqnesnii@tion. g., 2 rrgs@i llit¥onpound of

exanple 1, ar hed into gl ass Into each
vial is adde n1 al i quot of solution at a
certain pH The is vortexed bf necessary,
soni cated until ear For each t %a pH t he total
vol une of sal i n@0Beeded to di ssol V& of the

conmpound is red@Pded and the sol ufl- 048? i s cal cul at ed.
Sol utions that 1a0@ clear at room t@ffié8ature (20-25 C)
are placed in aseefrigerator (4 C0.0¥8tni ght and the

solubility at 4 C then exam ned. 4. 3 Det er mi nati on of

conpound sol ub| [ t¥ in saline at 0 Conpounds t hat
IieepQigb(pl) Hsinad F.qelst he invention

Car]np‘f"r tb%ﬁt eﬁob@x ﬂ%‘: gf%-qg n%é]? "\_/yergg.\slél?j! Héﬁ%ré G%Hbl of GLP-1

6.

ure 1 n sali
pedtndbbpmgng tlm avechuendSaff i EBxamspleut | oPepﬁd;drcmapeuhda/ to be tested

solvin rarrs of NaCl in one lit dei oni zed
We'\%i&@ Ived %1 Hﬁ* QRA eopgeniratiniRiuha ’PSF”B' Pé§?§6 sughgompound,
5 uf F ARG solution was mixed with 5 pl of Novex® Sample Buffer 2X
(comprised of 20 mM Arginine free base, 20 mM Lysine free base and 15%
Glycerol) and the resulting 10 pl sample solution was loaded onto the gel along
with a protein standard sample.

Running buffers were also obtained from Invitrogen and the gel is run
according to manufacture’s instructions, generally as follows: 100 V constant for 1
hour, followed by 200 V constant for 1 hour, followed by 500 V constant for 30
minutes.

The gel was then fixed in 12% TCA containing 3.5% sulfosalicylic acid for
30 minutes, and then stained for 2 hours with Colloidal Coomassie Blue according
to the instructions found on the Novex® Colloidal Blue Kit thereafter, then de-
stained in water overnight.

The gel was scanned and analyzed by the program Fragment Analysis 1.2.

pI’'s of unknown peptides were calculated relative to the pli's of standard
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exanple 1, is weighed into a glass vial and 1 nm

al iquots of saline are added, with vortexing and
w@ooBosaeso©n, until clear. The total vol une of BEI/US®07/026490

used to dissolve 2 ng of peptide is recorded and the

solubility at roomtenperatw3 is calcul ated. 4.4.

Det erm nation of conpound solubility in saline at

vari ous pH Conpounds that may advantageously be used

to practice the invention can be tested to determ ne

their solubility at roomtenperature in saline

' ; [ rd ag ue ¥ Rg7t4N owl

oS NG Bl BRI R P BRI 0 BT RS (89162, 45,
4.2dareb815¢i ng 9 grans of NaCl in one liter of de-ionized

wat.er. Saline, sol utions havi ari ouys, pH val yues are
obcismiasyrac Bhet thg Carmpeknd SokSemple L Mas 8Lt i ne
solution with HC and NaOH A 2 ng sanple of a
compound to be tested, e.g., the conpound of exanple

7.1, lnyivgedggays inngb a glass vial. Aliquots of 50 ml of
2ol mBRsEns it B brésiiCioeBliod e tisted io dpigrmine their
abilitptébrorabté@n@enhbhéed effeedintvivalisingltMe fallowingfassays.

peptide is recorded and the solubility is cal cul ated.
5 . Determ nation of aqueous solubility of conpound vs

zZi ' .compound that may advant ageously

Mb-e—rguxs% &t Bidced *he invention can be tested to
detRHardag prios te dhellzixpetishent, adul maié SpragueliDavaegmats (Taconic,
zinc concentrations using the follown rocedur e.

A
Gerpayatpws, rNYBQPQ}tWSiQhﬁQsaBP@&HPé@%@OQr WEH§ ipptapted with a
o SRAT N AR EAARE0uB0EF SRR AR feshCTHE 8 were ther
fastedr forut8 ZroQre @rioertor tite jectichzof Tes tapPobprtiatentes}) coemposition or

prepar ed by naki propriate dilutions of fhe sto ,
verliiF [iGio! Bh e T A8 Tebhpathaed o Bisted thiblghodt the entire
exp@indntt he conpound of Exanple 1, was dissolved in 250

m of each Zn Test Solution to yield a solution having

4 My/hd rf/mihénChnpalutidn Wase ppeparedt by dilstidmtaf en satdion of 100

he juste ing,.0.2 N.NaCH il whife
molicenfia i a8 6F SORLSaMAURT BH & et 1, 7eg g5 the sgppound of
forr@laull) QAIKR®)KEDPA g-QGE‘G’H@UWaEr@sW%@WMZWﬂT of this solution to

anal yzed usi hg HPLC. The absorption area of test
yieldanpleandolitiak haxingr asg/nd of dinel compotind anat 0.&trgmioZn Ak pH 4.
Eg%taﬁri%gg%eur?)gthlgnraw ?Nqutilﬂj%rcteld %chr:ut\gggogs tye(rsc gﬁﬁey With (a) the

immediately forgoing solution of (Aib®,**)hGLP-1(7-36)NH,), or with vehicle control.

In both cases the injection volume was very small (4-6 pL) and the dose of GLP-1
compound administered to the subject was 75 ug/kg. At the appropriate time after
the sc injections a 500l blood sample was withdrawn via the intravenous (iv)
cannula and the rats were given an iv glucose challenge to test for the presence of
enhanced insulin secretion. The times of the glucose challenge were 0.25, 1, 6, 12
and 24 hours post-compound injection. After the initial blood sample was
withdrawn glucose (1g/kg) was injected iv and flushed in with 500ul heparinized
saline (10U/ml). Thereafter, 500ul blood samples were withdrawn at 2.5, 5, 10 and
20 minutes post-glucose injection. Each of these was immediately followed by an
iv injection of 500ul heparinized saline (10U/ml) through the cannula. The blood

samples were centrifuged, plasma was collected from each sample and the
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calibration curve. As a representative exanple of a

conpound that may be used to practice the invention,
wao b@sogaspound of Exanple 1 was tested in the PCT/US2007/026490

i medi ately foregoing assay and the follow ng results

wer e obtai ned (aqueous, pH 734, room tenperature):

Table 2 ZnCl 2 concentration Solubility (ug/m) (nmg/m)

0 5.788 80 0.0770 500 0.0579 1000 0.0487 1500 0.0668

2500 0.1131 6. Determ nation of isoelectric point (pi)

using | EF gels Invitrogen's Novex | EF pH3-10 gels were

t

samfIEe AT SR U Bl e reRE assanad B i Bonient. The
amounteofdnsidin inezhdhnsavapler was deteroriced using @ ratdhs@irbenzyme-linked

For each 5 of, the resuylting,,,
o aSSa e S L GEER EbeRAtPlY Bl K Windham,
NHEX (conprised of 20 mM Arginine free base, 20 nM

ysine free base and 15% d ycerol) and the resulting

__;I]Q_f&i_!i@?pl e solution was | oaded onto the gel along

4 DR PO oy, BARTARPS8 FBE 8 e by

glu@%éolhj-édﬁl@ntdi/efmli@flﬂmﬂh@uﬁs oNnpleraspicrigment. general ly as
foll ows: 100 V constant for 1 hour, followed by 200 V
__.c.odﬁ.tﬁ‘fﬁ as$RYSIiNGAg | fol | oned by 500 V constant for 30

h 0
7 HIGR; B8 i RS SRS LEEHd Rd2 AACCER! BB Bhable the

skilleidaanisdn ftorde2eiminesa \wohipoSitidnts dbilityGmopmssote éttended release of

accor di n%
active compound in vivo.

