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The invention provides individual tetragonal flat rod shaped
useful for treating diabetes, obesity and related conditions.

processes for their preparation, compositions and methods of use. The crystal preparations exhibit extended time action in vivo and are

or plate~like ciystals of glucagon-like peptide—] related molecules, |




forms will generally be referred to as G.P's in this speci fication.
The bi,ol ogi gal effects and netabolic turnover of 30 the free acid, the

am de form and nany of the nunerous
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- 2- knoww@Gleb3ey3nr e si m | ar and show prom se as agents f @CTUSS8/26480
treatnment of diabetes, obesity and rel ated conditions.. However, many .
GLP' s suffer fromextrenmely short biologjcal half lives, sonme as short
as 3-5.mnutes, which makes them 5 unattractive for use as pharnaceuti cal
agents. Presently, t heneidoN-nrxe peppape-dy crpspaLsase- 1V (DPP- 1V) is
believed to readily inactivate many GLP's and is in part responsi bl e

for the very short serum half Iivei observed. .. Rapi d absorption and

cl earance follow ng parenteral Eﬁﬁ—gyiéaiﬂgﬁﬁéﬁﬂgn are also factors: Thus,
there is a need to Theféi‘ékéaﬂ@%%nftabnpﬂhaﬂﬁbnﬁot%@ﬂeﬁéOéhétﬁiéih.%ﬁe
prom si ng agents. One such approac as been to nodify

t hese asl| 2tuapplies proiharmacemticed resepyshcprdvageelbopmeFtyy, 15
For exanple, see US Pat. No. 5 51 2 [ b n t |11 has
| ong beeh kABEn*PKER %&?e?ﬁ@XfQ?§;§é§§%ﬁg¥aga%ggraaggéiag 2EVE H%haﬁéd
admi ni steri pg pixeéalik@ccHfaifliis of glucagon-like peptide-1 related
molecules, procesées for their preparation, compositions and

uses for these improved crystal forms.

10 : Background of the Invention

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 biolégically active GLP-1(7-37)0H peptide.
Approximately 80% of the GLP-1(7-37)0H so produced is
amidated at thé 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



formul ations into the subcutis which act |ike depots, paying out .
sol ubl e protein over tine. 20 ' - Het er ogeneous nmicro crystalline
clusters of GP- 1(7-37) OH have been grown from saline solutions and
exanm ned WQI¥8Y3icr ystal soaking treatnent with zinc and/RET/¥SSRE&8®|
(Kimand Haren, Pharma. Res. Vol. 12 No. 11 (1995)). Also, crude
crystalline suspensions of G.P(7-36) Nl—ggrr] containing 25 needle-like-
crystal s and anorphous precipitation have been prepared from phosphate

sol uti ons GRRAIGHPAg At8CsDhilar and Gl promRsedak, ageéntal for | ther nat i onal
Jour nal of Pharmaceutics Vol. 136, pp, 53-59 (19191%}'. Al so, EP 0 619
322 A2 dedweat@enthefpdiphetes orPRASIRY A8 Bpleked fE RS30 of |
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cl ust ers M%ﬁ?ﬁg%’és%8\ﬁls}lﬁﬁsgﬁrél?’&%cﬁ@ﬁaﬁbva\%\é?ggél P g?s[e)rrl%%g‘ri ng | ong
acting phaH@GRHivgdly ber aupapt Dyl -geptiddde-Tvwsi(oee-t Twy ase | oosel y bound

het er ogeneous cl usters .. of crystals or anprphous-crystalline suspensions
whi ch t endeelievedy tor zpadihlr inrekivaie DD GHE' ® &294ief tRuPRTE o

(2" e, SyAAS 4o 88, QUBLTULEY om bt i RBReHOBAPEC 2 1
crystal s Hapial ialisorption and clearance following parenteral

10 administration are also factors. Thus, there is a need to
find a means for prolonging the action of these promising
agents. ' '

One such approach has been to modify these -
molecules to protect them from in vivo cleavage by DPP-IV.

15 PFor example, see US Pat. No. 5,512,549. In the insulin
arts, it has long been known that extended time action can
be achieved by administering 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)0H have peen 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)). Aalso,
crude crystalline suspensions of GLP(7-36)NH, containing

25 needle-like crystals and amorphous ﬁrecipitation have been
prepared from phosphate solutions containing zinc or
prdtamine (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)O0H by mixing solutions of the protein in pH 7-



GLP's coul d be reproducibly formed froma nother |iquor containing a

GLP dissolved in a buffered solution and a C[err] al cohol , or
optionally a nono or disaccharide, over a w de range of pH conditions.
The resul ti ngu3y flat rod 15 shaped or plate-like crystal

superior to, ‘év? %#’ &r significant advantages over, the %@"%%‘7"3%04
crystal clusters or crude suspensions known in the art. .
The single tetragonal flat rod shaped -@- pl at e- | i ke crystals of the

present -invention are | ess prone to.20 trap i rities and.therefore may be
produced i fi-§r enfEer Wltt&/i"é?f?"&n&%gf‘ﬁ‘ﬁﬁgﬁ? ggyrﬁﬁ]etsr d¥ bly than the

known B8 8EQUER SRL S lﬁ&l%fe%hy’iaaech?éais COPmPS) tHRs e, Saeh

present invention are pharmaceutically atiractive because they are
rel ativel ycuystalbinedckustens ands ggpdessvapensicn mrepd@sas Fdanod of tine

than the crystalline clusters .or r rvstaldi 1,0Ns
whi ch tend iﬁSageF?Feprepa]FJ:ﬂﬁ di]rs g‘ﬁﬁsglgagggﬁa%?dun]b@%log%qﬂg#%% ?)15 syringe -
needl ess of @R’ geBEAGS | theX aGR NabselPPbodhet Kot erstpmatus Mlsisters

i nportantly, the cristal conpositions of _the present 30 invention display
ext ended, @fi Esyatadador cgrrRhqus-crystalline suspengiceng jiweh tend

PCTI US9V80640 : $4 3 ise diffi phgr macoki netics
: d thexrw diff 1 ,
whi ch can %é r%- B aTRG Jbg'/l%%(jl ng azﬁen(? USeI ng]jse Jéonl\'/%%t? onal crystal soaking

t echni ques reproautébhpt mamifacturdbypndnedmdnigternc in the crystallization

sol ution. 5 rief SQummary _of the | pvention The
present invention i n@?ﬁ'ae‘én?mfc‘gseég’ f:%r WBfe ?i??ﬂﬁereg @?%Fgﬁemr%'rﬁ shaped or
pl at e- hpke ret¥ahdhal 0f 18t UG ®hdpdee or plReBLiRe | crpdtdns shAGlRE

(&P s) which conprises: preparing a crystallization solution conprising -
a purifiedCLy’ scePuld befreprodpaifdyt fosAesi Aireg armetkematigom nono or di

e cERRhECD S, AT B rted) Bulll, apdiolle
pl at e- | i ke aleohbdl, ogy sptibohally reomdniee ogr dipaccharbis; stvexy apfwisdeE P- 1
analog, a %%ié% g%rLEaééﬁ itf%&g¥ll££e resulting single flat rod
15 shaped or plate-like crystals are superior to, and offer
significant advantages over, the GLP-1(7-37)0OH crystal
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
yields and administered more reproducibly than the known
heterogeneous clusters. The crystal compositions of the
present invention are pharmacéutically 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



15 protected GLP, a GLP-1 peptide analog, or a biosynthetic - GP-1
anal og are cl ainmed. The invention al so includes substantially
honbgenous conpositions of G.P crystals, pharmaceutical fornul ations
and processe¥®893081epari ng such formul ati ons, and net h@gT/USeA26480eat i ng
di abetes, obesity and 20 related conditions. Det ai | ed
Description of the Invention —4- By customin the art, the am no
term nus of GLP- 1(7-37) OH has been assi gned nunber residue 7 and the
25  carboyraafiiokhet DUE LR QY . carl ies mudutatkdt by eadding gsnevesing  to

ot her GLP"s. When not specified, the Cterminal is 1 usuq__lil &onsidered
to be in taeavenidionadnsryetabosqakimg hechnigpgs Qfy RLYEHH sé’éu fice and

preparati %@fo%&iﬁ‘g%g&%iﬁm 'cryﬁér]}i%\ﬁ&ohnsbi@tﬁﬂ--- See US Patent

Nunber 5, t eachi ngs "of which are herein incorporated by
r ef er ence. For the conveni ence of the reader the sequence is provided
gg&?ﬂé§8t26480 “8422é3QZ§&a,y of the Inventig%_

e G b G i R SaveRe Lo Mr s Setogeses for preparing
Leu-Val - Lysirgle sog-ahppedopr plate-likg-guystads pf glucagon-like .qp
anal 0g" i pefdidied aelatetl aclécubeyi (GLPME) vhich comprisesio acid
SR T | W IRAALIBE sdlussen, SSLIRY Aptimd 0,
" anal og® ar@Rnawvbufifeniag agenf conbRiRIRG Afe 2156R04 8F R MK e it o,
GLP- 1( 7- 34dac&hd¥ride, anl( 6p83dnalily; l4mnAtuiit{selthteCGhn| 2ing - QIR | (7- 37),
d-Gnferr] A empodiment the GLP crystals having tetragonal flat
rod shaped or plate-like morphology selected from the group
consisting of a GLP-1 analog, a GLP-1 derivative, a DPP-IV
15 protected GLP, a GLP-1 peptide analog, or a biosynthetic
GLP-1 analog are claimed. The invention alsco 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)OH 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 thé 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.



10 37), Thr[err]-Lys[err]-G_P;1(7-37), and Lys[err]-G.P-1(7-37), dy8-
GP-1(.7-36)NH err], GAy[err]-GP-1(7-37)OH, Val[err]-G.P-1(7-37)CH,

Met[err]-QP-1(7-37)OH, acetyl-Lys[err]-GP-1(7-37), Thr[err]-GP-1(7-
37), DThr[er{vk ?[’E’Pi” 37), Asn[err]-GLP-1(7-37), D Asn9-GLP- /é,s_qm

37), Ser[err] ]-Arglerr]-Gn[err]-GLP-1(7-37), Arg[erF§T f89-37) ,
15 Arg[err]-Gp.1(7-37), [err]-methyl-Aa[err]-8GP-1(7-36)NH err], and _ .
Gy[err]- A n[err]-GP-1(7-37) CH.sand the I|ike. Q her
GL.P-1 anal ogs consi st ent W|th the gr esent i nvention are described by

t he fornul a: His-Ala-Gly-&: he-Thr -Ser-Asp-Val-Ser-Ser-

_GIuGIyThr- T Y, S Ql_,Al o
Y-Ay-dn-Al a-A Lyesé%]ﬁﬁ%i?@lﬁ Al iy - prdle-Ala-Trp
Ay-Arg-Rlerr] neu-val-Lys- QJSEQrgDGm@-Q;DOH Whedﬂi!mIDRpgru.} i s sel ect ed
fromthe group consi Stl n

D- hi_st
desamni no- hi sti di ne, g“nc?n‘i‘lpg" Pr?sBFg?‘ n%%t%“l%% ﬁ?gf'flai R

homohi s{ i dj,pe P Zocdd Wﬁﬁ:ﬂl&bﬁhﬁa@l&oﬁ‘d inversions, or
al pha- rrget h?? ﬁ?g{al%ﬁino XJis sel ected fromthe group consisting of

Ala, Ay, ¥a#itibns relatiws td |GIP-add-3Fphandundy |ingludeythe del ected from

e ot e FratRoraSSh e, Gt ol elblogg el b ks

9930731  art and include, but are not llmlted 57131399/ (748@) , GLP-
_B- :

