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* PEPTI'DE-1 CRYSTALS Fi el'@ of laveation The present invention relates to

L 4

peptide chem stry as it applies to pharmaceutical research and devel opnent.
s The i nveMOP®B0O7BY ovi des i ndi vi dual tetragonal flat rod shalfH{UR8/26480

pl ate-1i ke crystals of glucagon-like peptide-1 related no ggulﬁf, rocesses
for their preparation, conpositions agd uses for these i Vé Nréi}ﬁZal
forms. io 8ackgrouad of the laveation~G.P-1, a 37 anmino acid peptide
naturally fornmed by pr It S t#gp PR 241 BRYSPAflgPr ecursor protein
prepr ogl ucagon, was fié% |%§%§??¥% |né1987 as an ?ncretin hor mone. GLP-1
Is secreted by the L-cells of the intestine is in response to food

i ngestion and has been found Fbekdi ofl Mheentdohi n secretion (insulinotropic
action) causing glucose uptake by cells which decreases, serum gl ucose
level s (see, a g.,Thejprseent invention peplates frotRePtRASecghenisEpY333- 343
(1992)). GAP-1 i oor | ctive. subseguent oge vage

bet ween Q%el%‘wgi]r#sl"tg;é%?’f’]_‘%%e"&lo%?b]]zegeggﬁﬁég %%&eﬁ?sgyépﬁéﬁgél ly active
GLP- 1( 7-m3{d OHh-papt 1 S8 pAPPL s Nkl vi 8048 oéetbg?&& 1£7a8?r6H sRapeaduced
Is amdated at the Ctermnal in conjunction with renoval of the-t-erm nal

gl yci ne oeplateiikdectystdls afdglycagomohike 2pepeider 2dredated

G.P-1(7-36) NH2. Ml ecul es which are yeasonably honol ogous to, or ar
dor | ved MOLRRULAS b RECIREN LA HheLE PEPRATSFLPD o cAORBPFY ChERFRBR ed 1o

as GP s,4.0. thi éﬂ§a'f' | Lol pQi-cal effects and netabolic
turnove?"léoﬁgb Sjggfhe %%ei%%‘?&%hgpgﬁ%g ?g#ﬁ]g‘and many of the numerous
~~~A~~Y~ 1~9191lrAl | i 1 ~n W 99/3073l -2 PCTIUS98/726480 1 ~r JUN

Qp 2 known GLP's are simlar and show prom se as agents for the treatnent
of dPabetes, obesity andBackgroundef ithendnvention

GLP-1, a 37 amino acid peptide naturally formed by

proteolysis of the 160 amino acid precursor protein
preproglucagon, was first identified in 1987 as an incretin
hormone. GLP-1 is secreted by the L-cells of the intestine
15 in response to food ingestion and has been found to
stimulate insulin secretion (insulinotropic action) causing
glucose uptake by cells which decreases serum glucose levels
(see, e g., Mojsov, S., Int. J. Peptide Protein Research,
40:333-343 (1992)). GLP-1 is poorly active. A subsequent
( ) 20 endogenous cleavage between the 6 and 7" position produces
a more potent biologically active GLP-1(7-37)0H peptide.
Approximately 80% of the GLP-1(7-37)0H so produced is
amidated at the C-terminal in conjunction with removal of
the terminal glycine residue in the L-cells and is commonly
25 referred to GLP-1(7-36)NH,. Molecules which are reasonably
homologous to, or are derived from, or based on these native
forms will generally be referred to as GLP’s in this
specification.
The biological effects and metabolic turnover of

30 the free acid, the amide form, and many of the numerous
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However, many GLP s suffer fromextrenely short biological half Iives, sone
as short as 3-5 minutes, ‘Which nmakes them s unattracTive for use as

phar maceut ywedosgaagnt s. Presently, the activity of dipeptidyl;, ' -1V
(DPP- 1V) 1s bel‘lg’gved to readily inactivate many GLP s and ipgﬁ#”%gﬁaﬁ

responsi ble for the very short serumhalf |ives observed. d pon
and cl earance follow ng parenteral ig.admnistration are aﬁgg‘ffgg‘m%ﬁnz
Thus, there is a need to ' find a neans for prolonging the action of these
prom silgowgeBLB! sCaeesaihilapr andhshay pronise asdiggentefomdikeul es to
protect themfromin vfivo cleavage by DPP-1V_ i5 For exanple, see US Pat.
No. 5, 5aveagmentpofhdiphetefn apg§}t§taﬁger3ﬁ§ &ﬁq§$§&?R$nu ext ended
time act] n chi gved DRSSt B t | d '

Formut RPBRLER, HEpRCOLEY 8L eREraR e RoR BB o L 1 ubi ¢

prot ei mAVEri1ivee, s6mElehsr spOPEOHSs Bi-6r miauyelsyl [whnelc Imeitess stlodm
GLP1(7-37)0H have been grown from saline solutions and exam ned after
crys$t alusatkragtiveafarnusei 88 pharmagensicalc BEEALS K REaREME}¥N, Phar .

Res. Vol. 12 Npo. .il 995))., . A ' [ f
GESP( 7- g’éﬁ‘?\ﬂ-&%bﬂf’iﬁ?’ﬂ%ggéélﬂgéﬂyi?i’ﬁﬁgggg\?g’ ﬁ@?f ‘3@3%? SPZciopi tation
have bemsalgésg@r esl EéQH&E?%BHé&%&%U%%?S RPN G F 1 R r Ot ami ne

(Pridal, "et. nternati onal Journal Phar maceuti cs Vol". 136, pp.
53-59 (2&8FdhsibleofoEPtRe6¥8r2ahA?tdesrnimbémlifhd iprep alade wredf
mcro-crystalline forns 30 of GLP- 1(7-37§0H by m xi ng sol utions of the

pr ot ei rRR&P1@RPsorptioprand| ghearapee §3ddrrdnsy e eXexpectedly it was

i 3g0vessdi gt 8L ogheazg Lebbaganeb bl at ol st o Bl Aded ke Crystalp

of “various reproduci fo ‘froma not her TTquor

cont ai nf ifd 3aa GePaflESE6rVEeolBngihyf theedctalom igh th¥bed grhomi ediphol , or
optionally a nono or disaccharide, over a wide range of pH conditions. The
resul tiagentdgle flat rod is shaped or plate-like crystals are superior to,

and offer significant advantages over, the G P-1(7-37)0H crystal The single
tetragonal flat rBBesﬁ‘&EQdaBPgBPS?‘e P?k%’eEPyﬁ"al dd‘fo tfé‘epﬁ%sent i nvention
are le A O o2 i | el ed in

o cat or g o HEe R oL bRy R R R R e T

hetisr ogeoeocexamplie; esee THePatysNal. &oBSaQsiskisons Inf thee imbullih N 2002 -3

8.5 buffer wifh certain conbinations of salts and | ow nol ecul ar wei ght
pol yet ¥ eRe YFyRBPsiPPECPeePOlBRYR, thgt, extrndad itidne | achid® S crude

SUSpenSEQnécﬁigvéﬁsﬁytQaﬂinistering crystalline protein
formulations into the subcutis which act like depots, paying
out soluble protein over time.

20 Heterogeneous micro crystalline clusters of GLP- {
1(7-37)0OH 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)).. Also,
crude crystalline suspensions of GLP(7-36)NH, containing

25 needle-like crystals and amorphous precipitation have been
prepared from phosphate solutions containing zinc or
protamine (Pridal, et. al., International Journal of
Pharmaceutics Vol. 136, pp. 53-59 (1996)). Also, EP 0 619
322 A2 describes the preparation of micro-crystalline forms

30 of GLP-1(7-37)0H by mixing solutions of the protein in pH 7-



.ideal for preparing long acting pharmaceutical fornylations of GLP's since
they are | oosely bound het erogeneous clusters of crystals or

anor phous-wigy®aisi ne suspensi ons which tend to trap inpuri;b@ﬁmgyﬂugde
,otherwise difficult to reproduci bly manufacture and adm nister. clusters or

crude suspensions known in the art. present invention arﬁ Rhﬂrngc Qécaljy
attractive because they are relativel3y uniformand remain I'n 4& pZd fon for

a 2s longer period of tinme than the crystalline clusters or anorphous
cryst al8 i hebufibeie el Bhscortain t epmbinationpeCf afrdES, aBggteYat e or cl unp

t t her,. cl ' I d I b ' bl
dosi ng PAHEFSF D ore LORF BefvaterDend) STkAnod: TFBRL- oRoFRYERr cEuh 30"

i nvent i&%@é e €X1 60E6Hs 40T OFHle a8AspEREPEHS! Bke less: than WO 99130731
PCTI US98/°264 14 J U N 2002 -4 pharmacoki netics which can be nodul ated by

addi ng dewl uBongpreparihg ohahgcagsing pbhakmagettdkailgfosmolations
alternativelﬁ, by,including zinc in the crystallization solution. s Brief
es

Sumfar YlofCERES | §iRce | BReYharer £3efelY nbeHPAoReEREPIEBEOHECIUBLELS | or

. ) . ' ! | o
_Peptradt Supddif o6r caRREEndhs B2y Seal {EnE KREBLAST0nE, WETAN tlhie®
crystaldé zetaonimehsi £ D8s CARAT AHé Nt BePlibbi adfEQcGLE) ta buffering agent

containing an al cohol or a mono or di saccharide, and optionally, anmmonium
sul f at ereproducibly nanufactenecandeadmindsteP.crystal s having tetragonal

flat rod shaped or plate-like hol ogy sel.ected fromthe groyp consisting

of a GLP-1 anal od® t(ﬁﬁgﬁpﬁﬁFgggfi%E,Q%SE§P§F9vﬁge9rgb@Etégn@zp, a GLP-1
id r [ n | P a a [ 1 ntion

L e ST S M o S S G e R

phar maGLR i € atodd nbé atepredacibpy ofesmed Epompaepatheg 3ddenoior nul ati ons,

and nethods for treating Qiabetes,,obesit¥ and 2o rel ated conditions.

Det ai | IPHAERINT | 3 ChF dhasehyedt inaphutfstemh FRlukdoRr 8ndt Be Cani no
termn P 1(7- e S8LO s o[ esi t he 2s
carboxﬁg%éé%é%U§%én%é%%&ﬁégf§T%i§8ﬂgn§%cﬁgga?éﬂgg%99ésogggr;tgﬁgfher GF s.

Wen nat cof 1191, cbh@i€idbRE M NBhei Sedal8ihy songldereatt @ode in the
traditional carboxyl form The am no acid sequence and preparation of
GLps1( BlEpeH ¢ox peatekhike ¢ryshalarareSsupesirxt sot Rndbef£8ri120, 712, the

ao tew%&é%&%fgag@iggvgﬂgaggéeégeépceﬁgoéﬁbgg(QZBE?B r%@%%tal
clusters or crude suspensions known in the art.
The single tetragonal flat rod shaped or plate-
like crystals of the present invention are less prone to

20 trap impurities and therefore may be produced in greater

-
j
L —

yields and adminigtered more reproducibly than the known
heterogeneous clusters. The crystal compositions of the
present invention are pharmaceutically attractive because
they are relatively uniform and remain in suspension for a
25 longer period of time than the crystalline clusters or
amorphous crystalline suspensions which tend to settle
rapidly, aggregate or clump together, clog syringe needles
and generally exacerbate unpredictable dosing. Most
importantly, the crystal compositions of the present

30 invention display extended, uniform, and reproducible



For the conveni ence of the reader the sequence is prgvided bel ow ro—~ ~i
WD 99/ 30731 PCT/ US98/ 26480 1 ~ J U N 2002 -5

Hi s- Al a- G wd3gys9Hir - Phe- Thr - Ser - Asp- Val - Ser - Ser Tyr - Leu- @ u- &‘KB% /Zg‘@ Al a-
Lys-d u-Phe-11e-Ala-Trp Leu-Val -Lys-dy-Arg-d y-COOH (S$Q | ; %& P-1
anal og~~ is defined as a nol ecul e having one s or nore am"pq gﬂgﬂ}quz .
substitutions, deletions, inversionsy4or additions relative t - -37)

and may include the damno acid forns. Nunerous GLP-1 anal ogs are, known in
t he artpbadmacckidetipat whichnean pei medulated iyl FAdNg ZINE URINGs5) |
GLP-1 (7-36)NHz, n9- GLP- 7-37) ., . d-Ad n9-GP-1 (7~ .