8.1. 1% Peptide Composition:

By way of example, an aqueous test formulation was prepared comprising
1% (w/w) of the compound of formula (1) in a buffered solution of ZnCl; (peptide:Zn
ratio = 1.5:1.0).

A total of 6 male Beagle dogs, ages 42 - 78 months and 14 - 21 kg
bodyweight were maintained with free access to water and once daily food
(approx. 400 g of dry standard diet (SAFE 125). The dogs were fasted 18 hours
before administration of test composition.

The test composition was administered by subcutaneous route in the
interscapular area by. The volume of administration (approx. 20 microliters per
animal) was made by 0.3 ml Terumo syringes with 0.33-12 mm (BS=30M2913). A
theoretical dose of approximately 0.2mg peptide was thus achieved.

Blood samples were taken periodically, at approx. time = 0, 8, 15, 30, 45
min, and 1, 2, 4, 8, and 12 hours, and 1, 2, 3, 4, 5, and 6 days after administration.
The blood was rapidly chilled after sampling until centrifugation, and the plasma
decanted and rapidly frozen pending assay. Determination of peptide plasma
concentration was made after off line solid phase extraction, followed by on-line
phase extraction coupled to LC-MS/MS, and the data obtained managed by
Analyst v1.2 software.

The composition demonstrated an extended release of the active peptide
for at least 2 days.
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to the instructions found on the Novex(r) Coll oi dal
Blue Kit thereafter, then destained in water
wo@@snsyhdé . The gel was scanned and anal yzed DbRCT/082007/026490
program Fragnment Analysis 1.2. pi's of unknown
pepti des were cal cul ated relgg-ive to the pi's of
st andar dconpounds having pi values of: 10.7, 9.5, 8.3,
8.0, 7.8, 7.4, 6.9, 6.0, 5.3, 5.2, 4.5, 4.2, and 3.5.
The nmeasured pi of the conmpound of Exanple 1 was 7.60.
. In vivo assays in rat Conpositions of the present
82' nYe AiIbQ.Bﬁ @qu A gglqugherm ne their ability to
VIVO usi ng the
folwsmgnng&taatydly thel sarie pier vivenbasayprproeddure; ashdescribed in

sec?g% sé) TQE’SH?'C he@:ﬁ%@%ﬂtw(?&#gwgé? Sgaﬁgél %OP%‘IGIF ability to

rele3RB! the BBbRlY p2PtddS6¥eMBheektERHEA M Oh tinél FBP each of the
atrial jugular cannul a under chlorohydrate anesthetic.

followiagrfaus campesitions thasosgenisatiars ofipeptidewasrahauttife (wt/wt), the

rati  FEPLAE 4R i Wil BHoR 15 a8 Tho SOFBY blfleHprpipistered was
apprésitdelyhr mgghout the entire experinment. A 0.5 ng/m
ZnCl sol ution was pared by dilution of a solution

of Seotion/&R.Azxn A S G R AT 3N tih ahsQIMHEN mantaining (i) 90%

2 E2en BT reaD FOIGIOR TSI, 1) ot "t

sol Sslution BR. Bt eAit>Z)eGesr (B36)NHg i havilutpriofi@i@l, (02286 mg/mi)
t he co ound tinme

L neSTIE b2 &1 S sBaNBb BTN oo Sl fionsB)2.&i g, bufared using
i mredi ately forgoing solution of
AC(?I?\?AB%@%S) hGLP-1(7-36)NH 2) , or with vehicle control.
| n $alution 8s2B: Substarjtiady istmilatiolBeutias 8v2Ay snmal | (4-6

dth t
TR oD TR, Phoyiod Tof ATh AR arele 15t A THGLPA (7-
36)NPE, 8§ depicesd qrpp@u@eﬁoom bl ood sanpl e was wi t hdr awn
vi a he |Qtravenous (1v canul a and the rats were

2 (AR ) WHIC 0S5O )iTa o test for the presence

" RO o Syl b s

sedﬂ@ﬁtSCIOH@l@cWéj thel esllowiRg CdinPbsitibA wakt eErRAmMePdor its ability to
sa
releasrépthe subJect peptide over an extended period of time. For the following

composition the concentration of peptide was about 2% (wt/wt), the ratio of peptide
to zinc was about 1.5:1, and the dose of peptide administered was approximately 1
mg.

Solution 8.3.: (Aib®¥)hGLP1(7-36)NH; in a solution containing (i) 80%
ZnCl; (0.695 mg/ml) and (ii) 20% NaOH (1.75 mg/ml);

The composition provided for an extended release of (Aib8'35)hGLP1(7-
36)NH,, as depicted in Figure 5.
8.4. 10% Peptide Solutions:

Using substantially the same in vivo assay procedure as described in

section 8.1, above, the following compositions were examined for their ability to
release the subject peptide over an extended period of time. For each of the

following four compositions the concentration of peptide was about 10% (wt/wt),
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wi t hdrawn gl ucose (1g/kg) was injected iv and fl ushed
in with 500m heparinized saline (10U m). Thereafter,
wG@sslsFood sanpl es were withdrawn at 2.5, 5,PADUs2ed7/026490
20 m nutes post-glucose injection. Each of these was
i medi ately foll owed by an i.86-i nj ection of 500ni
heparini zed saline (10U ) through the cannula. The
bl ood sanples were centrifuged, plasma was coll ected
fromeach sanple and thesanples were stored at -200C
until they were assayed for insulin content. The
e R I P PP e B BEChde abhinistered
wag BppeXjmhtely (Bmegi can Laboratory Products Co.,

oo Ron s e Gt e bl easoRlion gantaining () 90%
chtu?@sl.@bblrﬁgm) ahHGRF$0%WEOH @0 PYeg/nfifie full 24 hours
of the experinment.’ 8. In vivo assays I n dog There are

a rdelbtien 8i4.Ba (Mbe'gs).b%ﬁ'laﬁdﬁﬂz iim atsodutiort of BGCh (2.993 mg/ml)
corpolidn S AL: 5P @l Sl e Sellshhel 48 ang buffered using

Ac@HIA3® conmpound in vivo. 8.1 . 1% Pepti de Conposition:
By way of example, an aqueous test fornulation was

pr epeibtien Sehp): Ssibstpntially wirfardp S(pigti?@ﬁpcbe‘nd of
ot T Boffodioty Brfifes doP ot Bt FGLE S 2ot prcr-

36)MH,; agYepivteédiin Righird2.- 2 1 kg bodywei ght were
mai ntained with free access to water and once daily
food (approx. 400 g of dry standard diet (SAFE 125).

