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anal ogues to treat manmals and to pharnaceutical conposi tions usef ul
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compared w&th mtravenously {Kreymann, B., et al, Lancet 1987:2, 1300-4). This

alimentary enhancement of insulin release, known as the incretin effect, is primarily

humoral and GLP-1 is thought to be the mast potent physiological incretin in humans. In

25  addition fo 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

30 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 intravencus infusion of GLP-1 has been shown to delay postprandial

gastric emptying in patienis with NIDDM (Wiliams, B., et al, J. Clin Endo Metab

35  1996:81:327-32). Unlike sulphonylureas, the insulinotropic action of GLP-1 is dependent

on plasma glucose concentration (Holz, G.G. 4", et al., Nature 1993:361:362-5). Thus, the




agai nst severe hypogl ycem a. This conbination of actions gives G.P-1 unique
potential therapeutic advantages over other agents currently used to treat
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Verlag, 1996, p. 311-326), effects which are glucose dependent (Kreymann,

2-8, 3§t8 g—'élzloséj—-gﬂggf’ 1jrﬁedlaﬂeaqgsu1n3@é‘eas$%]omll mgrﬁ? fgﬁcfée, ccﬁiberﬂllatlc;n E?o?@@t etsh
s.al s ec atients W
it abet oo (ISR SYEreeodREStofrie i e s ¥ P DuBBle il ™ 1y | o
al ., Di abethergpetie @dvama@?@vmerm@)qumm‘vHﬁdlfﬂﬂ?ﬁjN":H?P'\éod gl ucose levels in
t1 ggg)Z di gbeti Wuﬁié%@&h&es(M&lﬁifowr{ﬂ]éi\wher%n{@;tt@ hedﬁ@él@}e@isogim1 géterf 1|- OIt744,
n rovin cem c contral.in el dt,

of "t RS, e B R 6 B g e BBoen ERbariRlel BRI &b 111y

to i nt er @PH’E&OIOQIm@Eé%‘@ T ni98L; Holst Jkbnsi @l vﬁmw_hsuuﬂb_ﬁéy st ance.

GLP-1 and pgenbmés il GI8cReH mhﬁu;ejbba@ﬁ ERpSRRpROPhBhacotyf Lefbvbalbeed.s at ri sk
for devel ap. ee VWO, 00/ 0 761n)d fﬁas wel | as

for the t re%{ﬂp érhrm%ﬁrné%,g‘f’ At or’laﬁ Paaozgjt' e%%ﬁtl‘eél th(;% ?@IL_E}OSPP ub. No.
2004026667(€1$)e,‘lmﬁli*rI Bd et %h: bancebil: f B0-1394.6\§8T: Vil BHerd ah,rféaf&t%LWﬁéﬁ 362
t her apeait i agis %réwem@wo%ﬁecw@.r@agems \htllfmdb%tes feunubine N NCGERY I MRBD agoni st s

ther eof haéé% 19’?69 %Eﬁ u%gg Na?h bll[‘J rl\]/f:|t=;ltldlI rbgdbetg? 0etre 1lét2713-12 135& norma|%§ow ng

| ear ni ng, ‘€nhancing neur o- prbrecti o ral l"evi—al'i ng é om of a
di sease orb[QﬂdW%fE@fs i h’ée 8&@?@ Suhléﬁtﬁﬁﬂﬁl%%ﬂeﬁﬁ a'eD@bem'P%?‘é g‘ﬁ modul at i on
of neur ogemsms) and infpréling dladethic&atiolSn Hbs @ gmesntsNCrhairanat, WaoDies gigse,

Hunt i ngto dr ones
(U's. et anfbeti e 38macien: 1804 Suodising B SRS ABRYES WekBLEnSHRT OTE0

st ent p'f%ge‘%‘?ﬂ"t"@’ftyf@é“r'qeé“ﬁ”m rgsistanret CbRd| and @gpnidds Hairet e ibeen Mepsed i8697)
preventi nngbet fbizek lat KRtfar dedslogingdmniindufn ddpahdnt didlises (Mae Wo 0021‘7814;0053819 and

200302202 I o] ent Pub.
o Dosae T unts %%rrtg%ttﬁ%%{é’%g es??sqgtﬁﬂ?qgébﬁgtg gﬁ%‘”‘&rj@ﬁb Rpatelg By 8975:
W98/ 19698P4&ARIPssi ng appetite and inducing satiety (U.S. Patent Pub.
No. 30 2003023@&7mdiion fortesforadging,r thért akd £ndrovee bof Biyapeaices¢i®nHintA)60) ;

reduci g

i nfar ct I on Ji at cejﬂﬁ% %B @Q%OPO{ 3'6%%%@%%2%3%%%? gg?%%egg%mgfteé"gq(e (see WO
00/ 16797) ;W ?‘éa{‘m“ﬁ‘fj’“a&’ﬂﬁr@”r@oﬁeﬁrﬁﬁ'ﬂyE@VH‘E!'FQ) RRHTO-RIREBCHRY, @I“F’Eba”ed?t"é’na absence of
Q wave nycegapdnalf aiddtagect distrdéldf e deatre nérvélslzystdin, e.g. 2086400 0BdBatipn

att enual i By ROsheRUsIhRle £PARAT SRARICSHAL, P@tlﬁgéasngur?mgtgﬁs753) 35
treating h| ernati ng nyocardi umor diabetic cardi onyo %/ S. Pat ent
Pub. No. Disease, ALS, Stroke, ADD, and neuropsychiatric syndromes (U’S. Paten Pub, No.'s

25 20050009742 and 20020115605); converting liver stem/progenitor cells into functional
cells pancreatic (W0O03/033697); 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. 20040018975,
WO98/19698); suppressing appetite and inducing satiety (U.S. Patent Pub. No.

30  20030232754); treating irritable bowel syndrome (WO 99/64060); reducing the morbidity
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m cr esol (ZKI m and Haren, Pharnm
min in vivo. Exogendusly administered GLP-1 is also rapidly degrade (Deacon, CF.,et

25  al, Diabstes 44:1126-1131, 1995). This metabolic instability limits the therapeutic poteniial
of native GLP-1. A number of attempts have been faken to improve the therapeutic
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potential of GLP-1 and its analogs through improvements in formulation. For example,
International patent publication no. WO 01/57084 describes a process for producing
crystals of GLP-1 analoguss which are said o be useful in the preparation of
30  pharmaceutical compositions, such as injectable drugs, comprising the crystals and a
pharmaceutical acceptable carrier. Heterogeneous micro crystalline clusters of GLP-1(7-
37)OH have been grown from saline solutions and examined after crystal soaking
treatment with zinc and/or m-cresol (Kim and Haren, Pharma. Res. Vol. 12 No. 11 (1995)).
Crude crystalline suspensions of GLP(7-36)NH, containing needle-like crystals and
35  amorphous precipitation have been prepared from phosphate solutions containing zinc or




Crude crystalline suspensions of G.P(7-36)NH2 contai ni ng needl e-1i ke
crystals and 35 anorphous precipitation have been prepared from phosphate
solutions containing zinc or Il -4- protamne (Pridal, at. al.,

I nternational Journal of Pharmaceutics Vol. 136, pp. 53-59 (1996)).

Eur opean patent publication no. EP 0619322A2 descri bes the preparation of

m cro-crystalline forns of G.P-1(7-37)0OH by m xing solutions of the protein
in pH 7-8.5 buffer with certain conbinations of salts and | ow nol ecul ar
wei ght pol yethyl ene glycols 5 (PEG. U S. Patent No. 6,566,490 descri bes
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inducing conforma onal change of the peptide or protein of interest, resulting in decreased

structural integrity and compromised biological activity (Choi et al., Pharm. Research, Vol.
25 21, No. b, (2004).) Poloxamers have been likewise faulted. (id.)

The GLP-1 compositions described in the foregoing references are less than ideal
for preparing pharmaceutical formulations of GLP's since they tend to frap impurities
andfor are othetwise difficult to reproducibly manufacture and administer. Also, GLP
analogs are known to induce nausea at elevated concentrations, thus there is a need to

30  provide a sustained drug effect with reduced initial plasma concentrations. Hence, there is
a need for GLP-1 formulafions which are more easily and reliably manufactured, that are
more easily and reproducibly administered to a patient, and that provide for reduced initial
plasma concentrations in order to reduce or eliminate unwanted side-effects.




a need for GP-1 fornulations which are nore easily and reliably

manuf actured, that are nore easily and reproduci bly adm nistered to a
patient, and that provide for reduced initial plasna concentrations in
order to reduce or elimnate unwanted side-effects. -5- Sunmary of the

| nvention The invention may be summari%ed in the fol | ow ng paragraphs as
well as the clains. Accordingly, it is a first object of the invention to
provi de a pharnmaceutical conposition conprising a G.P-1 anal og accordi ng
to fornmula (1): 5 (A b8 35 hAP-1(7-36)NH2 (1) or a pharmaceutically
acceptabl e salt thereof, wheregiinhb® of B& Mvbdbhon of said conposition
provides for s r i n Lhi.stration armac klnetic and
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[ Al b8, 33] hGLP-1(7-36) NH2 is presentss ration of 4 ng/mM and said
ZnClZ is present at a conentratl A]LI’ (ﬁ'qb &23%]2 In a first aspect of said
first object the invention provi des for (a pharnmaceutical conposition
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conposi tion "P%Séreéﬁlrl{!t% Q il o%(% P'r%lae%%%ﬁm i ﬁ@e \D% (5?5% alt o 25
about %rrg?‘fﬁ Even nore pr eferably, the zinc in sai d phar maceutl cal
conposi tion is In presmrtaspevt of eanEeNdbicat theNnvehm padiet 16 Mhbrmegbiicalt 0 about
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di luent, wherein said rses maceuti ca accept abl e
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a concent r(‘ﬁt i on
uent comprises water.

In a first preferred embodiment of said third aspect of said first object said
pharmaceutical composition further comprises zinc. More preferably, the zinc in said
pharmaceutical composition is present in a concentration from about 0.0005mg/mL {o

25 about 50mg/m. Even more preferably, the zinc in said pharmaceutical composition is
present in a concentration from about 0.01 mg/mi to about 0.50 mg/ml. More preferably,
said pharmaceutical composition comprises a diluent, wherein sald diluent comprises a
pharmaceutically acceptable aqueous solution. The diluent may comprise sterile water.

More preferably, said pharmaceutical composition comprises an aqueous mixture,

30 suspension or solution, wherein said compound of formula (1) is present at a concentration
of approximately 0.5% - 30% (w/w). More preferably the concentration of said compound

of formula (i) in said agueous mixture, suspension or solution is approximately 1%, 2%,

3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%, 15%, 16%, 17%, 18%, 19%,

20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%, 29%, or 30% (w/w). More preferably,

35 the concentration of said compound of formula (I} in said aqueous solution is




of approximately 0.5%- 30% (ww). Mire preferably the concentration of
said conpound of fornmula (1) in said agqueous m xture, suspension or
solution is approximtely 1% 2%

3% 4% 5% 6% 7% 8% 9% 10% 11% 12% 13% L4% 15% 16% 17% 18% 19% 20% 21%
22% 23% 24% 25% 26% 27% 28% 29% or 30% (ww). Mre preferably, 35
the concentration of said conmpound of fornula (I) in said aqueous sol ution
is -6- approximately 1% 2% 3% 4% 5% 6% 7% B% 9% 10% 11% 14% 15% 16% 19%
20% 21% 22% 23% 24% 25% 26% 29% or 30% (ww). Mre preferably
still, theapmoincaey nat 29%8% 4% &b 6% 0T ®% 0% ot 116%( 15%,11A%s 39%, aqueous
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sai d ra ably, said
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Preferably in sgl d_sec ird asgect of

cai d 11 rot 2PPisB B sAC R SRR o Fl T o B P aroDB iy oA Fald
[ Ai b8. 35] FERRXIT(ERIBBHNHL0/n o5 5Fd. NIt pisterahi ceidirdfial is eomPgwAEl Jbil.s about 1%

(wei ghtd volvHamg manst by hgplsRimatelylid tHiaspbot [oAtHRERRhMIEa Jii6-08G)sNHR 168 zinc is
about 1.5: 1 rred t of said

P wope e BrO i s FRbebia e Bt BRRGhRF S RRG i, SRRPEHTRS,  of of
[ Al b8, 35] h@®%-1(7-36) NH2 in said pharmaceutical conposition is about 2%
(wei ght/ vol unmepreferably, in said second preferred embodiment of said third aspect of said first
object of the Invention, the concentration of [AIBYPhGLP-1(7-36)NH, in said
25 pharmaceutical composition is about 1% (weight/volume) and the molar ratio of
[AIL® 2 ThGLP-1(7-36)NH, to zinc is about 1.5:1. Also preferably, in said second preferred
embodiment of said third aspect of said first object of the invention, the concentration of
[AL®3*hGLP-1(7-36)NH, in said pharmaceutical composition is about 2% (weight/volume)
and the molar ratio of [AIL***ThGLP-1(7-36)NH; to zinc is about 1.5:1. Further preferably,
30 in said second preferred embodiment of said third aspect of said first object of the
invention, the concentration of [Ab*hGLP-1(7-36)NH, in said pharmaceutical
composition is about 10% (weight/volume) and the molar ratio of [Aib*** hGLP-1(7-36)NH,
to zinc is about 1.5:1. Still further preferably, in said second preferred embodiment of said
third aspect of said first object of the invention, the concentration of [AIb***hGLP-1(7-




and the nolar ratio of [A b835]hA.P-1(7-36)NH2 to zinc is about 1.5:1.
Further preferably, 30 in said second preferred enbodi nent of said third
aspect of said first object of the invention, the concentration of