1(7-35), GLP-1(7-36)NH,, Gln9-GLP-1(7-37), d-Gln9-GLP-1(7-

10 37), Thrl6-Lysl8-GLP-1(7-37), and Lysl8-GLP-1(7-37), GlyS-
GLP-1(7-36)NH2, GlyB-GLP-l(7-37)OH., val8-GLp-1(7-37)0CH,
Met8-GLP-1(7-37)OH, acetyl-Lys®-GLP-1(7-37), Thr9-GLP-1(7-
37), D-Thr2-GLP-1(7-37), Asn?-GLP-1(7-37), D-Asn2-GLP-1(7-
37), Ser22-Arg23-arg24-Gln26-GLP-1(7-37), Arg23-GLP-1(7-37),

15 Arg24-GLP-1(7-37), a-methyl-Ala8-GLP-1(7-36)NHz, and GlyS-
Gln21-GLP-1(7-37)OH, and the like.

Other GLP-1 énalogs consistént with the present
invention are described by the formula:
R1- X -Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-

20 Y—Giy-Gln-Ala-Ala-Lys—Z—Phe-ile-Ala-Trp-Leu-Val-Lys—

Gly-Arg-R3 . (SEQ 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-hiétidine;_ X is
selected from the group consisting of Ala, Gly, Val, Thr,
Met, Ile, and alpha-methyl-Ala; Y is selected from the
group consisting of Glu, Gln, Ala, Thr, Ser, and Gly; 2 is

selected from the group consisting of Glu, Gln,'Ala, Thr,



Ser, and Ay; and Rerr] is selected fromthe group consisting of )
NH err], and dy-COH GL.P-1 anal ogs have al so been descri bed
in VWO 91/ 11457, and include G.P-1(7-34), GP-1(7-35), GP-1(7-36), 5
or GLP-1(7-3Wp99a98731t he am de formthereof, and : PCT/US98/26480
pharmaceutical | y-acceptabl e salts thereof, having at | east one

nodi fication selected fromthe group_ggnsi sting of: (a)
substitution of glycine, serine, cystéeine, t-hreoni ne, asparagi ne,

gl ut ami-neget yr A4 My e RG, i¥abéDectdd fronl ehei gepupeconststing hi oni ne,
phenyl al ani ne, arginine, or D-lysine for lysine at position 26 and/or
position 3¢;NR, and SUpsORtution of glycine, serine, cysteine, threonine,

aspar agi ne, -gl utam ne, tyrosine, alanipe .vali s alyS i ne, |eucine,
met hi oni ne, pheny| H4E1h@nPgp Bave als ?ﬁ%%ﬁﬁfﬁgeboghﬁgi ni ne at

position 3611457, and (Nc1%dRSbLbULi(Pn34f, LI (JaB50,- GBRFS{2AB6 NI no aci d

for tryptophan at" position 31; substitution of at |east one

. (c

of : tysosoreGLBrl (7-3Tkl iare the poifei Borm othexeqfae 808 serine at position
18; 20 aspartic acid for LG cAG1 te RO d e OhatrkngSatl 18aker

gl yci ne aPRﬁ@FF?Bﬁlﬁaz'{lo%r%%&%gb Sr g%?ﬁ?atr'n ne %ﬁ' ‘glgsi tnlgzn 323. argi ni ne
for al ani gReafoR98itavlordielauted Hirami tihe fgroup cansdistdngt ofesiti on 26;

and (dg1 substjtution of at least ong of :cy%Iééci ne, serine, 25 or
cysteine for allahi sebstitysian &F §LYSLRGr ( FREHG Bycine, serine,

cysteine, 0EaaRLAC, a%é&?éé’ﬂiéleglﬁltﬁhﬂﬁéﬂetyrosiﬂéﬂf @liaiineg! @alife,valine,
I sol euci ne, [eucl ne, hitoni ne, or phenyl al anine for glutamc acid at
posi tiion 9socdeuncine, leucinsg.ecimethionizen phenylaidiene aTGLRLRR/Y NLY

tyrosi ne, _3Q al.anipe, valine,_ .sol i D€yl i ne, i Oniane, Jar

WD 99/ 307§I9.ys1ne P.o:t' ]sz:.ne at po_s(itég.o 26 EH&)‘BP?%@ /5 4889

-7- Phebwcakanisg 60rgLydstidle sairipesi tyspeifs, atreginieni ¢ aci d f or

aspartic acid at position 15; and algﬁlnes,Ubvsa'E]li:[nuet,l on of gl ycine,

serine, cpsparagine, glutamine, tyrosine,
isoleucine, leucine, methionine, phenylalanine, lysine, or a
‘15 D-arginine for arginine at position. 36; '
(b) substitution of an oxidation-resistant amino acid
'for tryptophan at position 31;
{c) substitution of at least one of: tyrosine for
valine at position 16; lysine for serine at position 18;
‘20 aspartic acid for glutamic acid at position 21; serine for
glycine at position 22; arginine for glutamine at position
23; arginine for alénine at position 24; and glutémine for
lysine at position 26; and '
(d) substitution of at least one of: glycine, serine,
25 or cysteine for alanine at position 8; aspartic acid,
g;ycine, 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



t hreoni ne, asparagi ne, glutam ne, tyrosine, alanine, valine, 5 isoleucine,
| euci,ne, nethionine, or phenylal anine, or the D or N-acyl ated or
al kyl ated form of histidine for histidine at position 7; wherein, i

n
the substitugjons.J.s (a), (b), (d), and (e), the subst_it#r.l%% '
aci ds can ogﬂoc?ﬁéﬂlsi be in the Dformand the am no aci ds Su9§rg2|4§iﬁt ed

at position 7 10 can optionally be in the N-acylated or Nal kylated form

A "G.P-1 derivative" is defined as a oplecul e havi ng the am no acid
sequence of G.P-1(7-37) or of a GP-1 . anal og, but, addi ti pnal | y_havi ng
cheni cal pbenfiledanine ofoprElycine @t posdtden; £8: aAPAoIErIEF RCH oups,

a-carbon atons, 15 term hal ' r 5 .Olanlg€’ M nal carboxylic acid group.
A cherPZaPRBEF 1T & ?%nat?:%{gl}(}gso?ygust' iaél not limted to, addi ng

cheni cal noi et i(e$, sabseitwgiorvobaglisinend sesrinei, ngystein@eni cal noieties.
Modi fications at am no acid, si de _groups i ncl ude,__w t hout Ii{n tation,
acyl at i ontdrecpipfe 3ISRATAT Ry @&Fﬂ&%’al%ﬁ’&ff&ﬁ B‘P'aﬁ?'ﬁfhi Y&, st dine,
or lysgne 3soleu@:&§¥', ay LRBiRé, Ghet by, W%&P?l&i&h&ﬁ&h 6raghé ¥ oups,

and deam datton of glutamne or asparagine. Mdifications ~ of the
terninal ax mbacylhbedd, owi abkylatedform of histiddpe for RiPhdding| ower

v e poustaatiol agelk ool R TRIGRNEHS AUodet o ons o the
al kyl am d@), and diedl, k¢heasistinnted curingldoildse saer opodbhatayibes. Lower
SLRER ORGSR T T,
20 SO38 o PSR, P, 1 O Mosevined F ML o
acid may be nono- ol dGhEthyferdvative" is definedDasce mopeguderivatives
are ClajrnﬁééfLéJt%b g%&%gtacid sequence of GLP-1(7-37) or of a GLP-1
analog, but additionally having chemical modification of one
or more of its amino acid side groups, a-carbon atoms,
15 terminal amino group, or terminal carboxyiic acid group. A
chemical modification includes, but is not limited to,
adding chemical moieties, creating new bonds, and removing
chemicél moieties. Modifications at amino écid side gfoups
include, without limitation, acylation of lysine g-amino
20 groups, N-alkylation of arginine, histidine, or 1ysine,
| 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 C3-C4 alkyl. Furthermofe, one or more side groups,

or terminal groups, may be protected by protective groups



No. 5 188,666, which is expressly incorporated by reference. 5 Such

nol ecul es are selected fromthe group consisting of a pepti de having’
the am no acid sequence:

H s- Al a- G u-VeDyYe/ 3181 Phe- Thr - Ser - Asp- Val - Ser - Ser - Tyr - PCT/US98/26480
Leu-G u-dy-dn-Al a-Al a-Lys-3 u-Phe-11e-Al a-Trp-Leu- Val -

(SEQ I D NG 3) 10 and pharnmaceutical | y-acceptable salts thereof, wherein X
IS sel ected fromthe group consisting of Lys-COOH and Lys-Qy-

COCH, andlfﬁogr?r%cy%ﬂé/%r@clni%hd p@ﬁnﬂsd g\b@zs@m ik S0Pt iR a- i S
selected fromthe group consi S%rl ng of phar maceuti cal | y-accept abl e

| over al kgaribot eof catn %}J@OlQCQGmeHebeam@la' perardimetivilaged, - accept abl e
am de of said t| d e h r de,
| ower al kyl am %&‘i’ Lolv\égggl‘réfzg%ga%% %“fe%sln's% - g\?ttg H‘(l):t her

GLP- | derwat's)/ﬁ@amJ iR fier espeebsly 1néd$l@qm‘£$}i‘ltby mefetdencei.ncl ude
compounds clained in U S. 20 Patent No. 5 512, 549  which i.s e>§%ressly

i ncor por afeabHaelesules axe selectrde framsthe KEPH) RSN
Rlerr]- AI(? yg&;dgﬁa\;_%g Rhife yﬂﬁngeracéﬁpsggjxe%é. Ser - Tyr -

Leu- Q3 u- a- Xaa- 4 u- Phe IIe a- Tr p- Leu- -

Val -Lys-Ay-Arg-Rlerr] (SEQ I D NO 4) 25 R err]
wherein R err]HJ-%-%Je#'&ltlmﬁlm'@hrrIﬁ’éeg'ﬂ-'bﬁpséﬁnéﬁfk‘t‘hﬁg'Qﬁr‘ﬁer Tyx-

I m dazopr opi o C I I | -acetyl;
R2 is sel ect egﬂ%rom equ;?%igipi%)én?llgt }'ﬁ 5}9 aIeJFG!?]Alunb nctéé% acyl, or.

I s absent; R3 valsel ect ed from (SEQ ID NO0:3) WO 99/ 30731
PCTr JS9n/ 6480

of O30 QFBR RBrmaGRRt deRl v Areptable Aplts EiSERot ARRER RodR

i nventi ongelected from the g% WichE)h%t:LQEtiﬁﬁ &k HLigs - ¢S end A 1¥,-anal ogs
which are resistant to the-action of These incl ude anal ogs havi ng

a nodi f i eGOGH; dandi acdewivhtiss @fc spid pep@sd@:dﬁhéreﬁnmﬁaadunﬂpﬁmﬁﬁ ude
bi osynt he& sg éegnﬂ'&g%he 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:
R1-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-acetyi; R2 is selected from the group cbnsisting of
30 Cg-C10 unbranched acyl, or is absent; R3 is selected from



having Ay or the 1 am no acid.residues Val, Thr, Met, Ser, Cys, or Asp
in position 8 CIher DPP-1V protected GLP' s I ncl ude des amno Hi s[err]
derivati ves. "GLP-1 peptide anal ogs" are defined as G.P-1
anal ogs or dq&g@ y;es whi ch excl ude acyl ated forns. :