8.5 1 Nes A iRt SmbasitisHs:18 hours before administration of
~—1est CO ; " test conposition was

adnsingt sulestabtjalyubloeit sareeum vivat @ssay tprecedure as described in
i.nt I by. The. vo). f adm nistration .
socBh 3 BBSke B B 55 Farronl o' kebeg for el

abil;ﬁzggir'fgte Senges é’ﬁbpébtopéétiég HVer( BA=3U4RREd) peflod of time. For

i cal dose of approximtely 0.2ng peptide was

corapesitiert .61 d thel cotesdiaibasofvthe pegitide peasi abogtalbly,, while for
con?;go&ﬁ(?ﬁsOé:S.é,' g%C_f ghd %5?)5 th?éodondé%ntration of peptide was about 10%
(wt/wt). The ratio of peptide to zinc for compositions 8.5.A, 8.5.B, and 8.5.C was

about 5.4:1, while for composition 8.5.D the ratio was about 4.0:1. For all four

compositions the dose of peptide administered was approximately 1 mg.

Composition 8.5.A: (Aib®3*)hGLP1(7-36)NH. in a semisolid composition
containing ZnCl, (0.40 mg/ml) in WFI.

Composition 8.5.B: Substantially similar to Composition 8.5.A., wherein the
ZnCL2 concentration has been adjusted upward to maintain a peptide:Zn ratio of
about 5.4:1.

Composition 8.5.C: (Aib®*)hGLP1(7-36)NH, in a semisolid containing (i)
50% ZnCl; (1.69 mg/mi) and (ii) 50% NaOH (1mg/ml).

Composition 8.5.D: (Aib%**)hGLP1(7-36)NH, in a semisolid containing (i)
50% ZnCl; (2.28 mg/ml) and (ii) 50% NaOH (1mg/ml).

The compositions provided for an extended release of (Aib®**)hGLP1(7-
36)NH, as depicted in Figure 3.
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mn, and 1, 2, 4, 8 , and 12 hours, and 1, 2, 3, 4, 5,

and 6 days after adm nistration. The bl ood was rapidly
wae bioBlogdsaf t er sanpling until centrifugation, BCMUS107/026490

pl asma decanted and rapidly frozen pendi ng assay.

Det ermi nati on of peptide pl&asmma concentrati on was nade

after off line solid phase extraction, followed by

on-1ine phase extraction coupled to LCMS/ M5, and the

dat a obt ai ned nanaged by ‘Analyst v 1.2 software. The

conposition denonstrated an extended rel ease of the
8.6.2Ctd MRisBRAICHBpdStioRd: | east 2 days.8.2. 1%

(ATD8 35) NP1 (7- 36) NH9) Sol ution: Using

sulidsingt subdtgntialy theresame viny vivas sagayroeedure as described in

gesc |be I n asct]j gn 8.1, a_boY.s, t he f.gl | owi ng ined for its
sec ért qoENs: olQWH%h 885 IELEPPPBRITPN YYap oexamined for its
abﬂft?'t%afﬁéiebbé ﬂiéblsﬁé{ecpeg%rbt% QVBF A SAERILE hetRd oA t%e This

t1nme. For each | owi ng four conpositions the
compasition veas dermadlateshiusing eaS.2ddug/mivZpis welutiopheat pH = 2.0.

sufbbeaBiuBEBHCB R 1§ R 158 %sh: S BPSHehf pomposivon
haviry] 81peplid8 t8 zitic fatiohs¥ a%)lﬁ@LPIKWe §H)d‘ﬂﬁhé cbm;ﬁbsﬁﬂim\tvag radjusted
containing (i).90% zZnC 2 (0.29 and § 10%

as pEvidedoherein wsing §0 raginilt Na@Hs. E‘GBdO%%OlS@eQ ifleyaoiministered was
appggT ﬁfg@{?%gd% C. Sglugglt ggt |021I IZ;Clsnzm( Ioarzssongélmu%l on
8. Tdnpaesitiohu8fee pedvided nfprAaHeSd | reléase &f AAL®*°)hGLP1(7-
36)@%;%%%%’%‘%@&%@“@5 ggrSglnu:X?gngeg erenggse of
B SR 7. 56) Ny Sol uti on: sl ng

subdsiagt sua&bstgntuaib/ $Iaermamevummv(msaayaprproeeldu@ @s described in

seciiohar sty enabocielRic: ET e gamPeefiopoed gxargined for it

abmwetowéne@@é ﬂ%Ots'uﬁﬁec@V@éptﬂjb VP Nae CeXiended Sdridd IBT- time. This
For the foll ow n%tcorrpo& tion the concentration of

compegsilice was fapoutateds Ysingwa ) 8.5t mg/mit ZoChf spleiendattpH = 2.0.

Sufﬁé@ﬁh‘ﬁ%ﬁg&%&«ll%%ﬁrogvéﬁ%ﬁﬁgﬁl )p %ofﬁ/o%e&?d) sgﬁusolld composition

having a peptide to zinc ratio of about 1.5:1. The composition was formulated

according to the process detailed in section 2.6, above. The dose of peptide

administered was approximately 15 mg (corresponding to about 65 microliters of

the composition).

Composition 8.6 provided for an extended release of (A|b835)hGLP1(7-
36)NH,, as deplcted in Figure 7.

Further assays with various permutations of the disclosed formulation have
likewise been subject to in vivo assay and have confirmed that compositions of the
present invention provide a useful drug delivery platform for the cbmpound of
formula (). Using the teachings of the instant application, one skilled in the art
could vary the amounts of peptide, ZnCl, and pH to prepare compositions of the

present invention as described herein.

Example 9
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ng. Solution 8.3.: (A b8 5)hGP1(7-36)NH 2 in a
sol ution containing (i) 80% ZnCl 2 (0.695 ng/nm ) and

W@ 200p/0218%6 NaOH ( 1.75 ng/ m); The conposition pPeDUSET026490
for an extended rel ease of (A b835 )hGLP1(7- 36) NH2,
as depicted in Figure 5. 8.438-10% Pepti de Sol uti ons:
Usi ng substantially the sanme in vivo assay procedure
as described in section 8.1 , above, the follow ng
conpositions were exam ned for their ability to
rel ease the subject peptide over an extended period of
time. For each of the follow ng four conpositions the
concentration of peptide was about 10% (wt/wt),the
r at’ii. oPf profifet mdeutadioni hcAvetatabontent irb10%, peptitie $autions.
dose of peptide adm nistered was approxi mately 15 ng.
Solution 8.4. A (A b835 )hAP1(7-36)NH 2 in a solution
Conltl'ﬁé nék&nbla &9&%3@98 pBasRdcaigetad éﬂ&’y(gf AP )GLP1(7-