[ Al b8, 35] hGLP-1(7-36)NH2 in said phargaceutical conposition is about 10%
(wei ght (volume) and the nolar ratio of [Aibe 35]hGP-1(7-36)NH2 to zinc is
about 1.5:1. Still further preferably, in said second preferred enbodi nent
of said third aspect of said first object of the invention, the
concentration of [A b8 35]hGP-1(7 | -7- 36)NH2 in said pharnaceuti cal
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obj ect, Sa(ﬂ.\léngﬁdhﬂafanie?arﬁré%}ﬁ'r%%Qﬁpr&dn%e[ﬂ‘b‘?r' de or zZi nc acetate. Mre
prefer?bly, Said zinc,K acetate 1s provided a Ac2.2 H2O Preferably, in

both of®said ffreéeadnd §%€8?F&"‘E)P@feéﬁef’ 85‘*’8%8'&%?{? é""’SﬁS%e&f of 95 e aspect
of sai d fidhbisct shifjett is pheldgHaotins dilaidp lvarine eealste cddre porigyalgy, tseidreinics  adj ust ed

upward 20, 4etNgp @vn@&ﬁé%ZnNQer eferably, said pH adjustnment is made using
NaOH. More pre erabl H of said rmaceuti cal 03|t|on is
e P kel o5 biiar sSiek g b ri e T aiele of 5N RES! b o1
concent r ataspert absaitffirst @HecN €l pH of spid phaimeeewdital cappesiioh ireddplsiedSip@ard 5.5 i s
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As will be appreciated by one of skill in the art of pharmaceutical formulations, the

25  pH of a compasition of the invention may be adjusted even mare broadiy than outlined
above using appropriate pharmaceutically acceptable acids and bases. Such further
adjustment of pH of the final composition allows for modulating parameters such as, e.g.,
peptide concentration, zinc concentration, and in vivo release profile.

In a first preferred embodiment of said second aspect of said first object, the

30  invention features a pharmaceutical composition according to said third aspect, including,
independently for each occurrence, each of said preferred embodiments of said third
aspect, wherein the composition is formulated such that the compound according to
formula (I} is released within a subject in need thereof, e.g., a mammal, preferably a
human, for an exiended period of time. Preferably said release of said compound extends

35 for at least one hour, more preferably at least 4, 8, 12, or 24 hours. More preferably still,




adj ustment of pH of the final conposition allows for nodul ati ng paraneters
such as, e.g., peptide concentration, zinc concentration, and in vivo

rel ease profile. In a first preferred enbodi nent of said second aspect of
said first object, the 30 invention features a pharmaceutical conposition
according to said third aspect, including, independently for each
occurrence, each of said preferred enbodinents of said third aspect,
wherein the conposition is formul ated such that the conmpound according to
formula (1) is released within a subject in need thereof, e.g., a mammal,
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devel opi ng, a @i $eaSE pRfferfANShBoiRENG 8 84d @6bond object of the invention, said

subject is a human afflicted with, or at risk of developing, a disease or condition selected

25 from the group consisting of Type | diabetes, Type il diabetes, gestational diabetes,

obesity, excessive appetite, insufficient satiety, and metabolic disorder. Preferably said
disease is Type | diabetes or Type |l diabetes.

In another more preferred embodiment of said second object of the invention, said

subject is a human afflicted with, or at risk of developing, a disease selected from the

30  group consisting of Type | diabetes, Type Il diabetes, obesity, glucagonomas, secretory

disorders of the airway, arthrifis, osteoporosis, central nervous system disease,

restenosis, neurodegenerative disease, renal failure, congestive heart failure, nephrotic

syndrome, cirrhosis, pulmonary edema, hypertension, and disorders wherein the reduction

of food intake is desired, a disease or disorder of the central nervous system, (e.g.,

35  through modulation of neurogenesis, and e.g., Parkinson's Disease, Alzheimer's Disease,




25 fromthe group consisting of Type | diabetes, Type Il diabetes,

gestational diabetes, | obesity, excessive appetite, insufficient satiety,

and nmetabolic disorder. Preferably said disease is Type | diabetes or Type
1 diabetes. In another nore preferrﬁg enbodi ment of said second object of

the invention, said subject is a hunmdn afflicted with, or at risk of

devel opi ng, a disease selected fromthe 30 group consisting of Type |

di abetes, Type |1 di abetes, obesity, glucagonomas, secretory disorders of

the airway, arthritis, osteoporosis, central nervous system di sease,
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25 mammahan animal, more preferably a primate, more preferably still a human being.

Brief Description of the Drawings
Figure 1 depicts the plasma profiles (median values) obtained after a single

subcutaneous (s.c.) administration to dogs of approximately 1mg of JAIBS ¥ IhGLP-1(7-
30  36)NH,. In each case the peptide was administered as an aqueous zinc composition

comprising approximately 1% (wt/vol} peptide and having a peptide:Zn molar ratio of

approximately 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
35  buffered with AcOH/AcO-.




formul ati on of the present invention conprising an effective anmount of a
conpound of formula (1) or a pharmaceutically acceptable salt thereof.
Preferably said subject is a 25 mammalian animal, nore preferably a
primate, nore preferably still a humap being. Brief Description of the
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Figure 6 depicts the plasma profiles (median values) obtained after a single

subcutaneous (s.c.) administration to dogs of approximately 15 mg of [Aib®*¥hGLP-1(7-

25 3B6)NH:. The peptide was administered as a semisolid zinc composition having a peptide
concentration of about 25%, and a peptide:Zn molar ratio of about 4:1.

Figure 7 depicts the plasma profiles (median values) obfained after a single

subcutaneous (s.c.) administration to dogs of approximately 15 mg of [Ab***hGLP-1{7-

36)NH;. The peptide was adminisiered as a semisolid zinc composition having a peptide

30  concentration of about 23%, and a peptide:Zn malar ratic of about 1.5:1.

Detailed Description

A peptide of this invention is denoted herein by the following format, e.g.,
(AIb**®rGLP-1(7-36)NH,, with the substituted amino acids from the natural sequence
35 placed between the first set of parentheses (e.g., Aib®*® denotes that Aib is substituted for




36) NH2. The peptide was adm ni stered as an aqueous zi nc conposition having
a peptide concentration of about 2% and a peptide:Zn nolar ratio of about
1.5:1. Figure 6 depicts the plasma profiles (nmedian val ues) obtained after
a single subcutaneous (s.c.) adnlnlstratlon to dogs of approximately 15 ng
of [AI b8.35]hAP-1(7 25 36) NH2. The péptlde was adm nistered as a sem solid
zinc conposition having a peptide concentration of about 25% and a
peptide: Zn nolar ratio of about 4:1. Figure 7 depicts the plasnma profiles
(medi an val ues) obtained after a single subcutaneous (s.c.) admnistration
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acid agueous solution for 0.5 hrs. and (3} a linear gradient (20% to 100% of solution B

25 over 30 min.) at a flow rate of 4 mimin {sclution A is 0.25N acetic acid aqueous solution;

solution B is 0.25N acetic acid in acefonitrile/water, 80:20). The fractions containing the
peptide are collected and lyophilized to dryness.

As is well known to those skilled in the art, the known and potential uses of GLP-1

are varied and multitudinous (See, Todd, J.F., et al., Clinical Science, 1998, 95, pp. 325-

30 329; and Todd, JF. et al., European Journal of Clinical Investigation, 1997, 27, pp.533-

538). 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 1l diabetes,

ohesity, giucagonomas, secretory disorders of the airway, metabolic disorder, arthritis,

35 osteoporosis, central nervous system diseases, restenosis, neurodegenerative diseases,




20 buffer solutions) can be converted into another salt, such as an acetate
salt by dissolving the peptide in a. small anmount of 0.25 N acetic acid
aqueous solution. The resulting solution is applied to a sem -prep HPLC
colum (Zorbax, 300 SB, C-8). The colym is eluted with (1) 0.1N amoni um
acet ate aqueous solution for 0.5 his.,”(2) 0.25N acetic acid aqueous
solution for 0.5 hrs. and (3) a Ilnear gradient (20%to 100% of solution B
25 over 30 min.) at a flowrate of 4 mM/mn (solution Ais 0.25N acetic

aci d aqueous solution; solution Bis 0.25N acetic acid in

acet oni t ri reneheilge, coB@sME) heaf Halufe; agthraio Syadborba iciribngls, tdunonpepidesta, ar e

col l ect ed ﬁ%rtlenyéﬂﬂhhrgéra@rg MIh@reﬁllrtMQ?e%%ctmﬁsof'féodvﬁﬂake s s WAPEQ gaki I led in

the art, the kn%gn ﬁ‘g gmis uses P- are vari ed
mul ti t udi nSBUP &g oo ’ﬂ’&sa Ordeéscdi%ﬂussed@?ieﬁrr c§F°°§B“9§’nceth9199’895€9‘5 pp.
325- 30 32vendiod iTddds wWithi. itetscale. phainacptiah cdopesitahs @b @iihed Gatein

I nvesti gat képrisihg %6 an%&weﬂ%ré%%t égmpouIQUﬁonﬁLﬁRI adm ni stration of the
conmpounds of t%dlgnven%l on glér oses of eliciting an agoni st effect
a

can have the s 3060 %‘;“5‘?1'69"8%' rpuii'mpf efdfip mveme%@a}o g v&@duses of
GLP-1 may beveyamidy iezesbagsthéitdhd awaint vf teaketiva tngafdienflygpeich tieit akeitzte, Type ||

di abetes, gglgs Istolritamgéi Uﬁ%%@&%osa&@&ép%%&r Mol e QR IR %eﬁpeﬁtﬁ%ﬁ@&t Fopay

met abol i c g‘l sort i E ost eqporosi s, central nervous system
di seases, P&JPERE F‘g’“'“'ﬁ T}Pﬁoaé'ﬁe‘?'i‘e‘ih%tdf‘(% TPisthg digatmenty snd permally wiliheyr e
congesi? veddienminedfbyitieuatiendimegiysicain. dn gynecl, ameffetive disagd for thpuattiviiesefy edena,

hypert ensi g, .m/ahtfoarsd@fha réﬁ@saﬂxmottbgodﬁewaé &eieiabﬂ,qsa@ﬂﬂo%?g gesired, as

well as the ons a I sorders |scusse ereln

Accor di ngl yt,"cq (haé' bﬁ?i@’@ﬁ eredﬁ%\?éﬁ?fecflﬂs‘??f MAGE TP HIPRI 9SS scope
phar maceut i cal Tderigoglationsred this inderftiomace prefeeibly Hinirtstped pamgeralys ean acti ve

| ngr edli ent i &Q0BOYRGR Bfioh @i dvdnblay, TaudRsiags, Al uagld ve [ ngredient in
nve necessary

the fo latio er i .S

t hat t?ﬁeT]Jarrl)unfq“Sr %Diaratt'%"s a&%‘frfi'\r}%{a ﬂ?%ﬂé%\?é’h{%rBaéergﬂﬁlﬁdpﬂﬁraté’"é'iﬁ%dﬁﬁieﬂ'e dosage is
obt ai ned. FHECWeIEEREHULIYS gglutictepimpRNsiapd rpetsher ehegsiored ptohidedafieuthec ef f ect
on the rodésRedf vﬁd?@léﬂs@bfoalbh@é&meaém%in i&%fﬂbﬁ-ﬁédee& é?)fveﬁtQ%r&erhﬁc%Ts”ent and

|1 |
oFfoct i ve b xiedoaSeRh FobRiche dhebl Spdtiapf Sl HoB REbfe SLanct SorfGlr ange of
1x10' 7 t o Lo rapdingctriie, organisfasiestosupgh Bx eitylplaate. 1D 0O nigdagg fatmy may\mpc h can be
adm ni &g el’@dtaﬁﬁadilwﬁﬂt@glcﬁ a@Qﬁé%eleng dhéﬂlr@eélmhlﬁfyfhg dtdla?:lal%lnggéﬁfﬁs

formul ati f tlon |st teraIIy,

e.g., |n;)r}r;I m%sc%tF“hz by'l Nt r%{(p@Pl t(gﬁrgg‘?q %roqgﬁt?dl?ﬁg S| %}"’"%u'@ r?’é{neousl Y,
and t he | |"R“é"’POI%'"@F@ﬁﬂ'ﬁ'ﬂ@iﬁ@%‘?ﬁs}m&é‘@@mw@m@ by iriagiafingtbednpasifians, gdwent er al

admi ni st r aebtiny the ChmMPGIBhE MheP caraq%cuéSma{ufd&%daﬁttﬁ@%ﬁmSaléﬂatraeogﬁxd

I I
suspens! Tang il Ao 0y AR Yo A et © °°°

medium immediately before use.