Thr | 6- L?%ﬂ‘%é@ipg‘i%-?,’?}’,sgﬁi}d Eﬁgﬁége_tﬁ-cgﬁ%‘%? %’y?l&%]‘%iatﬁ‘f%]e%m,
dy8- AL, 1,  Val 85 ol bl -3 Rl 37) OH,

acet yl %}s’g’(’%ﬁ%{‘%’/yg $pEn &Sfr 7?‘?)71)1%%!%1?9@@_& 1(7-37) . Asn9-GLP-1
(7-37) , DAsn9-G&P-1 (7 37), Ser22 pr.g23_Arg24_Gln26_G.P-1(7-37),
-Arg23_G.P-1(7-37), i5 Arg24-QA.P-1(7-37), .a-net h%gl -ﬁl_éS- GLP-1(7-36) NH2, and
G yB GLn21- GLP- 1( 7- 37) Bmiefh Summany |of the,gn O%nal ogs consistent with

t he present invention are described by the fornula: RL- X ,
-d u- @ y- Thr ThRePTRPEREr LRYBNAONSA M efy pUQGeRges for preparing

Y- A y- Gindl@- £ba= kspéaPbe- phatd-aiked-drstélls Lo GMudigoil {BEQ | D NOs2) ’

wher ei n: .S selected fro th(ie%ro qoqaﬁ&g of Lhistidine,

D- hi st |E?Wé’,-dﬁé§aﬁ?i61:ﬁfls?‘f’ eqales (GRS W CHRELFRRIr oxy- hi sti di ne,

?(o_rmhi spi'di:agingl ahaﬁ?Stalmdlzmmy Isdmaiz#cm renmpris ht/g)lfm-pmf@iedii s} : di ne;
is selected fr t he group,cansist.ing o : | taslle,

and-%al péﬁlggm?‘h ng}eﬁ,"n?g?‘geggl &?P&?"ﬂlgﬁ taﬂﬁ\laglrco éllco?giast'ﬁ%g o&cﬁiﬁ, an, (\

Ala, TheacGearided &hg: optionedllyvt edniomimm lenkfats eorEise nglnf du, L)

dn, A 731 PEFA ; ~‘fﬁ§&% - : d

d ;; an%q?gﬂlég gxg?ﬁgg? é%ﬁ?r g?ﬁ?t h%épgi%?g%%é%gll’gat\{i%g] o‘lfe ; an]d @.é;@b_' a?EI_P- 1

anal ogsredvehaped prenlatscililed mMorphdomy ErRisCtethEroR| e GXPUp (7- 34)

, ALP-lobds B8t ingGhP- 4 61P39) anal oy, @ -4 Hariwitihe, adiseplipym

t hereof, and gg ropaceutical l y-acceptable aa~.t _s thergof, haviilg at - | east

onéSmoP¥PLEEF ShPecReHLfrImPERS 1gie & i QY Ry Ryosynthet

GLP-1 analog are claimed. The invention also includes
substantially homogenous compositions of GLP crystals,
pharmaceutical formulations and processes for preparing such
formulations, and methods for treating diabetes, obesity and

20 related conditions.

Detailed Description of the Invention

By custom in the art, the amino terminus of GLP- )
1(7-37)0H has been assigned number residue 7 and the
25 carboxy-terminus, number 37. This nomenclature carries over
to other GLP’s. When not specified, the C-terminal is
usually considered to be in the traditional carboxyl form.
The amino acid sequence and preparation of GLP-1(7-37)OH is
well-known in the art. See US Patent Number 5,120,712, the
30 teachings of which are herein incorporated by reference.
For the convenience of the reader the sequence is provided

below.



, (@) substitution of glycine, serine, cysteine, threonine, asparagine,
glutam ne, tyrosine, alanine, valine, io isoleucine, |eucine, nethionine,

phenyl al aigwgmq9i ni ne, or D-lysine for lysine at positio
_position 34; or substitution of glycine, serine, cysteine,$9%$£%§?%@§

asparagi ne, glutam ne, tyrosine, alanine, valine, isoleucire, ' )
net hi . oni ne, phenyl al anine, lysine,.gar a is D-arginine fo!qgﬁépﬁrzgaz
position 36; (b) substitution of an oxidation-resistant am no acid for
t rypt ophan 1isphba+Ebn-Qly-Thy-BhesThrubevnAsp-Yal-&gstSe¥e of : tyrosine
for valine at position 16; lysine for serine at_position.18; 20 aspartic
acid for gIEYﬁn¥%uaﬁlﬂ‘%}yb%gpfﬁiﬁ°%i?'%X?FﬁéufBBth;EF%&aéFrFBSition 22;
argi ni ne f ] mne_ PRSLL oD Adnpal gi ni n r 1ol f0' at position 24;
and gl utam %&fgéfP%ggngigiﬂggs???oéégg; and (Sfﬁgu gt??h??on of at |east
one of: glycine, »gepinean@Fogr t¥stefinelonsahamblecalephaiviingn diie aspartic
acid, glycine, serine, c~:-fieine, threonine, asparagine, glutam ne,
t yis0si e, maranameéno vacidesubsbitutians, | dedphéonfet ANYGLSAONG, OF
phenyl al ani pe for glutam ¢ agj position 9. serinpe,. cysteine, threonine,
aspara@ﬁﬁ%?lﬁPﬁtEﬁfﬂﬁfv?yFBs@hgT?gg'g?;nPﬂg,m9¥|Fﬂgiupgoliﬁcﬁﬁe, | euci ne, -
met hi Ofp N\Go Qi form. INuNdsduBCdl.PS98448 géslafé ¥nlw 4902 he ,
phenyl al"ani ne %or gfy0|ne at position 10; and glutamc acid for aspartic
aci d adrtposhdi Dnclade andut edrsuhsti Limioedotogl GLPRa, (7S84 ne GLEySt ei ne,
t hreoni ne, asparagi ne, glutam ne, tyrosine, alanine, valine, s isoleucine,
| euci ne(7#ES N oil.pel (DF 3@)NHY, GlnR +GLP ok (14&7 D, od-GlatyGhPel (Br al kyl at ed
é;y’nlof hi stidi ne for histidl ne at position 7; wherein, in the

lst i 37k ] onkr?6-Lp3l8¢bhp-{¢¥-3ahd &af, LibdBsanet-ut(rt-ad)ameiydaci ds can
optionally be in the Dformand the am no acids substituted at position 7
~. 0 CaBLPHL (DARE) FHNe GIyR4GLIN-TECYH 31 )0 orval & ¢y at ¢T-3DYOH, A "GLP- 1
derivative" is defined as a nol ecul e having the am no aci d sequence of
GLP- 1(MeB¥)Gop-0{7a3 B 6K acetol-LheP-gddi-ti(gaahly marngrehanizal
nodi fication of one or nore of its amno acid side groups, a-carbon atons,
15 t eranal DaThpd-@LPUP(7087) er KBN&FGLAFh4FYyB7¢ , aD-Asp e GLP-A (Fheni cal
nodi fication includes, but is not limted to, adding chem cal noieties,
creat i 3M) nesebdddargafcdarghdbvebn2bhanbeal( 781721, | Arg2RBdiLB-aAt7 -G ,at ami no
acid side groups include, wthout |limtation, acylation of |ysine E-am no
~asgr cms24 AeBP kY[ 2t 3D, ofi-meghyilnalafi-SLipdilng - 360 NHpsi mad HlyBkyl ation of
glutam c or aspartic carboxylic acid groups, and deam dation of gl utam ne
or aspaimé? FELPM(T£3TROHpNandf theeltikeni nal ami no incl ude, without

limtation, the desam no, N-lower alkyl, N-di-lower alkyl, and N-acyl 2s
modi fications. NPEREF GHPohsaBRIPEE FORRLALENEaMESR, theomFes®Atude, Wi t hout

Lo L8, 808 gk RULanbly ka0 am g, and Vover by
siyde groupsr) orxt egluRely9TREPPheRENrbSeR-Risptiad -BerSereatyina.elf-0ups
20 Y-Gly-Gln-Ala-Ala-Lys~-Z-Phe-Ile-Ala-Trp-Leu-Val-Lys-
Gly-Arg-R2 (8EQ ID NO:2)
wherein: R; is selected from the group consisting of L-
histidine, D-histidine, desamino-histidine, 2-amino-
histidine, beta-hydroxy-histidine, homohistidine, alpha-
25 fluoromethyl-histidine, and alpha-methyl-histidine; X is
selected from the group consisting of Ala, Gly, Val, Thr,
Met, Ile, and alpha-methyl-Ala; Y is selected from the
group congisting of Glu, Gln, Ala, Thr, Ser, and Gly; 2 is

gelected from the group consisting of Glu, Gln, Ala, Thr,



WD 99130731 _8_ known to the ordinarily-skilled protein chem st.

PCTI US981 26480 1 4 J U N'2002 The a carbon of an anifo acid may be nono- or
di met hyl a er GLP-1 derivatives are clainmed in U S. Patent No,

5,188, 666%%@1% s expressly incorporated by reference. 5 K 29‘?9%?@8ul es
are selected fromthe group consisting of a peptide havingth i cid
sequence: -6~ l& fUNHZUﬂza

Hi s- Al a- G u-d y- Thr - Phe- Thr - Ser - Asp- Val - Ser - Ser - Tyr Leu-d u-d y-d n- Al a- Al a-
Lys- G sePheahtieGlya- ang- Reuva selested Hrm The grawp consisting
pharmaceutical l y-acceptabl e salts thereof, wherein X is selected fromthe
group e@Bn¥Hst ianf AFLYy@HCOOH and Lys-d yCOOH; and a derivative of said
pepti de, wherein said peptide is selected fromthe group cqpsisting of: a
phar maceut i cal | yGaBcapPaBLOIS REVeBLFC £88Ty rg&s%rd%f‘ilj?rb ide; and a

phar g, L | y-agc I 16 (of 1531 d i Ge 58l e L o he group
consi s??&hggbama'gé i?‘%?&rd%aﬁ:ﬂﬁﬁa@ 336’ 'ar?gﬁf&vgf ﬁa'l %Iﬁdaln’{’g?é)\/et ot her
GLR- 1 dergrati(9s3qensSioxt @he faniides€orm Wheneatserind nvention i ncl ude
conpounds claimed in U S 20 Patent No. 5,512,549, which is expressly

i ncor ppharmsachutacaldy -pecepsabde adds theueph hharping at least
Rl1-Al a-d u-Gd.y.Thr-Phe-Thr.- Ser - - Val - Ser - - Tyr - - -@n-Aa-Aa-X
aa-Q ugpﬁel-“f’iiiﬁﬁfﬁpﬁbﬁ- Eg&e\gjae_{?&oa IR @rgj{p( S$ %%)%%5 R2 wherein

Rl is selec b e A IRUR £ YA Sie)d Lridid) dazuap onyl

4-im dazoactétsgl ,Eh%%al-&?m gggo- a?ﬂ? di et hyI1: acetyl’; R2 is selected fromthe
group thpebainey akparagine,p glutaancesd tymdsime, islabgent ;vdBine, sel ect ed
from WD 99/3073l __g_ PCT/ US98/ 26480 1 4 J U N 2002 the group consisting ,--
of10q yieplencipe, ARMCings methiongmesr phepglajanidiay iarGimRew Shventionl. )

" DPP- | t ' S refer Q. .G P- | G esistant to the
acti on]y'(#{’%lg-’ﬁ-gl ?/.gr‘?%gg B¢ t:u Z)sé'%zi‘% éé,ssaaﬁgd ing p\z;ggr%oc%%[ ?di’or&(sj am no acid
resi dugubBtRestibanot giheimed| wedine ,uds diednet irdoddiz,1 anal ogs

having_Gdy or the 1 amno acid residues Val ~_Thr_, Met, Ser, Cys, or Asp in
posi t i @@paragine; DPRRtEMimest domsiteR’ aliandinale widsingi no Hi s’

derivatives. .o "G P-1.peptide.anal,ogs" are defjined as GLP-1 anal ogs or
deri vaf?Qgguﬁﬁpsh ?&'F&g’tgea %ﬁ’é’dul’%r'né’ SHSYATR R &ﬁ’ﬁ*i’ fMalBgs" are
defd ne_g_g,?gg_lﬂyng@bé, ?ﬁiﬂ%&fa@'ﬁdﬁ%ﬂdﬁ%é’w ch contain only naturally

occurring am no aci dues and are thus capable of being i5 expressed by
l'iving cell $b)i sobstitgtiecoomdfi rrantoxdeldts emdresiggasirsamine acid

for tryptophan at position 31;
(c) substitution of at least one of: tyrosine for
valine at position 16; lysine for serine at position 18;
20 aspartic acid for glutamic acid at position 21; serine for
glycine at position 22; arginine for glutamine at position
23; arginine for alanine at position 24; and glutamine for
lysine at position 26; and
(d) substitution of at least one of: glycine, serine,
25 or cysteine for alanine at position 8; aspartic acig,
glycine, serine, cysteine, threonine, asparagine, glutamine,
tyrosine, alanine, valine, isoleucine, leucine, methionine,
or phenylalanine for glutamic acid at position 9; serine,
cysteine, threonine, asparagine, glutamine, tyrosine,