"Bi osynt heti c *anal ogs" are defined as any GLP- 1 anBfHYS98@s4es0
derivatives which contain only naturally occurring am no acid residues
and are thus capable of being 15 expressed by living cells, including
reconbi-nant cells and or gani sns. "Treati nlg is defined as
t he managathenigromgp censistingfof Cihh@'htoﬂ SEarhangdur F83eisfL¥SnPHt i ng t he
di sease, conditi a0 des the adm nistration of a
- 20 conpourfotgdf l'S‘P’eg’en an;én?#%%étlg{ revent Qtnuhe onset of i synpt ons
or conplications, aI“PEPr5Y|R§°WI%t%‘§rﬁH%rFs Feters (8 BEPeht RBALOID,

el i m nati Rghidie éileSQ%&Qstﬁﬁﬂdtblﬂﬁe adtion off DPPdEV. TThesenindladet es

her ef o 0 LA UieS 18y » nBBLPLEI0ES Snly SAkogbsbby goi bl o bl ood

gl ucosé 2 ST1Tn need e flat rod
shaped or psittidn Be Thesergieal ingtude biagymhhesdft GFRV%I’IWB}IOng ch are
prepar ed Llﬁﬂ.h 1 1£ lo &ad 1 amPAOCESEd deidues Vale The,skepp Sersone

degr ee. g K t -25 mcrons
([err]m b 36’%@%6‘%%"%%1%3'? I&fﬁélﬁ%ﬁ%% @%&&gﬁhgﬁ g%%r oxi mately
0. 5- ndlordd MesThodaosHAg! dleniyativestorm from a singl e nucl eati on
poi nt gnhd do not appeale- §5§B?{:i&§|§n§m§<§d Stenlddfiilied as ehpsiers known in

the art
PCTI U892n6§1%1°95 or der:Lva ives %ﬁlch exclude ac_yi.&_ted forms. G ven t he

sequence i nf or mat i ofBiosynhhgtic| @bRdl analkgget resfgfdngfl aBead¥t in solid

Egase prot@ﬂ.ﬁLﬁya&Iatl%alsS or dePitativasd Weiabtcdmedny oalghaataghlsynt hesis.
wever ,

fragnent i n‘@; ‘b‘?%ﬁ’r%ﬁﬂﬁc’u?ﬁg Fg%gﬂﬁ?ﬁ%%&a\eﬁﬁe t%\ﬁn A B%P;gzxgayegglgl Y S

15 expressed by living cells, :mclud:.ng recombinant cells and

organisms.
“Treating” is defined as the management and care

of a patient for the purpose of combating the disease,
condition, or disorder and inciudes the administration of a

20 compound of present invention to prevent the onset of the
symptoms or complications, alleviating the symptoms or
complications, or elimiﬁating the disease, condition, or
disorder. Treatihg diabetes therefore includes the
maintenance of physiolbgically 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 c;aimed
process, vary in size énd shape ﬁo some degree. Generally,
they range in size from épproximately 2-25 microns (um) by |

30 10-150 um and are flat, having a depth of approximately 0.5-
| 5 um. These single crystals form from a single nucleation
point and do not appear as multiple spiked.star-like

clusters known in the art.



artisan. Moreover, well known reconbi nant DNA techni ques may be used to
express G.P' s consistent with the invention. _ The principles
of solid phase chenical synthesis of pol ypeptides are well known in
the art and vwg9m®7¥iound 10 in general texts in the area suPGT/H8SDG4PAS, H.
and Penney, C., Bioorganic Chem stry (1981) Springer-Verlag, New York,
pgs. 54-92, Merrifield, J.M, Chem §g$;, 85:2149 (1962), .and St ewart
and Young, Solid Phase Peptide SynthesSi's, pp. 24- 66, Freeman (San
Franci sco, 1969). 1lgjven the sequddc@iingEormheish Mexrein tdiscdpsedn nol ecul ar
bi ol ogy provides the ordinarily skilled artjsan another means by which
GLP' s canapd ¢ieaistetie oftHerriain Sokdf BbBase PIRRAR &Y HVE4Fr d phase .
peptide sypthesis CORPL DAY i M ; {& agnmevieg, gliwcagon,

r econbi nar#}"glrrﬁ ﬁ’@ﬁls&%r gﬂgé pr ef‘gfzb e V\h@ei% S?{Stc-]ﬁéc{? ng biosynthetic GLP-1
anal ogs begaitsds posbibler tyi ebtisimrsompo SEPHBeby enzymatically For pur poses

of the present invention, G.P-1° . penptide.anal o Wej tic GP-1

pepti d& arfHagmenting Pr°§?"é?%$?%dfs’l\5gqr 95 g}lgédvg%%fél%WI %prot ected -
GLP's, 25 Myl 9hMsrabebe! r el Brienduird DeticabinantlBNA teytridmes  anal ogs.
Anot her preferred group of GLP-1 eptide anal o%s . are those which

contai n a manJe uRed ¢oaekareansEHR 18 iensdstent yikhgthe IQVeRtigR-ch may

i nclude d and nodifi 1 NQ: ACI i s ki ser red

bi osynthetic G.P-1 @%t %?é‘ﬂgbs%gl %fgss%% o%g \%ﬁ%’gﬁ%%nmi%%&ryflg ngl e

ani no aci tbf polypeptides WHEOwaDIdknown in the art and may be found

PCT/ US9&26480 L . -11- S titution at the
8 posi¥d onih EAReTRletextS 0t FBEeaTR? FRCk % MugrR- &y %?éjt e f¥4ni no aci d

resi dues \al, ﬂiﬁo?ﬁ%ﬂ%@ichgmist e(Bo®rridpgrdhger-verlag, New Yd¥k,present

I nventi on provi SS tor 5 producing individual tetragonal rod

shaped GLPgsysi4ie2.fr Merrifiglaet Aek- |  GhaAw-. S96der 8583149 HRF)al pH
conditions_r i n bo rab 6. about 0. 2,
t he cryd ar%ef'%ﬁtl (?r?dfsg?’b .‘?"on,%%?gng’? er &I; cfg'grg b%gﬁitgg%}rﬁ%' aﬁih nal

GLP concent4agé prexdenaho(sah- FRanpisto, pred®rably 2-7 my/m .- 10

A nunber of conventional ,buffer soluti oné \
15 Likewise, the state of the art in molecular

biology provides the ordinarily skilled artisan another
means by which GLP’s can be obtained. Although GLP’'s may be
produced by solid phase peptide synthesis, recombinant
methods, or by fragmenting glucagon, recombinant methods are

20 preferable when producing biosynthetic GLP-1 analogs because
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'’s,

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-incihde d and modified amino acid
residues. More highly preferred biosynthetic GLP-l_peptide

30 analogs are those which contain a single amino acid



contai ning an al cohol or nono or disaccharide are suitable in the
practice of the invention. 10 to 50 MM Tri s, ammpnhi um acet ate, sodi um
acetate, or Bis-Tris is preferred. The concentration of al cohol ranges
fromabout 2-15%(v/yv), 15 preferably 3-13% Preferred al col re
selected from 0731 group cont ai ni ng et hanol , ethanol, prggﬁﬁ?ﬁf}fz‘fﬁ”

gl ycerol, et hanol bei ng nost preferred. Optionally, the
addi tion of approximately 1% (w V) -11amoni um sul fate to the nother
liquor will generally 20 increase the yield of crystals. The skilled
artisan wi |dubstituglion atcthni g PHE it emere BFQEM Fhases¥ishi ve such

as sodi um azi de,.and_othery s r i MASst Pal NopDtfie et inl | QUOT
to prevent TR gllygrggvv#ﬁ.g 1T aq_&%r %Fn angt er’ erﬁ | rent : “fono or
di sacchar i dafe mypoFithensubstituted for the alcohol in the same ratios on a

wei ght to vol unme basis. Mono or disacchari desiaui table for use in the

presently clainmed pr 388sPTRARREARYSRIHA, PFOVides @ Broesss fi9% ose,

erythroge, Li088ndahAih986all tactffdhal rodTRhh é&GﬁPlCé:%%al@(irbﬁth ose,
t hough t%ret%%ose |n§g%0 pref-e?red. : : 8\0 99/ 30731

PCTI US9&2648Gnother liquor. Under low to neutral pHoconditions ranging yet

anot her enbodi nent of the presen I nvention, .the pro S be
carried outf¥om Rhekth PR 651/ preﬁ?ﬁp%,a'iﬁq c-GcgnFa%'u?'ﬁ'b (g%s/l rtg'%?/rent
ranaing f 1 ofyoiily fldeion Lolleish ! 6f althebauqubt, edntains ddinanhese
condi ti ons, the GLP concentration is in the range_of aﬁyrom mately 1-20
my/ M, pref@Ritgncndrationoofyrheut Th ma/md, Preferdbhy 2-7 MmaMl to

Slﬁg,errgncﬁsn;rj??a?bgg ﬁ?‘é’%e%HégZﬁﬁ%%&%]{ﬁgf%egi ﬁg}uétij?rtl%bl e buffers and
sal ts rangecont&niie)amiaEleshbloor monabmridikactharitgl gre neuitabl@ 200MV
NeC1.  pref ep ably, 40 SO or ShiChaSedlEL0 190 Y WG fLglored buffers
ammonium acetate, sodium acetate, or Bis-Tris is preferred.
The concentration of alcchol ranges from about 2-15% (v/v),

15 preferably 3-13%. Preferred alcohols are selected from the
group containing methanol, ethahol, propaﬁol, or glycerol,
ethanol being most preferred.

Optionaliy, the addition of approximately 1% (w/v)
ammonium sulfate to the mother liquor will generally

20 increase the yield of crystals. The skilled artisan will
also recognize the benefits of adding a preservative such as
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 alcochol 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.



aspartic acid and Tris. The al cohol or sugar conditions are as_stated
previously. 15 Once the nother liquor is prepared, it is allowed
to stand at approximately 15-37[err]C, preferably about 18-25[err]C,

for 12-48 howaseasar3ill crystallization occurs. The crystals PpCT/USE826880cn be

transferred or otherw se handl ed wi thout any noti ceabl e del et eri ous
effects to the crystalline norphol ogy 20 suggesting that such crystals hay
be stored for prolonged peri ods w¥3tout suffering structural danmage.

| n another embodi neniy ya.PRAREREE Wittt inent ©bF BHk3progedBy De prepared by
addi ng pharmaceutica 9'% accept abl e excipients, carriers, preservatives,

and di | ueniavéatibn edttey procehs may hee danpicd gfiteint Acneysral PMhave

f or med. .In this enbodinment, crystallization angd. s q itions
are perfor Eﬂuﬂaerz’é"tce'ﬁqn a&Bﬁﬁ?t%’bWs’?mﬁ% r?gf/’agggaggérg é'ﬁls.&tf'zliaéj"gct ly to
the not her 7Li 6y0prd ferifigchbbliie pRCPIPOI AL Onder thesénConditidme,

crystals. Preservatives nmay be added to the 30 nother |iquor to provide

f or mul a& i ohbeofLR rgenegnirakirapte 1n the range of\\pppypRimately 1-20

PCT/ US98/ 2 ; 135 s fQr i ple
PCT/ US! 2-1 1. Tot , & mdUL | P
injecti onsﬁé?lglm’ t%reegs%rr%ﬂ oﬁ?g}lﬁer. ?I%ge/rm gxgllplgzélr}?s, usluch as

ant i oxi dankatibuté eGkP, amndgesafitobaslkeeut 0.5 or 1pHA, aprefenably, 0ig&otonicity
agents and_the |ike, may al so be added directly to the nother |iquor

after the %‘sc_rystal s have forned. o | n anot her enbodi nent, the
i nvention provides unded@HRHCABUEXED PP HidODH ebnifidivhdurithet ragonal
flat rod shaped or plate-like crystal of GLP's. Prior to the

procesies AéRgi nswisahls dufieyscrBi Byl ts kapgeoAPoSPRFBRSTAbieRfEPMOt be
achi eved. 188u€OIPOPdP U3 Rink"Ena WOM A Nacy, BLBEUREEMY hP-somm .

manuf act uri ng processes prepari ng p maceut C
havi ng ext ghglediné | amd atisonmMoNaCl. tPreefemadrbuf fersparecglyocinef

glr 3 tsj,f'\ ;Ie:’ aggg%%%sgélg%%%%%is . The na. ctzci:‘}?o? 'or155ugar con_ditIQSs Cal.%ie med GLP
as stated previously.