Synihesis of Pepfides

Peptides useful for practicing the present invention can be and were prepared by

standard solid phase peptide synthesis. See, e.g., Stewart, J.M., st al., Solid Phase
30  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 fllustration

35  and are not meant to limit the scope of the present invention in any manner.




are propyl ene glycol, polyethylene glycol, vegetable oils, such as olive
oil and corn oil, gelatin, and injectable organic esters such as ethyl

ol eate. Such dosage forns may al so 20 contain adjuvants such as
preserving, wetting, emulsifying, and,dispersing agents. They may be
sterilized by, for exanple, f||trat|on t hrough a bacteria-retaining filter,
by incorporating sterilizing agents into the conpositions, by irradiating
t he conpositions, or by heating the conpositions. They can al so be

manuf actured in the formof sterile solid conpositions which can be
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Example 1
25 (Aib**®)hGLP-1(7-36)NH,

A detailed synthesis procedure for (Aib***)hGLP-1(7-36)NH, has been provided in

Intemnational Patent Publication No. WO 00/34331 (PCT/EP99/09660), the contents of
which are incorporated herein in their entirety. Briefly, the compound was synthesized on

an Applied Biosystems (Foster City, CA) model 430A peptide synthesizer which was

30  modified to do accelerated Boc-chemistry solid phase pepiide synthesis. See Schnolzer,
et al., Int. J. Peptide Protein Res., 90:180 (1992). 4-methylbenzhydrylamine (MBHA) resin
(Peninsula, Belmont, CA) with the substitution of 0.91 mmol/g was used. The Boc amino
acids (Bachem, CA, Torrance, CA; Nova Biochem., LaJolla, CA) were used with the
following side chain profection: Boc-Ala-OH, Boc-Arg(Tos)-OH, Boc-Asp{OcHex)-OH,

35  Boc-Tyr{2BrZ)-OH, Boc-His(DNP)-CH, Boc-Val-OH, Boc-Leu-OH, Boc-Gly-OH, Boc-Gin-
OH, Boc-lle-OH, Boc-Lys(2CIZ)-OH, Boc-Thr(Bzl)-OH, Boc-Ser(Bzl)-OH, Boc-Phe-OH,




chloro, brono and iodo. Unless defined otherwise, all technical and
scientific terns used herein have the sane neaning as commonly understood
by one of ordinary skill in the art to which this 20 invention bel ongs.

Al so, all publications, patent applicafions, patents and other references
menti oned herein are incorporated by reference Exanple | 25

(A b3 35)hG.P-1(7-36)N H2 A detailed synthesis procedure for

(A b8' 35) hGLP-1(7-36) NH2 has been provided in International Patent
Publ i cati on No. WO 00/ 34331 (PCT/EP99/09660), the contents of which are
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ni trogen. wzhecollected and checked on analylical HPLC. Those containing pure product were
combined and lyophilized to dryness. In one example of synthesis of this compound, 135
mg of a white solid was obtained. Purity was 98.6% based on analytical HPLC analysis.
25  Electro-spray mass spectrometer (MS(ES))S analysis gave the molecular weight at 3339.7
(in agreement with the calculated molecular weight of 3339.7).

Example 2
Formulation Procedures |

30 2.1 Materials, Stock Solutions, Calculations
A} Materials: ZnCl,, NaOH pellets, and hydrochloric acid, 35%, were obtained from
Panreac Quimica, Barcelona, Spain. WF| (sterile water for injectionfirrigation) was
obtained from B. Braun Medical, Barcelona, Spain.

35




resi due was washed with ether (6 x 10 nL) and extracted with 4N HOAc (6 X
10 mL). The peptide m xture in the aqueous extract was purified on
rever se- phase preparative high pressure |liquid chromatography (HPLC) using
a reverse phase VYDAC(r) C18 columm (Nest G oup, Southborough, MA). The
colum was eluted with a |inear 20 gratdient (20%to 50% of solution B over
105 mn.) at a flowrate of 10 nmL/mn (Solution A = water containing 0.1%
TFA;, Solution B = acetonitrile containing 0.1% of TFA). Fractions were

col l ected and checked on anal ytical HPLC. Those contai ning pure product
were conbp gg,c@gtqutiop,;@phl lized to dryness. In one exanple of synthesis of
this conmpoun 135. ng_of a white solid was obtained. Purity was 98. 6%
based on anal yt( ' anal ysis. 25 El ectro-spray nass spectroneter
(MS(ES)) S anal ysi s 42t stivieg.radt 88t Hak o Werl tprechizre 3899. 7 (in agreenent with
he cal cul ated nol eguh Aol ed! 1stdRPa ighEX ARlLorznCROMTH sAhon
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transfer a wei ghed a%ﬂﬁ?m'ﬁ?mczfr‘?é?gran "’Ew%'?zrferdﬁ"}?{jrqm?%ﬁh ﬁ% h@l‘g’to achi eve
a final coﬁf@éﬂﬁ'?'?tatapwe@ffnesppmmﬁmn ef appepxitr@tein). PHONGNaOH/MIO (iii) NaOH 0.1

to 10 ng/m: 1(mlme@ewﬁéwmhmu&kﬁsﬂ@mbmnﬁf:&ﬂw@z/of@l ghed amount of NaCH.

Wth stirring, add to i.nal ce tion of approximtely
0.1-10 mg NaOH/ nL (I er ?eeaeozo’ea:ﬁ)(%’%ggi ugw of aceh|c aalg cp \tNrFiEl

(A b835) HGLP- 1( 7- 363 N2/ vpluaetric figsk, pa@&ﬁewgg@dmwowwbﬂ“w@waﬁ(—of acetic
aci d and WeINH,l@acelate Isala Wit vifiiy] aéd blhsdnt 0l04815de8E add We beHyeEe armuNt  of
(A be, 38) HEs o 10 20 mg (Ab**¥)HGLP-1(7-36)NH,/mL. Following filter sterilization using

0.45 micron fitters, 1 ml aliquots of the solution were transferred to Ilyophilization vials,

freeze dried and the dried product stored at -22°C.
20 {v).Freeze-dried 50 mg aliquot (Aib***)HGLP-1(7-36)NH,/vial:
1. Prepare a 0.1% (v/v) dilution of acetic acid and WFI.

2. In a volumetric flask, transfer a weighed amount of (Ab®*3*)HGLP-1(7-
36)NH; (acetate salt). With stirring, add sufficient 0.1% acelic acid o bring the final
concentration to 50 mg (Ab*¥S)HGLP-1(7-36)NHy/mL. Following filter sterilization, 1 m!

25  aliquots of the solution are transferred to lyophilization vials and freeze dried.

C) Calculations

(i} To determine the tolal weight / volume of excipient (E) for a composition:
= (A x 100/T) - (A/P)
30  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)




36) NH2 (acetate salt). Wth stirring, add sufficient 0.04% acetic acid to
bring the final concentration to 20 ng (A b8, 35) HELP- 1( 7- 36) NH2/ ..
Following filter sterilization using 0.45 mcron filters, 1 m aliquots of
the solution were transferred to lyophilization vials, freeze dried and
the dried product stored at -22C. 20 (V) Freeze-dried 50 ng aliquot

(A b835)HGE.P-1(7-36)NH,/vial: 1. Prepare a 0.1% (v/v) dilution of acetic
acid and WFI. 2. In a volunetric flask, transfer a wei ghed anount of

(A be, 35) HALP-1(7- 36)NH2 (acetate salt). Wth stirring, add sufficient

0. 1% aceti c aciwlitd @sfdct @0thé ldal fvblomé of &RPEAE) tiedddsOmpfion thR 1AL =1 g is
(Al be, 35) H&plfi’-dl(7-36) NH2/ m.. Following filter sterilization, 1 m 25
aliquots of 'the solution are transferred to Iéophi lization vials and freeze

dried. C cCal cdidatq geiemiing thpovalimiedyaishh &Y IE Zpek 40 afléityisecly Ml 6r gn¥f of

exci pi ent édmpokiosn iuiomposition: E _ (A x 1001 T) - (A/P) 30 wherein: E =

excipiept in ng A= D t . i g r . concentration

of the ?:orrposi tion; a)g&g*.d,%’%ZE fb%%ﬁg@%?i‘h@@)r(oﬁdadj%t@?ng%rq%g%’t ration of pure

peptide (nmg pepti deP 1069 B 9F fasdaipmptintions) ig-whight the perfige ét alost t%heort ot al

vol ume of aboat 2% emndp, to bbbt &% uigphe PR istdapibtel usthg abaseg 1S applied. (ii) To

determ ne the volu } Of o ) . f

conposi tion sol uti gﬁfwgég?é\f/ég\f%%%o@% Iz_fglrg%gg%tl% g’ﬂ’gﬁﬁ% p\%'fd%[? aﬁgﬁpH

adj ust ment 1%<r AbRIE 2% 9T upEshotHOYesnd fhe gliitrdustehisRE 2EASS i n whi ch the pepti de

is aboud 1% or abdul=@968% EUpPr semi-adlidwi geOtmairdiohshia Whidhitise pabfidisksed using a

base; c) VaD%:E £k es}ﬂ-ms'aﬁ%tieéjus?r[t);&%% formulations in which the peptide is
t réooor qu fo apout 1

about 1% or abou . ut 10% and the pHis adjusted using a
base; 10 d) We66. 66%%%¥=94 Edaniemtiers i whishther RaPHdR SrpoAditied ¥4 8h t he
pepti de i Sfrecadyorisd pregio=ginalarichibe phtisiagjustely usigedbasei ng a base; e) W90% E f or

formul ations i@ Ghieflife BRPIARAHAT ﬁg?gﬁEEthﬁdadE.rl)Q@%% i LPGZg- dri ed

preparation and 't he PH_I s adj usted usi ase. (111 eterm ne the
vol unme/ wei GAPOYIRN S9N 0H to add to each Ml or g of 15 conposition
sol ution: a) W=20% E for formulations in which the peptide is about 1%, or about 2%

or up to about 10% and the pH is adjusted using a base;
b} W=50% E for semi-solid or gel formuiations in which the peptide is about
1%, or about 2% or up to about 10% and the pH is adjusted using a base;
20 c) W=33.33% E for semi-solid or gel formulations in which the peptide is
about 25% and the pH is adjusted using a base;
d} W=10% E for formulations in which the pepfide is reconstituted from a
freeze-dried preparation and the pH is adjusted using a base.
(iv). To determine the conceniration of ZnCl, {mg/ml or mg/g) to be used in each
25  composition:
[ZnClz] = (136.29 x A)(W x 3339.76 X R)
wherein:
A = conient of pure peptide (mg).
R = molar ratio of peptide/Zn
30 R=1.5 for formulations in which the peplide 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 ZnCi, solution to add to each g or ml of
composition solution.
35




a) WE20% E forformul ations in which the peptide is about 1% or about 2%
or up to about 10% and the pH is adjusted using a base; b) W50% E for
sem -solid or gel fornmulations in which the peptide is about 1 % or about
2% or up to about 10%and the pHis ad_} usted using a base; 20 c¢) W33.33% E
for sem-solid or gel formulations i n1Ahi ch t he peptide is about 25% and
the pHis adjusted using a base; d) WE10% E for formulations in which the
peptide is reconstituted froma freeze-dried preparation and the pHis

adj usted using a base. (iv). To determ ne the concentration of zZnCl2 (nmg/ m

or ngy/g) tQ_.ZtFﬁ'elbh?ﬁﬂm'd’ch Bsitidhs WRAROBLS frede-dfidd Qo %HA) / (W X
pure peptide (ng). nmolar ratio

3339. 76 x %Pﬁ@%ﬁ A = content o

of peptide 1.5 for formulations in which the peptide is about 1%
or about 2% or AsalFsdtheredy/@Ecierniaticn campising 28 pgreeriageQotf Replidel dastridas ai n whi ch
t he p6‘ptl dﬁ:rmﬁat%h%hpr%ﬁ%a @&th\M peﬁb‘k@é ggrtto{ag\)le@ﬁ ovmeuﬁ%pﬁéﬁi& 8., 49Cl 2

solutio

Pr epar a? I oﬁep%ge dgscngm fog'ﬂgat\'ﬂntcﬁmfnsi'@oﬁ? é’g%@? (?F f (9% °é8‘%q?' 8m5??ﬁ‘°2nCI 2. no
pH adj ust ment FAQ“%'@@F premRiising ahoytd gl abdub A%coniorabobintp%a peréide wareage of
peptide deﬁr@bérb&%s aouowr Peda2bidRsY SARIES & (AG™ ﬁ)ﬂ@_thfr-seme%Egp\aﬁée daer total