30 alanine, valine, isoleucine, leucine, methionine, or



"Treating"” is defined as the managenent and care of a patient for the
" purpose of conbating tTe disease, condition, or diSorder and includes the

adm ni st r@ty a 20 conpound of present invention to pr onset
of the sy@rrrrk))ltég;r}rgﬂgr conplications, alleviating the synpt Om@é’fﬁfsﬁﬂﬁso

“complications, or elimnating the di sease, condition, or ‘ldi!fsrclnglﬁrgpggeati ng
di abetes therefore includes the mainjenance of physiol ogical ['y”de bl e
bl ood gl ucose 2s levels in patients I1n need thereof. The flat rod shaped or
pl at e-phégyLhlPafiiyet 8bs gllyciaepaesepokitioaniioon andhiglintame cpraepdal ed usi ng
the claimed process, vary in size and shape to sone degree. Cenerally, they
range forsaspartdm agportniesifion2?d Sy @nghs (~tn) by ao 10-150 ~mand are
flat, havin dept h.of _approxi matel.y 0.5 5.Vim S ingle crystals form
froma si ng?ﬁ?nﬁh‘gégl"gb‘ﬁlg’ ' ﬁ'? gﬁgc& CrofCAppEAr cyé%ﬁuqﬂa’pl e spi ked
star - | g er §okAoWR1na  t BEuRhiine, WOyRYs30E31 ARGHIHEIBAREARR 1 ~1 ,J U
N 2002H-§’r%8{i‘ay§%h téﬁg se aencegﬁﬁfor%afi on~herein di sci osed and the state of
the arisélesolihd, pheseipneot methipntinesi or henyledmaniceobtoai redee \h-a

chem cal synthesis. However, it also is possihle to obtain some GLP s by
enzyme®¥ it fgyiatedgREntlkylated &oxFoR fusitss i ifeFeL1RE3A4B% wWn to the

ymeet i &gvaats 4l fex dani ;
ocpr ookt PP EELBhL7ETuhetRIH, HRCORR, AR BRSO o phase

chem cgd) syahheges, Otheokypeplitdeedaamine ladi@emean dptd caiall 1anhemay be
found io In general texts in the area such as Dugas, H and Penney, C.,
Bi oor gtmi thehBrnformyapdoghe spinggacidsr isapstidntesy kt pesitgem

rrifield . M e Soc., 8% 214 1962 nd,Stewart .and Young, Solid
se %‘bt‘{’aélgﬁ}%}ﬂ}sgé, if, theyl Gé‘,cy?—‘la(%@%aﬁ?f( gg—r? Yéﬁ&e&ﬁrﬁw) s
Li kewi se, the stgtegpb-ih@edilaitdved 8eUlgE kel AW Phiddiedea d he ordinarily
skilled artisan anot her neans by which GLP's can be obtai ned. Although

G.P s mmyihge phedamédobncdid isdquieace pEpGLie 1yRBITesios, afe@ @LiRvant

met hods, or by fragmentin l.Lucagon, reconhi nant nethods ,are 20 preferable
when RRRLRT ngbHE oSFALKAOPE ANPRRVARS CHEMISat St Thet Lt Ortes

possi bl e. For r es of t Nols t J Lion, P-1 | de anal ogs and
bi osyn+¥|e‘f‘?§eC§g- ?g%e%{“ilﬁg~§%§'ﬁo%§%§r gr%\rﬁ ér(r)(’peé."."’l e agzre drred are the
DRR- | b @rmiAgt edmEhB §roup, or terminal carboxylic acid group. A

chemical modification includes, but is not limited to,

adding chemical moieties, creating new bonds, and removing
chemical moieties. Modifications at amino acid side groups
include, without limitation, acylation of lysine g-amino

-jo groups, N-alkylation of arginine, histidine, or lysine,

N

alkylation of glutamic or aspartic carboxylic acid groups,
and deamidation of glutamine or asparagine. Modifications
of the terminal amino include, without limitation, the des-
amino, N-lower alkyl, N-di-lower alkyl, and N-acyl

25 modifications. Modifications of the terminal carboxy group
include, without limitation, the amide, lower alkyl amide,
dialkyl amide, and lower alkyl ester modifications. Lower

alkyl is C31-C4 alkyl. Furthermore, one or more side groups,

or terminal groups, may be protected by protective groups



2s More highly preferred are biosynthetic G.P-1 peptide anal ogs. Anot her
preferred group of GLP-1 Peptide anal ogs are those whiich contain a single
an no aci dyyWeshdsfution at the 8 position which may include d and nodified
amino acid residues. Mre highly preferred biosynthetic GLPPETHESS824480 a0
anal ogs are those which contain a single am no acid V[)Q?ISQEﬁﬁ“;ij

PCT/ US98I1 26480 1 ~+ J U N 2002 substjgution at the 8 positiJh, 2
preferably those which contain Gy or the 1 amno acid residues Val, Thr or

Met in uhewnS POSthé OBrdTherPIessRillsdeprb8inr eneflesta prmeress- for 5
produci ng individual tetragonal rod shaped GLP crystals froma nother
| i quor .caxbien éHvan cambne rati@Hnaynbet mone-r angiagethydagiedt pH 6- 7,

preferably about 6.4 t Qu .2, the crystalljzatiqgn,solutjo or_.not her

P Guor - contains GERehFLETD JBRLERETHBPOAT AT CABOUES] 130 Urdy PR tEAs or abl y
2-7 nolgd . &4 et 4 n ' $ i e dgHdg an
alcohoﬁﬂ%? %ﬁ%é?éﬁggisac%ﬁ%r?8e¥§?gé§§??agﬁég?ﬁotﬁgggrg tice ofr?ﬁg

i nvent isatch IMolecwles\are | selaotedi fivomcehet groapdeonsdeetidice.ofora Bi s-Tri s
is preferred. The concentration of al cohol ranges from about 2-15% (v/v),

i s pr efReRipide having Pehe cRREAC 4R E4A0PEIULBCSE| ect ed from.t he group
cont ai ni ng net hanol, ethanol, propanol, or glycerol, ethanol being nost

preterred SRLionalln, e oil bhD. 8L 28RLOXLRL L oL G r U

sulfate to
crystals. Theegkdlhogiprdisam il aal.gs-62600RRZE1EDR1 ARG etf adding a

preservative such as sodi um azi de and ot her such preservatives to the
not her | i qudvat-<X prevent bact eri 48EQr &Rt NO:Bh anot her enbodi nent, nono or(f)
dl?gccgﬁﬁi%%Efggheutically—acceptable salts thereof, wherein X is '
selected from the group consisting of Lys-COOH and Lys-Gly-
COOH; and a derivative of said peptide, wherein said peptide
is selected from the group consisting of: a
pharmaceutically-acceptable lower alkyl ester of said
15 peptide; and a pharmaceutically-acceptable amide of said
peptide selected from the group consisting of amide, lower
alkyl amide, and lower dialkyl amide.
Yet other GLP-1 derivatives consistent for use in
the present invention include compounds claimed in U.S.

{
20 Patent No. 5,512,549, which is expressly incorporated herein ()

by reference, described by the formula:
Rl-Ala-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-
Leu-Glu-Gly-Gln-Ala-Ala-Xaa-Glu-Phe-Ile-Ala-Trp-Leu-
Val-Lys-Gly-Arg-R3 (SEQ ID NO:4)
25 |
R2
wherein Rl is selected from the group consisting of 4-
imidazopropionyl, 4-imidazoacetyl, or 4-imidazo-a, a
dimethyl-acetyl; R2 is selected from the group consisting of
30 Cg-C10 unbranched acyl, or is absent; R3® is selected from



.25 be substituted for the alcohol in the same ratios on a weight to volune
“pasis. Mono or disaccharides suitable for use in tfe presently clained

process iwWe rehal ose, mannitol, glucose, erythrose, r ct ose,
G PERon

_fructose, maltose sucrose, and | act ose, though trehal ose rred

I WD 99/ 30731 PCTNS98/26480 1 ~r J U N 2002 -12 In yet andthed[}ﬁhﬁ@q

of the present invention, the procegs may be carried out in a neutra or

hi gh pH, zinc-containing environment ranging fromabout pH 7-10, preferably

about fHd grod Tcondiietind EGEG‘ZQNCUHI@HQ\JHﬁ, tdred G Pagonsehysabron is in the
range of approXimately 1- 20 referably about 2-10 ng/m . Total
zi nc~ A%¥g a TRy Le ruged ip RYGH eeent PR about 0.5 - 1.7, preferably 0.6

é ?f Underdsuclh VISR L By o&‘é@ﬁ‘ed)Fd}leﬁlﬂtr@f@rw td anznggna?mgmbl e |

uffers and salts ra Cco centratlon 100mM cl ne an

0- 200 ar%r’é?%?%‘%?%tnffp énﬁﬁ%aﬁg n%ﬁf\ﬁ%l 1n 5 grred

butkf erénﬂ@g@h@vneg aaag@clif:bediocbﬂ dimtnil'mw sacil'dlerabtdhel inr sugar 0

conditions are as state evio e i s prepare

it is %??Jo%?f’t%’ STATHRE ot %p’f%é;f'#%? }Jl)fo%? : na#gr%b%hgigéut 18- 25C,

for 121a£h&rh’g)mlwwurltherysaraim¢m1®nr©emgs mLchs_t,aMsturaﬁerhen be

tr ansf e | @£d et,eri ous effects
& d?aﬁgé] W‘é’ééﬁtf‘f&ﬂy 8! &ﬁé@%?ﬁf‘fvrﬁb{:‘ééﬁéﬁ deb f’

to the 20 suggesting that such crystals may be
st or edLIl ugg di%?lg@@lllb%rﬁ-‘tﬁis ARTiVSFLVES f eri ng structural damage. Tn

aﬁ@t her e{fbod: lrm«m.pal 3 @f&@tﬁﬁ&%téoraﬁéadeﬂﬂneayabecnptemar ed bydaddl ng
pharmaceutically acceptapl e excjpi en arrie servatives, an
@I uerRRabegs); 0% 4¢3 ‘?%t:t‘ﬁ%s rfgrl‘h‘g'? ﬁjcﬂb&ea??éa?ﬁa g??ﬁ‘ﬁl s have formed. In
:js enbodi nent , “lgj:d§jrﬁt|:1h¢12:9¢IGmandaﬁubggﬂue@feaddfihédSaér angﬁrfolr med
under nditio e ec t her |iquor
to ef f%&fi %%‘? p%lf a@?%hv%'fng?% “l?ﬁ:h ’9s§3¥¥ hﬁ? thves may be
added ¢¢nutmnﬁg)amdmmwa¢1®um¢sidu@$oamdeafernHMatcapabbé ofybedng sui tabl e
. 14. 0. e ections
s €?¥égggﬁ-rgﬁ;ner ﬁﬁ? 14; dcHidigg gec%ﬁbiﬁéneuééi € aindy

same co excl prents; such as anti oxi ants buffers,
aci ds YFFABEFRE- for pH adj ustments, isotonicity agents and the | | ke, may
al so be added du?maym@”tm Mmdlwubheam@mgemns angscare have

formed. | th t_ . _th . h
comostt i DEROIOTh AT GLRT PWEPAmbrar FPaEat oo ShEpcHLBPagRaL o- 11 Ko orystal

of GLRsgnaf¥idH, tékt&E%6¥@@€S§ﬁ§ IREBhAe s €KL 028M ANt EhRl BRI ofSWCh
conposi tions ~o coul d not be achieved. The conpositions of the I nvention
20 compound of present invention to prevent the onset of the
symptoms or complications, alleviating the symptoms or
complications, or eliminating the disease, condition, or
4“) disorder. Treating diabetes therefore includes the
maintenance of physiologically desirable blood glucose
25 levels in patients in need thereof.

The flat rod shaped or plate-like GLP crystals of
the present invention, which are prepared using the claimed
process, vary in size and shape to some degree. Generally,
they range in size from approximately 2-25 microns (um) by

30 10-150 um and are flat, having a depth of approximately 0.5-

5 pm. These single crystals form from a single nucleation
point and do not appear as multiple spiked star-like

clusters known in the art.