OH (5.01 m); Solution 8.4.B: (A b835 GP1
36)NH236) el beagka dogsitfollowing tZyn@hrjngZstﬂmBltaTWQGs) administration of

twogStblsdtaneqs icomtoaitiin, SRnlaiF B IS IR AHELEA (7-36)NHaand
zmoSsméh@et[QAaM PGP E-36 INIPRFZHE Y &M ]8at4jo%eTB€el of 15mg/dog.

rﬁ_posml ons provided for an extended rel ease of
H@smqth@m(qundw; kipe in dvajapsay il the, semsups disclosed under

soI id Conpositions: Using substantially the
par§%%€h§? Vivo assay procedure as described in section

8. Ihis adxareplet iflastralesoPKngrafiteri medlilation anp egetdtencontent in the
were exanmined fqor their ability to rel ease the subj

phaﬁ"é‘&PﬁHtéC%\F&m%ﬁﬁ'@& anddbup dhe MIWC?IQfF.the raho [aceta{e/peptlde] in
the‘bﬂgﬂﬂ%béu MSltloH@n gntration of the peptide
or

vvasaout 03|t|on38 .5.B, 8.4.C
andr'ta pH rﬁodullahena@nomnoliem b;blth@f/vageqﬁmd@uha,aen abagetate content

10% t f tide t. [ f
a degras i Fastient e detos e ShindiSadino et bi e oMy 1

Wh'A 8/ dridftioR OBP @ktdt8NaBoOshdws ear alfict W tﬁ@OG,tnaXAf # Yeneral a
. For all four conpositions the dose of peptid
decsemsing sostend ofiasetabe degiaasesithe Cryg value.

An increased content of acetate shows an improvement on the solubility
and the physical stability.

According to the formulation chosen, the improvement by the modulation of
the ratio acetate/peptide on solubility or stability, is compensated by the
modulation of the ratio peptide/Zn for instance on the Cnax This can be seen as a
system with three possible variables to adjust stability, solubility, the pH or C max.

In this example the abbreviation SD means standard deviation. AUC means
the Artemisinin areas under the plasma concentration-time curve.

The meaning of the abbreviation MRT is mean residence time (MRT) is a
parameter for estimating the rate of bioavailability to compare MRT with tmax wich
is the time of peak drug concentration. MRTt was calculated using data from zero
time through the last sampling time.

In Table 3 are gathered the results of the 10% peptide composition batches
having different [Acetate/Peptide] ratios and subcutaneous administration in
beagle dogs. The peak drug in plasma concentration values, the (Cnax) was 8.10

ng/ml- (SD=1.80 ng/ml) for an [Acetate/Peptide] molar ratio of the [3.7:1], whereas
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Conposition 8.5. A (A b8 35)hGP1(7-36)NH 2 in a

sem solid conposition containing ZnCl2 (0.40 ng/m) in
WQOElos/0€waposi ti on 8.5. B: Substantially simlarP€DUS2007/026490

Conposition 8.5. A, wherein the ZnCL2 concentrati on

has been adj usted upward to-B®i ntain a peptide: Zn

rati o of about 5.4:1 . Conposition 8.5.C

(A b8 35)hAE.P1(7-36)NH 2 in a sem solid containing (i)

50% znCl2 ( 1.69 ng/m) and (ii) 50% NaCH ( 1ng/m).

Conposition 8.5.D: (A b8 35)hGP1(7-36)NH 2 in a

! C e o) o 5 )

e B T 2R o e Sy (SO =261
ng/enh). ext ended rel ease of (Ai b8 35)hG.P1(7- 36) NH2, as

depicted in Figure 3.8.6. Sem solid Conpositions:

Usi ng substantially the sanme in vivo assay procedure

as described in section 8.1 , above, the follow ng

sem -solid conposition was exanmined for its ability to

rel edgble fe subj ect peptide over an extended period of

time. This conposition was fornul ated using a 5.22

ng/m zZnCl 2 solution, at pH = 2.0. Sufficien epti de

was pr OVEQ%HUI@BOPGSUH in a o8 de sen ig% mg

conpos Ratigrpapdiger@n a pept i de tb5A nc ratio of Ault

4:1 . The pH of the.conposMEAM was, j ust MEAN

pr%@f%fga?q{er ei n ugﬁﬁﬁ 10 nghadb) NaOH ~The dqae4dpf S-D.

Peppsde adm ni st g[’ggg.]-x/vas ABBTOKI MRS > Tbas 465

oVl ende

Conposition 8.6 ded for an ext d release of
(A8 35) hGLP1(7- 36) NH2, &s2Qfepi cOetb? n Fiylit 6. 0.068

8. & Sem sol i d fi ti onsg 1Hsi ng §ngt ant 5%& y th% 61
sam&®n vivo assay procedure€ as described in section’

8. thz.ap@above, the fall owi ng 38&i - sol0.66conpobi7i on was04

S’ég\t. ed for itsr@mfb_i y to?{i;)_gl easeﬁ_ﬁ‘ee. subbgg 9.2
C

mld]de over an tended pe d of Thi

ofplsi ti on was MBPHUKat ed Witng a BF nmy/ M1 2 8.9
SOMJCBthP, at pH = 8,0. Suffpogent pegBi de waxy4or ovi gegh
to result in a 23% peptide i solid _conpositjon
haMFf‘]'g‘ a peptide t(S’pzi nc rag-gg] of ag(ig@t 1. 5.5-118. The 1-39
COMRBi tion was forgwl ated 9.96 2.60 9.85 2.54
[Acetate:Peptide] 3.7:1 3.2:1

10. GLP-1 peptide salt/divalent metal formulations
10.1. Methods

(Aib®3%)hGLP-1(7-36)NH, 1 mg/mL water and PBS solutions were prepared
and the pH was adjusted to 7.0. 10 mg/mL stock solutions of CaCl,, CuClz, MgCly,
and ZnCl, in water were prepared. The pH of CaCl,, MgCl,, and ZnCl; solutions
was adjusted to 7.0. The pH of CuCl; solution could not be basified because Cu
precipitated out. Therefore, CuCl, solution of pH 4.4 was used.

4 pL. metal ion water or PBS solutions were added to 200 pL (Aib®**)hGLP-
1(7-36)NH, 1 mg/mL solution to make a final metal ion concentration of 200
pg/mL.  The resulting solution was mixed and checked for precipitation. If
precipitation formed, the suspension was centrifuged. The (Aib®*)hGLP-1(7-

36)NH; concentration in the supernatant was determined by HPLC.