Conpr i 51 ngt RSP VRLe bigdhn, o sizreh Rk sty B 1626 21 B afHns "

conpri si nge’f&tﬁ’!ﬁﬂtvoi%ea@ﬁ [FJ&BWZHP%"éﬁ to about 10% pepti de were prepared as
1; ol | oyvgodFr eezey) dy RApSHTAL 8% agépa(e@bb&.ﬁ@dd@ﬁrée(zadﬁ&l)dﬂmﬁﬁm&pagﬁd aioocy f
escri be g@&ﬁ;{ SQQ Zq%glv%afggvé)ﬁ\glr[ tmt? o?éz(.@l %ut%%%ﬁé?%o L) on gl;LB at 00

t he total I ent pept c@npom tions
are prepar@¥®y mixing 20 nmgy freeze-dried (A b8 95) HALP- 1(7 36) NH2 (see

2.1 B (iv) abowgpuwoinbostiont afprepareldy sdlingtdomy fdbze dhed @i jHcaee(2. 1 B (1)

?Z"ESQ ?ELG%F{N@"{}B%H% WPaith& MEPH SFzRY, WictloRGo 894 Wi} §&7Z87 &r fed

a ove)

C) 10% compositions are prepared by mixing 50 mg freeze-dried (Aib***)HGLP-
17-36)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 pepfides and solutions were allowed to equilibrate to room
20 temperature. The designated volume of ZnCl; solution was injected info the vial

containing the freeze-dried peptide and hydration allowed {o proceed for about 2 minutes
for 1% or 2% peplide 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 reconsiituted peptide Is shaken for approximately 1
25  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 2 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.
30 Using the teachings of the instant application, one skilled in the art could vary the
amounis 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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36)NH2 (see 2.1 B (iv) above) with 1 m of ZnCl2 solution (0.544 ng/m; see
2.1 B (i) 15 above) C 10% conpositions are prepared by m xing 50 ny
freeze-dried (A b8,35)HGP- 1(7-36)NH2 (see 2.1 B (v) above) with 0.45 m
of ZnCl 2 solution (3.023 ng/m; see 2.1 B (j) above) Freeze-dried peptides
and solutions were allowed to equili bfate to room 20 tenperature. The

desi gnated volune of ZnC 2 solution was injected into the vial containing
the freeze-dried peptide and hydration allowed to proceed for about 2
mnutes for 1 %or 2% peptide conpositions to about 60 m nutes for 10%

pepti de cofp@sédarAidn o leomPBlilibnstith 1.16% ZRretd-Higeh PaRIkiE ARd iZHCE oW @t el Y
hydrated a ne solution is free of clunps o pepti de. Follow ng

hydr ati on, M hstituted peptide is shaken for approximately 1 25
m nute. The ap@ropiationsecammnising aldut dfes SHRpaH2% dist tp @deowd P %breptidenwered f or
dosing, e.grepardd8s tdibwf FrectdlmAPidnthResSH| (b OMARPEPABONHA Brepaied Asabove

equates.to,a dose ul of . % P i de..sol Ut prepar as per B
above e%uaqeégr?ﬁeggvgrﬁ E'ﬂ@”@%’s@fxe(igﬁﬁﬁl fné‘f;z “‘ggc%cﬁ%ﬁ'“%”eB‘%'lit?’ ce{rbsu(ﬁ ﬁﬁﬁ%g&%repar ed as
per C abovexcigigniatotisnet of he deirgryphlj @k the setution i3@eaghphly theeaddidiere b dilgisdof t he

i nstant appidgadiitier, one skilled in the art could vary the anmounts of
peptide and Zn to achi eve conpositions other than thesso %-and 10%
onpost t | ons. 480 SBIPHRPEY e SRuaey Pyruta 2P iesss dpa AR e AR )

Pr epar at i 0¥}z (8esrRbB iv)iabave) with hé Ml ol selation(ehe 2 UB fepovele and ZnC 2. with
a pH aglj ust neRy 2%QbMbbsiohORE pRPERE b Mikhg 20 Aiif frebTe-didd (ABTBHGERO1UP t 0 about

10% pept i re red as..foll reeze-dri | es of

( Ai b635) HAP: 2(‘%93% RED ag’?‘éeg‘évft%@lbé"gg%cgésg%tﬁnb@%e %Pgﬁf“ %’r‘?ggs hly nixed with

a Znd 2 stock &d[10%icemppiions ate memaest by miing §P ang BsezpgrichéAR ODTPR- The

desired pH(pbsNhe (selout B gMaboveyvitioe thi fnzntheolastali fsbon1 af(iy dbdvef ed  NaOH

solution. A) 1% conpositions are prepared by mxing 20 ng freeze-dried

(A ba35) HGLP- 1( 7- SG%NHZ is_ee 2.1 B (iv) above) with 1.8 ml of zZnClZ -

sol uti (see 20 fhegapgve %) afdd Uy neogsERYYeNMEi GR% o BtabrvelgEEed by mi xi ng

20 g fr eaieipidnty ef difufiddBa@5 )sbididr- th( athied HHArges eghc2ntdatifh Ghe pHabre) Wt h

0.9 m of e;g%g tggimg‘ti on (see 2.1 B (1) above) C) 10% conpositions are
xing 50 ny '

prepared by freeze-dried (A b8, 35)HG.P-
1% composition: Add 0.2 mL of NaOH solution of proper conceniration

2% composition: Add 0.1 mL of NaOH solution of proper concentration
20 10% compaosition: 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.

25 2.4 Preparation of liguid compositions with 1-10%_peptide and ZnCl,, no pH

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

were prepared as follows. Samples of (AIb**)HGLP-1(7-36)NH; were weighed and mixed
with a ZnCl, stock solution pH 3 {o achieve the target concentration of 1%, 2%, up to 10%

30 peptide. Following mixing, the composition is filter sterilized and stored until use.

2.5 Preparation of liguid compositions with 1-10% peptide and ZnCl;, pH adjustment
Liquid formulations comprising about 1%, or about 2% up to about 10% peptide

were prepared as follows. Samples of (A**)HGLP-1(7-36)NH, were weighed and
35  thoroughly mixed with a ZnCl, stock solution pH 3 at 80% of the total excipient volume.




1(7-36)NH2 (see 2.1 B (v) above)with 0.40 ml of ZnCl2 solution (see 2.1 B
(i) above) 15 To the above solutions, add the necessary vol une (10% of
total volune of excipient) of diluted NaOH solution to achi eve the target
concentration and pH For exanple, to each: 1% conposition: Add 0.2 niL of
NaOH sol uti on of proper concentration!® 2% conposition: Add 0.1 nL of NaCH
sol ution of proper concentration 20 10% conposition: Add 0.05 nL of NaOH
sol ution of proper concentration Using the teachings of the instant
application, one skilled in the art could vary the anounts of peptide and

gn t012I t 3 gﬂllsu ﬂr\eesoﬁﬂémgy bé Giher zﬁcﬂ;& Ztnhl@-f‘2llli@)e Tla@de&réﬂ?ﬂ%f %"/gotuﬁ&mig :)/t ions
etail ed be i 0 iq 0 itions w 0
pepti de an®? %?@J%ﬁ'er?gﬁ‘ C%g@'[ ?’?@T’ﬁmﬂc’av#ﬁ?p? P%ﬁ%ﬁ? 8ﬁ§wﬁr8rﬁ5‘?‘°ﬁ'§ﬁdng about
1% or abowsinghis methpd about 10% peptide were prepared as follows. Sanples
of (A b635) H&Easﬂq@?heaéaleﬁa%me WelaBlicanch, Bhé(ﬁéﬂiedmthg'aﬁc #eock

sol Uthé1 } O‘ﬁagﬂ{d A %n&@ C%et conceen"grsac'gt N h { 1,?% ggo o 10%
pepti de’ F%'P?(S'\ﬁl o H‘é & TOIPOETTR SHCTS ei & 1% 71728 4%%nd stored
until use.degcibephgpiar ati on of |iquid conpositions WI th 1-10% pepti de and

ZnC z, pH adjustnent Liquid fornulations conprising about 1% or about 2%
up to abo ;

(A b6' 35) H : 2 - C rer < nsimezsaers wxeda Wth a ZnCl2
st ock sol Lniedi;ﬁm_st at 80% of t he tot aI EXCI pi ent volunme. -19- The zinc
sol uti ﬂJ’lh”aybbSeﬁl-édﬂgbr S8 Ghrd Rfiiord 'ﬁﬁ%{%K%Qbou?b@%%ﬁﬁde%r@ﬁé%{[ea he SCC)!:BUE I on
is reac e a ol uti epar at | ons o)
Cl3 were Sf?"e“éré p!lejs%kﬁ‘]bpﬁ%i“ﬁglt(%%%ﬁg{%?r% lilneé’ %nggrﬂ'ﬁ“ﬁ@ f”ﬁ'% i nst ant
appl i cat i cFClonsk spivton@d 3 a1 661§8%:nf thedefal Q;Clvfalﬂtyfol!ihilé The armﬁm'ﬂ@n ofaypept i de
and ZnCl2 He®sitagZney 6r GARPA% 0L P%&raﬁ&rﬁ@1 dnban mteFeq:réﬁéredZPéngrfrﬁb mB%ba. descri bed

h 2.6 P d d
her i 2. PTG B0 VL2001 o 8 SR LIS, Eqlpont 0 o
25% peft i da vUé'i"EQ ﬁ?@%r ed as follows. Sarrpl es of

(Al b3, 35) HGLP- &Y The38gshHR wkibent We ipgiad vaa@duéidm@ﬁ m&gmeYbaﬁieP(ﬁCb uispd@,aae Znd 2
ol uti on RS ievdlen Bl s sitfbB By LB Ry (B AT ]3R5 Ler e
pr epar ed d%i?"wgﬂacsrﬁ%e%w%fae syieelupbeletical Iy, the semi- soI i d or gel
conposi ti ons weymeRyrQea bR e gecared MtP B stainless steel rod SR;
20 c} HV in 81 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;
&) 52 was then eonnecied fo the free part of HV;
25 f) HV was opened and the solvent was pulled by the vacuum into the barrel
containing the peplide powder 81;
g) HV was closed and the solvent syringe S2 was removed, thus hydrating the
peptide powder in 81;
h} SR was removed and the syringe plunger was slowly released;
30 i} The syringe plunger is moved (push and pull), without opening HV, so that the
powder mass is fully soaked by solvent;
i) A two-way stainless connector SG (1.D.=1.0 mm) was placed in syringe S2 wiih
the tubing placed inside the syringe Luer hole, and its plunger was pushed to the end;
k) HV in $1 was opened to vent the vacuum and then HV was removed. The
356 syringe plunger was moved so that air in the syringe barrel was minimized; and




15 pull"™ mxing nethod: a) The desired anmobunt of peptide was wei ghed into
the barrel of a disposable syringe 81 previously fitted with a speci al
two-way hand valve HV (1.D.=0.5 nm and tubing was placed inside the
syringe Luer hole; b) The syringe plunger was secured with a stainless
steel rod SR, 20 ¢c) HV in S1 was cont#8cted to a vacuum source and HV was
opened. After 10 mn HV was closed; d) The Zinc solution was accurately
wei ghed into the barrel of a second disposable syringe S2; e) S2 was then
connected to the free part of HV; 25 f) HV was opened and the sol vent was

pul l ed by the L,nto the tainin t | er S1; Q)
HV was cl osed g%ﬁ H]gzé"gfe\/%oﬁ?ecgérl ? eargg ogproa'gr%]veg,k‘a?%%gﬂﬁ?g"r)‘ \ggi ng the
peptide pov¥dteroughS@1; h) SR was renoved and the syringe plunger was slowy

rel eas edHVBO [ )JtS]IQ ?e?b’édhiﬂwofﬂﬂ\élﬁgﬁﬁt alp_ﬁilcﬁﬁdhgﬁhe( gMasdn maﬁkdarpbﬂdfd) vary\iht hout
openi n so. t ha ;
Do St Tealhe PR B sbHint, SR, B 258 e

t wo- way st ge 82 wth
t he tulfi ngepdimced i nsi de the syringe Luer hole, and |ts pI unger vvas pushed
to the end; k) HV in S1 was opened to vent the vacuum and then HV was
removed. The_ 35 LNt he syringe

barr el vva RS2 svcaan tt'dg‘l’"l;d ' by SC and the
conposi ti M@Mﬂﬁaded from Sl to 82 through SC. Using the teachings of

the i gst ant ;pghﬂgpﬁﬁ:a QR gel FbHRudidrs| @ehptising BiSbLBLE% GRpidd Wens yregaﬁled aarmgn'(tj s gf
pepti a n t0 Lans_ o ri be

her ei n1e0 r}g"oif‘? e%grf:'%?‘? afgﬂg ggEqupﬁ)% ’gweire e I‘%:I"(’g[saltnp ?@F\%B@\X E’%%ggﬁ%eptl de and
ZnCl 2 pH Zoffptnchrepiutiondit 2 & G666 ®f “@é‘l"‘aif%ﬁ'ﬁlﬂ'ﬂta’ﬁ"@ﬁs Thd AP s4tAl MMout 25%
pepti de Wajeasithsrempal, @ zasc, 2MD. fhkldeviid pBasmiea®Iu@dn is reached by the addition

(A b335) H%‘fdllu%e(d ﬁg@ sc%_ll%wﬁ Eléﬁﬁ ?gﬁfﬂé%’%& [\?ol&‘rl%?'u u!ﬂud&% tal\fhyﬂ ZnC12

stock sol ution excl nt VO Z|nc
sol ution raypt b‘bé‘“’é?‘i briweent ZingndAlp\NedH splgtionsh, dheafsre, Kyg %Weﬂ?at'loﬂe sol ution

is reamphedslne tiesadidh Wadndiugbd b khat ed HlaCKIB oftdirensolution hédded ewanpl e, the
total vol LH;’&CQJ tg '56"}5“0‘? tI%dt‘a%glic}u% Hﬁﬁ'ﬂ&pgmﬁrtﬂ the peptide powder (step d). The

remaining 50% of the total liquid volume added o the peptide powder was added as

NaOH solution as detailed below. Preparations C3 and C4 were prepared using this
method.