are useful in manufacturing processes and for preparing pharnmaceuti cal
formul ati ons having extefided time action for the tre®tment or prevention of

di abet es, WEe§hd7y; and rel ated conditions. is The clained G_Eﬁfhﬁiééﬁ“gor and
|

conpositions nmay optionally be treated with zinc using conv yst al
soaki ng techni ques. By soaking the crystals in about a 0.5,np/ | on
of zinc, conplexes of crystals are fpgomed which serve to elggrﬂurigdﬁ%
action of the adm nistered ~~o GLP. Also, by varying the zinc

concentration, tieivesntiex sonpasee | omf camabion| herein| dagcagsed | onger or

shorter time actions. As noted the invention provides pharmaceyti cal
{ or mil @rdokhe FHAHE Be WEATE R FOLIAPRAFE PEGERLR FVRENSS1Eed shaped

or platg-J,i ke, cryst . t QR '  Qr r eutically
accept ?g'lﬂe & iclagle%btses ?chtgl?rl?eeérz‘ii% rex C:P%‘]é n @t@ﬁglgf y g? %F’g g%gl"l n%g_

formul ghad fiyy AN alo bt st s6hé OBLPOE bjieehbpnapgailtyor

prophyl actic treatnment of diabetes, obesity or related conditions. For
exaspl €ragmentdng yotoglueggemauping chechniguesovwetinkpewadtoxééieni th WO
99/ 30731 -14 PCT/ US98/ 26480 E~r J U N 2002 convgnﬁ Rnﬁl gplgr nmaceut i cal
carri e tAfRTey c MATERAYEY THEE L RPR | BRSOTBIBRARE ﬁ t RECORIANES crystal s

contai . f 8&&;& esé)s‘ OfohBEsrht VEihPrnand nveng ippeci fical ly
froma &}{(yle. to fgj%gﬁ [I@% esrn%?e, ?Ee S c%ystafls oP t?llelpresent

i nvention may be m@driprivicipiesl ofiesolidi phasabchemiocalwsythesis

ot her-anti di abetic_agents. For_ subcutapeous or intranuscul ar preparations,

a st er idfe BIyRERRIdnE Gire ekl yesreyr R the ArEsBRE MAYeke §FuBdn be

adpy ni stere S.a.S [ N r Qi nal di,fi [ tallizatio
mother 1 gton RS he et s ShbfL B8, ol BHa, BeRRRY i o1 1 D)
vat er, chy Hidlddsedlc t&iéxﬁaatg_ brogl ycopeingbtiveplad, sHewdRlokf,or mul ati on
of the crystars o € present invention may be prepared and adm ni stered
as a spgsensido92,n Merwjifsielkd baZaMor €hes. pSacnac8bt k24Pl (18624¢pt abl e oi |
base, e.qg.,. .an eater of a Iong-cﬁ%nﬁjatty aci q such t.hyl ol eate.

a

as et,
Phar na SESWAF T A 1 XIS e 38¢ Egphide §¥F’§%E§F‘ ar BBen,
parti cular, WEL&'TI r@%g, ab ropyl paraben, or butyl paraben or
chl orolgut aslr%l, p er?gfi or OF%%%gﬁéofgg?g'preferabl y added to the
fowsrul ation to alllikewisd, -tlsestaee dBether autainomoleyudlaso contain an
i sotonicity agent, which is an_agent_that is tolerated physiologically and
i npar t iLlog avidas Ghe evdiparily ngkalied astisapr apeshethe net flow
of wat celdy, S, g er
comn%%&%§$ﬂ§$c%%%%g€%§r§? %ggmngﬂgghceﬁ‘#g?laéﬁs&%l ﬁe?‘a B’gsﬁ% bl e
| sot onipdHddn @ bys ddlcldidshade tsepCide, sMathesisXt F@&6mbARARLt Ol , and
| actose. Aycerinis the preferred 30 isotonicity agent. The concentration
of t hemeddadd.ciayy by ragmeutying -gbucagon, recombinant methods are

20 preferable when producing biosynthetic GLP-1 analogs because

Ve
S

higher yields are possible.

For purposes of the present invention, GLP-1
peptide analogs and biosynthetic GLP-1 peptide analogs are
preferred. More preferred are the DPP-IV protected GLP'sg,

25 More highly preferred are biosynthetic GLP-1 peptide
analogs. Another preferred group of GLP-1 peptide analogs
are those which contain a single amino acid substitution at
the 8 position which may include d and modified amino acild
residues. More highly preferred biosynthetic GLP-1 peptide

30 analogs are those which contain a single amino acid



PCT/ US98/ 26480 1 ~ J U_N 2002 agent is in the rangg known in the art for
parenteral fornulations, and for glycerin, is preferably about 16 ng/nL to

about 25 RybWhse7ipe fornul ation may al so contain a s phar Wé&%&@épH s

acceptabl e buffering agent to control the pH at a desired

“ideally such as to be acceptable to the patient upon adni n’] #t(}ﬁ[tj[\#)?[][]zet
one at which the fornulation is suffjisci ently stable, both physical 'y and
chemcally. Preferably, the pHis controlled ~~o0 froma mldly acidic pHto
a m | digudsssitutpildn sucthes,8 pesigdiombmare ppre fewahily dhose ewlpicher abl vy,
the pHis between about pH 6 and pH 8 Bufferi ng{’ agents include put are not
|i i t e®OTE-&iR (G O ddiitle AR Atk refidues, Val e iRt at?d, such
as, |lysinhe pr. qi.nipe, which are is known to be pharnaceutically

accept rLe E?r'tr)qa%lg"sler&gH ranges. O her pharnacol ogically acceptable buffers

for buffering at mHd igyrddefe IRAGRS Y pridaMled i tgwoedds fde sel ection and
concentration of buffer is well within the skill of the art. ~o Exanple 1

pH 6. ~pruducingyuniintduad Setizagened Fad) alfapst Gl ¢xystal dieErond
GLP-1(7-37)QH anal og havi ng. Val, substituted for_ Al a |] osition 8 (V8-GP1
wns veig ARG ST USRS 4o mertma gt Sl iR eRatad o
Tris-H .29 " PpH 6. | t ] H . The pH of
t he so%ﬁ'@rggmclﬁ{gs% ueg'lﬁe'd qﬁf%&fg&v&“fﬁ%%ﬁ%ﬁﬁnﬁbﬁbr%ﬁét o pH 6.4
wi th 1hdjekalllieaaldad igulyten nest Qd&ﬁ{exdtmilaﬁﬁﬁ,hﬂzdﬁt&mysé nefhgl The

solution was filtered through a 0.22 mcron ex GV13 ao syringe filter
(M 1| i §8F capmtdrmatimn ioff akoute\i -3 mg/ml WhrsfieaGishy FETT URPANL6480 14 J

N 2002 -16 gl ial. T trati th 8- @ P-1 st k | uti
20476 ng/nt ad AR i SEBRHHOIAI e RS SATUGEPT and Usi ng an
ext i nCld it £08fd GreH1 Bhcd Th o by’ -aibdBHEr I @Fs lgeptahien inal

cmecell. A0.25™ 5 aliquot of this V8-G.P-1 stock sol ution was

t r ansf enr éxthe practize) off tHey Japeentiadn. TA G e SOImM iTrdisyns added 0.25 m
of a | OrM Tris-HCl, 0.02% NaN3, pH 6.4, buffer containing 2.0%(~. ~ 2°$4 ~
The vi AMMPRLWE AGEFatEontIqAINR FeaFatid Phd HiHcR ki Rrekeryeder 36

hour s | r re i]p%q.{g' i tarf X STBosY | T} { on. For
guant i %hﬁtﬂddaé}%’%e&oﬁlfi%nv%%mﬁ no eérdc I’fngl?gr was renovedt‘g'ﬁ%’ !

censri fpuefkraibli6, VAB K. J.PrEferfedidl-dolslil aiie rillddied fromhenel ear
supernatant was determ ned fromthe absorbance at 280 nmas cited above.

The cr $31OMR iGRntAIHQgErethannl + athwngl i Prapanclct 9K tFYeSralp-1 | evel
in thee rogbakaent Lom.t he \\8-@ P:1 level in the starting solution. This
sanpl e "'shiowe clrzgitacﬁti A8 ﬁﬁ%l d of 63.9% Exanple 2 20 p8 6.4 with 1%
Et hanol and 1. 0%opyBiHa1ywSuldid ediiticn e ag@iuatindtdhe MB- @foll stock

solution was transferred to a 2.0 m glass vial as in Exanple 1. To this
sol ut i emmoasiugddad faAtE td tdfe motbey TriiguaaCiwilll GrmesaBly pH 6 . 4, buffer

ErlE AR el B Fhs e BB
Yust el s Geddiil 2t e Betld AUVt APt S prinedd-Path v&Ssiuch 144
sodium azide and other such preservatives to the mother
liquor to prevent bacterial growth.
In another embodiment, mono or disaccharides may
25 be substituted for the alcohol in the same ratios on a
weight to volume basis. Mono or disaccharides suitable for
use in the presently claimed process include trehalose,
mannitol, glucose, erythrose, ribose, galactose, fructose,
maltose, sucrose, and lactose, though trehalose is

30 preferred.



30 .~ . . WD 99130731 PCT/ US98/ 26480 1 ~+ J U N 2002 -17 Exanple 3 pH
6.4 with 5% Et hanol and“1* 0% Anmoni um Sul fate A 0.25 m ali quot of the

V8- GLP-1 lution was transferred to a 2.0 m gl ass vi
Exanpl e 1®b$g}§g7§?hi s solution was added O. 25 m of a | Orv fﬁ%@ﬁ%@i&&g 02%

NaN3 , pH6 . 4, buf f er containing 2 . 0 % (NH, ) ZSO 15%34 92@02/
et hanol . The sol ution was then treq_tl%d and evaluated as in Thi s
sanpl e generated crystalline clusters, single tetragonal crystals, and sone

rods. The yield was tlgn%d&er1%dbodﬁa§ﬁﬁﬂ§f4tﬁé1ﬁ&ésgmth 10@6Ethano| and
1. O%Arrm)nlumSquatyre A 0.25 m aliquot of the V8-GP-1 stock solution ~5
was tranveetied,t the 2roceissgimeys be darsied @x‘am;ﬂlealneﬂbr@hl Qrsol ution

mas added,  0.25 m, of a |OyM,Tris-HCL, 0.0 thth 6 4) g cont ai ni ng
. 0% (RIGh-BB, ZABCIGOBGAIH R BT VRFOTIIS ¢ eem: 2Rap d End

evalua e hi | en e crystals
~, )20 zngot’ogggfgﬁg@;ﬁéoﬁs 1.573'0 gIZ’X'7grrpIE,(§!?(g Sé c&ﬁ&%@@éﬁﬁan

0. 25 nthel Gyrotontentea¥lonl Bl ixf ate sﬂngew&%pﬁsximaﬂéiyrnedoto a 2 0
m glass vial as in Exanple. 1 To this solution was added 0.25 m of a | OrM

Tri s- HogyYmd, opveRexablyHapon L%;fl&_gi@ﬂtﬂmlz .pine; hinpof. myharsol ution

was then treate nd_eval uated as This sa gengrated a
trace S‘Ft&f’y Pagl’gl’uﬁag??.s ﬁ%é’“ﬁ/ aaodni/vas 0/’"l ?30 pr n%’&ﬁ?é &

PCT/ US98826480 - i $ - 1 ~+ J U N 2002 Exanple 6 pH 6.4 with 5% Et hanol A
0.25 m aliquot of the V8-CG.P-1 stock solution was transferred to a 2.0 ni

gl ass vi al as inUEdampBach nﬁmﬁialﬂarshﬂghimﬂ eendititens Owehnl of a | OnM
Tris- HC1, 02% N'pgpg ~ buf cont ai ni ng, 10-0% et hangpl . _ The -~
St | GBS SHAE §erf SR AR TGS BhFppeentrationciRgme ()

gener abgh 1 Y5 3boftI§ ines DA G0 O ¥5d B SaplabOdEmmThe Viel d

glycine and 0-150 mM NaCl. Preferred buffers are glycine,

aspartic acid and Tris. The alcohol or sugar conditions are
as stated previously.

15 Once the mother liquor is prepared, it is allowed
to stand at approximately 15-37°C, preferably about 18-25°C,
for 12-48 hours until crystallization occurs. The crystals
may then be transferred or otherwise handled without any
noticeable deleterious effects to the crystalline morphology

20 suggesting that such crystals may be stored for prolonged ,-)
periods without suffering structural damage.

In another embodiment, a pharmaceutical
formulation may be prepared by adding pharmaceutically
acceptable excipients, carriers, preservatives, and diluents

25 directly to the mother liquor after the cystals have formed.