15 Once the mother liquor is prepared, it is allowed
to stand at appxoximately'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 storéd'for prolonged
periods without suffering strﬁctural 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 énd subsequent additions
are performed under sterile conditiomns. Zinc may be added
directly to the mother liquor to effect the incorporation of
zine into the crystals. Preservatives may be added to the

30 mother liquor to provide formulations of crystals suitable



optionally be treated with zinc using conventional crystal soaki ng
techni ques.- By soaking the crystals in about a 0.5 nmg/ M sol uti on of
zinc, conplexes of crystals are forned whi ch serve to extend the tine
action of thecwpunBistered 20 GLP. Al so, by varying the zi nGcgare§sdgat i on,
t he conpl ex conposition can be altered | eading to | onger or shorter
tinme actions. As noted the invention provides

phar maceut i cal formul ati ons, whlcﬁ3are conprised of single tetragonal

(Lo 2 M RRIE P S S Ml Gond BEcala! Mulld D e o0

crystals exeibgeh®s nummeohé (Hntna:banﬂammi buffeadyi acids cand rbatszzs t he

therapeutic or prophylactic treatment of diab tes be5|t rel at ed
condi ti on§OrFBH aginptrents ispFQirity agsptenang, ”F‘?w l1'on can be
adm xed dded d % 3B hother liquor after the |
PCT/USQSQ%%%gbbe adde 1recé¥} oEaeT lquo14 conventi onal
pharnaseutkyata&arhaeesqumEQMC|plents The formul ati ons conprising the
clainmed crystals coptain from t e active
GLP, and nore Sﬁe%???%%ﬁlipq?%HW%#ﬂuthf 6nvsggbgﬁg$%?91 $thernnre

the 5 cryehmdgenelist Bempoebeivns i oW eiidivvidial betpdgonayt £18€ vddne or
in conmbination with other_antidi abetic ag;nts For subcut aneous or

intranusc@mﬁpeﬁr@Ean?FGn%ik%x%ﬁ¥§94¥a°f 1Eenul BELBR BP BRR crystals of |
the preseplodlusdl! fB:20 Bfsclosdd Wl Y Blifiads slchUSBRPSE i bl L e

ori gi nal cryst |zat|on not | 1 quor In a
pharnnoeuwcmab.dbtubetach1e$q®h aﬁnpyxugunuﬂneesdoftthbednvaMqun

phyS|oIog|caI sa ucose sol ution. suitabl e, fornul ati on of
the Sehl"inrprdhar i RE Hiosraney 880, FefPERBRRIRS
adm ni st e@ﬁx&&c&u&u&agnﬁbﬁmwtﬁn@mmrfg Rxgenaedacifephst ids efba cal | y

acceptabl e oil base, e.g., an ester of | ong-chain fatty acid such as
ethyl ol edbe treatment or Pre?*ﬁ#*ﬁﬂmﬁﬁ|Qﬁﬂh§Fe§cc@BF§bF¥ prdseelakedes such
as an kxlaanaben, particularly methyl paraben, ethyl paraben,

15 The claimed GLP crystals and compositions may

optionally be treated with zinc using conventional crystal
soaking techniques. By soaking the crystals in about a 0.5
mg/ml solution of zinc, complexes of crystals are formed
which serve to extend the time action of the administered

20 GLP. Also, by vérying the zinc concentration, the complex
composition cén 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 é 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



propyl paraben, or butyl paraben or chl orobutanol, phenol or 20 neta-cresol
are preferably added to the fornulation to allow mul ti-dose use.-

The formul ation may al so contain an isotonicity agent, which is an
agent that | Ve¥3erdt ed physiologically and inparts a supdyaliEoegn2é496 City
to the fornmulation to 25 prevent the net flow of water across the cell
menbr ane. Conmpounds, such as glycerin, are commonly used for such

pur poses at known concentrati ons. Clkﬁﬁ41mmsible I sotonicity agents

I ncl ude s@ldrfrenti®nal NBRhrmalCsbE DE£L carriBy¥iliangl exaigitaesoserndd ycerin is
the preferred 30 isotonicity agent. The concentration of the isotonicity
VWO 99/ 307 Fprmulations comprising the claimed crystpls/ coptazp broom

-15- e ISl At i f p teral -

f or mul atigag)s??lttar?dsfgf gﬁyégﬁ@%e e%% ﬁrgbogbdlgb%lm to about 25
mg/ ML. specificallyTiieohoabotiti oh toyl Giingyymlant Busthedbmphe) nelgeut i cal |y
acceptabl e buffering agent to control the H at a,desired_| evel. The pH
i s idedl | FARGRISs Of o the PreseRe iR P& PIRLNEBERYEANRIPRE r at i on,
yet one atgr inMichBihBEibAT PULR!bOkel SartifdidteRld Ugahabl €. phpt h |
physically and chemcally. Preferably, the pHis controlled 10 froma.

m | dly acisdkeutianeous or| inyramuscular pxrparations, beswerhlabout pH 5 and

. M f ' b H 6 d pH 8., Bufferi
Boent s i ndpRaen o e brifrats JF 5T Al Bafitalibd pe'c o'

Tris, or administeredamkna saspensicd a5, tHe/ Vriginalabgi mbacfigdi ch are 15
known to be pharnaceuticalIéhacceptable in these pH rangesﬁ .. O her
phar m&Col SF¥EHAL} 12aLERRaBPERET [ } EIUCT BT iR e FbAgmareuticaly dilyenke
ranges ar gueipWa phrbiendkiee T@EsSE] ALd vt ¥d phy=1698 | f buffer.
[ ongeT ) SO irbbfndtiee (06061 A1 18 phys162858801 Ahatihd, Exanpl e
1 or 5% glucpse6sqlurioni. (8o switablenfeainidction of the 12.5 ny
f chem synt hesized P-1(7:37 anal og_havi ng Val. substituted
19or ¢ Ale;n ICI? osstl | 0%%8&:%%89%?;:1 1 vgnq_:}.on may %e grepareg ané
administered as a suspension in an agueous base or a

15 pharmaceutically acceptable oil base, e.g., an ester of a
loﬁg-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 acrosé 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,
mannitol, and lactose. Glycerin is the preferred

30 isotonicity agent. The concentration of the isotonicity



1) was weighed into a 3.0 mM glass vial and treated with 2.0 25 m of 10mV

Tris-HCL, 0.02% NaN[err], 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 t hen

| owered to picosfkeisit h 1IN HCL. The sol ution renained clpaiudasd t he
pH adj ustments. The solution was filtered through a 0.22 mcron I 1 ex
Gv13 30 syringe filter (MIIlipore, Bedford MA) into a new 3.0 i

WD 99/ 30731 . . =15- PCT/ US98n6480

- 16- : | ass,vial . .The concentrati.on - - sol ution
was 4.76 RYPRF 48 B B9%i TP (rﬂc})lrcﬁt é%alg'g%r égﬁcgggggréng hm and using an

extincti okoenafibtebes] @id Xdd glfywerdn, islpPefigrabliSalédit s amgimon in a
1 cmcell. A0.25 mM 5 aliquot of this V8-G.P-1 stock solution was
transferr&@ gbout 25 Iy gl ass vial. To this solution was added 0.25 ni

of a 10MM Tris-Hfl ¢ el G a1BH BofitabHffer containing 2. 0%
[err] The vial was sealed, gently swrled, and then pl aced at 18

[err] Cs Apharmacehbiically yaxtceptiabd e byufferingeagend tderonfyel the 200X
magni fi cation. For. guantijati.on, pRor tion.of the nother |iquor was
removed alf @nfr PngEﬁéa evel. 16‘3&)@&1& 1ARELVE_ PR 138 W A r enmi ni ng
in the cl gRiceptablIdPesNEhé Batbentd /ipdiniadednicepat Donbger hemeeaat 280 nm
as cited above. The crystalline yield was- quantitated by 15 subtracting

t he V8- GLmhichegbe farmmlakipr imisHiiicigntiNestableg - Pt 1 |evel in the
starting .l Thj we ysS | LZat Lo | 63. 9%
Seanpl o 2 Doy Hictlay Bl SHOM GElPIS recerpiiy THED pATLL oS O3 O
A 0. 250n ﬁa:ichqaotnimﬂlyh&cilﬁﬁ_ﬂi Jtcsta_)add.lsulyu_b'asﬁlc pH_,V\anchraslsferred to a
o 2 LomBrtresRcEboRt oo, S T, a o) M5e BrRESRRbLY, KRBANRG 2 0%
(NH[ err] angedel¥ 3BofitNBIR0s - add o & Ut ipIE£edSnghageht8ai £ @€ K@l uated as

in Exanple 1. This sanple generated crystalline clusters and a few
singl e tedrgydesl limjted| 8o qierate Roptates. piypsphate, 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 synthesiéed GLP-1(7-327)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, fo give a clear
solution at pH 3.6. The pH of the solution was adjusted to
B.7 with 2N NaOH and then lowered to pH 6.4 with 1N HCl.
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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Exanpl e 3 pH 6.4 with 5% Et hanol and 1. 0% Anmoni um Sul fat e
A 0.25 m al wpesomsi t he V8- G.P-1 stock solution was trrorisssnegdot o a

2.0 M glass vial as in Exanple 1. To 5 this solution was added 0.25 m
of a 10mMM Tris-HC , 0.02% NaN3, pH 6.4, buffer containing 2.0%[err]-and
10. 0% ethanol . The solution was t1T treated and evaluated as in

Exanpl e 1.9&;%; wiaqp! eﬂgnﬁaﬁé%ﬁﬁ%@?; %@?ﬁﬁfséﬁsl stock ngl e tetragonal

crystal s, sone rods. The'y
Exanpl e 4 solution wasH4678 mg/hl J9odeteaminednirém Othe\rakdanhadgef ate

A 0.25 mM aliquot of the V8-GP-1 stock soluytion .15 S..I sferred to a
2.0 m gl 280 $imang using, an extinciipn cofiictent of £ 03 To¥Ay 0. 25
of a 10nMVi1Trg swd/dl vB8-82¥-1 soleffon Hh G 4 chubEEL. Cat@®jaE R 2. 0% [err]

and- 20. 0% et hanol . The solution was then treated and evaluated as in

Exanpl & 1alfiguots afpithigeMBrEbRul stirfle aadptiganuns ckyansferred) tang rods..
The yield ﬁ".’fbsnﬁ.l'g%%ss vial. To this solution was add&XFPIEL M of a

10mM Tris-HC1l, 0.02% NaN,, pH 6.4, buffer containing 2.0%
(NH,),SO,. The vial was sealed, gently swirled, and then
placed at 18 °C. After 36 hours crystalline clusters were
10 identified at 200X magnification. For quantitation, a

portion of the mother liguor was removed and centrifuged at
16,000 x g. The V8-GLP-1 content remaining in the clear
supernatant was determined from the absorbance at 280 nm as
cited above. The crystalline yield was quantitated by

15 subtracting the Vs-éLP-l level in the supernatant from the
V8-GLP-1 level in the starting 'sblution. This sample showed
a crysté.llization 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 V8-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% (ﬁH.),SO‘ and 2.0%

25 ethanol. The solution was then treated and evaluated as in
Example 1. This sample generated crystalline ciust:ers and a

few single tetragonal crystals. The yield was 73.1%.
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pH 6.4 with 1% Et hanol ' A 0.25 m aliquot of the V8-G.P-1
stock solution 25 was transferred to a 2.0 mMl glass vial as in Exanple 1.