20 The pH adjusted 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;

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

c) HV in 81 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;

30 e) 52 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 81;

g) HV was closed and the solvent syringe S2 was removed, thus hydrating the
peptide powder in 81;

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




must be di vided between the zinc and the NaOH sol utions. Therefore, the
concentration 15 of the zinc solution was adjusted so that the total vol une
of zinc solution needed was reduced to 50% of the total liquid volune
added to the peptide powder (step d)._The remaining 50% of the total

| i quid vol une added to the peptide péﬁder was added as NaOH sol ution as
detail ed below. Preparations C3 and C4 were prepared using this nethod. 20
The pH adj usted sem -solid or gel compositions were prepared using a
"push-pull" mxing nmethod: a) The desired amount of peptide was wei ghed

into the barrely ffe SriflieSRAREOE Prov&d (L dSulp BN Bdrihg iV, se hatteh a
speci al tmn-wﬁg han “alvg%ﬁy%%JTE =0.5 nmm and tubing was placed inside
the syringB”{9GET2Fdt BIY SPERAADYPRICEy 1 i nge pl unger was secured with a

st ai nl ess st eeli) A teb-8R; stainless\gonnecien SGAD € bh nevtwag Plasedinadee A2y ce and Hv
was  openedine AfthrRplablt iAlifle théMrinBsLuel RS& dnd Y pldrder wis/ s isdalislihk @fd; was
accurately wei q(@gﬂﬂ %10 t he ebai[ce\}e totfh a su%cogd glés QS lr%mox?éé” e S2; 30
e) 52 wids then Bt etEs PPR% oAb ig XRFUUEY =9/ ?f’ was opened and the
sol vent wasyripgd plegebyastrieved ae thatairimthe syringe bairef wis mipisHzedi ni ng t he pepti de
powder S1; ) h\siar s esedormBsled eSS BMMBA borpUsiitg@askhens ffoen®yed, thus
hydr ati ng éyg'éﬁﬁ Eide powder in S1; 35 h) SR was renoved and the syringe
pl unger wa e § el eased; -21- i) The syringe plunger is nmoved (push and
pul 1), without nipéfernipniagenizasion.hart alidvet op dved evixeduaduct weg | ERoEdaived by

sol ventiy | JetdniindQnd\@vcsriraiidhlop s pesipgtiector SC (1.D .=1.0 nm) was pl aced in
syringe S2 with he tubin | aced inside the syr] h and its

pl unger was pugﬁe et%n?ﬂgggW§T1 m%)&&Vpﬁﬁugfﬁﬁbé&%gggehgﬁﬁﬁb%kf”Fhe vacuum
and then HmewpsofNaRhlasiutiomisauired ja rearljdheasien Wesscamtpid: so that air 4n the
syringe barrel gyahe NhOHEbREHM; wds)acitatam dreQRedioen ®BMaiesdsattde byinGCsand t he
conpositiog1mas kneaded from SI to S2 through SC, m After honopgeni zati on,
an al i quot "of the m xed product was renoved to 10 determnine the
concenffati on &b Thheyringsrlyngers wiye Siovdy sepRIpSSPHE MiRMEeHRRIFIRIP &5 M88pr oduct
was accur agrahipersei gbsel spitdes Were connected by SC and the composition was kneaded

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 256% described

20  herein.
Table 1
Ex. *Peplide *“*Peptide: Peptide
25 No. % __Solution Zn Ratio Dose
C1 10 ZnCl; 0.846 mg/ml 5.4:1 1mg
C2 5 0.40 mg ZnClz/mL 5.4:1 1 mg
C3 10 50% ZnCl, 1.69 mag/mL, 50% NaOH 1 mg/mL 5.4:1 1mg
c4 10 50% ZnCl, 2.28 mg/mL, 50% NaOH 1 mg/mL : 4:1 1mg
30 C5 b5 80% ZnCl; 0.674 mg/ml, 20% NaOH 3.81 mg/mL 4:1 1 mg
ce 2 80% ZnCl, 0.26 mg/mL, 20% NaOH 2.15 mg/mL 5.4:1 1myg
c7 10 80% ZnCl, 3.81 mg/mL, 20% NaOH 4.47 mg/mL 1.5:1 1mg
c8 10 80% ZnAc,.2H;0 2.3 mg/mL, 20% NaOH 6.1 mg/mL 4:1 1mg
co 2 80% ZnCl, 0.695 mg/mi, 20% NaOH 1.75 mg/mL 1.5:1 1mg

38 C10 2 80% ZnAc,.2H,0 1.12 mg/mL, 20% NaOH 1.44 mg/mL 1.5:1 1myg
Cc11 2 80% ZnCl, 0.695 mg/ml., 20% NaOH 1.75 mg/mil. 1.5:1 1mg




[ [ [ | cul at ed; 0)
nt of NaOH solution required to reach the desired pH was ca t ed;
?ngNaCH sol ution was accurately weighed into a third disposable syringe
S3; and 15 p) The syringe plungers were slowy conpressed to n1n|n1zehthe
air in the syringe chanbers. Both sx%%nges wer e connected by SC and the

It [ [ f the instant
onposi ti on was kneaded through SC. I ng the teachings o _
gngication, one skilled in the art could vary the anmounts of peptide and

[ iti i bed 20 herein.
Cl2 to achi eve conpositi ons ot her fthan the 25% descri : _
'%'gbl e | Ex. *Pepti drem**Pept i de: Peptide 25 No. % Solution Zn Ratio Dose

: 0
Cl 10 ZnCl £18. 46 8§ ANCIZ0.384md/minR0%RaCH 0.8280meRhLZNCl Z/ mig.5. 43 gl My C3 1
50% Znd 2 £1890ny/ 2d% zROYs Bkl 58/ ﬁkogaﬁggyg%mgg C4 1%,5?@;%&%9,92@2@&
my/ L, 50% NaOH. |, no/ m. 4:13&[7%'3005 O &fnt12b_0.67 ! 054_11
3.81 ng/nL 4:1 13%%&{?35"‘% 5 2RCESe WaD RSPl taraeip Alb@re2. 15 ny/ nL 5. 1
ng C7 10 80% ZhTarget3algd sheyhmictusP Gfehladid vithih 7100 Bgel inZll dasks™g  C8 '10 80%
ZnAc2. 2820 2.3 ng/nL, 20% NaOH 6.1 ng/nL 4:1 1 ng C9 2 80% ZnC1l2 0. 695

.5:1.1 35 C10 2 80% ZnAc2.2H20 1.12 ng/ ni,
%QA)HLNAO?({Q' ) ‘al‘i”.‘ 4 Y pggenta affit 0% ZnC12 0.695 ng/nl, 20% NaOH 1. 75
my/ mL 1. 5:1 1 HgFeMPoUndEESfull to SORiENITE Bre€erB Bxtertigh Bdn be0S%dNROd Q:sn%,?t_gln% mL .
1.5:1 1 ng:incrﬁ:&em@%@&@luafn?tré%imwbnﬁ&ﬂ%{ NaCH 4. 47 ng/ L Ili 5: ny
Target val ue shoyp Actual value was wthin 5% of target in all cases
Tar get val ue smjlvvn@ét ual values were within 10% of target in all cases 5
3.0 Det®r i nat RBhSfort igputinama e (TOCAERI-P038y AdeR@nDRAITELIHIE Sotidetid D Pr act i ce

t he preserManasssenVAp Bxsiadtingand &3 PedrebQior! ?ﬁea%}{"je& Y bgl%cl%%gé?dm] %d%e% he GLP-1

' : at
| ﬁgﬁf)it (r)]:)rraljts"‘?'él'%@%A”@@&E@Wéﬁﬁ?%ggfggxﬁﬁgﬂumﬂﬂtf%mewmd@t @pt 8¢ G on,

in a humidifed atmosphere of 5% CO,/95% air.

15 Radicligand Binding:
Membranes were prepared for radioligand binding studies by homogenization of
the RIN celis in 20 ml of ice-cold 50 mM Tris-HCI with a Brinkman Polytron (Westbury, NY)
(setting 6, 15 sec). The homogenates were washed twice by centrifugation (39,000 g/ 10

min), and the final pellets were resuspended in 50 mM Tris-HCI, containing 2.5 miM MgCls,

20 0.1 mg/mi bacitracin (Sigma Chemical, St. Louis, MO), and 0.1% BSA. For assay,
aiiquots (0.4 ml) were incubated with 6.05 nM ("**I)GLP-1(7-36) (~2200 Ci/mmol, New
England Nuclear, Boston, MA), with and without 0.05 ml of unlabeled competing test
peptides. After a 100 min incubation (25 °C), the bound ('ZI)GLP-1 (7-36) was separated
from the free by rapid filtration through GF/C filters (Brandel, Gaithersburg, MD), which

25 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 ("*IGLP-1(7-36) bound minus that bound
in the presence of 1000 nM GLP1(7-36) (Bachem, Torrence, CA).

30

4. Determination of solubility vs pH
4.1. Determination of Compound Solubility vs pH in Buffered Saline

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
35 following procedure.




Manassas, VA), expressing the GLP-1 receptor, were cultured in Dul becco's
nodi fied Eagle's nedium (DVEM containing 10%fetal calf serum and

mai nt ai ned at about 37 C in a hum difed at nosphere of 5% CO2/95% air. 15
Radi ol i gand Bi ndi nc Menbranes were prepared for radioligand binding studies
by honogeni zation of the RINcells %420 ml of ice-cold 50 nM Tris-HCl
with a Brinkman Pol ytron (Westbury, NY) (setting 6, 15 sec). The

honogenat es were washed twi ce by centrifugation (39,000 g/ 10 mn), and
the final pellets were resuspended in 50 nM Tris-HCl, containing 2.5

Myd 2, 20 0.1 gug, a&} %b& %uﬁ ma@Symdféﬁg\n%gane ff'r&ﬂétsof Sdmn.xe@nd 0. 1%

BSA. For assay . were | ncu
(7251) GLP- waerﬁ GMA pioiS1SINB e difeg 1ok AerioRized waler *°B‘6‘*§‘i’ RAMm) . with
and w t hoyhoéph8ib-bitferad samb alie 380nid OReE Ri7ngv ks tand pepitaf dds PBAfbuEiersa 100 m n

[ bat i 3 on the f
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25 had Shedhosahers asifang/ °§§P<§‘!&@H"YF’W’“6€ ‘5% pol yet hyl enei mine. The filters were
t hen washed t hmee nig s®msplsd biha Sompount itg bettssted, eg:,ezmqj of HEompbuRdict- HCl , and
t he bound C [ gama
spect romet% g‘q t) : %wb{‘&ﬂghe&a&?ﬁggqm% mwfﬂﬁbuaggaéde iC %?%@L&%f e%ss defi ned
as the t ot er(aizaf;t@sz1(ﬁmsseb\m%UaH@f@ﬁ?%@dﬂfﬁﬁpe%wemcﬁt?f’ R csPesence of

1000 nM GFBiéachpBiedtdipimi ol volihié eMuter ieéged 1@ bissblveRah@sithrednponnd$
sol ub| OI téaﬁo%eg'é'gé‘th% sol%ﬁ%&%%}&%la%@ of Conpound Sol ubility vs pHin

Buf f er ed advant ageousl y be used to practice the
i nvention can Beptife 5?‘5@’&@‘% éredé?aérahfoﬁ@ femgeraiyre (FO12Pt ) PHg RISEI At 2 di f f er ent
pHs and t esmgrabi(s &S) d¥emigt 4nl ehe3DIubinty bDme peptips s’ dUs then exdvineA st ock PBS
buffered sol ution is made by dissol ving one packet of pre-m xed powder

(SI GvA, Product No. P-3813) inone liter of de-ionized water to yield 10
mV  phosphat e- 4 sDetorpynagion of gempgune, solubilityMeDkes aline 7 M KClI, and a pH of
7.4. PBS buff eAsompbird thatfrisgr eivdntqdonsy heessatey pkmt:mlﬂe lrb'yntadjcalsbe ng the pH

of this Stté%?éﬁ ﬁ%le{étﬂuﬂg |t¥“s$lbmlb)5m%g%%3%ffﬂe%n?ﬁﬁ Qalﬂ&dérﬂrteﬁﬁgbtu% Wﬂ@ oxi de. Two
ng sanpl es a conpound of Exanple

1, may betWP'{j’Wéﬁ PF‘P?FBW&I ass vials. Into each Vi aI |s added a 50 | aliquot
of PBS buf f er Aafoclasaties s@ution phirepled by alssdivians pemsof NaSiddonedited of de- necessary

soni cat edﬁonﬁ@& Watep.l%e solutions with different pH values are made by adjusting the pH of
20  this stock solution with HCI and/or NaOH.
Two mg samples of a compound to be iested, 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 fotal volume of saline needed to dissolve 2 mg of the compound is
25  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

30 Compounds that may advantageously be used fo practice the invention can be
tested to determine their solubility at room temperature in saline having pH = 7 using the
following procedure.