In this embodiment, crystallization and subsequent additions
are performed under sterile conditions. Zinc may be added
directly to the mother liquor to effect the incorporation of
zinc into the crystals. Preservatives may be added to the

30 mother liquor to provide formulations of crystals suitable



_Exanple 7 pA 6.4 with 10% Ethanol A 0.25 nl aliquot of the V8-GLP-1 stock
solution was transferr® to a 2.0 ml glass vial at*in Exanple 1. To is this

sol ution d 0.25 mM of a IO Tris-HCL, 0.02% NaN3, uf f er

containiﬁgegagggoethanol. The solution was then treated anﬂgtkéﬁéé% d as in
"Exanple 1. This sanple generated single tetragonal cr ystaITS aqm%l@z The

yield was 55.5% 20 ~canple 8 Pharnpgokiaetics 28 ng of bioSy t

V8- G.P-1 was weighed into a glass vial and dispersed in 4.5 m of | Qrv

NH, OAG 310 mliMei L & Sirifedt Tbs®| £k dmnc et bame ptontafnér . Theteteri al was

conpl etely sol ublized by adjusting the pHto 9.5 with 5N NaOH and renai ned
conpl exgipienthl eudh as tart prxbianks. sbnfifess, wvagidswerddbages. 4 with 2N

HC1. This lution was filfered through a 0.2 ' n |l e 13 syringe
filter9§)§ﬁh lP%#NF%ﬁ%&sl%QEWn%%15¥v395n?8t%Pgbgﬁgn%g%%'4$§$ﬁi. The WD
99/ 3073 5 PJd LRRIR 0B cdfy do dHe UnDLREP2] £g168NAEAEFORNE! the VB-GLP-1
solution was 5.51 ng/m as determned fromthé absorbance at 280 nm of a
20X didmystoril sofhdvee &bxoedd sol uti on and using an extinction coefficient of

2.015 for a1 /m V8-G.P-1 solutioninal cmcell. To s this solution
was added 4.3 nmilbfanpthes qpbesiiment pofhRHINYERRIODODFEVALRS , pH 6.4,

precipitant buffer. The. vi e j eptlyy swirled
and tt eo;{nc%ﬁee{%éehas a{orﬁ%g]%g%%se?@ﬁZfrﬁcg{iﬁgdg%g9F§9%§§?§§%\r’:’giagr ?/.Es)fi al s were

i dent idHasb@lo2 GNa BN ke CREYOPal THE GLPSERl Spyese temened ~~to fromthe
not her |iquor by | ow speed centrifugation and resuspended in a 10 nM

NH, OA@ra: segsihepteiserdigcheeed sanduelaimefiuf gaeh Arompoaitdpaent rati on of
out 4. /.. A pariion,of the nother liquor centrifuged at 16,000 x

38 Thecon et v A e ¥ow PG PRRPRELELEHS ofpERRathmEnton &

det er guedyJdam Uhe sPrACRGRiAl BE0cEBkelNand! yokaplbpatiag viel d vas

quantitated by subtracting the -G@.P-1 level in the supernafant fromthe

V8- GLplartmaegut icahef stranianigons| having &ktendegistamki agtion dave an 83%
yield. jo Calculated aliquots of 4.0 ng/mM V8-GP-1,crystal suspensions

pr epartdif itreptdieRt £* RERRENELCR BT cdhBPeteFancPeFLEY 8Bdf r@dagrass vial s
and di A buffer Ato a concentration slightly above the fina
targeﬁéﬁﬁ%ﬁ%ﬁééﬁion of 2.5 ng/mM V8-G.P-1. To the crystalline 2s

suspensi ons wer eThslderh fhedlUsLE €fyatZDEl dnat composlitioae fmay 3 . 4 no/ni
Zn+~ in buf f_er A to make f final z inc concentrations either 0.5, 1.0,
1.5, &Ptinapnbeitkeated witheringnysingecganentionnl| eyyasalpl aced at 5

€% SN oIS ER! By e SETERR ER BRI E"1A%EBok ¥S 20 now

mg/ml solution of zinc, complexes of crystals are formed

which serve to extend the time action of the administered
30 GLP. Also, by varying the zinc concentration, the complex
{F composition can be altered leading to longer or shorter time
actions.
As noted the invention provides pharmaceutical
formulations, which are comprised of single tetragonal flat
25 rod shaped or plate-like crystal of a GLP, together with one
or more pharmaceutically acceptable diluents, carriers, or
excipients. The crystals can be formulated for parenteral
administration for the therapeutic or prophylactic treatment
of diabetes, obesity or related conditions. For example,

30 the crystals of the present invention can be admixed with



r WD 99/3073l PCT/L1S98/16480 1 '+ J U N 2002 -20 the crystalline V8-G.P-1
zi nc suspensions were trfahsferred to room tenperatur®, passed through a 30
gauge nee adjusted to pH 6.0 with 1IN NaOH A 0.1 ng/m _zinc
crystalliggf%%ﬁgﬁp-l suspension s was prepared by ffirst PBEEWV%ﬁnQWQ.S

ng/ M crystal suspension with 0.15 ng/m zinc in the sane n
descri bed above. After 18 hours at ji4Q the zinc treated crnga?gJﬁigqu

i sol ated by | ow speed centrifugation and transferred to buffer B (buffer A
cont ai BbAgeB L] off@1MphaamaiceuticHle darale S -(AP-dxeipoants at i Theof this
suspension was adjusted to the 2.5 ng/m target concentration using buffer
B. Thefoumpdasionsweompardsdaa rhsuglalnesl grrtakedentaiy frempH
increasgd to 6.0 mﬁ%% 1N NaOH. e five crystalline V8-GP-1 zinc
suspen@PBHE 05 39&8c PO B fg,ghﬁﬂ?QEIY? | APYPEP- 1 and contai ning
0.1, Osg)ec&fq a}13 on? abold W, Zit¥ MPhiy/es! edmiP kW ARGEONt ehast ed
beagl e togs. Each animal received a singl€ 24 nnol e/ kg subcut aneous

i nject ceysthlshefcthet FrasemtV/d@vernt inmamasydpe sdminkstéred akone Arteri al
bl ood sanples 20 (1.5 M) were withdrawn_fromthe aninmals at schedul ed

ti nes, OF. jn copbiaatden withhathnnanidabetic @agnbhd BP¥aining 40 ul
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procedure. Table 1 shows the resulting i nmunoreactive V38-G.P-1 plasm

| evel sadménigtesedoas & mRspenisuicdr dn ddvh eusginesl oo modiE Ded 30731

FK?ZLEgggé gggization mother liquor or in a pharmaceutical diluent (t)
such as pyrogen-free distilled water, physiological saline,
or 5% glucose solution. A suitable formulation of the
crystals of the present invention may be prepared and
administered as a suspension in an agueous base or a

15 pharmaceutically acceptable oil base, e.g., an ester of a

long-chain fatty acid such as ethyl oleate.

Pharmaceutically acceptable preservatives such as
an alkylparaben, particularly methylparaben, ethylparaben,
propylparaben, or butylparaben or chlorobutanol, phenol or

20 meta-cresol are preferably added to the formulation to allow ()
multi-dose use.

The formulation may also contain an isotonicity
agent, which is an agent that is tolerated physiologically
and imparts a suitable tonicity to the formulation to

25 prevent the net flow of water across the cell membrane.
Compounds, such as glycerin, are commonly used for such
purposes at known concentrations. Other possible
isotonicity agents include salts, e.g., NaCl, dextrose,

manniteol, and lactose. Glycerin is the preferred

30 isotonicity agent. The concentration of the isotonicity
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agent is in the range known in the art for parenteral

-15-

formulations, and for glycerin, is preferably about 16 mg/ml
to about 25 mg/mL.
The formulation may also contain a
5 pharmaceutically acceptable buffering agent to control the

pH at a desired level The pH is ideally such as to be

acceptable to the patient upon administration, yet one at
which the formulation is sufficiently stable, both
physically and chemically. Preferably, the pH is controlled
(i)o from a mildly acidic pH to a mildly basic pH, such as,

between about pH 5 and pH 9. More preferably, the pH is
between about pH 6 and pH 8. Buffering agents include but
are not limited to citrate, acetate, phosphate, Tris, or a
basic amino acid, such as, lysine or arginine, which are

15 known to be pharmaceutically acceptable in these pH ranges.
Other pharmacologically acceptable buffers for buffering at
PH in these ranges are known in the art. The selection and

concentration of buffer is well within the skill of the art.

20 Example 1
(~) PH 6.4 with 1.0% Ammonium Sulfate
12.5 mg of chemically synthesized GLP-1(7-37)0H

analog having Val substituted for Ala in position 8 (V8-GLP-
1) was weighed into a 3.0 ml glass vial and treated with 2.0

25 ml of 10mM Tris-HCl, 0.02% NaN,, pH 6.4, to give a clear
solution at pH 3.6. The pH of the solution was adjusted to
8.7 with 2N NaOH and then lowered to pH 6.4 with 1N HC1.
The solution remained clear during the pH adjustments. The
solution was filtered through a 0.22 micron Millex GV13

30 syringe filter (Millipore, Bedford MA) into a new 3.0 ml
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intoa 3.0mM glass,vial. Then, 1.0 mM of g 25 mvlz %I ycine- HCL, 150 niV

NaCl, 388 (PRandsesipg gnoeXhipriloRaSosdsdFittdrLs P S P &ti de. The

sol uti agi wst e 10,3 Wit B, OH. i | e solution was
gentlyf)'g% Y@?é’gfg{}g %F!éo? go%gtﬁgb{}’n?'nziané cﬁfgﬁ e scﬁvﬁ'iz%ntn!’ln wat er was
adged snttride ¢fl sHisSVedGLP-9. 4toickh salutiECbn wasT e ahiafalrreghaenta at i on of
V8-A.P-1 was 5.4 ng/nl _as determ ned_fromthe absorbance at 280 nmof a 10X

di | ut i%0 opl (GE2EE| iRdn t SHLARD. Maen addedeGe@ShiMh of @ 22 nicron
MIle Syri fi.l . lhe vial S C ed) thyv.swirled and then
pl aceé‘qé%ﬁg%%l%ﬁggién%ébg%u 8‘&31 splifﬁé\?' ﬁ&ﬁgﬁ}:sc%{g&é}&gc%yggal clusters
and si(gh 9 ,56C! anfpd afi &1 Yeha! SedBeq, | deAtil B8di2leA30XnAREREH Cation and
esti mted fo be about 40 m crons | ong, " 15 nicrons wide, and 3 mcrons

t hi ck.plapsdtaonldf °C he Xitdmrer36 i hpurs wasyseablioe anliustarsi weged at 16, 000

x g. The V8:3 P-1 content 20 remaining in_the clear, supernatant was =
dégern'li }Epedt Ak ?O%s@PH&Fr?écéFl nfeTTRAaDE &AL e &/j el d was ()

qguant i Yo U agt| t P =1 i h r t,Jfromthe
Voo aL BT TEvRrof nPhRCRbH ANy, 13atBr (nes refitied Bl Gt ot
crystale,aeixngyi eTHeoV888LEYL Ctbhatemt refmirdtiganigultiie @lesiral nor phol ogy
was not observed in crystallization trials wi thout trehal ose. 30 WO

99| 30 AMPEXR tADB 1 WassdetermingdNEyom thes abspypaacep at 280 nm as

cited above. The crystalline yield was quantitated by
15 subtracting the V8-GLP-1 level in the supernatant from the
V8-GLP-1 level in the starting solution. This sample showed

a crystallization yield of 63.9%.

Example 2
20 pH 6.4 with 1% Ethanol and 1.0% Ammonium Sulfate ( )
A 0.25 ml aliquot of the VB8-GLP-1 stock solution
was transferred to a 2.0 ml glass vial as in Example 1. To
this solution was added 0.25 ml of a 10mM Tris-HCl, 0.02%
NaN,, pH 6.4, buffer containing 2.0% (NH,),S0, and 2.0%
25 ethanol. The solution was then treated and evaluated as in
Example 1. This sample generated crystalline clusters and a

few single tetragonal crystals. The yield was 73.1%.