To this solution was added 0.25 ml of a 10mM Tris-HC1, 0.02% NaN3,
pH 6. 4, buf f enygegdedni Ng 2. 0% et hanol . The sol ution was pcissedneagt ed
and evaluated as 1n Exanple 1. This sanple generated a trace of
crystal clusters. The yield was 8.8% 30 WO 99130731

PCTI US98/ 26480 -17- - 18-

Exampl e 6 . p%gmé y gh 5% Et hanol A
0.25 m aliquot of the VB-GLP-1 stoCK S F’utlon was transferred to a 2.0

m glass vial as {d@ ekt §% EfRandl drd .08 ammoniumsSalifece 0. 25 nml of a

| OnM Tris-HC1, 0.702% NaN err], pH. 6.4, buffer_ cont a%n é&).p% et hanol .
The solution vwad Oheh Biealiduel Pl XesFLisi ft n%? Hlonr, g
sanpl e enerate t | ys g dWhA ebkaganakambystal s, rnd
rods. The y‘?%? gl:)g%gs%f?r 0 @lfog- 226 ShP .gﬂggg s Exanmple 7

pH 6.4 w t heH{9o o imien was added 0.25 ml Q2% HOmM TyietHEY, t he02B- GLP- 1

stock sol ution was trapsferred to.a 2.0 ASSA Vi |yr Exampl e 1.
To 15" %t hi Bl B BnincRubiR AR g Y ﬁkﬂqﬁ?g?ﬁéﬁo‘?%z%
NaN[err]. p Harol buffiRl eaREabA Wes 2Ohdiiotidited andhevabhstédnas invas
then treated and evaluated as in Exanple 1. This sanple

Example 1. This sample generated crystalline clusters, -

single tetragonal crystals, and some rods. The yield was

10 80.3%.

Example 4
'pH 6.4 with 10% Ethanol and 1.0% a:m_nonium Sulfate
A 0.25 ml aliquot of the V8-GLP-1 stock solution

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,),SO, and 20.0%

ethanol. The solution was then treated and evaluated as in

Example 1. This sample generated single tetragonal crystals
20 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



generated single tetragonal crystals and rods. The yield. was 55.5% 20
Exanpl e 8 Phar macoki netics 28 ng of
bi osynthetic V8-G.P-1 was wei ghed into a gl ass vial and dispersed in
4.5 mM of 10@gdomepsshk to give a 25 turbid solution with a pppiisernbise The
mat eri al was conpletely solublized by adjusting the pHto 9.5 wth 5N
NaCH and remai ned conpl etely soluble after the pH of the sol ution was
|l owered to 6.4 with 2N HCl . This sol #itBen was filtered through a 0.22
mcron MIIlex GV13 syringe filter Q,Q ir%% new glass vial to give a total
vol ume of 4.3 nl. The WP PO130731

PCTUS9I 64S0 pH 6.4 with 5% Ethaddr ~ concentration of the
V8- G@.P-1 solution was 5.51 ng/n as determ ned fromthe absqrbance at
280 nm of a 20X di | & PeRS ml ALiguotsOfckhgoVarFhi-hritFard RPIAFiORt i nction

coefficien f f m < = | 44 1500 1l cyecell. To
5 this so"?a itgr?nmsgseg‘%ggegg4€321'ﬁ% gé'g%g%ﬁﬁ[%gr)r#&c, gi(??/ol if][oerr] 20%
et hanols, pthis Solutdonpiwhanadded feer25 Tlecofi al 10mM Twis-HHa| €d,02%he sol ution
was gently swirled and th laced, . af. 18 [err]C. After 72 hours single
t et r agonal @y sPH| §'9\erl§“fepegoic&é‘§?‘?f’?"éﬁ L?‘%)(&%H’If i %ﬁ?i BRI crystal s
vere rendvueds ke tQ@atRa AR EFaludted aBY ihopksmerd rentrtild Gakpde and

resuspended in a 10 M NH err] OAc, 16 nmg/m glycerin, pH 5.5, buf f er
(buf fer A)genexatssheawstali elustermofingle kgtargomal cryffidlisona®l t he

pg;g?%iH;%%?ﬁ%2%%%§§§Egggg$%a$%h Vggolg géterninlgefyghstﬁélagggﬁggace at
280 nmo The crystallization yield was quantitated by subtracting the
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 29.0% ethancl. 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
Ezimple 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 5N
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



V8-A.P-1 level in the supernatant fromthe V8-G.P-1 |level in t he
starting solution. This crystallization gave an 83% yield. 20
Cal cul ated aliquots of 4.0 ng/m V8-G.P-1 crystal suspensi ons prepared

in a simlar RRyepgrAS above were transferred to five gl a&gsiteasernd
diluted with buffer Ato a concentration slightly above the final

t ar get concentration of 2.5 ng/m V8-G.P-1. To the crystalline 25
suspensi ons were added aliquots of a ARl [err] stock solution (33.4

ng/m Zn[err]-in buffer AL [0 nake.final, i : EO0BCEN AP NS €1 t her
0.5, 1.0, FoRcegEr Ttﬁof‘lrg?%n hg? @eq%%ria sozlgt}gggngiaons wereé}gent 'y swirled
and pl aced galreanliakd Erbfr tA8 absotimance a8l nml ofsaRIK Idlamuiem r at i on

0 each vial vas 30 now atebhe Zaf MM 42R4a0RR0R"EEGE Ol el iy 18

PCTI US98/ 26480 5 £or a 1 mg/ml V8-GLP-1 solution in 801 cm celbe crystalline
VB- GA.P-1 zi"nc "suspensions were transferred to roomtenperature, passed

t hr oughsa Zhigasgdutded wasandded 4a3jmbtef a 309 FHEAR 4 12 -OF NaOH.
A 0.1 ng/m zinc_ cr || Lhe V8- - ' i rst
Croating o 0%l 208, cHifadt. B g £ MRG0, HRE ALETALE W 10

sane MaNNeryf$ sealddes thebedlabouvn. wiét gentiBy hirdedt afd[ eheh Glamedi nc

treated crystals were isolated by | Qw speed cengri fu%__at i on and
transf er r ecatt d®IER er ABEeBUT? dpoyrs cHngLs tetyagongyl FrvgFala Were The

Final V8 GLEsdn e thabiods aéa—hﬁkﬁcﬁeﬁaﬁnsiﬂfe crystaisaibyst fedved he 2.5
ng/ m targle concentration usin uffer B. The suspensi on was passed
throughheda 3frgrugse mothercddhupraby lboe gpeedcrantaddugetdon anéh 1N NaOH.

S I A e O 3h, R i Soq R P e, et ot
vere testedhhfrer (KMMEY At thasa! ednbengratilaysof Evutani. oahgyatei \&®d a
SOl etion o e mother 2iduor was' odacrifuped 2t 18, 0b0% S

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'frbm the V8-GLP-1 level in
the starting solution. This crystallization gave an 83%
yield.

20 Calculated aiiquots of 4.0 mg/ml V8-GLP-1 crystal
suspensions prepared in a similar manner as above were
transferred to five glaés-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 cryétalline

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 wére gently swirled and placed at 5 °C for 18

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

30 now at thé 2.5 mg/ml target concentration. After 18 hours



GLP-1 zinc suspension at tinme zero. Arterial blood sanples 20 (1.5 m)
were withdrawn fromthe animals at schedul ed tines, transferred-to
tubes pretreated with EDTA and contai ni ng 40 ul of Trasylol, and then
centrifuged. widedetsaisma portion of each sanpl e was separpiassogigigst or ed
at -80 C until anal ysis. The plasma concentration of i mrunoreactive V8-
25 GP-1 in each sanple was neasured using a RI A procedure. " Table 1-
shows the resulting inmmunoreactive V8'—2(9:P--1 pl asma | evel s over a 24
Egﬁ;Ugggﬁé@%%b&%s%gﬁlgﬁghv§géﬁfﬂf'éﬁhe suspensions wggégeéﬁggfgrred

Table 1. to room temperature, passddmimmugdct 30 y8ugePadedle, and

Level s (piconolar) in Dog Pl asna. 0.1 mg/m 0.5 mg/m 1.0
my/ m adjpstedy tog PH 8.0 Wlé%.w MRHE- Zinc (n=5) Zinc (n=5)

Zi nc (n=3) Zi N oNISmg/m1 zird r&a&é‘:@l‘ ind ¥8-GLP-Ul Fadpens A
V8-A@.P-1 SEM V8-Gp-1 %/EM V8-A@.P-1 SEM (hrs) (pm ° (pm
(pM 5 was prepared by first treating a 2Z.5\ng/pl crystal 0 0

0 0 Q . . . . 0 5 nd. 123
41 o7 Suspengion w199 0.15 g%/ml 21éé51n the g gomann%g as nd 132
38 38 described abo%e. Afte#318 howks at 5 °Qlthel.Zinc txkated nd 196
51 108 41 76 34 83 - 37,.6.0 ., 301 57

264  7oTYystaleweresisolated oy low gpeed cepiyifugagjonzamd g nd
265 flransfi4ed to/butfer BIfburfer @l contalhling o.83md/ML nd nd
344 94 220 61 252 64 214 66

10 zine). The final V8-GLP-1 concentration of this suspension
was adjusted to the 2;5 mg/ml target concentration using
buffer B. The suspension was passed through a 30 gauge
needle, aﬁd the pH increased to 6.0 with 1N NaOH.

' Tﬁe 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 pretreéted 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 concentratioh of immunoreactive V8-

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

levels over a 24 hour time period for each suspension.



10.5 nd nd 302 80 231 78 250 66 225
50 12.0 nd nd 282 78 236 76 267 60
42 13.5 nd nd 238 54 241 97 286 74
38 15.0 nwo 993073Nd 263 67 273 118 325  pcTrusdstasoe
28 16.5 nd nd 235 51 234 106 275 77
25 18.0 nd nd 210 47 184 62 254 59
23 19.5 nd nd 221 51- 209 120 278 57
9 21.0 nd nd 215 @éfle 3_19 115 301 48
13 22.5 nd nd 224 193 72 232 23
9 24.0 190 30 21ifftmunoré&dctivd 378 -GLEAA 227 34
25 30.0 nd nd n d nd nd
24 "avers"(pioqpifazy fHinas Bammas: voan
nd = not determ ned WO 99i 30731
PCMUSMOWGS 0 -22-
Exanpl e f 0.1 me/ml OS5 30 4] it Me/5Y%
6.8 ng off | yoplskdsi 2eddtl bi| oBpnti#rSY | c| ¥ Crf 1 3. 0
gl ass ving = T - G0e-1 Wﬁ 5%
trehal 0sg mgl- Bw0, | BUT f ¢romas hdgled i
sol uti on V&ﬁ t hen adjustef to pH 10 pl ut
was  gehtlly Stifred 9.3 uljo? al1® ny
wat er wagi Ea@dan € [pHEsad) ust eql 270 ¢ I
concent r ggtoot = TIEves|3s4 11Es
absor ban(-f.—éll- na ngdni Ql?%'n gglll . llgg‘ 41 76 34 83 37

6.0 301 57 264 79 140 13- 142 47 142 60

7.5 nd nd 265 71 | 184 57 198 61 179 63

9.0 .nd _nd 344 94 220 81 252 64 214 66

10.5 [ nd nd 302 80 231 | 78 250 66 225 50

12.0 | nd nd 282 78 236 76 267 €0 238 22

13.5 | nd nd 238 54 241 97 286 T4 236 38

15.0 | nd nd 263 €7 273 (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

15.5 | nd nd 351 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 2

24.0 190 30 210 51 lﬁ 72 227 34 166 25

30.0 | nd nd nd nd nd nd nd nd 171 24

SEM = Standard Brror of Mean.

nd = not determined
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of the solution. The solution was then filtered with a 0.22 m cron
MIlex GV13 syringe filter. The vial was capped, ~gently swirled, and
then placed at anbient tenperature. 15 After 24 hours V8-G.P-1 crystal
clusters and ¥OogEers rectangul ar crystals were identifiedPET/USBRES0

magni fi cati on and estimated to be about 40 mcrons |ong, 15 mcrons
w de, . and 3 mcrons thick. A porti_Q?‘_of the nother |iquor was -
renoved and centrifuged at 16,000 x g. The V8-G.P-1 content 20 renaining

in the .clear supernatant was deter nExsampIe & t he absor bance at 280 nm
The crystalline yield was uant tated subtracting the V8-GP-1 | evel
in the supernatant fromPB m 9. f‘hg th. &Ig’ielf% e japd; ﬁéngt arting sol ution.