Saline solution is prepared by dissolving 9 grams of NaCl in one liter of de-ionized
water. A 2 mg sample of a compound to be tested, e.g., a compound of example 1, is

35 weighed into a glass vial and 1 mL aliquots of saline are added, with vortexing and




For each pH tested the total volune of buffer needed to dissolve 2 ng of
the conmpound is 10 recorded and the solubility was cal cul ated. Peptide
solutions that are clear at roomtenperature (20-25 C) are placed in a
refrigerator (4 C) overnight and the %gl ubility of the peptide at 4 Cis

t hen exam ned. 4.2. Determ nation of CTonpound solubility vs pHin saline 15
A conpound that may advant ageously be used to practice the invention can be
tested to determne its solubility in saline at different pH val ues and
tenperatures using the follow ng procedure. A stock saline solution is
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al i ne so [ i.f.ferent val ues are nade by adjusting the pHo
20 this stg%:ﬁ%gg ﬁtﬁgﬁoquva’ht hatﬁ?@fntgrﬂa?r%yrel{?a?%uaﬁev% ng sanples of a conpound
to be tested, e.g., 2 ng of a conpound of exanple 1, are weighed into

gl ass vials. | n.aeeehinitionlof édnpadstR@luailidh dalidd dtgsus 8 sal i ne  sol ution at

a certaixn pH T I i i f_necessar soni cated until

clear. For eac%%%p\é‘éut?dgdth %Iﬁ%%‘g)é%? %ﬁ%nsfboi)%pr%edgﬁ% 13 'F%éh needed 70 i ssol ve 2
my of the &SItPSUARIET e their solubiiiyhé romrfemperaturegh gpinejspiitiqng hediacy@riedsed.

Sol uti ons bhakiuaseing tirablicdingipaRBadrenper ature (20-25 C) are placed in a
refrigerator ( rniLaht. th ol pbi lity at. .4 t hen exam ned. 4. 3.
Determ nation o S‘%‘ﬁ%%”%ﬁ@"”ﬁ%ﬁ 'ﬁ%‘%ﬁ?r{a 9_3‘{ %Ssggqnp et %W“/’FB °§f)m‘&r,qo)r¥r%%'unds t hat
may advant BjesLigrier. Beling seltiang hpyintteriews Rthelues peneltaireddurirepting aliqusised t o

det er mitoe bitkis Biocsalindl dolutiyn with OI@AY Neopmer ature in saline having pH = 7
using the follomwm rnc r l, ] tion i a di ssolving 9
arans of Nadl i BaepRaT SdbRyalfh BEegRh Ly e bimBARRRL BBl 4 "3
conpound t Weighedtige peripss ¢ialy Aliggote ehffbrd i a gpline afigy & ajcertpis pHIB ggsledhed into a
gl ass vi al TRNsbikioRlis AriefstPhrid Snica@b iuA@ cREE RRIRAL VUi of Blfte®Xb&t0and - 24-
S0CB ! Ol 880 Kl B HTR 9 cSpliie, Uocd Lo diseolve 2
cal cul 8ed. 4.4. Determination of conpound solubility in saline at various
pH 5 Conposinbigterinii@dtionty agiboas saWBMHSIT Yol BottiBe Ak dUha6iti#ient he | nvention
can be  tested 4 oSl Fhnal DRLFESRLUPLL Wb Blod AOMCHREEA NGl N sl i ne
sol uti ons havi ng vari ous values ust ng the forT 6w ng procedure. A stock
sal i ne sol §eFHiP aﬂ%erﬁin@ﬂ*ﬁr%@bﬁ'y PR 4 gyalar igf difergpiagiee esmceuelonp ysiphdel i t er of
de- i oni zedlomriggiocediabi ne sol utions having various pH val ues are obtained
by 1 re%l ng al 'Aqé{&;kszinc soiution is prepared by dissolving ZnCl; in de-ionized water to a

concenfration of 100 mg/ml and adjusting the pH fo 2.7 using HCI. Solutions having

various ZnCl, concentrations (“Zn Test Solutions”) are 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, is
25 dissolved in 250 pl of each Zn Test Solution fo yield a solution having 4 mg/ml| of the
campound. The pH of this solution is then adjusted using 0.2 N NaOH unill white
precipitates are observed to form. The precipitation solution was centrifuged and the
mother liquor analyzed using HFLC. The UV absorption area of test compound pesk is
measured and the concentration of the test compound in the mother liquor is determined
30  via compatison to a calibration curve.
As a representative example of a compound that may be used to practice the
invention, the compound of Example 1 was tested in the immediately foregoing assay and
the following resulis were obtained (aqueous saline, pH 7.0, room temperature);




10 of this stock saline solution with HCI and NaOH A 2 ng sanple of a
conpound to be tested, e.g., the conpound of exanple 1, is weighed into a
glass vial. Aliquots of 50 pl of a saline buffer at a certain pH are added.
The solution is vortexed and sonicated until clear. The total vol une of
buffer used to dissolve 2 ng of pepf?ﬁe is recorded and the solubility is
cal cul ated. 15 5. Determ nation of aqueous solubility of conpound vs zinc
concentration A conpound that may advantageously be used to practice the
invention can be tested to determne its solubility in pH 7 water at

di fferent zinc wgReent r ahcprsnddftrationt he fRlb@pi Ng procedure. 20 A stock
zinc solution is prepare P dissolving ZnCl 2 in de-ionized water to a
concentration of 100 ny/ adj usting t A to 2.7 using HCI. Sol utions
having various ZnCl2 concggtrations ("Zn Sol utions") are prepared by
maki ng gppropriate dilutiggs of the stockpgsuti on. One ng of a conpound
to be tested, e.g., | ng ¢doot he conpound opgmxanple 1, is 25 dissolved in
250 pl of each Zn Test Sotamoi on to yield apgssisuti on having 4 mg/m of the
conmpound. The pH of this Z®ution is then @&#f3dsted using 0.2 N NaOH unti
white precipitates are observed to form The precipitation solution was

centri hogeg padmtikgion B h@ind IEGWRIs anal yzed using HPLC. The UV absorption
area of test ¢ d i sured apd the. concentratio t he test
conmpound in t_hgmrr%g%esr H?‘%gdg'rg pll'{sgg@eqdesr "ﬁa%_g%l useigtov'ﬁgasg%rr%’g | 8‘2%9%'3 a
cal i brat i opFrétRsy epiidy! epmrophdssie e desiereare dapived ipaEr bohpBgerationee’ may be
;Jﬁed. to Sr@.tQTn}gIrﬁlf E&€each BYNMolpBund gqu Sﬂﬁ@%ﬁﬁngoéonﬁmmhl&tadlwm@ uf &EE ed i 3
e i nmedi gt ely.foreqoin say. an ollowing re wer e obt ai ne
(heutone. SApRRYshRA SRR hARIRN ARG 2d A dnhS R0 dafe 25t s Tred
concenf¥ at basm ag8d|16%i Glyaeyol)(qng/ the yespkingrl0 piGaBipiE8RIuti@0isOoBiE? ®n® 1BOOeI0. 0579

1000 0. 0485onghaG fotI6G8ndard Q. 1131 10 6. Determination of pi using |EF

gel s Running buifers are also obtained from Invitrogen and the gel is run according to

manufacture’s insiructions, 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,

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

The gel is scanned and analyzed by the program Fragment Analysis 1.2. pl's of

25  unknown peptides are calculated relative to the pl's of standard compounds having pl
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.

7. 1In vivo assays in rat

Compositions of the present invention can be tested to determine their ability to
30 promote and enhanced effect in vivo using the following assays.

7.1, Experimental procedure:

The day prior to the experiment, adult male Sprague-Dawley rats (Taconic,
Germantown, NY) that weighed approximately 300-350g were implanted with a right atrial
35  jugular cannula under chlorohydrate anesthefic. The rats were then fasted for 18 hours
prior to the injection of the appropriate test composition or vehicle control at time 0. The

rats continued to be fasted throughout the entire experiment.




I nvitrogen's Novex | EF pH3-10 gels may be used to neasure the pl of GP-1
pepti des. Peptidyl conmpounds to be tested are dissolved in water to a
concentration of 0.5 ng/m . For each such conpound, 5 .tl of the resulting
solution is mxed with 5 pl of Novex(r) Sanple Buffer 2X (conprised of 20
mM Arginine free base, 20 nM Lysine fTee 15 base and 15% d ycerol) and the
resulting 10 gl sanple solution is | oaded onto the gel along with a
protein standard sanple. Running buffers are al so obtained fromInvitrogen
and the gel is run according to manufacture's instructions, generally as
follows: 100 Vpcmasﬁgaﬁtzﬁm;solunb@was pieDhre@ b diilkiyn onQQonﬁQﬂsb@mg/rﬁlor 1 hour,
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A sustalned insulin-enhancing activity was observed that was inducible by glucose
injection over the full 24 hours of the experiment.

8. In vivo assays in dog

25 There are a number of in vivo assays known in the art which enable the skilled
artisan to determine a composition's ability o promoie exiended release of active
compound in vivo.

8.1. 1% Peptide Compeosition:

By way of example, an aqueous iest formulation was prepared comprising 1%
30 (whw) of the compound of formula (I) 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

35  gomposition.




5001 bl ood sanple was wi thdrawn via the intravenous (iv) cannula and the
rats were 10 given an iv glucose challenge to test for the presence of
enhanced insulin secretion. The tinmes of the glucose challenge were 0. 25,
1, 6, 12 and 24 hours post-conpound iagection. After the initial blood
sanple was w thdrawn gl ucose (1g/kg) Was injected iv and flushed in wth
5001 heparinized saline (10U/ nlL).  Thereafter, 5001.11 bl ood sanples were
withdrawn at 2.5, 5, 10 and 20 m nutes post-glucose injection. Each of

t hese was i medi ately 15 followed by an iv injection of 5001 heparinized
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with free access t once dai ap prox
standard diea#t2@8®&E 125). The dogs were fasted 18 hours before
adninistrationznj1maamsﬁﬁ@Lpannm@ansmmmn27 The test conposition was

adm ri st er ed DY, HOGHIAIEN'SS LI 10 pbDg ooBbSLSCOMUALLARH Byl The vol ure

%

of adm nistratio 0.3 nL
Ter uno 18y r i@ e i sppsilonn WESSzuNDTH 13) theln abifiy & @anéﬁlthed%@@cfof
appr oxi mat pdpjide SicPaen@ibd geriodas tlinb.UEor&ﬁdEH \iedolldowvirky fGQd:oﬁ‘@BchdaS theer e t aken
S o o o R o Pl e B 900 e i 0,0
rapidly chi-Pfledgridepe Sappideqgmivptared \&%Srﬁpprowmgw 9Ag- and t he pl asna
decant ed and r &piutbrys.2.A: (Ab**GLP1(7-36)NH, in a solution containing (i) 80% ZnCl,
20  (0.298 mg/mL) and (i} 10% NaQH (0.975 mg/mL);
Solution 8.2.B: (Aib®**)hGLP1(7-36)NH; in a solution of ZnCl, (0.286 mg/mL.)
Solution 8.2.C: Substantially similar to Solution 8.2.B, and buffered using
AcOH/ACO
Solution 8.2.D: Substantially similar to Solution 8.2.A
25 The compositions provided for an extended release of (AIb***)hGLP1(7-36)NH;, as
depicted in Figure 1.
8.3._1% (Aib**hGLP1(7-36)NH,) Solution:
Using substantially the same in vivo assay procedure as described in section 8.1,
above, the following composition was examined for its ability to release the subject peptide
30 over an extended period of time. For the following composition the concentration of
| peplide 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.: (Ab**®)hGLP1(7-36)NH. in a solution containing (i) 80% ZnCl
(0.695 mg/ml) and (ii) 20% NaOH (1.75 mg/mL);
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frozen pendi ng assay. Determ nation of peptide plasma concentration was
made after off |line solid phase extraction, foll owed by on-line phase
extraction coupled to LC-MS/ M5, 10 and the data obtai ned nanaged by