30



,pH 9.4 with 10% Maaaitol and Ziac 6.8 ng of |yophilized biosynthetic
V8-A.P-1 was weighed into a 3.0 M glass vial, treated with 1.0 nml of a 5

25 mM gl yoypeohkss; 150 mM NaCl, 10% mannitol, pH 9.0, buffel;‘.f_.p?g”?‘s%ersed
to give a clear solution_The solution was then adjusted to p .3 wth 5N

"NaOH. While the solution was gently stirred 9.0 ul of 104ng/ [ :
chloride solution in water was addediand the pH adj usted1?;cg) @Nm 2N

HCl. ~io The final concentration of V8-GP-1 was 5.31 ng/nl as determ ned
fromthe absorbance at 280 nm of Exampledi3 uti on of the crystallization

| i . Th | i h fi d.w.th 0.22 m M1 GVv13
Syringe TiltoPR b FEF SmoEChmpely pdntr Db hpradin kRLERLR o aced a
anbi ent i 5 tenper tqrfs ﬂtﬁ%ﬁ??g# Sphe 98 Ll BCt ABOYLR! sBL At §oh! ke

crystals of V8-GP-1 were i at 430X magni fication and estimted to

be abouwiagl O fanSferidad ans 4 ang anll dlass cvbal as din Ehemplel §.waTFo
determned as in Exanple 9. This sanple showed a crystallization yield of

3505 2¢:lBeamplutioptvas pdded ;2% ML 108 a1l ¢oTrbs-HChol Ot PN of

V8- GLP- t 3 in S0 mM alycine-150 ff 9.0 was 2s
prepar éﬁbﬁTopfﬂ?’{sTSOP&Lf%SE & g’(ﬁ’éfgfg?%cﬁ{ﬂ M@é&n@fﬁyﬂnc chl oride- -
sol uti tddhdBt errhd dkdnerb®ywads Pthad] teéaesd DagkevR1tacdll 8s0inAfter
gentle swrling, the clear sanple in a 3-m glass vial was stored at

anbi entExtzanmibe at ur eTHis sampleygenératedhesystaklihe clystetrsine so

preci pitate was exam ned under fhe m'&r oscope at 90X WD 99/ 30731 -24
PCT/ USFmsgkes ot at ragonaly Sist 24§ ni AR P8R, TPeFeal THY ¥L6LdeMaSof smal |

@L)gges.adzgﬁi guantitation of crystallization yield, the entire suspension

passed through a 0.2 ~mfilter (Gel man Sciences, Ann Arbor, M chigan).

The V8-G.P-1 content remaining in the 5 clear filtrate was quantitated by
spectroscopi c evaluation at a wavel ength of 280 nm _ using an extincti_o_n
_c_oe~f i.c~ent--~_ of 2.015 for Exam M solution of V8-GLP-1 in a 1 cm

Cevel it he PR derin gt ok Rehee REh L P R e diacd g
solution. This saqpd e25hewesh Bqesty sbal theéavs oLyl &l 8t8Ek SsbutEvanpl e 12
15 was transferred to a 2.0 ml glass vial as in Example 1. To
this solution was added 0.25 ml of a 10mM Tris-HCl, 0.02%
NaN,, pH 6.4, buffer containing 2.0% (NH,),S0, and 20.0%
ethanol. The solution was then treated and evaluated as in
Example 1. This sample generated single tetragonal crystals
(wfo and rods. The yield was 81.9%.
Example 5
PH 6.4 with 1% Ethanol
A 0.25 ml aliquot of the V8-GLP-1 stock solution
25 was transferred to a 2.0 ml glass vial as in Example 1. To
this solution was added 0.25 ml of a 10mM Tris-HCl, 0.02%
NaN,, pH 6.4, buffer containing 2.0% ethanol. The solution
was then treated and evaluated as in Example 1. This sample
generated a trace of crystal clusters. The yield was 8.8%.

30



pH 9.0 with I 0% Et hanol and Ziac i5 A 1-m aliquot of a solution of
V8-G.P-1 was prepared as' 'n Exanple 11, except that “110 ~1 of absol ute

et hanol wg&i to the solution prior to the addition of the zinc

chl oride so %‘?ﬂgn Thi s sanpl e generated | arge tetragonal c'?%'f’%%se“%th
some clusters, in 80.6 %yield. 20 Exanple 18 ' pH 9.5 Wth 10% Et hanol and

Ziaa A solution of V8-GP-1 at 10 dﬁ in 50 nM gl yci ne- 12(1‘f %N%O@Jffer
at pH 10.5 was passed through a 25 erile 0.2 ~.mAcrodis

Sci ences, Ann Arbor, M chigan) .g}gmgﬁg € 1 of this solution was added 500
~, | of a 50 nNIegC|ne 150 mM NaCl buffer at pH 9.0. To this solution was

then added 110 ~1 of absoImHeGei haiﬂh 5% Feheuoby 7.5 ~1 of a 20.85 ny/n

zinc chloride solutjon i te Z J 3q S ditions,of 1IN,HCl1 were used
to adjust the solputq‘c?rﬁ mrivval QR FF n%Z% #3 8%58??%11%’6011 ~r J UN

2002 r t I hal 350 S eregl 0sed in
o et R ahete st tcgeaﬂdd & anbéfia{@s Peal i 88! 180B4bBICIES €%

store ent tenperature for tTwo days.

I nds VI aidls cerd.ﬁmldn el s of . 281l Refl aup1 0mM 1'BpisrHTR, | engLl,
approximately 25 ~mw de s and less than 5 ~mthick were generated in 72%
yi el d. N@Nanrppél §_44pr4_§£\& ceng adaingh 48010 &t hanel vg-The-golpkierepar ed

o, TR e AL SAE SRR, B! L ek ARYSY Dbttt 00”2
sol uti anas adied-viA T lenistdsd) Wmgldapetragonhliebri8tall, and
rods. The yield was 39.1%.
10 ®
Example 7
PH 6.4 with 10% Ethanol
A 0.25 ml aliquot of the V8-GLP-1 stock solution
was transferred to a 2.0 ml glass vial as in Example 1. To
15 this solution was added 0.25 ml of a 10mM Tris-HCl, 0.02%
NaN,, pH 6.4, buffer containing 20.0% ethanol. The solution
was then treated and evaluated as in Example 1. This sample
generated single tetragonal crystals and rods. The yield
was 55.5%.
20 ()
Example 8
Pharmacokinetics
28 mg of biosynthetic V8-GLP-1 was weighed into a
glass vial and dispersed in 4.5 ml of 10mM NH,OAc to give a
25 turbid solution with a pH of 5.6. The material was
completely solublized by adjusting the pH to 9.5 with SN
NaOH and remained completely soluble after the pH of the
solution was lowered to 6.4 with 2N HCl. This solution was
filtered through a 0.22 micron Millex GV13 syringe filter

30 into a new glass vial to give a total volume of 4.3 ml. The



,of 2.08 my/mm zinc chloride solution in water. Smal]l additions of 0.1N HCI1
wer e used to adj ust the solution to pHis 8.0. After gentl e SMAF|Ing the

final sol yvooszpyes enclosed in a 3-m glass vial and stored, ?ﬁ
tenperature for two hours. The pH of the clear solution was en agjusted

to pH 7.86 with small additions of 0.1N HC1 and storage at

tenperature continued for tw days.-i1d-croscopi c ~~~0 exaﬂilrh {I!Uoﬁrm@%m ed
nmodest - si zed, individual tetragonal J plates and sonme clusters. The

V8- G_Pcbmmtmtmﬁm iVB 13 o apludiigt iasnk - %smswa?atﬁﬁat ed by

spectrosco |c e atiq a wavel engt.h 280 g nction
coeffi & (ftfj*? c}:rr]'l af’%fb? cs%%(ﬁ '%410 \%fn(i?fl}? ‘Fiﬂ'ung&f cmcell.
The cr Sarfidl t St St bOOFEDei Bt GBP-1 | eve
in the%g!et{rénést%adn@pfér/do%%h%@VB &qélﬂfeﬁgl% t he %l?artl ng s'(l)l U%I on. This
sanpl e sl of Visted Inlz at8 -GLBAH kel gbloft 3n 2bh 301 cm~celWW0 99630731

PCT/ US981264$0 ~~ ~ J U N 2002 - 26 an Ie 15 3 with 10% Et haaol sad
Zi ag V&hdisp- @W%é’f?@ﬁéﬁ‘%ﬁdﬂ@/‘ﬂ b&iaﬁﬁ%e 219%0.5 buffer,

wbor . i) 285, <FHRNR Ok 5 2 ”Er@éﬁéﬁ( TP LA™ o o

.4 m s iRdLTed, HIRD émxtrzsnlwa@f ger5Pp3swifled -anet EReAl plaseadded,
fol | oned by about’ 6 ~. 1 of a 20.86 ng/n1 zinc chloride solution in water.
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(iyo from the mother liquor by low speed centrifugation and
resuspended in a 10 mM NH,OAc, 16 mg/ml glycerin, pH 5.5,
buffer (buffer A) to a concentration of about 4.0 mg/ml. A
portion of the mother liquor was centrifuged at 16,000 x g.
The V8-GLP-1 content remaining in the clear supernatant was

15 determined from the absorbance at 280 nm. The
crystallization yield was quantitated by subtracting the
V8-GLP-1 level in the supernatant from the V8-GLP-1 level in
the starting solution. This crystallization gave an 83%
yield.

20 Calculated aliquots of 4.0 mg/ml V8-GLP-1 crystal
suspensions prepared in a similar manner as above were
transferred to five glass vials and diluted with buffer A to
a concentration slightly above the final target
concentration of 2.5 mg/ml V8-GLP-1. To the crystalline

25 suspensions were added aliquots of a ZnCl, stock solution
(33.4 mg/ml Zn** in buffer A) to make final zinc
concentrations either 0.5, 1.0, 1.5, or 2.4 mg/ml zinc. The
suspensions were gently swirled and placed at 5 °C for 18

hours. The final V8-GLP-1 concentration in each vial was

30 now at the 2.5 mg/ml target concentration. After 18 hours
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vial and stored at ambient tenperature for one day. M croscopic exam nation
reveal ed small, individual tetragonal plates and sone clusters. The

V8- ALP-1 eamégdabar emai ning in the clear supernatant was qu%,b@sﬁg gy is
spectroscopi ¢ evaluation at a wavel ength of 280 nm using an eXx |nc?|on

coefficient of 2.015 for a 1 nmg/m solution of V8-GP-1in 1 _The
crystallization yield was quantitatempby subtracting the v&db_@ﬂ@p I n

the supernatant fromthe V8-G.P-1 level in the starting 20 solution. This
sanpl etikoweysiadlyisiea M8 GUR-dn Fint (SWSpeRsions |weme| eragsperred with 8. 6%
8t haaol sad Ziac 25 V8-GL.P-1 was prepared at 4 ng/nml _in 9.0 _byffer,

fol | owé@ BPoFadsHpe A ifyh RR] YRR e20 FNRIABBPILRA cAGan). To 5

S°|Uti§ﬁjW%%eﬁp%Ep %p%{ql¢¥t bse &y et hanol 300 ~1 of a 2.08 ng/m zinc
e on ao Smal |

chl ori SOl ut additions of i N HC1 were used to adjust 50 mM
glycine D.2 ~m fin toan mig/Ail thirc fotyovell hye i vevelB+1 ghepénkibhon WO
991 30731 -27 PCT/US98/26480 1 ~+ J U N 2002 to pH 7.40. After gentle
swig | i Wgst prepaxsed Hy et weeatindsed i h ngfel neryseel vial and stored
at anbi ent tenperat%re yS. hAcroggopic exam nation reveal ed
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eval uation at a wavele~th of 2 8 O nm~ _using an extinction

coef fi cirgstadls We@®s ifswlated rhy Mowoipeédncant vBE@g#Edonnandl cmcel | . The

crystallization yield was quantjtated by subtraciing the V-G P-1 level in
the o F53§§§@Fﬁépaﬁ9'ﬁﬂﬁﬁéhuﬁ\kpqgééﬁ.¥e9%$t?+P%%ﬁ QthrgMlsol ution. This

safipl e shoyed guel ¥§hah! WARldL Vi Sl PRe O30 SXOLRLE é&spension (i)
was adjusted to the 2.5 mg/ml target concentration using ‘
buffer B. The suspension was passed through a 30 gauge
needle, and the pH increased to 6.0 with 1N NaOH.

The five crystalline V8-GLP-1 zinc suspensions

15 described above, each at 2.5 mg/ml V8-GLP-1 and containing
0.1, 0.5, 1.0, 1.5, or 2.4 mg/ml zinc were tested in
overnight-fasted beagle dogs. Each animal received a single
24 nmole/kg subcutaneous injection of the crystalline V8-
GLP-1 zinc suspension at time zero. Arterial blood samples

20 (1.5 ml) were withdrawn from the animals at scheduled times,
transferred to tubes pretreated with EDTA and containing 40
ul of Trasylol, and then centrifuged. The plasma portion of
each sample was separated and stored at -80 °C until
analysis. The plasma concentration of immunoreactive V8-

25 GLP-1 in each sample was measured using a RIA procedure.
Table 1 shows the resulting immunoreactive V8-GLP-1 plasma

levels over a 24 hour time period for each suspension.