10

16

20

25

30

according to the process detailed in section 2.6,

above. The dose of peptide adm ni stered was
wappsoxicsat el y 15 ng (correspondi ng to about 6BCT/US2007/026490

mcroliters of the conposition). Conposition 8.6

provi ded for an extended rel-gmse of (A b8 5)hGP1(7-

36) NH2, as depicted in Figure 7. Further assays wth

vari ous pernutations of the disclosed fornulati on have

| i kewi se been subject to in vivo assay and have

confirmed that conpositions of the present invention

provide a useful drug delivery platformfor the
1050@gg&g§ of forrmula (I). Using the teachings of the

T application, one skilled in the art could vary

t he anmobunts of peptide, ZnCl2 and pH to prepare

conpositions of the present invention as described

herein. Exanple 91. PK profile nodul ation by Acetate
Table . ePelubility obd pikpt 1)BELELN (A-BENNH: imithe @resgiice of divalent metal
longli scl oses a pharmacoki netic study of (A b835 )hG.P1(7-
36)NH2 in nmal e beagl e dogs foll owi ng by single
Canpast | TOHr BN oS, O LuSRSHTONH A

uuuuuuuu

LaTl, chl eni(@el 74N b8 5) hGLP1(7- 33 NpH 681 . 5: 1] at
ose | eyel of 15”9/ dOg The nethod to conduct the In
'l-{m299<;93p5&(9l'ﬂ12-1¢)mm as discl QQQSQI(HHF6-§)QFngﬂph

fudcr, Thi9 @xppphe illustrates RS prgfigg modul ation
by acet@te contert 11 the ptarm Tt
Iz hus Ot 18 (pH BuBnce of the rat?.8564pBt&BE/ pepti de]

in the pharnaceutical conposition on the pH The pH
nodul ation is controlled by the way of nodul ati on of

acetate content a decreasing.content_of acetate shows
10.3nPhappagakingtic studies of (Al nhGLEP 147 38)INHp/dival

o ct on the Crax. . In general a
cle %uﬁ&ﬁ%nﬂﬂafﬁéﬂg{e of acetate decreases the Crax
val ThreeAdifferent dasadlations exft(Aiti® *Ah@LR-4 (B86)Hanwere prepared by
ment on the solubility and the physi cal

USiégE{ﬁoﬁ?|PW'n%9Wiuﬁ%53t o the fornulation chosen, the
| A VRIETE ) HELP g7 3NHBtH ONs A with CuCl,

HS5.5

(2) (Aib®*)hGLP-1(7-36)NH, HCI salt with ZnCl,
(3) (Aib®*)hGLP-1(7-36)NH, acetate salt with ZnCl,

A TFA salt of a GLP-1 analog (the TFA salt results from the purification of
the peptide by using preparative HPLC, eluting with TFA containing buffer
solutions) can be converted into another salt, such as an acetate salt by dissolving
the peptide in a small amount of 0.25 N acetic acid aqueous solution. The resulting
solution is applied to a semi-prep HPLC column (Zorbax, 300 SB, C-8). The
column is eluted with (1) 0.1N ammonium acetate aqueous solution for 0.5 hrs., (2)
0.25N acetic acid aqueous solution for 0.5 hrs. and (3) a linear gradient (20% to
100% of solution B over 30 min.) at a flow rate of 4 ml/min (solution A is 0.25N
acetic acid aqueous solution; solution B is 0.25N acetic acid in acetonitrile/water,
80:20). The fractions containing the peptide are collected and lyophilized to
dryness.
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the ratio acetate/ peptide on solubility or stability,

is conpensated by the nodul ation of the ratio
w@epsigssiZn for instance on the Crax. This canP@BEUSEETI026490

as a systemw th three possible variables to adjust

stability, solubility, the pH-or C max. In this

exanpl e the abbreviati on SD neans standard devi ati on.

AUC neans the Artem sinin areas under the plasnm

concentration-tine curve. The neaning of the

abbreviation MRT is nmean residence tinme (MRT) is a

paraneter for estimating the rate of bioavailability

to conpare MRT with tmax wich is the time of peak drug

c or{ADFE WG L1 (BB)INIas HGIl aaltatwas uprepprddt dyf ra)n1y0ph|I|zat|on

prodediies Femad A nalir 87 IR aretatpetis disSoned'f 4L 20 mu
HCLRGBasId 5Q10ti8R eHIERchBMicddattidons tebelAGR! fireldP ﬁﬁﬁ | TI8¢ sample

rati os and subcut aneous adm ni stration in beagle d %
wasrlfr@zpaaancurlmhllrzepll avermightncbyephilizationvwageggriemeed for another

twot IEBELHT RER: (lef¥orantSih by 4R8I pgLel 4R determined.  The

detéfmgined chittideat siteRBWbB &.8890wer ratio [3.2: 1] provided
a Cmacval ue of 5.65 ng/m (SD=2.61 ng/m ). Table 3

For mul atl on 10% 15ny 10% 15ng Ratio peptide/Zn 1.5:1
> .(n5)(n4)SD
0 0694.8 40.5 tnmax d 0.208
(Alb?3i)6\GI.03-3l(2l36§NH§81(ﬂrms mg (mptweecd:&eaat &cgemwag cﬁésolved in 50
ti/2 3.32 0.66 6.77_2.04 A ng-nmr1 d 53.5
uL %@mM989 Chusiyapust salutonss TJnemH wvas qdwstﬁdgwm@mr%mately 2L

1 RGO 854 R0 ML P oP e S9nG 210 ONMETCl, was

1.5:1. The peptide concentration was 10% (30 mM) in water (w/w) with a pH of

approximately 5.5.

(2) (Aib®*)hGLP-1(7-36)NH, HCI salt with ZnCl,:

(Aib®3%)hGLP-1(7-36)NH, HCI 5.3 mg (peptide content is 95%) was dissolved in 50
uL 20 mM ZnCl, aqueous solution. The pH was adjusted with approximately 2 uL
of 1 N NaOH to about 5.5. The molar ratio of (Aib®**)hGLP-1(7-36)NH2/ZnCl, was

1.5:1. The peptide concentration was 10% (30 mM) in water (w/w) with a pH of

approximately 5.5.

(3) (Aib®***)hGLP-1(7-36)NH, acetate salt with ZnCl,:
(Aib®*)hGLP-1(7-36)NH; acetate 5.5 mg (peptide content is 92%) was dissolved

in 50 uL 20 mM ZnCl, aqueous solution. The resulting solution was lyophilized

overnight and redissolved in 50 uL water. The pH was adjusted with approximately
1 uL of 1 N NaOH to about 5.5. The molar ratio of (Aib®3°)hGLP-1(7-36)NH,/ZnCl,
was 1.5:1. The peptide concentration was 10% (30 mM) in water (w/w) with a pH
of approximately 5.5.
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10. GLP-1 peptide salt/divalent netal fornulations

10.1 . Methods (A b8 35)hGLP-1(7-36)NH 2 1 ng/ nL wat er
wW@rasPBs560l uti ons were prepared and the pH waBCT/US2007/026490

adjusted to 7.0. 10 ng/nL stock sol utions of CaCb,

CuCl , MgA 2, and ZnCl 2 in wger were prepared. The pH

of CaCl2, MyCl 2, and ZnCl 2 solutions was adjusted to

7.0. The pH of CuCl 2 solution could not be basified

because Cu precipitated out. Therefore, CuCl 2 solution

of pH 4.4 was used. 4 nL netal ion water or PBS
1o.g.ogagi'gg:@dﬁ;ﬁ@%a%ﬁ?@é@né%ﬁ“ _ (A'b8 35)hGLP- .