Thi s sanpl e showedg and IS h3idpnatizen BhSéf‘n&iet&,% 8f9-ctpe1symll 25 -
rectangul ar crystal "nor phol ogy was not observed in crystallization

trials wtweighedeimtose.3.0 ml glass vial. Then\\3.90Md0pE1a 25 mM

PCT/ U898t 26480, - 23-
Exanpl e 109 glycine-HCL, 150 mM 513%’45\23 Fﬁe%%%hrﬁ%%'odna’%ifﬁf was.

6.8 ng of hyasadi {:bZ@ﬂsﬁbwlﬁHETpe@t‘sZ&eG_PTﬁe\l\aﬁlutlon Waisgltedni Nto a 3.0 m
glass vial, treated with 1.0 m, of a 5 25 Ug ci ne-HCL, 150 nM Nad, 10%
manni tol , BAIYSBedpEefRE 10.3 MHEN)SN¥a0H bi/‘?/é'-% SMtion WRBon. The

sol ution wgane1y stilhedd Lbsaﬁdotfoaphiol 9mw Hhé'\&kﬂ%;]]idawébhﬁtigﬁ sol uti on

was gently stirred 9.0 ul of 10 nmg/m zi cchlorlde solutio wat er
was added andwaher pwasdidiadand tgle4pli edjasteito 9.4 with 2N HCl.

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
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 pértion 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 1level 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 cbserved in

crystéllization trials without trehalose.
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10 The final concentration of V8-G.P-1 was 5.31 ng/m as determ ned

fromthe absorbance at 280 nmof a 10X dil ution of the crystallization
solution. The solution was then filtered with a 0.22 micron MIlex GV13
syringe filt eyo 9o vial was capped, gently swirled, apdrijsssnessoaced
at anbient 15 tenperature. After 24 hours, small rectangul ar plate-Ilike
crystals of V8-GLP-1 were identified at 430X magnification and -
estimated to be about 10 to 30 nicrom®3ong and 10 m crons wide. The
yield was determ ned as in Exanpl e 9gyampidié¢ sanmple showed a
crystallization yield of 35% 20 ' Exanpl e 11
pH 9.0 with Zinc pH 9.4 wikhll0k Mangitel cind Aigiaiti on of VB-G.P-1 at

3 mg/ M in 50 mM gl yci ne-150 huf f er . at . : 25
prepared. To this §0I%u oﬁgv\i °M°% ?T@Wfpegf'ggvgbggg?f Y&%y/m  zinc
chloride sglifn&d idto/al 80 kP! §Tuesl vRa1R Riteatedathith! F20tmbask aip to pH

9.0. After gentle swirling, the clear sanple in_a 3-m glass vial was
st ored sat Wb rglycine-dRper 350 rWM {NRClond G¥apannitel . t RHs2+§ nebuhfer

crystal |l nga 38 IS 18! §1985 LN Ubiitdeh | Nanll ChP3ELAR s 90X

WO 99/ 307A™

- 24- nelgen fACRisted toepHallo 0y witlstSN NaoH.swhlileptheesol&oion
guantitation of crystallization yjeld, the tire suspensi_.on was passed
through a a8 et Tynaticren Ped %heSaema/ml ginc chippise splusiom) The

V8- GLP-1 contpiief GRI RiddEal AnliNEne Spi Adflstdd koAb aVascHUSRt héAL €d by
spectroscopi ¢ eval uation at a wavel ength of 280 nm wusing an extinction
coef fioi enThe fimFl Zictentration of/ V8-GR-k iwas 5f.3¥smg/mliasn a 1 cmcell.

The . Yo UShLLEahL o0 S eBHEOAALEY S oW L0y B P
sol ution. dhische adifstaildwadioncsybhtldn zatTHen solutibal dasf thef%
filtered with a 0.22 micron Millex GV13 syringe filter. The
vial was capped, gently swirled, and then placed at ambient
1s temperature. After 24 hours, small rectangular plate-like
crystals of V8-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
PE 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 pl 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



Exampl e 12 pH 9.0 with 10% Et hanol and Zi nc

Al-m aliquot of a solution of V8-GP-1 was prepared as in Exanple °
11, except that 110 [err]| of absolute et hanol was added to t he

sol ution pri gy f).;tpe addi ti on of the zinc chloride so+ 36481 S
sanpl e generate ar ge tetragonal crystals, with sone usters, 1n 80.6
%yield 20 Exarrpl e 13 pH
9.5 with 10% Et hanol and Zi nc -24- A solution of V8-GLP-1 at 10

mg/m i.n 50 niv yci ne buf 5 rPhassed

t hr ough ama,SBlféFéFi’-P’é' or%"ﬁa]elr m\/l& Fgﬂrgc %I?W%?L %&eq:%gn \ggl ences, Ann
Arbor, ablrQRLE3B) - of Oc drizbieh {heldsaind ienit iwes sadgens56f [err]|
of a gblm\/lglycme 150 NaCl- buffer at pH 9.0. To this sol ution
was then agdegabbed] ehrdhghfa dbsdlum 6léthan()‘5€1mn Spdegnces, pyn7 5 [err]|
of a 20.85 nu

22 S a5 TR s om0 1 1

PCTI USQ8n28433 filtrate was quantitated by sPectroséHbic evanuaphbﬁ.S. After
gentle swirling the final solution was encl osed jin Fgl ass vial and

stored at afig Welengf'bnﬁ%r%ﬁ‘hr@"f Wlf‘ﬂoaﬁa?§tlff‘?ﬁ:l‘r‘?ﬂ di?&l LiryeRE| | i ne
plates of or 5 ¥isClkhs "R h/stP d1Ritlm 0f YBNGLEL ARPE0N G @kY125 [err]m
wi de sand"Iessthang f hIClk

were generated in 72%vyi el d.
The crystallization y:.eld was quantitated by subtracting the

V8-GLP-1 level in the supernatant from the V8-GLP-1 level in
10 the starting solution. This sample showed a crystallization

yield of 5.6%.

Example 12
PH 9.0 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 -
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 ﬁaCI buffer at pH 10.5 was passed through a
25 sterile 0.2 pm'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 pul of a 20.85 mg/ml zinc chloride solution in water.

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



Exampl e 14 - ' pH 7.9 with 8.5% Et hanol and Zi nc

V8- A:P-1 was prepared at 4 ng/m in 50 mMMglycine 10 pH 9.5 buffer,

foll owed by passage through a 0.2 [err]mfilter (CGel man Sci ences, Ann
Arbor, M chi gawsmersfo 1-m of this sol uti on was added Pe@nisesrackso of
absol ute ethanol and then 60 [err]1l of 2.08 ng/m zinc chloride
solution in water. Small additions of OIN HC were used to adjust the
solution to pH 15 8.0. After gent!®¥Wirling the final solution was

encl osed | - SgetPh SRrBiny Ghettrialli 88iut foRANRS Ure for
t wo hours.t%#gﬁ%f n{?ﬁghgl ggr sol ution t\i/\g;as therJf adj ustgd to pH 7. 86
W th snal leeitbdddnin af 36mlNgHdis aviaktandiggtoned at ambiemt tenperature

continued for two days. M.crogcopic 20..exam.nall | .e esd - si zed,
i ndi vi dualteNRATARIHFEECT TWE)| é?g 'anﬁng%% 1ug{ié{%g§i$¥§g\§f?£%¥fs%ont ent
remai ning yglgrp-1t h@ tloPa50S Pﬂeiﬂaiéﬂétﬂ\@saﬁmihhﬁbiﬁ by gmasidescopi c

eval uation at a wavél ength of 280 nm using an extinction coefficient

of 2.0k5 fad dlesgrphuin Soumt thhckf weBge enerateds in572% yhetdl|. - The
crystallization yield was quantitated by subtracting the V8-GP-1

| evel in the supernatant fromthe VS-A.P-1 level in the starting
solution. This sanple showed a mdayiphel hiezation yield of 92.2% 30

WD 99/ 30731 PCT/ US98/ 26480

- 26- pH 7.9 with &8 Jithapol and Zinc pH 8.3 with

#&%F;E?Egl and ZiNGyg_grp-1 was prepdPe@ £t 1o Wi/l $RA6EImi! gTydBadt 1N 100

10 pH 9.5 buffer, followed by passage through a 0.2 um filter
(Gelman Sciences, Ann Arbor, Michigan). To 1-ml of this
solution was added 100 pl of absolute ethanol and then 60 pl
‘of 2.08 mg/ml zinc chloride solution in water. Small
additions of 0.1N HCl were used to adjust the solution to pH -

15 8.0. After gentle swirling the final solution was enclosed
in a 3-ml glass vial and sFored at ambient temperature for
two hours. The pH of the_cléar 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

20 examination revealed modest-sized, individual tetragomnal

‘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, ﬁsing 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 suﬁernatant from the
V8-GLP-1 level in the starting solution. This sample showed
a crystallization yiéld of 92.2%.

30



pH 10.5 buffer, followed by passage through a 0.2 [errlmfilter 5 (Gelman

Sci ences, Ann Arbor, Mchigan). To 0.5 m of this sol uti on was- added-
0.4 m of water. Then 100 [err]| of absolute et hanol was added,

foll owed by amwoww3®d3ferr]l of a 20.86 ng/ m zinc chl ori cecpgdodkéay | N
water. Small additions of | N HC were used to adjust the solution to pH
8.33. After gentle 10 swirling the flnal solution was enclosed in a 3-ni-

gl ass vial and stored at anbi ent 't fperature for one day.

M croscopi c exam nation reveal ed S%lénﬂs vi dual t etragonal plates
and sonme clusters. The V8-G.P-1 conten remaining in the clear o

supernat ant was quanti taﬂeG-Bywal_Ehsin?ctEMi angdy Zhvat i on at a wavel ength
of 280 nm usi ng an ng/ m

i f
o R0 "Ly U= "0 " oS4 U84 GBSl ', hedla 1 Sab o e
quant i tatyabjy %Jl&{ﬁ‘éH ngoibswé/&g%gsdséaﬁg@lmra Ehea 0. zsmeﬁﬂé’f\t from

(_J

the V8-CG | evel in the startin sol ution S sarrpl showed a

cryst ald i zt@eloary iSaignges, AnnoAuber, Michigan). To 0.5 ml of this FExanple
16 t % hano nd_Zinc

V- aLp- 1 VR ms Bagaeh it eEMaRd ) orRE 1607156 wpaghuts

fol I owed be/tmagfag Iaaaeah Eoﬂlgwé&rﬁl} raﬂddtt @ pl of(£CL9BEs Sk ARCES, AnN
Arbor, M chigan). 5 of this sol uti on was added 500 err] | of

absol ut e e%imh&hlf%:llld@v\éelﬁy’lon ineareny r [Smadfl addidgong/of I HCXhI ori de
sopution 1fyetileq ¥ JHGhLEraLAL 40N Rn 'Y U 01950 URECL @RSt the

Eggfbé&ngﬁﬁ&mgng the final solution .was enclosed ifi7a 3-ml gDagél 7. 40.
After gentle smnr %rgg?a ngléﬁitﬁéégééﬁﬁire 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
is 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 pm filter
(Gelman Sciences, Ann Arbor, Michigan). To 5 ml of this
solution was added 500 ul 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



enclosed in a 10-m glass vial and stored at anbi ent tenperature for
two days. M croscopi c exam nation reveal ed nodest - si zed, i ndi vi dual
tetragonal crystals. The V8-G.P-1 5 content remaining.in the clear

super nat ant wasosegdit i t at ed by spectroscopi c eval uati onp&tmsosrsase _
wavel ength of 280 nm using an extinction coefficient of 2.015 for a 1
nmg/ M sol uti on of V8-A@P-1inalcmcell. The crystallization yield
was quantitated by subtracting the2¥8-G.P-1 level in the 10

supernat ant_f.r. the V8- - | el S t4 lsuL Thi s
sanpl e shg@%cplgrgc'r‘l&s‘t a%figzegt Pgh%ge ldﬂg§,§ﬁg E%.%%}%l soliftidl U=