_is pH 6.4 with 5% Ethaaol and 1.0% Ammoai um Sul fate v8-G.P-1 (12.5 ng) was
wei ghed into a 20 m glass vial. 2.0 ml of a 10 nM ammoni um acet ate buffer
cont ai ni ngyoldaBefsM NaCl at pH 6.4 was added. The pH of the tp%ﬁ-{qjsgsmwtion
was clarified by adjustnment to pH 9.5 with 5N NaOH, .20 then I owered to pH

6.4 with 2N HCL. The clear solution was filtered through [Pnaigﬁagm Il ex
GV 13 syringe filter (MIlipore, Begford, MA) into a new 20 I al .
The concentration of the V8-G.P-1 stock solution was determned fromthe
absorbance at 260 nm usi ng an e%abdet ilon 2s coefficient of 2.015 for a 1.0

ng/m solution of VB-GP-1in a1l cmcell.
adj usted to 5.0 ng/m . AUPREROTEACELYS; Y&nPLEBotuti on containing 10 nmv

anmoni um acet at e, 11§Qv

prepared and filtered
of the precipitant solution was
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(2- hy gepter—rgoHtionfrapteteq P ef2lepgetp-get-ayas— ’ .
resulying lin a pH of labout 7. 6. A ter lgent]e 1ng tlhe 2sifinall solution
was efptd-8sleddi n|a”20- |8yl as28 vi pR3%nd %8t of etF’at hrflSi erlt 2%empetat ufe for 24
hour s JI3VECIr a8CONT @3 eXjadsqial|l 6@ 1 peeal §@7nopesds 6-_S'I_F'm__-, I(NzHev1 uad (et r agonal
15.0 | nd nd 263 67 | 273 [118 325 114 246 28
16.5 | nd nd 235 51 234|106 275 77 218 25
18.0 nd nd 210 47 184 62 254 59 211 23
19.5 | nd nd 221 54 209 | 120 278 57 173 )
21.0 nd nd 215 54 219 115 301 48 178 13
22.5 | nd nd 224 54 193 72 232 23 167 5
{ ) 24.0] 190 30 210 51 187 72 227 34 166 25
30.0 nd nd nd nd nd nd nd nd 171 24
5

SEM = Standard Error of Mean.

nd = not determined



crystals. To the entire sglution was then added 3.555 nl of a solution
containing 3.5 m of a 14 ng/nl solution of m 3o creSol in water and 55 ~I

of 2% acetywe gd@pfsy resulting in a , r WD 9913073l -29 i 480 4
J U N 2002 suspension with a final pH of about 7.2. After ge%gﬁHﬁggééﬁing

t he suspension was enclosed in a 20-m. glass vial and storegélaww)?ﬁﬁ?_
tenperature for 24 hours. M croscopi-@2exan nati on again rev

nodest - si zed, individual 5 tetragonal crystals. After centrifugation of an
aliquot for 5 nminutes at anbient Exappletfire, the V8-GLP-1 content

remaining in the clear_ supernatant was determn by HPLC analysis of a
di | uted sanpl e conparkl 2t Hﬂ@‘aﬁﬁl Jreha PSVSaéPZXnQ o standard

sol utions. The crgsﬁa}né bt EL Qe\ga l%%tt& tl%dl ¢ q_:btr 4 ng the

V8-A.P-1 level int upern from t estartlng
sol uti qx?elg;ﬂéé PheseavedoVil Jasf eiFl.at i ghed)oved anlcrdfstaalds Z@yi on
yield of 9 % 15 Exanple 19 crystal stability Single tetragonal crystals
of ¥8- @FydinerBChi epabenMi Nald , meiNsehaloss, ( WH )92$04 bum:etmm buf f er

at 20 pH. 6. 4 at 18 C as de cribed.in Ex | e The cr | s were renoved
RAGRE H8-VE WSk t?c;ent%::H) Hthen, ended in-a 10—

mw NH4 | ygeri H ff f about

u%@eggg‘lapg Xg R Qri &’1 55« Sact! T Gl r:]L‘é va:sl’ﬁﬁork‘bqwr?:g’l

4.9 ny/ th| S suspensi 0 oW spee cent rifuged 2s
and t hagentpky nat bptredas . oetmvect Ry 10 el zie pHlcatidesalastisgended in 4

mL of a 10 mM ammoni um_ acetate, 16 /I
in water was added and the pH adjusted to 9.4 with 2N HC1.

10 The final concentration of V8-GLP-1 was 5.4 mg/ml as ()
determined from the absorbance at 280 nm of a 10X dilution 7
of the solution. The solution was then filtered with a 0.22
micron Millex GV13 syringe filter. The vial was capped,
gently swirled, and then placed at ambient temperature.
15 After 24 hours V8-GLP-1 crystal clusters and single
rectangular crystals were identified at 430X magnification
and estimated to be about 40 microns long, 15 microns wide,
and 3 microns thick. A portion of the mother liquor was
removed and centrifuged at 16,000 x g. The V8-GLP-1 content
20 remaining in the clear supernatant was determined from the
absorbance at 280 nm. The crystalline yield was quantitated
by subtracting the V8-GLP-1 level in the supernatant from
the V8-GLP-1 level in the starting solution. This sample
showed a crystallization yield of 89.8%. The small
25 rectangular crystal morphology was not observed in

crystallization trials without trehalose.
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_glycerin pH 5.5 buffer containing 0.1 ng/m zinc. This crystal suspension
was all owed to soak i n“The zinc solution overnight "at 4 C WD 99130731
PCT/ US98/ =30- 1 ~t JUN 2002 The zi nc-soaked crystal ' was
di vi ded i§?§§?§&§ 1-m aliquots. These suspensi ons were Io%ﬁé@@%@hg&o

“centrifuged and their supernatants were renoved by pipettf. Four i{ tal
suspensions were prepared in 10 nM agypni um s acetate, 16 éb/ Nﬂ in,
0.1 mg/mM zinc buffer at pH 6.0. Further pH adjustnments to pH 7.4 with 0. 1N
NaOH and/ or additions of neta-cres@xampla fliOnal concentration of 3.16 ng/ nl
were made to selected sanples as illustrated in Table 2. Each suspension

was further divided PH Rakf vAdh 305 Mpnnifol angt Fimfom tenperature (about
e 100t G R U folel i 208 BibEShe SEEDL 205 281809 MIak TOD © 2

After 10 days, the cf%%t sTons wer e’ éxam ned under the m croscope.

The suspanpiay fritdd rateso uel egldes eval pat edabyd HPLEht 0. quaDt bEake the
soluble V8 Is GP-1 in the crystalline suspensions. The HPLC results are
repert &b imM Telytain® -HCMO T80 3gT HNacBl Tody|mamitoBol pHl 8.08- hupferin

Crystal Suspeasioas_of ter S torage f or 10 c~eys, . 5 PCI/US98/26480 1 ~r J
U N 20008 AASRREESS d FVEA ELERR SR UELPE: of BAERVHAE P 1 by

c00. 16 Her BYBEDTS obh RS B DE B afecyosiioh T 0

was gently stirred 9.0 ul of 10 mg/ml zinc chloride solution

in water was added and the pH adjusted to 9.4 with 2N HCl.
(ﬁ)lo The final concentration of V8-GLP-1 was 5.31 mg/ml as
- determined from the absorbance at 280 nm of a 10X dilution
of the crystallization solution. The solution was then
filtered with a 0.22 micron Millex GV13 syringe filter. The
vial was capped, gently swirled, and then placed at ambient
15 temperature. After 24 hours, small rectangular plate-like
crystals of VB8-GLP-1 were identified at 430X magnification
and estimated to be about 10 to 30 microns long and 10
microns wide. The yield was determined as in Example 9.
This sample showed a crystallization yield of 35%.
20
Example 11
pPE 9.0 with Zinc
A 1-ml aliquot of a solution of V8-GLP-1 at 3
mg/ml in 50 mM glycine-150 mM NaCl buffer at pH 9.0 was
25 prepared. To this solution was added 7.5 ul of a 20.85
mg/ml zinc chloride solution in water, followed by a pH
adjustment back up to pH 9.0. After gentle swirling, the
clear sample in a 3-ml glass vial was stored at ambient
temperature for one day. After this time the crystalline

30 precipitate was examined under the microscope at 90X



Thi s experiment showed that |ess than 0.2 % of the V8-GLP-1 peptide becane
sol ublized in either thé preserved or non-preserved™crystal fornulations
over a 10p4aH iod. Mcroscopically, the crystal suspensi F ~o
| ess agglonerg??%n or clunping of the single, tetragonal ,#B?ﬁﬁéggﬁﬁgat pH
7.4 than at pH 6.0, and less at 4 Cthan at 22 C. The neta?@rgfgmjngznot
seemto have a significant effect op4gcrystal aggloneration. Addrti

testing showed the presence of nore than 3% ethanol in the crystal is
suspensagmi f fcabeonf r seveh2ingi gilnakersyefakiaiat pdatest he®dr quor or from
subsequent additions, greatly reduged the_clunping tendency of the crystals
i n botdureibayianand ﬁ6ﬁ5Féié#Fé&198rHﬁ?&ﬁhogg? gﬁFﬂﬁ@rSPé§F§“¥%Vbaled

hat, alth h th I I ' I bl [ h 20 of
o o TR opaspRg, hfpUBbos° 0L aopE  FALERE SrBLiRRcSsteb s’ AN o/ 30731
PCT/ U%%3§48ﬂieﬁ§%aﬁ>t b %Pél.ﬁbﬁ_”ebnt%tc RemheWin

ivg eadgHe0 the
formation of anprphous material. Additional crystal s?ébility tests showed

t hat tdibea- fiPttateywhal qupnepaatddabypbipéctraseopdicy evadhat iorcheni cal |y,
wi th no degradation Reaks observed hy HPLC anal ysi,s after storage at 5 C or

| f Lt 380nBMypHERRT 8P BKEARFLLOH SO —prepared—
! ' ' i 6 the.V8- G P-1 |
oryot 78 "2 Oe o FPR 28, 1 RE7 A o A FARTBI Sy RO aR RIS Gl B°1 Ve leny ¢ ©

Net a- ofjes obryBcadlidadtiont heell @V ahsobuantd taBeHl by TRubtirasit itRp WHed in

di ssolution of the crystals after only 1 day. The crystal instability in
thi s co8m@kPt1iohevell dnbthef supernekant| Srkedthe ¥8diGLPod dfevelndns5 (via a

zinc chloride solutio rior .addition of th reservyative. ., WO -
53ps0 e resReSEndcraaedsn’) This Rebn09 Sacked By SFve e O
prepargign §i 88! €. g9d-shaped or plate-like crystals of a glucagon-Iike
peptide-1 related 5 nol ecule (GP) which conprises preparing a
crystallization solution conprising a G.P, a buffering agent, an al cohol or
a nono or disaccharide, and optionally, ammoniumsulfate or zinc. so 2. The
process of Claim1 wherein the @%¥8MRIe 12 fjnal concentration of between

about 1-10 ng/m andpgSg o with 10% Ethanol and Zinc
15 A 1-ml aliquot of a solution of V8-GLP-1 was
prepared as in Example 11, except that 110 pl of absolute
ethanol was added to the solution prior to the addition of
the zinc chloride solution. This sample generated large
tetragonal crystals, with some clusters, in 80.6 % yield.

20
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Example 13
pH 9.5 with 10% Ethanol and Zinc
A solution of V8-GLP-1 at 10 mg/ml in 50 mM

glycine-150 mM NaCl buffer at pH 10.5 was passed through a
25 sterile 0.2 um Acrodisc filter (Gelman Sciences, Ann Arbor,

Michigan). To 500 pl of this solution was added 500 pl of a

50 mM glycine-150 mM NaCl buffer at pH 9.0. To this

solution was then added 110 pl of absolute ethanol followed

by 7.5 pl of a 20.85 mg/ml zinc chloride solution in water.