- to make a final netal ion

corRatst watd dosed a2 @03 muyg/rat. (3Thie of 1% tsohgioh) | suibicatansasisly with

m xed and checked forn(pr_eé:gsg'i&gati on. If precipitation
thesg Hrge tf%'én‘:ﬁag%s% S k P+ (p8aNHeh eBlogdp samples  were

UA- c et ' ' h u
coll SRRt 10153 Wiy £ 0P8 PRUEE 4R 106, §°57 "R 8s. Plasma
wasSablidxited tfyornfthé Al Bg)de@tifugbliod@nitstarechat F80°C. The tissue at
presence . of dival ent tal ions 10. 3. Pharnacokinetjc
the RIGENOS SUP was BoseyiRaiast homaesred inioyanentanvecand piared at -
80°¢;.5 clear solution fornulations Three different
formul ati ons of (A b8 35 hAP-1 (7-36)NH2 were
pr epao gatbywersi uspd far thel 5ou0Nd SpiB6ceiurasd 1, 2,)4, 8 hours data
(A b8 35 hGELP-1(7:3 H,2 [t with CuCl2 (2
poitts; Flheciah K3 st ) fhisz4e 18 Brvs eldhediis 5 (3)
(A b8 35)hGELP-1 (7-36)NH 2 acetate salt with ZznCl2 A

TFA salt of a G.P-1 analog (the TFA salt results from
: ' IORept i de by using preparative

0 C
cart BT AP bl R e MBRNENT o8 Y S hoiebingetea win
60%31%% %&’et@hﬁﬁl@l Vi The! gﬁp@ﬁgté@f wds colidRtdd at'fSPl“(’fla,tntrgifugation and

acetic acid agueous solution. The resultin

coreehtrataxh to sinapeds eddérovacaani - Phie pesi@ues avdrendissolved in 150 pl
OZorbax_ 300 SB, C-8). The colum is eluted with ( 1),
30%.acetonitrile in waterandeentsfiaad: $0g4: af thensyrarnatant was. injected for

[ : cetic acid aqueous solution for 0.5 hrs.
ch\ﬁ%/hg?g?a%’éh Ge

) a1 rear gradient (20%to
Tissue methanol extract (10 uL) was diluted to 1 mL 30% acetonitrile in

water and 50 pL was injected for LC-MS/MS analysis.

10.6. LC-MS/MS analysis

LC-MS/MS analysis was done with an API4000 mass spectrometer system

equipped with a Turbo lonspray probe. The MRM mode of molecular ion
detection was used with the ion pair of 668.9 and 136.1.

HPLC separation was performed with a Luna C8(2) 2x30 mm 3u column run
from 10% B to 90% B in 10 minutes at a flow rate of 0.30 mL/minute. Buffer A is
1% formic acid in water and buffer B is 1% formic acid in acetonitrile.

LOQ was 0.5 ng/mL.

10.7. Results and summary

The plasma concentrations of the peptide were calculated with its standard
calibration plot. 0.06 mg/mL (Aib®**)hGLP-1(7-36)NH, (0.3 mgf/rat in 5 mL
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100% of solution B over 30 min.) at a flowrate of 4
m/mn (solution Ais 0.25N acetic acid aqueous
waisnswsG sol ution B is 0.25N acetic acid i n PCT/US2007/026490
acetonitrile/water, 80:20). The fractions containing
the peptide are coll ected angB-l yophilized to
dryness. (Al b8 35)hG.P-1(7-36)NH 2 HCl salt was
prepared by a |yophilization procedure. 20 ng (A b8
35)hGELP-1(7-36)NH 2 acetate was dissolved in 4 ml _ 20
mM HCl aqueous sol ution and incubated at room
T afp
e PR L RS, SN ERclER: MO pefedfitges left a the
m;ei:twn attes.her two tines and the chl oride content of the
final product was determ ned. The determ ned chloride
content was 5.38% ( 1) (A b8 5)hG.P-1(7-36) NHO HCI

Tabtéb! (AibEP)BOP21 (7(46 bR cHcEng@libhs 2 HOl 5.3 ng
peptide content Ts was di Ssol Vet |n50_n1 20 mM

approx teI @i F"
ratio t?gﬁr@gf‘g g‘l(? 38? 7 B 2 vvas fof)‘cfn ation
The pept| d n rat| on Wasg3 mv) wa@”agfm'-) of
(WwW W roxi ff h&LE-1(72) ( )hGLP-1(7-

35) hG.@S).NIrIiHQé)aanC > sal 66W hHZhepd: (ABGRNH: acetate and
TiBY¥ehid P-1 (7-389dH 2 HCl 5. 3 ngnChejusede cont entZrG, dose
0UsB was dissglpged in 50 M FHoedd.g8pCl 2 aqueos 9+14.57

FeyutTon Ine3jq|g Was ad] Ut edj3hA M 28PT OX1 Nat €% 3548 00

A B

WA 7 R S O
) A 905 ( w \Al\ W rg}'s?ré;ﬁﬁ
ot _approxi mat &18 5. 5 (3) (A b%%ﬂﬁ@ﬂP 1(7-36) NHo11.5
aZet ate sal 11 MetIt27ZnCl ?: (A b8 238HMBEP- 1( 7- 36) NH 8.64
agetate 5.5 sy+bpepti de cont e 3984 8299 was di ssopwusd
Tg o0 Ml _ 2@ i@ 4ACT 2 aqueous sqj ppi on. The T esul gifAg
4

|4'I_nf_1 N N:-\Q]ﬁ o_about 5 5 Th’]p«2 lar ratio of (Aih8
FPhGLP- 1(7- 369188 2/ ZnCl 2 was 1.9.47. The peptide 0.77
@6ncentrati onOvids 10% (30 mM) i m.@ater (ww) w th0O83pH
obg appr oxi mat gliyy 5. 5. 10. 4. Dosi rg7and bl ood sanpl g.82

s&pl ection  gag 0.6 1.09

A full time course plot of the pharmacokinetics profile of the HCI salt
formulations of (Aib%**)hGLP-1(7-36)NH, is shown in Figure 8. An early time
course plot of the pharmacokinetics profile of the HCI salt formulations of
(Aib®**)hGLP-1(7-36)NH, is shown in Figure 9. A full time course plot of the
pharmacokinetics profile of the acetate salt formulation of (Aib®3°)hGLP-1(7-
36)NH.; is shown in Figure 10. An early time course plot of the pharmacokinetics
profile of the acetate salt formulation of (Aib®**)hGLP-1(7-36)NH, is shown in
Figure 11.