Exanpl e l7erd®losed in pH10-AlwglhsS0vEahaand sboordd 2% Awbdentm Sul fate :
V8-G.P-1 (12.5 r'%% was. wei g’he into g,20 m ass: . _vial. 2.0% of a 10
MV anmoni UHERRESTERWF ) H¥e FVEO ARY P nglcms'i FFRIERA P TEVRARES added.
The pH of thedaurdifa, indakybuan veerahshali efydams] userisappl 9.5
with 5N NaOH, 20 then lowered to pH 6.4 with 2N HC . The clear solution

was - 5 feonkendd nemadmimga ig he[ eiepm SUPeERAANY JVag, quaRt iated,

(MI11ipor Bedf ord. . MA). | 2 LAl . el C tration
of the VB?ﬁiHe%%d&coé)&du?' .R’%%a\%/ggwae?‘é%n ﬂ%géfeﬂé% ik %‘8@ :%'?o?%g'n e at
280 nm usi 419 e dd it icvefEicdeatl b€i 2n016f £8r 0d 51 oy /ml sdlutj/osd ofol uti on
of VB-GLP-1 in alcmecell _The grsot ein congcentrati on _was adjusted to
5.0 gVt GLBr b5 & 38 iSSiltant T86) GEYSRatbhtaiinth it das ammoni um
acetate, %%ﬁ%“\ﬁ% YRR UL hat 9888flp1P N ever &l hap! was prepared
and filter t rougd%. 22 [err] m§M l'1ex 30 C;\/13e‘ge§/rilnge filter. 2 m of
t he preci psupexnatantt iforondkde V8-GLP-1 level Wnoths(&rting

PCT/ US99/ 26480, . : 28, + .Sl pwl
2 of 1 HEODREAS: 1 TG EATBLS FBRVER & crvstalliddtion yidldde

85.0%.

added to

Example 17
15 . pR 6.4 with 5% Ethanol and 1.0% Ammonium Sulfate
V8-GLP-1 (12.5 mg) was weighed into a 20 ml glass

vial. 2.0 ml of a 10 mM ammonium acetate buffer containing
150 mM NaCl at pH 6.4 was added. The pH of the turbid
solution was clarified by adjustment to pH 9.5 with 5N NaOH,

20 then lowered to pH 6.4 with 2N HCl. The clear solution was
filtered through a 0.22 pm Millex GV 13 syringe filter
(Millipore, Bedford, MA) into a new 20 ml glass vial. The
concentration of the V8-GLP-1 stock sclution was determined
from the absorbance at 280 nm usinQ an extinction

25 coefficient of 2.015 for a 1.0'mg/m1 solution of V8-GLP-1 in
a 1l cm cell. The protein conceﬁtration was adjusted to 5.0
mg/ml. A pH 6.4 precipitant solution containing 10 mM
ammonium acetate, 150 mM NaCl, 2% ammonium sulfate and 10%
ethanol was prepared and filtered through a 0.22 um Millex

30 GV13 syringe filter. 2 ml of the precipitant solution was



glass vial. The vial was gently swirled and i ncubated at room
tenperature for 2 days. Tetragonal plate-shaped crystals were observed
with a yield of 92% 5 The pH of the crystal suspension was
adjusted to woopkb’31 5 With IN HO and zinc chloride was addp@}rﬁ,ggsﬁﬁjsbnal
concentration of 0.15 ng/m . After zinc soaking overnight at room
tenperature, the pH of the suspension was adjusted to pH 7.5 with IN
NaOH and the preservative neta-cresol~%%#%s 10 added to a concentration of

3. 16 o/ Mgy TS APLS SMSor tnd NFhaarld-11GHdcRdsobbRsER el dor mul ations
of G.P-1 crystdls can be prepared directly for pharmaceutical use

Wi t hout gldssohetalan @Thet rdatryas agsntly cawitnliedugadi dncubatedtattion in

an internediate step. 15 anplLe 18

pH 7.6 wi tFPUR %“Eeﬁz%?&reaﬁﬂrz?nﬁays' Tetragonal, plare- %ﬁﬁggépr epared at 4
my/ M in SOVl Giete obserPEaSwfelUl fpfe1d @ @aad by passage through a
0.2 [errlmfilter 20 (Acrodisc from CGel man Sci ences, Ann Arbor, M chigan).

To 10 5 m of thiThespHueEohheaeryatrl auspengioghyasuadiushadoto

f ol | owed [ern] | | 0Cs -shydr at
sol ution %\%g’[%er"g%d"f%rc?] ?néf ggéga%%jf%%i w%gﬁggdég 4 ﬂmFﬂésul ting in
a pH of absiticehtiratAforeofgentibemgymll i Nyfidre Z2ind isoakingl stepnights encl osed

in a 20-m glass vial and stored ﬁ%d‘_ggé)i ent tenperature for 24 hours.
M cr oscopi®F roomtemneratyzey obBS| BY AbdtRs -sysReRsicRywWasqadiustedagonal

crystals. dg %rhz.%;f Ht3 98 HhbRNaN@Sth Sprékiafhtivedometh-8kesol @as0! UtioN

containing 3 a 14 ng/m solution of m 30 cresol In water and 55
[err]licof axddeddid @ aoingentrabionngfi .16 mg/ml. This exaypde/ Shoed
PCT/USQ&B%Q%éE&-if desired, preserved formulations b%QGLP-l-crystals
can be prepared directly for pharmaceutical use without
isolatign of the crystals by centrifugation or filtration in

an intermediate step.

15
Exanple 18
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 pm filter
20 (Acrodisc from Gelman Sciences, Ann Arbor, Michigan). To 10

ml of this solution was added 1 ml of absolute ethanoi
followed by 600 pl of a 6.7 mg/ml zinc acetate (2-hydrate)
solution in watér. 100 pl of 2% aéetic 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 via1 and stored
at ambient temperature for 24 hours. Microscopic
examination revealed modest-sized, individual tetragonal
crystals. To the enﬁire 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



suspension with a final pH of about 7.2. After gentle swirling the

suspensi on was enclosed in a 20-m gl ass vi al and stored at anbi ent
tenperature for 24 hours. M croscopic exam nation again reveal ed
nmodest - si zed, wosbietdual -5 tetragonal crystals. PCds8Ene4s0
centrifugation of an aliquot for 5 m nutes at anbient tenperature, the
V8- G.P-1 content renmining in the cl ear supernatant was determ ned by
HPLC anal ysis of a di l ut ed sanpl e “<@®mared to HPLC anal ysis of V8-G.P-1

10 st andar l:ons. . Ihe.c | 1od [ gl d wa [tated by
subt ract i n}@&q’%‘%ﬁ‘ﬁ %vfe#él% é*ezd?g ag?’é%’pzr'%ét a%ft?zr.o# t Eeé V8- GLP-1
l evel in tlewidldng nhe suspehsiomwasilenclusedeined ¥8-GlRyllasorvidhti on

SE;]gvn\ﬁfjealg andCr tso;[raetdI "Ia%:agulngEeXE etl:edmpoef:;@?tsg.ierea|£Oo§éL §ﬁ| ppvtx§s. Microscopic Singl e

tetragonal &t onl a8l FetedBEE modesti-2azedl iAaiPighhNH err] CAc, 1%
[err] 10% et hanol buffer at 20 pH 6.4 at 18 [err]'C as described in Exanple

8. The &rysietinaganed crystad@pved fromthe nother |iquor by | ow speed

i f ' | Nk 6
lycerin pH 5.5, ASpeFrUSREOERtdadh ) B Shghet Rer o ke o

V8- GLP-1. at ambient tempa@ratupné, tthe e gIend eonvent! pemapebig camt ri f uged

25 and -t he supernatant was renpved by pipette. The pellet_was
r esuspendedli$h HeAT SUPSTRBLARF a‘f’ﬁﬁ)rfi/etﬁ%zg‘b‘é’tegt by §8Eﬁg?ﬂ1‘l¥s’-s. PHRrin pH

5.5 buffer gohdidahplel cBlipited 5 HPLM iahalysisCh¥Syalgipspensi on was
all owed to soak in thé zinc solution overnight at 4 Jerr]C
WO 99/ 3@731standard solutions. The crystallizationPgiel3owag6480 '

AP R R S M
supernatant from the V8-GLP-1 level in the starting
solution. This préserved 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 NH,OAc, 1% (NH,),SO,, 10% ethanol buffer at
20 pH 6.4 at 18 °C as described in Example 8. The crystals were
removed from the mother liquor by low spéed 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
25 and the supernatant was removed by pipette. The pellet was
resuspended in 4 ml of a ;O 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



centrifuged and their supernatants were renoved by pi pette. Four

crystal suspensions were prepared in 10 M ammonium 5 acetate, 16 ng/ ni
glycerin, 0.1 ng/m zinc buffer at pH 6.0. Further pH adjustments to pH
7.4 with 0. 1%}399930 d/ or additions of neta-cresol to a 12@!
concentration of ?g ng/ M were nade to sel ected sanpl elis 98126480
Illustrated in Table 2. Each suspension was further divided in half _for

storage 10 at both roomtenperature (aBodt 22 [err]C) and at 4 [err]C,

rovidin a total of 8 test sanples shown in Table 2.,
After 10 days, the cFyetZG RGeS GRYShal cSuspensiom Yeg dhiiifed ne

i croscope jpfle salsPenRl O iqudtisAt EThese ¥ESSerdithsL VRl 87 SYeddLC tO
guantitate the soluble V8- 15 GP-1 in the.crystalline suspensions. The
HPLC resul cengréfugedrapdrithein supgynatants were removed byWpipeBoF31
PCTI US98t 2@‘%%9: crystal su on re, ared. in '1%11' i
Tabl e 2: Ty %%5011 &8/ 878 PrTPTHH %ryst a m&u?ﬁ"gﬁgf%s
after Skor agethee, 106daysml glycerSapbel mgphl zinc bufezgat pH 6.0/ m

Sol ubl e V8-G.P-1 . Tenperature neta-cresol by
HPLC Furkher pHgagjustments) to,pH #.4 with @.1N NaOH and/@r1go, B
7.4 Adi25bhE of meta-crdbol to a £9ndfP- trat : 4
[err]lC = §fgOt meta~creRpl sy Tinat cqcentrabign of 3:% [err]C
3.16 mg/mlQwégeomade to sefePted samplefcas]|illustrated ifi Table 0.16%
7.4 22

[err]C %2 [%grémfguspension woa& &r&gxerodgéiggd in halfoor stgi'a(l)ge
10 at both room temperature (about 22 °C) and at 4 °C, providing
a total of 8 test samples as shown in Table 2.

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

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

reported in Table 2..