30 Small additions of 1N HCl were used to adjust the solution



_selected fromthe group consisting of a GP-1 analog, a GLP 1 derivative, a
.di peptidyl - pepti dase-TV (DPP-1V) protected GLP, a'GLP-1 peptide anal og, or
a bi osynt i P-1 analog, i5 and wherein the buffering j out 10

_to 50 nﬁqﬁg&gﬁg out pH 6-7 and is selected fromthe group g ﬁ@%gyﬁﬁ f
Tris, ammonium acetate, sodium acetate, or Bis-Tris, and hgr ilpNt Dﬁ_
al cohol or nmono or disaccharide is.-3egl-ected fromthe group consisting of
nmet hanol , et hanol, propanol, 2o glycerol, trehal ose, nmannitol, glucose,
eryt hr esepHr bhése, Adakeacgentlef swirddag fhet diaalssodasdomniad act ose, and,
optionally, wherein about 1% ammnium sulfate is present. 3. The process of
d ai m enghesernibofaP ~-Flnglass yiglogng sEPredagitaAmPEns to the GLP which

is at inal c ratj.o be . t 1 A j ect ed
from t RETBRBASIE8nErE: PH SFYS ol BIPITIERaY: chyglaTifle Mlandh ¥E°TLET, v
prot ecy,gdgEePy fpCGeB- 1sPephi 48 2BaLes, Q.Fp%o@iﬁ\%&ﬁ@%&etz'sc ued-Rrilieanal og, and
wherei n the buffgrlng go agent is about to to 100 and about pH 7-10 and
i s ssel aptiellebeokhihe sgpumuphdeRs wetrengenkergited de, 72¢parield.acid . WO
99/ 30731 PCT/US98126480 1 ~ J U N 2002 -34 5 or Tris, and wherein the
—alcohol or nmono or disaccharide i s—selected-from-the group consi sting of— ——
nmet hanol , et hanol, propanol, g“@ﬁ%@ﬁ;etifhalose’ manni t ol , gl ucose
erythrose, ribose, gal actose, fruc e, ‘haltose, sucrose, and | actose. 4.
The process of any opg Pf9 Grfthse 154 OEthahel candt Hene P i s sel ected from
the group consisting of a DPP-1V protected GLP, or a biosynthetic GLP. io
5. The process oWVB8aflPodewab Qrepagetl ot 4 wgdmdi int (50 GM glycim@PP- |V

égﬁgected GLP sel ected fromthe group consistin%Bof Val - 8- GLP-1(7-37) OH
WO g-piip2157buffen, &pjdowed. by7rafpede Shrppghsagip2¢m $AIRY ~s 6. The

proces y d 3i 5 I the gddi.tiqna| p. of soaki ng
t he Glgggé?ggaF§E§58%SZi%%gig%PéghiNg%ég u Rdn.%$.16k§ %Fys % havi ng
tetraggpaitibat whedaghened oo u20ok! abdohiuke ERhARBNOGHE tHRef &b fyom the
group consisting of a GLP-1 analog, a G.P-1 derivative, a DPP-1V protected
GLP, acfl P-08pmgt/indezanel chlogide sodsipivhmetine watPrl a®aladd 8. The
crystala of Caim7 wherein the AP is 2s selected fromthe group

consi sRAAGCIPREPPE| O AN ¥eTe BBes, t BAdUFh kde Sodution te@Hrystal s

VAo tB! 1 (BES SR g SR AR R B R A PR o

Met - 8- £hPalB7ml7ylhlss viial and stored at ambient temperature for

two hours. The pH of the clear solution was then adjusted
to pH 7.86 with small additions of 0.1N HCl and storage at
ambient temperature continued for two days. Microscopic
(“yo examination revealed modest-sized, individual tetragonal
plates and some clusters. The V8-GLP-1 content remaining in
the clear supernatant was quantitated by spectroscopic
evaluation at a wavelength of 280 nm, using an extinction
coefficient of 2.015 for a 1 mg/ml solution of V8-GLP-1 in a
25 1 cm cell. The crystallization yield was quantitated by
subtracting the V8-GLP-1 level in the supernatant from the
V8-GLP-1 level in the starting solution. This sample showed

a crystallization yield of 92.2%.
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WO 991 30731 PCT/ US98/ 26480 1 4 J U N 2002 -35 10. G.P crystals whenever
prepared by the process“of any one of Clains 1 to 64 s 11. A substantially

honogeno ition of GLP crystals. 12 The comnposition ' 1
wherein t gggﬁggirystals are selected fromthe group consigeﬁﬁé%@#ﬁg}GLP-l
~i 0o analog, a G.P-1 derivative, a DPP-1V protected G.P, ? fl@;ﬂgﬁgﬁy%de
anal og, or a biosynthetic GLP-1 anghpg. 13. The conpositio e of
Clainms 11 to 12 wherein the GLP is selected fromthe group consisting of i5
DPP-1V protected G.P, or a bi ospsahpliec16LP. 14. The conposition of any one

of Clainms 11 to 13 wherein the GLP is selected fromthe group consisting of
Val - 8- GLP- 1( 7- 37) OH,PHh§ - 3-\@.¥h 11 0% 3REhanody and- &ipe1(7 20 37)O0H, or

Met - 8- GLP- 1C7-37) 0 5, A pharmaceutical ,f or atio o] I Sl G.P
crystal as clai r%%lﬂ?lflf}éh/‘v%ﬁep%?Pﬁﬁénﬁéﬂt@gz}lﬁt %Be?ﬁ@r legﬁ,{g:ﬂ.g%or nor e

phar | cal e g | c ' r g€%Cimi @Rt erefor.

16. ‘T’ﬁbg?p %ﬁm%%%ﬁh&%%%t%%%?s%ﬁgi ﬁqmi’gaa/ﬁerae?nﬁt H'g‘ ? g'r]'}uefxgt lon is

pr epar @k lva ok iddes | uam dborpduichbisanhs oot bespmdt ofr ywdtia | i zati on

not her |iquor 30 without separating the GLP crystals fromthe nother

| i quorsolutni D v 30FB4A FTr4 NSDb8pR6uater . ~+They M020Q2 -of6abpolnteet-hod—of —

treatin%ldiabetes, obesity or related conditions in a mamal i need
t her edthapek Hammideds owed by ngbeBts§i HinRfmdl 29-86PMF/ Wt al of any

one O {A& didride o1t fdh {nWALEE. O shh?3! LAG1E1BRE' B 18PHRA'Y OF

rel ate
were used to adjust the solution to pH 8.33. After gentle

10 swirling the final solution was enclosed in a 3-ml glass (u)
vial and stored at ambient temperature for one day.
Microscopic examination revealed small, individual
tetragonal plates and some clusters. The V8-GLP-1 content
remaining in the clear supernatant was quantitated by

15 spectroscopic evaluation at a wavelength of 280 nm, using an
extinction coefficient of 2.015 for a 1 mg/ml solution of
V8-GLP-1 in a 1 cm cell. The crystallization yield was
quantitated by subtracting the V8-GLP-1 level in the
supernatant from the V8-GLP-1 level in the starting

20 solution. This sample showed a crystallization yield of ()
92.4%.

Example 16
PH 7.4 with 8.6% Ethanol and Zinc
25 V8-GLP-1 was prepared at 4 mg/ml in 50 mM glycine
pH 9.0 buffer, followed by passage through a 0.2 um filter
(Gelman Sciences, Ann Arbor, Michigan). To 5 ml of this
solution was added 500 pl of absolute ethanol followed by
300 pl of a 2.08 mg/ml zinc chloride solution in water.

30 Small additions of 1N HCl were used to adjust the solution
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pPH 7.6 with 8.5% Ethanol and Zinc
V8-GLP-1 was prepared at 4 mg/ml in 50 mM glycine
pH 9.0 buffer, followed by passage through a 0.2 pum filter
20 (Acrodisc from Gelman Sciences, Ann Arbor, Michigan). To 10 )
ml of this solution was added 1 ml of absolute ethanol
followed by 600 pl of a 6.7 mg/ml zinc acetate (2-hydrate)
solution in water. 100 ul of 2% acetic acid was added,
resulting in a pH of about 7.6. 'After gentle swirling the
25 final solution was enclosed in a 20-ml glass vial and stored
at ambient temperature for 24 hours. Microscopic
examination revealed modest-sized, individual tetragonal
crystals. To the entire solution was then added 3.555 ml of
a solution containing 3.5 ml of a 14 mg/ml solution of m-

30 cresol in water and 55 pl of 2% acetic acid, resulting in a
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at ambient temperature, the V8-GLP-1 content remaining in
the clear supernatant was determined by HPLC analysis of a
diluted sample compared to HPLC analysis of V8-GLP-1
(:)o standard solutions. The crystallization yield was
quantitated by subtracting the V8-GLP-1 level in the
supernatant from the V8-GLP-1 level in the starting
solution. This preserved V8-GLP-1 formulation showed a
crystallization yield of 97.7 %.
15
Example 19
Crystal Stability
Single tetragonal crystals of V8-GLP-1 were
prepared in 10 mM NHOAc, 1% (NH,),SO,, 10% ethanol buffer at
20 PpH 6.4 at 18 °C as described in Example 8. The crystals were
removed from the mother liquor by low speed centrifugation
and resuspended in a 10 mM NHOAc, 16 mg/ml glycerin, pH 5.5,
buffer to a concentration of about 4.9 mg/ml of V8-GLP-1.
2 ml of this suspension was low speed centrifuged
2s and the supernatant was removed by pipette. The pellet was
resuspended in 4 ml of a 10 mM ammonium acetate, 16 mg/ml
glycerin pH 5.5 buffer containing 0.1 mg/ml zinc. This
crystal suspension was allowed to soak in the zinc solution

overnight at 4 °C
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After 10 days, the crystal suspensions were
examined under the microscope. The suspension filtrates
were then evaluated by HPLC to quantitate the soluble V8-

1s GLP-1 in the crystalline suspensions. The HPLC results are

reported in Table 2.
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This experiment showed that less than 0.2 % of the
V8-GLP-1 peptide became solublized in either the preserved
or non-preserved crystal formulations over a 10-day period.
Microscopically, the crystal suspensions showed
f )o less agglomeration or clumping of the single, tetragonal
crystals at pH 7.4 than at pH 6.0, and less at 4 °C than at
22 °C. The meta-cresol did not seem to have a significant
effect on crystal agglomeration. Additional testing showed
the presence of more than 3% ethanol in the crystal
15 suspension, either from the original crystallization mother
liquor or from subsequent additions, greatly reduced the
clumping tendency of the crystals in both preserved and non-
preserved formulations. Further tests revealed that,
although the crystals are relatively stable in the presence

20 of meta-cresol, they are less stable in the presence of 5 %
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analysis after storage at 5 °C or room temperature for up to

two months.
Stability tests of crystals prepared in glycine
buffer as described in Example 16 showed the V8-GLP-1
10 crystals stored in the original mother liquor were not (:)
stable when meta-cresol was added to the level of 3.16
mg/ml. This test resulted in dissolution of the crystals
after only 1 day. The crystal instability in this
composition could be effectively blocked by addition of zinc
15 (via a zinc chloride solution) prior to addition of the

preservative.
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8-GLP-1(7-37)0H, or Met-8-GLP-1(7-37)0H.

15 6. The process of any one of Claims 1 to 5 having the
additional step of soaking the GLP crystals in a zinc

containing solution.

7. GLP crystals having tetragonal flat rod shaped or
20 plate-like morphology selected from the group consisting of
a GLP-1 analog, a GLP-1 derivative, a DPP-IV protected GLP, t)
a GLP-1 peptide analog, or a biosynthetic GLP-1 analog.

8. The crystals of Claim 7 wherein the GLP is
25 selected from the group comnsisting of DPP-IV protected GLP,
or a biosynthetic GLP.

9. The crystals of Claim 7 wherein the GLP is
selected from the group consisting of val-8-GLP-1(7-37)0H,
30 Thr-8-GLP-1(7-37)O0H, Gly-8-GLP-1(7-37)0OH, or Met-8-GLP-1(7-
37)O0H.
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wherein the GLP is selected from the group consisting of
vVal-8-GLP-1(7-37)0H, Thr-8-GLP-1(7-37)0H, Gly-8-GLP-1(7-
20 37)OH, or Met-8-GLP-1(7-37)OH.

15. A pharmaceutical formulation comprising a GLP
crystal as claimed in any one of Claims 7 to 11 together
with one or more pharmaceutically acceptable diluents,

25 carriers or excipients therefor.

16. The pharmaceutical formulation of Claim 15 wherein
the formulation is prepared by additions to and/or
modifications of the post-crystallization mother liquor

30 without separating the GLP crystals from the mother liquor.
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17. A method of treating diabetes, obesity or related
conditions in a mammal in need thereof, which comprises
administering to said mammal a GLP crystal of any one of

Claims 7 to 10.

18. A method of treating diabetes, obesity or related
conditions in a mammal in need thereof, which comprises
administering to said mammal a composition of any one of

Claims 11 to 14.

19. A method of treating diabetes, obesity or related
conditions in a mammal in need thereof, which comprises
administering to said mammal a pharmaceutical formulation of

any one of Claims 15 to 16.

20. The GLP crystals as claimed in any one of Claims 7
to 10 for use in treating diabetes, obesity or related

conditions.

21. A substantially homogenous composition of GLP
crystals as claimed in any one of Claims 11 to 14 for use in

treating diabetes, obesity or related conditions.

22. A GLP crystal substantially as hereinbefore

described with reference to any one of the Examples.

23. A substantially homogenous composition of GLP
crystals substantially as hereinbefore described with

reference to any one of the Examples.
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