Rats were dosed at 0.3 ng/rat (3 m _ of 10% sol ution)
subcut aneously with these three fornul ati ons of (A b8

WG 2v808263¢ 7- 36) NH 2. Bl ood sanpl es were col | ece@dUs1005026490
10, 15, 30 mn, 1, 2, 4, 8 hours, and 1, 2, 3, 4, 7,
10 days. Plasma was col | ectegy-from t he bl ood by
centrifugation and stored at -800C. The tissue at the
injection site was al so coll ected, honogeni zed in 5x
met hanol, and stored at - 800C. Two rats were used for
the 5, 10 15, 30 m n, and 1, 2, 4, 8 hours data

1 agﬁi’esin'!ection

p
200 m ) was aC|d|f|ed with 10 i _ formic acid and

super nat ant #aUMERY ect ed by @H’P?ﬁeﬁju?atl on af@timated

concent r RYGE @G (YhLISE upgesentage (in) Tafhe percentage (%) left
wer e di ss@tiggction sikpoh _ a0imjentienaitetafi | e atinjaatien site of
and cent r(Alvg%thEB‘ Hi7- of (Aitfe h@ldP4T-ant (Aibd3)hGLP-1(7-
i Mieet ed f 86)NH; IMSI dd anal y36)BIH, HGIsared met3@)Nl, acetate and
exdayact (10 QUC) dwze di | ut ed ZnTlldose 30% acernCitdddee
N yater and 54 #ag _ was I nj eclog s®’ LG V5 V5 g gg

%&s—de-ﬁe—w*”‘ aH—APH4000—ass—she rrc...,tbr Sy-SHEH
.eq.uép.ped,_w_t_h_aﬁu.r_b.o_Lons.pLaM gi'm The MRM nolded of
nolécular ion Qetéction was use@%th the ion pd)-23of
66879 and 136. 0.47 HPLC separ ati 006was perforned 03 h a
Lungd C8(2) 2x30.amm 3m col um rup.obrom 10% B to 9064 B
In 10 mnuies at a ffowrate of U.30 nL/mnute. Burfer
5 Ais 1%formc acid in water and buffer Bis 1% formc

aci rile. / 7. .Result

and st AE S0 Nletign. s glec (4, P g Chpees s B fuechion site
is fuvetier shwniraFigdraph its standard calibration plot.

0.06 ng/ L (A b8 35 hGE.P-1(7-36)NH 2 (0.3 ng/rat in 5

nmLnet hanol extract) was used as the 100%to cal cul ate
Tabled. P paramefers | eft at the injection sites.

10

Plasma Plasma Plasma
concentration concentration concentration

Sng/mL) of gng/mL) of gg/mL) of .
(AIb®PIGLP-1(7-  (Aib*®)hGLP-1(7- (Aib**)hGLP-1(7-
36)NH; HCI and 36)NH,HCland  36)NH; acetate

CuCl, dose ZnCl, dose and ZnCl, dose
Tmax, h 1 05 025
Crmax, Ng/Ml 11.8 13.8 32.2
AUC ng-hr/ml 204 514 394

The results indicate that salt forms of GLP-1 analogs, particularly in
combination with a divalent metal salts, provide for acceptable sustained release
formulations with reduced initial plasma concentrations, which may reduce or

15 eliminate unwanted side-effects.

The data indicate that strong acid salts, for example, HCI salts of the GLPQ1
analog, show a further reduction in initial plasma concentrations. Without being
bound to this theory, it is believed that the superior reduction in initial plasma

20 concentrations of the HCI salts of GLP-1 analogs relate to the neutralization
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Table 5. (A b8 35)hA.P-1(7-36) NH? pl asma
concentrations Plasma Pl asna Pl asma concentrati on
W@ o0v8esaes@t i on concentration (ng/ L) of (ng/ mMBCDS2007/026490
(ng/nm.) of (A b8 3*)hGP-1(7- (A b8 )hGP-1(7- (A b8
YhGLP-1(7- 36) NH2 HCI and Cwd-2 36) NH2 HClI and 36) NH2
acetate and Tinme h dose ZnCl 2 dose ZnCl 2 dose 0.083
4.76 5.063.85 25.914.57 0.1 7 3.18 13.0412.81
16.355.02 0.25 3.44 13.658.14 32.2 0.5 7.955.3 13.861
1.8 19.53.68 1 11.8 12.410.61 11.5 2 11.41 .27
s v BirPlorhnBsifng (§ 19520 bR of %
pro f(i 2"?1‘%1 357 883'053§( )853&&%&2\/1&8&@ 05£ 0, 4@0 the acid is
in thIﬁcItilomdé farn?i,ﬁnd tBerelishfreée AciH. 7Acmrﬁmglyl,(}after35e Bubcutaneous
09..A fu se plaot. of th harmacokln
injegiql tes008y i E bRl ellsslizstthe it RS BRICKY) théeby
predpitatAdthE( §0|§@INH1&8|F§DWWFhé§b BebtdaBedn neﬁﬂaﬁ?éﬂdh time leads
time course plot of E har macoki netics profil
to atsreali¢m |Q§§Im0ﬂ©ldmﬂd:1tln'©ﬁ plasnv(aaazojgzests)ahmm_spme) NH 2
i's shown |n Figure 9. Afull tinme course plot of the
rraco tics.profi of .the a
R ebiieationS 2Bl abays e i poraied ks byaieterenc
AdditichHl @ndtbdienesibt thel preBeROIAVERLIBH AhIl BE abbﬁrent from the
phar macoki netics profile of the acetate salt
foregeinaudigcloshre angd Are htepiiaditebeenceg)passediby thiedaventipon as

described fully herein and defined in the following claims.
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Figure 11. Table 6. Estinmated percentages of (A b 835
YhG.P-1(7-36)NH? | eft at the injection sites Estimated

weiossaesdl Esti mat ed percentage (% |eft perceP@EHUS2009H26490

| eft percentage (%9 left 4 0.14 0.04 0.23 7 0.47 0.06
0.03 10 0.01 0.02 0.01 Ti ssugs-accunul ation profile of
(Aib 8 35)h@A.P-1(7-36)NH 2 at the injection site is
further shown in Figure 12. Table 7. PK paraneters

Pl asma Pl asma Pl asma concentration concentration
concentration (ng/nmL) of (ng/nm.) of (ng/nm.) of (Aib 8

y i (Aib 8 YhGLP-1(7- (Aib 8 )hGLP-1(7- 36) NH
‘Whgi E%p%nﬂ]ééi%( ) (7- ( ) ( )

JNH 2 HCI and 36)NH 2 acetate CuCl 2 dose
ZnCl 2 dose and ZnCl 2 dose ' max. h 1 0.5 0.25 Cnax.

N9/ A pHalmthckatiBal3 2o pasitiong cbmphiking04n53daldg 4ofTIBLP-1 prepared
results indicate that salt forns of G.P-1 anal ogs,

parWitk @ ahagmaceutisally mecestable tsﬁlté)foffq}(alaé}ﬁlogT@faﬁ mixture of the
| |
sa §a'5l’ﬁ oY 'a‘?\%lcfgﬁé gﬁ%gh@fygf tttﬁ'%l'lébgld;g\qngfn% &#¥Rar ratio of analog

for atrons wt

commmtm aneplmisa analogh inresaid qdwmameuetalrrbompesiniommhaefein the
ffe The data indica stron. id

5o 0farrgHi0 Spms adisted 36 iadate e 801BA A it and release

shoypretf o LiReVivoe relehs@Nprofild ft i@l pBbA3ETIn said pharmaceutical

concentrations. Wthout being bound'to this theory, it

i s ¢hpesitiont hat the superior reduction in initial

pl asma concentrations of the HCl salts of G.P-1

anal ogs relate to the neutralizati onprocess in vivo.

a.n mﬁarma@é\sndal bo)npimhdr%c@hav@ @t CRin51 SwhaRMsald GLP-1

the acid is |§135t e chloride formand there is no free
aci analeg istAib nglhG LB (ér3&)NE2s ubcut aneous

3. The pharmaceutical composition ac_cording to Claim 2, further comprising a

divalent metal and/or divalent metal salt.