H 7.4 22 [err]C 3.16 0.04 % 5
Thi s experinent showed that | ess than 0.2 % of the V8- ALP-1 peptide
becanme sol ublized in either the preserved or non-preserved crystal

formul ati ons wom93er310- day peri od.

crystal
si ngl e,

[err] C than at
significant

the presence of nore than 3% et hano

suspensi ons showed 10
t et ragona

M croscopi pet/usesnkdse

| ess aggl omeration or clunping of the
crystals at pH 7.4 than at pH 6.0, and |l ess at 4-

22 [err]C. The nefd*cresol did not seemto have a
effect on crystal

FgPhamaiati on.
in the crystal

Addi ti.onal

testing

15 suspensi on,

showed

ei t her

fromthe original crSslabliez¥8i-6hPnbt ferCrystal fuspensionsm subsequent

additions, greatly reduced the I n y of the crystals in
bot h preserved and non- aikﬁ%éﬁ?@%@ﬂ?gg%uﬁgt?%ﬁéf Further tests reveal ed

t hat , al though the crystals are relatively stable in the presence 20 of
nmeta-cresqol, they are less stable in the presence of 5 % VO
99/30731 [Sample| PpH Storage mg/miCT/ UsSplpbisoVe-GLP-1
- 32- - phenol , mwhich sl 0\364‘?4 g5t - zabhop of rlﬁ;ws :
mat eri al . Addi t gﬁglﬁgrYSta StablFlt test's showed that the
V8- ALP-1 ¢ryshal § prepar 4§d at pHﬁBTZ’ﬂre very stable 5 chenueakly, wWjth no
degr adati @n._pea ohserved hy HPLC analysis aftlr storage at 5 [érr]C
or roomteénpePature Tt yp to ¢ Ctwo jonths.© 0.18: &hility tests
of crystal . . G Dlé]ICDT;I et .'_ agpte—i{
showed the¢ V8-GLH-1 10 drystals stored in The origjnal notheér |iquol were
not stabl'® wgen Tef a-jcresod Y@s added t®.1&ée Tevel of 03066% g/ m .
This test|resulteld in didsolution of f crystals after only 1 day. The
crystal instaBilify $PtHis 22cBnposjtion Guld be effeltitfefy bl o¢ked by
addl t I On | LFII\; 7.4 22 OC o 0008 %

G 6.0 22 °C 3.16 0.03 %

H . 7.4 22 °C 3.16 0.04 %

This experiment showed that less than 0.2 % of the
V8-GLP-1 peptide became solublized in.ei:her the preserved
or non-preserved crystal formulations over-a 10-day pericd.
Microscopically, the crystal éuspensions showed
10 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 re1ative1y stable in the presence

20 of meta-cresol, they are less stable in the presence of 5 %



15 (via a zinc chloride solution) prior to addition of the

preservative. WO 9910731 . . .
PCT/ US98/ 26480 - 33- VE CLAI M

1. A processyhepsgaserari ng single rod-shaped or pl ate-1i | s of
a glucagon-1like peptide-1 related 5 nolecule (G.P) which conﬁ@%ﬁéé&o
preparing a crystallization solution conprising a GLP, a buffering
agent, an al cohol or a nono or dis¥<haride, and optionally, ammonium
sul fate or Zing., 1 2 Th rocess .of  CLaim 1l wherein the GLP
o At o Phenoly WHRRALPHLYONeBRS Hi? it SHIRE 190 6 PR PLOE | <

sel ected fhporadidd group consisting of a GLP-1 anal og, a G.P- 1 .
deri-vative, a dipeptidyl-peptidase-1V (DPP-1V) protected GP, a GP-1

pepti de anal og, or &addisipnahkerrystrlb-atabidiidy testanghopedctimat Hehe
buffering ggeat i QSQ 0 M out _pH_6-.7.and is selected
fromthe g‘?%ﬁég't'%olrs13| t:ét#&LOPEBPQQ ri st' 'mrso'ﬁll l?%%aggfgt g,éég%%i um acetate, or
Bis-Tris, ecitehicalMhendith hbedagradatiot peaks obsdrvadcharipeci s sel ect ed

from the group consi sti ng of met hanol, ethanol, propanol, 20 glycerol,
t r ehal ose, yaftgr, 8598398 P 0 Se OFr FREBtempPergine: tfe¥e upr £act ose,
mal t ose, Sgied QRshtrnd | act ose, ‘and, optionally, wherein about 1%
anmonium sul fate 1s present. 3. The process of Caim1l wherein

total zinc is in a Bsapidity7tastarof atrystals perefaPedhinhglygcite a final

concentr aty et . ut 1 / and i | egte fromthe
group cons#lg{#e% 3 d\ag%%ﬁ-%?aa%ﬁl %%gm%% fq‘owe dgﬁFvng&é?'%\ DPP- | V
prot ecteed cy3tasOdtctredefihi theadfi@inal motMera1BigR6YNELE i soLP- 1 anal og,

and wherein the buffering 30 agent is about:10 to 100 nM and about pH 7-10
and is s"sae"?]é’ct‘é’(?nf' ﬁgeﬁgﬁu'ﬁa%cﬁ%‘?%q it® the dpyelnef Ashartic acid

ng/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 zZinc
15 (via a zinc chloride solution) prior to addition of the

preservative.



WD 99/ 30731 PCT/ US98126480

-34- - or Tris, and wherein the alcohol or nono or disaccharide is
selected fromthe group consisting of nethanol, ethanol, pr opanol ,

gl ycerol, trwea98881 nannitol, glucose, erythrose, r i boseExUSyakesd ose,
fructose, maltose, sucrose, and |actose. 5 4. The process of any
one of Clains 1 to 3 wherein the Pis selected fromthe group

consi sting of a DPP-1V protected &P, or a biosynthetic GLP. 10

5. The ogggimgf any one of Cains 1 to 4 wherein the GPis a
DPP-1V prote GLP selected fromthe group consi sting of

Val -8-G.P-1(7-37)OH, Thr-8-G.P-1(7-37)0H, dy- - 8-GP-1(7-37)CH, or

Met - 8- GLP- 1( 7- 37) OHA prdgess for @repamiggriddsdse sPdarPapad F Cains 1 to

5 having the ..addi ti | e f | I Raelyst LR a zinc
cont ai ni nG+85FILEER. Erysbifs St £& é& cryg'tléaelhge?gvfi%g teté#ég%nal flat rod
shapedsor moi@chhat gchpk ewhDelp hadmymys sed qutegrhrfingmat keygtalpigatsonti ng of
a GLP-1 analog, a G.P-1 derivative, a DPP-1V protected GLP, .

solution comprising a GLP, a buffering agent, an alcohol or

a mono or disaccharide, and optionally, ammonium sulfate or

zinc.

10 2. The process of Claim 1 wherein the GLP is at a
final concentration of between about 1-10 mg/ml and is
selected from the group consisting of a GLP-1 analog, a GLP-
1 derivative, a dipeptidyl-peptidase-IV (DPP-IV) protected
GLP, a GLP-1 peptide analog, or a biosynthetic GLP-1 analog,

15 and wherein the buffering agent is about 10 to 50 mM, and
abéut pH 6-7 and is selected from the group consisting of
Tris, ammonium acetate, sodium acetate, or Bis-Tris, and
wherein the alcohol or mono or disaccharide is selected from
the group consisting of methanol, ethanol, propanol,

20 glycerol, trehalose, mannitol, glucose, erythrose, ribose,
galactose, fructose, maltose, sucrose, and lactose, and,

optionally, wherein about 1% ammonium sulfate is present.

3. The process of Claim 1 wherein total zinc is in a
25 0.5-1.7 molar ratio to the GLP which is at a final
concentration of between about 1-20 mg/ml and is selected
from the group consisting of a GLP-1 analog, a GLP-1
-derivative, a DPP-IV protected GLP, a GLP-1 peptide analog,
or a biosynthetic GLP-1 analog, and wherein the buffering
30 agent is about 10 to 100 mM, and about pH 7-10 and is

selected from the group consisting of glycine, aspartic acid
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a G.P-1 peptide analog, or a biosynthetic G.P-1 anal og. 8. The
crystals of Claim?7 wherein the GLP is 25 selected fromthe group .
consisting of DPP-1V protected G.P, or a biosynthetic G.P

9. The cryggdomeh G aim7 wherein the GLP is sel ect egrhfsodRcidie
group consisting of Val-8-G.P-1(7-37)CH, 30 Thr-8-G.P-1(7-37)OH,
Ady-8-GP-1(7-37)OH, or Met-8-GP-1(7- 37) CH. WD 99/ 0731
PCTI USt 26480 -34- - 35- 10. G.P

5 VS S B R R PEF T K i e domhouppp i s ifptetd B 10 ©

12 The cyaiedtkldOfrai &al?&ddp vdi=aigt inde ofl ethan6l y sétthanali e sel ect ed.
fromthe group consistin a GLP-1 10 analog a G.P-1 derivative,
9,

DPP- |V pr mma@@le_slyaemh itrehalose.i enadsPrdg, ILRCASS: AXMIRASD GLP—

anal og. ribose, galactose, fructose, maltose, sucrose, and lactose.

4. The process of any one of Claims 1 to 3 wherein the
GLP is selected from the group consisting of a DPP-IV
protected GLP, or a biosynthetic GLP.

10 5. The process of any one of Claims 1 to 4 wherein
the GLP is a DPP-IV protectéd GLP selected from the group
consisting of val-8-GLP-1(7-37)0H, Thr-B-GLP-1(7-37)OH, Gly-
8-GLP-1(7-37)0H, or Met-B-GLP-l(?-B?)OH.

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 selécted from the group consisting of
a GLP-1 aﬂalog, a GLP-1 derivative, a DPP-IV protected GLP,

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 consisting of DPP-IV protected GLP,
or a biosynthetic GLP.

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

I /mm Illlll MII IIIII I l"l



13. The conposition of any one of Clains 11 to 12 | wherein the GLP is
sel ected fromthe group consisting of 15 DPP-1V protected G.P, or a

bi osynthetic G.P. _ 14. The conposition of any one of Clainms 11 to
13 wher ewa 99/80931GLP i s sel ected fromthe group consi sti ngcmiissredso

Val -8-G@.P-1(7-37)0OH, Thr-8-GP-1(7-37)OH, dy-8-GP-1(7- 20 37)CH, or

Met - 8- GLP-1(7-37) CH. 15. AxﬁgarnaceuticaL formul ati on conpri sing
a GP crystal as clainmed in any ofe of Clains 7 to 11 together

with one or nore pharmaceutically acceptable diluents, 25 carriers or

exci pients therefor. 16. The pharmaceutical f Lati of Claim
15 wherein 1Q he HF AFVELRSA Wgelb?‘éﬁﬁr%ﬁe%ﬁfeéggﬁ i%%lﬁsgégggggl §r% |
nDdeicatiggi Sie tde AARSkmChyebakli zation nother |iquor 30 without
separating the QP crystals fromthe nother |iquor

W09/ 30731 _ PCT/ US98/ 26480
-36- g 17, A nRidyednelal i gahbiggehobs tcmpoditdiony ofr crel at ed
conditions in a manmmal in need thereof, which conprises '~ adm ni stering

to said naenystal& P crystal of any one of

12 The composition of Claim 11 wherein the GLP
crystals are selected from the group consisting of a GLP-1
10 analog, a GLP—l'dérivative, a DPP-IV protected GLP, a GLP-1
peptide analog, or a biosynthetic GLP-1 analog.

13. The composition of any one of Claims 11 to 12
wherein the GLP is selected from the group consisting of

15 DPP-IV protected GLP, or a biosynthetic GLP.

14. The composition of any one of Claims 11 to 13
wherein the GLP is selected from the group consisting of
Val-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 separatihg the GLP crystals from the mother liquor.
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Claims 7 to 10. - 5 18. A method of treating diabetes, obesity or

rel at ed conditions in a mammal in need thereof, which conprises:-

adm nistering to said mammal a conposition of any one of Clainms 11 to
14. 10 wo ook A method of treating.diabetes, obesity pgrigspbig
conditions in a manmal in need thereof, which conprises adm ni stering
to said mammal a pharmaceuti cal fornulatlon of any one of Clainms 15 to
16. 15 20. The GLP crystal s-&8¢-clainmed in any one of Clains 7

to 10 for use in_treatin abet es, _qQbesi.t t ons.
20 21. Al gubs%dﬁ?‘%é‘?‘# fﬁ&ﬁ?&?ﬁ&ﬂsdééh%{sﬁt |°§’nequtYG?5 E.gﬂg*uléé}yst al's
as cl ai med dopgaRyoR8einfa Ghetimisl ih need4thereoSe wHich comprdaesng di abetes,

obesity or related conditions. 22. A A P-erystal substantially
as her ei nb@ﬂaualszermdw s dhimawmads ar @ﬁEeCHSS?ﬁ'Fy P& OBReCExanpl es.

A Sw%’i&n aL,I genous conposition of GLP crystals
substantlal § here| fore described with ~ reference to any one of

the Exagpl es.
18. A method of treati'ng 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.

10 :
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.
1s '
20. The GLP crystals as claimed in aﬁy one of Claims 7
to 10 for use in treating diabetes, ocbesity or related

conditions.

20 21. A substantially homégenous 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

25 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.

30
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