Anal yst v1.2 software. The conposition denonstrated an extended rel ease of
the active peptide for at |east 2 dé%. 8.2. 1% A b835) hGLPI (7-36) NH,
Solution: Using substantially the sanme in vivo assay procedure as descri bed
in section 8.1, 15 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 1ok cbiipoditoh pRWdEDof o Ext6IBW Astdabd BIMALEPRGLEANSEINH, sl on Of
peptlde wag z?ct‘)&tj é"/,pe wt/wt) the ratio of peptide to zinc was about
1.5:1, and ™ pepti de adm ni stered was approximately | ng.
Solut|0n82A8 o Bept 36) NH2 in a solution containing (1) 90%

Z&Cég 32oh(o 298ingeiipdantiaydhe dme .a@%u@e]gabl pfdRedifdad BsBn:d iInSctidr @F t8 2. B
575 c. B pbisihe S chihfg Whp Boriio B QG Ry sty "

AcOH AcO' Pepticshpver ?@ﬁxt@dzd Benos!u%§tnan*fqraaq:ryOféhenfplwngtf@Jrsgmmait@ns #e2. A 25 The
conposi t i oftmc@t@idndatheb@fe i3 BSieTI9e thtind) 885808 Hepidad8 2B @aPkbdnt36) NH2, as

depi ct ed lf?y'%ﬁrﬂ% GJOSe §fpept1d]é adrg'lﬁi'lsperédgvéa}s aggtgmg‘tate?q)s ) Solution: Using

substanti Yscribed in section 8. 1,
above, the fol Isﬁih#'?fgsé&rp@étl i'ﬁhp\?\ﬁ&%rﬂh wesplution cpntainiad i) PA% ZnElr el ease
the suly ec.3pepiginlg and@) TveRaGM (0t Rgaeyd period of time. For the follow ng

e 1ot SRR ARl PERNA T ABRASPR thog (odatinalidy 1 1E TaLT O of

peptide to zinc was a 0se o i stered was
appr oxi mat el y Solion 8dhGit Sebstagtially Si("}i@rbLOB@H@_fPf(‘*ﬁpBQ)WHQHQFW a'singl ut i on
cont ai ni ngAdH/ABD% ZnC12 (0.695 ng/nmL) and (ii) 20% NaOH (1.75 ng/nL); 35
-28- The conpo Arel ease of

( A b8, 35) hG.Pl§$%@§rhN£B%ﬂbgt%ﬁ'ﬂ'm?£ eég"ﬁ ggre 5.8 4. 10% Pepti de

Sol ut i bhs ge eurepitipnsipRvidpd E’ﬁé" gﬁ?@eﬂ W'%FQ/@‘ (A8 dﬂ?G'fﬁ%Eé@UHe ags

descri bed depickettfigme 8. 1, 5 above, the follow ng conpositions were

exam ned for their abili ty to rel ease the subject

8.5.  Semisolid Compositions:

Using substantially the same in vivo assay procedure as described in section 8.1,
20  above, the following semi-solid compositions were examined for their ability to release the
subject peplide over an extended period of ime. For composition 8.5.A., the concentration
of the peptide was about 5%, while for compositions 8.5.B, 84.C, and 8.5.D., the
conceniration of peptide was about 10% (wtwt). The ratic 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
25 was about 4.0:1. For all four compositions the dose of peptide administered was
approximately 1 mg.
Composition 8.5.A: (Ab**)hGLP1(7-36)NH; in a semisolid composition containing
ZnCla (0.40 mg/mL) in WFL
Composition 8.5.B; Substantially similar to Composition 8.5.A., wherein the ZnCL2
30  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% I
ZnCl, (1.69 mg/ml) and (i) 50% NaOH (1mg/mL).
Composition 8.5.D: (AIb**)hGLP1(7-36)NH, in a semisolid containing {i) 50%
ZnClz (2.28 mg/mi} and (i) 50% NaOH (tmg/mL).
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pepti de over an extended period of time. For each of the follow ng four
conpositions the concentration of peptide was about 10% (wliwt), the ratio
of peptide to zinc was about 1.5:1, and the dose of peptide adm nistered
was approxi mately 15 ng. Solution 8.4 A (A b8 35)hGPI(7-36)NH2 in a

sol ution containing (1) 90% Znd 2 102$3.367 ng/nl) and (ii) 10% NaOH (5.01
nmg/ m.); Solution 8.4.B: (A be,35)hA.PI(7-36)NH2 in a solution of ZnCl2
(2.993 ng/nm.) Solution 8.4.C. Substantially simlar to Solution 8.4.B, and
buffered using AcOH AcO 'Solution 8.4.D. Substantially simlar to Sol ution

8.4.A 15 The COMQShbbGRs PoAN:B i difenddd r@més%wg@owﬁ%cﬁﬁ?/ f%f)NHz, as

(Ai b8, 35)h Plfég %5},, 5{% as depicted in Figure 2. . Sem soli1d
Conmpositio ik Substantially the same in vivo assay procedure as
described in se®8.i aSe@istlid Conpoalionse, the fol |l owing seni-solid conpositions

ver e exam ned f@g]ngéi@stém@ t'hé %a(mé91J\Bla%@ai@nsdasure%yébé%ﬁéeme&dn%aqver an
ext ende% pef iod, o osi.tion ncentration of the

popt 1 do PanebaiBoli ebiiRG semesar SOBBIIGR MRp GaBsb o 1S SO R ES bt he
concentr at lsmlﬁ%ﬂeméq)wed@ ewandath period 20RO \Kblbmmpos‘fhewasatorrm:laiéd jebpta de to

zinc for Ith@Q%olgtlo'T_h ﬁtfl-gz §OBSuﬂ"f;brt‘Ftt &pﬁd&vﬂ%ﬁoﬁ&g% re.éulf"in% 25%' le for

conposi ti one‘gI o@ 5 ?. ns ae%g fo | Tour ositions
t he dose of 8?)??"8'3 ﬁfﬁ“ﬁ?s’étlé BYPA ESPILR i3 %G et & §P°_“L . "‘&?M % i on

8.5. A1 (A beBBFiHiGL P U BENs2rdvived hgreiniusiog il 8 mglpaSHt Tiendasent meptideng ZnC12
(0.40 nw/ nbamlhlgte?éﬁlwasgﬁém&%%%@@n% 5.6: Substantially simlar to

apvard to et nt eSO PeRiof 8 PiengP HA oG LCLBMIER F B B, 5.
(Ai b8, 35) heenrigdio BeymIE2 in a semisolid containing (i) 50% zZnCl2 (1.69

ng/ m) and (ii)s.R0%dakkiddoMpbslions; Conposition 8.5.D:

gl i) and (1 1V ERO e if PR P s Se S8 R g b S fed for an
ext endéd r@puashe dfloving lsenisH)ih curpaqsiioB BpnEzamiag fod épabitite do rerfﬁaﬁ%ty'me 3. 8.6.
Sem sol i d &upREROSHIptIdeCVE: arldanbeSpEitd atiiedlrhiy cdmhRsfignBad Bratiialed RF3Y
procedure 83 n%%l%nlcpzesolulnon aF F():l-rl % %er}:t:lent peptide was provided to result in a 23%

peptide semisolid composition having a peptide fo zinc ratio of about 1.5:1. The

composifion was formulated according to the process detailed in section 2.6, above. The
20 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 (Aib**)hGLP1(7-36)NH,, as
depicted in Figure 7. 7 \
Further assays with various permutations of the disclosed formulation have
25 likewise been subject to in vivo assay and have confirmed that compositions of the
present invention provide a useful drug delivery platform for the compound of formula (f).
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.
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5 above, the following sem -solid conposition was exam ned for its ability
to rel ease the subject peptide over an extended period of tinme. This
conposition was fornulated using a 5.22 ng/m ZnCl2 solution, at pH = 2.0.
Sufficient peptide was provided to regult in a 25% peptide sem solid
conposition having a peptide to zinc ratio of about 4:1. The pH of the
conposition was adjusted as provided herein using 10 ng/mM NaOH The dose
of peptide 10 adm nistered was approxi mately 15 ng. Conposition 8.6

provi ded for an extended rel ease of (A b8, 3)hAP1(7-36)NH2, as depicted in
Figure 6. 8.7. Sem solid Conpositions: Using substantially the sane in vivo
assay procedur éVaatiscdduedibed in section 8.1, 15 above, the follow ng

sem -sol i d COWSAPE%aMaWBHOQﬁ& JoRipriikParpdplalob bycordng e iedsienlane  subj ect
pepti de over an extended period of time. This conposition was fornmul ated
using a 8.5 mg/m ZnCl2 sol uti ob*FhGpPH1E-36)B; Suf fi ci ent pepti de was
provided to result in a 23% peptide sem solid coppositi O%PE‘%W ng a peptide
to zinc rafogsthewithgige andia pharmacepiicaly asReRRNS Gag15r R‘HQE?’BTW' $ording to
t he processorfigisitibrl @ds nbt coRdt bhecl@ar Gaueabo G, sbhior?Bavihgpél 4f whishsdide

admi ni st er gg &) QX ITE: : ' i is65

m croli terE‘%ﬁ%@@%ﬁ‘?ﬁ@%?ﬁ?&&%&%ﬁﬁ&g ’@%Segﬁ'ggﬁ?%r an extended
rel ease of PEREHB! 2ONPERIENOFO3ENNR, as depicted in Figure 7. Further
assays Wit h vard. ousApbsmsceadicainempbsitdneacdordiog ts ddinf b widrait isaid Zdngve 25

i kewi se been, S Sfilentioh FolioRoBARSAY 1@8hdhave confirmed that conpositions

of the preéesent invention provide a useful drug delivery platformfor the
conpound of f orarul aa(ghirmackificiGotipesitiohaahortigs totlairh2, wWins¢imuseid Znolis cat i on,

one skill eﬁfggenﬂtﬁ*gew%%?éi@ﬁﬁg%}ﬁg@ﬁ%smfmﬁm- of peptide, ZnCl2 and pH to

prepare conpositions Invention as described herein. 30 -30-
What is claimed,is: Alphafhaebakaaoipbsivml accartipgse tibien1cetmein saidglient anal og
according to the farnula:. [A b8 - ~36) N H2; together with zinc
and a phar FHEES sl%é]a(n)}acg;étggl&aé:g%égbgéa%qeﬁsjsé@n iluent, provided that said
conposi tion does NOk hghesiicA  compbsifar acasiting & cléiCl 2wisertin tshiarditkar i ng pH 4
in which said . %/:\I b%i 333; hAQ.P-1(7-36)NH2 is present at a concentration of 4
mg/ M and SSFRISHE ™ Y2 present at a conentration of 0.5 mg/m.

6. A pharmaceutical composition according to claim 1, wherein said
pharmaceutical composition comprises an aqueous mixture, suspension or solution, and
wherein said compound of formula (I} Is present at a concentration of approximately 0.5%
- 30% (wiw).

7. A pharmaceutical composition according to claim 6, wherein the
concentration of said compound of formuia (1) in said aqueous mixture, suspension or
solution is approximately 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%,
14%, 16%, 16%, 17%, 18%, 19%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 27%, 28%,
29%, or 30% (wiw).

8. A pharmaceutical composition according to claim 7, wherein the
concentration of said compound of formula (]) in said agueous solution is approximately
1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 14%, 15%, 16%. 19%, 20%, 21%,
22%, 23%, 24%, 25%, 26%, 29%, or 30% (wiw).

9. A pharmaceutical composition according to claim 8, wherein the

conceniration of said compound of formula (1) in said aqueous solution is approximately
1%, 2%, 3%, 4%, 5%, 6%, 9%, 10%, 11%, 22%, 23%, 24%, 25%, or 26% (w/w).