4. The pharmaceutical composition according to Claim 3, wherein said

selected divalent metal is zinc or copper.

5. The pharmaceutical composition according to Claim 3, wherein said
composition contains divalent metal salts selected from the group consisting
of CuAc,, CuCl,, ZnAc,, and/or ZnCl,.

6. The pharmmaceutical composition according to Claim 2 or 5, wherein said
salt of [Aib®3°]hGLP-1(7-36)NH, is a pharmaceutically acceptable salt of an

organic acid.

7. The pharmaceutical composition according to Claim 6, wherein said organic
acid is selected from the group consisting of acetic, trifluoroacetic, lactic,
malic, ascorbic, succinic, benzoic, citric, methanesulphonic and

toluenesulphonic acids.
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.. conposition contal ns

injection the body fluid is able to neutralize the
sol ution nore quickly thereby precipitating the

w@ei0808wme nore rapi dly. These decrease in PCT/US2007/026490

neutralization time leads to a smaller, |ess
pronounced, initial plasma e4amcentration or spike. The
publications cited above are incorporated herein by
reference. Additional enbodi ments of the present
invention will be apparent fromthe foregoing

di scl osure and are intended to be enconpassed by the
g, NVigid mj)ﬁé‘rrﬁ? celfiral b@%o&ﬂio'nyaé&’r&'n@ @r@laﬂﬁf'l ReRereth 58/ acid is
follo al ns. is clalned

phannmcemmical conp05|t|on conpr|5|ng an analog of
GLP-1 prepared with a pharmaceutically acceptable salt
of said analog or a mxture of the salt of said anal og

Qandrﬁé‘ﬁhéﬂﬂb@&ntlddﬂ%ﬁ%ﬂmla@wﬂju@g B! Ghirhat i® %fwherein said
anal og salt 8,350 gthl de analog in saird pharnmaceuti ‘cal

cor&@&lsfpft[/’dbl il (17-t3§éNHnIl$1ﬂ pharmacesdtically acgapialkle salt of an
t he solubility, the pH, and rel ease effect
n 'ﬁﬁ%n@cog?g [ [ [ [

| ease profile of the peptide in said
phar maceuti cal conposition. 2 . The pharnmaceuti cal
conposition according to Claim1, wherein said GLP-
Tohalhgy wlzarm%smggl] we_nmqs(ltme?mrgmgs toTkdaim 9, wherein said

h :
PLIGRERI &30 ROTRERILY Ofiot AReofyl IR of perochiorc
methaldrelrdomic 4Ahydrb o did) aautfacie @wnideptho sphopic Ecidson

according to Caim3 , wherein said selected dival ent
nmetal is zinc or copper. 5. The pharmaceuti cal

ﬂonﬂfégbﬁaﬁﬁa@é‘tﬁf&%ﬂb&%gbgltl%aad&gdln?ﬁ‘i@rCﬁaan 481 @herein said acid is

ival ent netal salts selected

f r dmdrdehigrioapidconsi sti ng of CuAc2, CuCh, ZnAc2,
and/or ZnCl 2. 6. The pharnaceutical conposition
according to Caim2 or 5 wherein said salt of [Ai b8

30] P—\%rﬁ{a?:e%ﬁbal“&o?nbés@orﬁ’ﬁéwmﬁﬁid calihy3 agkéreimeemolar

salt of an org ni ¢ aci ar maceut'i cal
83

corrptigiranges atsaid dAR]° ?]bGd;lPaw -85)Mresalf to GhPd1 peglide @nalog
£ f ARBrotBRE 0 S0P dobroRhutey AR St ng of acetic,

13. A pharmaceutical composition according to Claim 3, wherein the molar
ratio of said [Aib®3°]hGLP-1(7-36)NH, salt to said divalent metal and/or
divalent metal salt in said pharmaceutical composition ranges from

approximately 6:1 to approximately 1:1.

14. A pharmaceutical composition according to Claim 13, molar ratio of said
[Aib®*5ThGLP-1(7-36)NH, salt to said divalent metal and/or divalent metal
salt in said pharmaceutical composition ranges from approximately 5.4:1 to

approximately 1.5:1.

15. The pharmaceutical composition according to claim 14, wherein said
pharmaceutically acceptable salt is [Aib®**|hGLP-1(7-36)NHz*HCl+Zn.



mal i c, ascorbic, succinic, benzoic, citric,
nmet hanesul phoni ¢ and t ol uenesul phoni ¢ aci ds. 8. The
w@b@sosaseut i cal conposition according to C ai nP@T/US2007/026490
wherein said acid is acetic acid. 9. The
phar maceutical conposition aggording to Caim2 or 5,
wherein said salt of [A b835]hAP-1(7-36)NH 2 is a
- pharmaceutically acceptable salt of an inorganic acid.
10. The pharmaceutical conposition according to C aim
9, wherein said inorganic acid is selected fromthe

r @br
ﬁ/dr ol o‘grﬁlac?hﬁsul S?| MW (%t:ﬂr@ﬁ‘lgcff’tg Qlﬂlrﬁ 14h wherein said

phavhaimmubaall)cmq&nztablecsaltas@lba??]QGLE’ masa)r\nm-acetate-Zn
wherein said acid is hydrochloric acid. 12. A -
pharmaceutical conposition according to Caim 3,

Mher g Ejpﬁé}?néﬂﬁuﬁbaf Qidnﬁ’pdéf&?saétforélﬁlgd td AblBfn 14, wherein  said
35] h&L ?NH 2 salt to ge pti de anal o
apmltammeelnyab/ 5cqeptt@blam@hds|[m eI’ yhGbP11(7-3@N 'HCI°copper-
phar maceuti cal conposition according to Caim 3,

wherein the nolar ratio of said [A b8 35] hGP-1

(7-36)NH 2 salt to said divalent netal and/or divalent
nmetal salt in said pharmaceutical conposition ranges
fromapproximately 6:1 to approximately 1:1 . 14. A

phar maceuti cal conposition according to Claim 13,

nolar ratio of said [Alb8 5]hAP-1(7-36)NH 2 salt to

said divalent netal and/or divalent netal salt in said
phar maceuti cal conposition ranges from approxi mtely
5.4:1 to approximately 1.5:1 . 15. The pharnaceutica
conmposition according to claim 14, wherein said
pharmaceutically acceptable salt is [A b8 5] hGP-1
(7-36)NH 2 HCl Zn. 16. The pharnaceutical conposition
according to claim14, wherein said pharnaceutically
acceptable salt is [A b8 5]hGP-1(7-36)NH 2

acetate*Zn. 17. The pharnmaceutical conposition

according to claim 14, wherein said pharnaceutically
acceptable salt is [Alb 8 35 ]hG.P-1(7-36)NH

2' HCl *copper