2. A pharmaceutical conposition according to claim1l, wherein said zinc is
present in a concentration from 0.0005ng/ M. to 50ng/nL. 3. A pharmaceuti cal
conposition according to claim2, wherein said zinc is present in a
concentration fromO0.01 ng/nL to 0.503g/ m.. 4. A pharnmaceuti cal
conposition according to claim1, wherein said diluent conprises a

phar maceuti cal | y acceptabl e aqueous solution. 5. A pharnaceuti cal
conposition according to claim4, wherein said diluent conprises sterile
water. 6. A phai c%ti cal conposition according to claim1, wherein said
phar naceut i cal ifhpAceic, icemRosiian o acreRing #R x@aime 9, sthepaimsthen or

sol uti on, &Meﬂwﬁlem ef sricsedmpoondpicumeiizof) ih (saxmalqaeo(.:b kolhﬁbnﬁé S5pRdximadly a

concent r at Han2%f 398149, 8%, BRL ffoy, 29% %%,'24§0%£\Mr o A phar maceut | cal
conposition accor di ng to claim®6, wherein t ce itration of said

conpound of forthil aA( Ip)u?);macaﬁcal aqnmewaz/racxér&hg&osbqg,a\en@ Qﬁhe%%/tﬁﬁ)gg/tl 024!)/5
appr oxi mat

155 16% %%gf"%}'fﬁsé@ 8°mg’5§g'"d5°1{g/°rﬁ“£ﬂf&?) %59/{%5'%@}‘ ﬁ‘g‘d}?"“ 296%}?"“‘2“?3;‘6“28% 29%
or 30% (w % 18%& ) conmposi tion accor ding to claim?7, wherein

t he concentrat| on f for 1 n said aqueous sol ution
i s approxi nat eI y 18/ph§1'ﬂfaget%9mgﬁposm n acco cm“glgto clgn'? 8, wherein the mglar ratio

206 3% 4% 55 65h PIRPBYROY,farmiEid TGS IEMPABUHR0DYSFon BaSs TRB0) 24%
25% 26% @Pixinertel3@Yadapbrkimately £1.phar maceut i cal conposition according to
claim8, wherein the concentration of said conpound of forrmula (1) in said
aqueous sol uti di i sA&byﬂW@’Wﬁ@leﬁiO@pogw accaording to claim 12, wherein said ratio

2% 3% 4% S¥ade¥ronh abpfitxikbléy284 Biiprdtitatn?y:1.0r 26% (ww) . -31- 10. A
pharmaceutical conposition according to claim9, wherein the concentration
of said conpouid ofA Pbarmareutical \compositiinchcacpdieg s clind 08, wierdis saippatXi mat el y

1% 2% 3%réiiges Hom%4ppR%mai %%Vm%gpfso%%éqelﬁsee%(w/w) 11. A pharnaceuti cal

conposition according to claim1 wherein the concentration of said
conmpound of foff%ul ah phigrmaseuicel dorappsiion accaalingt th aaini $4,apRfcixéatRiatd ) 1% 2%

5% 10% 23%@6x.%’é9ély(w’w)40113,1gu,phar maceutical conposition according to
claim6, wherein the nolar ratio of said conpound of fornmula (1) to zinc

in sai d phar mat&ut iApiaroamotisl tdnadsition gRBrdigQB laRd RS, WhsR Sid/rafl & t O
appr oxi natghryxichatbly 1.5:1.

17. A pharmaceutical composition according to claim 6, wherein said zinc is
provided as zinc chloride or zinc acetate.

18. A pharmageutical composition according fo claim 6, wherein said zinc
acetate is provided as ZnAc,*2 H,0.

19, A pharmaceutical composition according to claim 1, wherein pH of said
pharmaceutical composition is adjusted using a base.

20. A pharmaceutical composition according to claim 19, said pH adjustment is
made using NaOH.

21. A pharmaceutical composition according to claim 20, wherein the pH of
said pharmaceutical composition is adjusted with NaOH such that, when diluted fo

approximately % initial concentration using 0.9% NaCl, a pH value of approximateiy 5.0 -
5.5 is obtained.

22. A pharmaceutical composition according fo claim 6, wherein the pH of said
pharmaceutical composition is adjusted using a base.




13. A pharmaceutical conposition according to claim 12, wherein said ratio
ranges fromapproximately 5.5:1 to approximately 1:1. 14. A pharmaceuti cal
conposition according to claim 13, wherein said ratio ranges from
approximately 5.4:1 to approximately Xp5:1. 15. A pharnaceuti cal
conposition according to claim14, wherein said ratio is approxi mately
5.4:1, 4.0:1, or 1.5:1. 16. A pharmaceutical conposition according to claim
15, wherein said ratio is approximately 1.5:1. 17. A pharnaceuti cal
conposition according to claim®6, wherein said zinc is provided as zinc
chlori de or zi né3acdt Rbamagaglicah CpMAPSHRE AFEPERY te lRln 2t wgweacw*r Bing to
cl aim 6, weejustimenidainddezasig Naleket ate i s provided as ZnAc2.2 H20 19. A
phar maceutical conposition according to claim1, wherein pH of said
phar maceut i cal bnpdsPharmpaceuiicahegrueasiion gejoringatobdain . 232 whemrainghaphedeut i cal
(Z:(i)rrpzsi L i omaiaqsi@fneﬁcla@icbtocd}ﬁp%mﬂ% agjadted maﬂﬁm%ﬁ@ﬂgat aumr}]eﬁaai@teu&ir:] ng Haaf_l

: phar R nposi.t Qo o_cl,ai rein-the pH o
sai d pharma e_%’?%:%@ /zc@ﬁ%‘o@ﬁ%ﬁ“ﬁ%@@’%‘&%&’?g%&'w? P h VR@@QP?@&%%%%{% ,5'5\7\hen
di | uted t od°dppht¥nedately 34 initial concentration using 0.9% Nad, a pH
val ue of approxjJrately 5.0 - 5 5 is.obtained. 22 A pharnpceutical
Comosi ti on accht di APeReRp Rl amRRRER A TN SR i WHE P RAPRGRut | ca
conposi t i oAcdordingdp fpsmeld (lisirelepsad bithie a suliect ipBed hersobiionarcedandediberiodnposi ti on
accordi ng bfngd.ai m 22, wherein said pH adjustnent is nade using NaOH 24.
A pharnmaceutical conposition according to claim23, wherein the pH of said
phar maceut i cal 2Sonpégihbinggeitcaladimpssiia astdrdingN@ibin ZShwhdieit saivinedenseli | uted to

appr oxi mat gf 34id cdnibolhPbxi&iRB §&H: Vb it HSIOEm&el) YhdNRGdr to Bpibiniabiy §2 Of
appr oxi rratﬁll}(%S. 0 - 5.5 is obtained. 25. A pharmaceutical conposition
accordi ng t%"¢tlaim 1, wherein the conpound according to formula (1) is

rel eased withinra syhstlacbflicACthpbafineRborfiRg tPaifr3ed 68 JelBRE P daiq Of LI ME.
26. A phar maceu%d %%%ggﬁngom tion according to clalm?25, wherein said

rel ease of° ¥y tIg3st BRRIRNPYPY 4 PSSt fr om approxi mat el y one hour
to approxi mat e'éié. 12A pharmaceutical composition according to claim 27, wherein the

compound according to formula (1) is released for at least approximately 48 hours, more

preferably at least approximately 72 hours, more preferably still at least approximately 96

hours.

29. A phammaceufical composition according to claim 28, wherein the
compound according to formula (1) Is released within a subject for at least approximately 5
to approximately 7 days, more preferably at least approximately 14 days, more preferably
at least approximately 2 weeks, more preferably still at ieast approximately 4 weeks.

30. A pharmaceutical composition according to claim 6, wherein the compound
according to formula (1) is released within a subject in need thereof for an extended period
of time,

31. A pharmaceutical compaosition according to claim 30, wherein said release
of said compound extends for at least from approximately one hour to approximately 12
hours

32. A pharmaceutical composition according to claim 31, said release of said
compound extends for at least approximately 24 hours.

33. A phammaceutical composition according to claim 32, wherein the
compound according to formula (1) is released for at least approximately 48 hours, more




hours 27. A pharmaceutical conposition according to claim 26, said rel ease
of said conpound extends for at |east approxinmately 24 hours. 28. A
phar maceuti cal conposition according %Q claim 27, wherein the conpound
according to fornmula (1) is released Tor at |east approxi mately 48 hours,
nore preferably at |east approximately 72 hours, nore preferably still at
| east approximately 96 hours. 29. A pharmaceutical conposition according
to claim 28, wherein the conpound according to formula (1) is rel eased
wi thin a sbiBjeedly atipestapplodmsielyd@ oo mateqirsferably bil =8 RRALPpRRIREYY g6 day's,
nore prefekaldy at | east approximately 14 days, nore preferably at |east
approxi mately 2 weeks, nore preferably still at |east approxinmately 4 .
weeks. 30. A pRér mad ephamadevivahpompbiiton acoaling ig ddmChBEl WhbreinMVagy ei n t he
conpound  @&afpRiEH &8orbiRg fo35 4 hSed et N subj.ect in need
thereof fqr _ N ext eé}%ed%l %ﬁeﬂﬁ%ﬁn@o‘%b? %#eﬁ%ﬁ%%%ﬁewﬁ%%r%%%ﬁw reJé{T“a{gH%osi tion
accor di ng T 6PEPETRIFYJ dayma1eE breferbly ot lopgiapproxipiptely it dlays maveipréfessbivends f or
at | east fatloastappioyniatelyiZovepks nordyweflerdbly sl leaXt apPlogihiateh witRslr s 32. A
phar maceut i cal gorrposi tion according to claim31l, said release of said
conpound ext end® fdt PERIMPEeEsal sompeskioRaceIrging i AmLoNe oB3@RIMA FhalSmceut i cal
conposi t i drherritEidkubgettioa mbamal, B2ferades Minfanf he  conpound according to
formula (1) is_released for at |east approximately 48 hours, nore Il -33-
preferably at PRast® APPFEReUHerl cppysitionoscardingrip carpr erfecptablainss 80-B4, at | east
appr oxi mavékeindGid sabjactds a Bdmméy, PreRFAPRGAMNaRal conposition according to
claim 33, wherein the conpound according to forrmula (1) is released within
a subject for %t | Sadethag s slisitat 2IGLPST agonish pifecix sait tradtiyod? catapiising MoT e
pref er abl Yoﬁﬁcﬂh@asmcémﬁrdT’X?ilE”@Lﬁ-PW-éegrlvﬂﬁlﬁ@ndlrmﬁethFrc%fr'?&ﬂ-ﬁl é(cco:_%&r'lgl tS?St A
appr oxi na Ler Si | at | ea appr.oxi mat el y
woeke. 3o/ (B Som TR LSRR T i D gl 0P ut, ShePoBl i o 25 -
29,  wher ST57R5Yiinpirectly; \ixq cqmpogitienaeeading gredimriabl y a hunman, 36. A
phar maceut i calgconposi tion according to any one of clains 30-34, wherein
said subject i's a raMffod ¥ BPlIaB) GLRT AsREiR. effppt saidrmethed compabingi ting a
G_P' 1 agOﬁ‘P@QGt!M ﬁe@t@ﬁwmfdhwﬂﬂﬁ@l@?-@ﬂ)ﬂpﬁl !@hlﬁthith the compound according ic

formula (1), said compound according to formula (1} being provided to said receptor,

directly or indirectly, via a composition according to claim 6.

3. A composition according to claim 16, wherein the concentration of
[Ab *hGLP-1(7-36)NH, in sal ition i 9 i
2 in sald composition is about 1% (weight/volume).

“o. A composition according to claim 16, wherein the concenfration of
[Aib®**ThGLP-1(7-36)NH, in said composition is about 2% (weightivolume).

sssiH. A composition according to claim 16, wherein the concentration of
[AIb>ThGLP-1(7-36)NH; in said composition is about 10% (weight/volume).

42- A composition according to claim 16, wherein tﬁe concentration of
[Ab>*ThGLP-1(7-36)NH, in said composition is about 25% {weight/volume).

43+ A composition according to claim 15, wherein the concentration of
. 8,3 . . . -
[AIb®ThGLP-1 (7-36)NH; in said composition is about 5% (weight/volume) and said ratio is
approximately 5.4:1.

%4, A composition according to claim 15, wherein the concentration of
[AIb®* IhGLP-1(7-36)NH, in said composition is about 5% (weight/volume) and said ratio is
approximately 4.0:1.




contacting a receptor of the GLP-1(7-36)NH2 ligand with the conpound
according to fornula (1), said conpound according to forrmula (1) being
provided to said receptor, directly or indirectly, via a conposition
according to claim1. 38. A nethod of -#-iciting a GLP-1 agoni st effect,
said nmethod conprising contacting a receptor of the GLP-1(7-36)NH2 |igand
with the conmpound according to formula (1) sai d conpound according to
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i's about 1% {pMed:@hdiéyokune). 40. A conposition according to claiml6,
wherein the concentration of [Ai b835]hG.P-1(7-36)NH2 in said conposition
is about 2% (weiight /A aloupesitionk B¢cordige topleén t 150 rwheosirotil regnasotraficai oh 16,
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is about 1 wei g A conposi tion according to claim 16,
wher ei n t hé® FHHEEHT ?%%ﬁan of [Alba 35] hGLP-1 (7-36)NH2 in said conposition

i s about 25% (wgi i ohQnfhfdhm 15,
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conposition according to claim 15, wherein the concentration of

[ Al b8 35] hGLP-1(7-36)NH2 in said conposition is about 5% (wei ght/vol une)
and said ratio is approximately 4.0:1. -34- .g . A conposition according
to claim 15, wherein the concentration of [Alb 8,35]hG.P-1(7-36)NH2 in said
conposition is about 10% (wei ght/volune) and said ratio is approxinately
5.4:1. W6, A conposition according to claim 15, wherein the concentration
of [Al be335]hG.P-1(7-36)NH2 in said conposition is about 10%

(wei ght/volune) and said ratio is approximately 4.0:1. ffl . A

phar maceutical conposition according to claim 16, wherein the concentration
of [Ai b8,35]hAP-1(7-36)NH2 in said conposition is about 23%

(wei ghUvol une) .




