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A large body of pre-clinical and clinical research data suggests that glucagon-like
peptide-1 (GLP-1) compounds show great promise as a treatment for type 2 diabetes and
other conditions. GLP-1 induces numerous biological effects such as stimulating insulin
20  secretion, inhibiting glucagon secretion, inhibiting gastric emptying, enhancing glucose
utilization, and inducing weight loss. Further, pre-clinical studies suggest that GLP-1
may also act to prevent the B cell deterioration that occurs as the disease progresses.
Perhaps the most salient characteristic of GLP-1 is its ability to stimulate insulin secretion
without the associated risk of hypoglycemia that is seen when using insulin therapy or
25  some types of oral therapies that act by increasing insulin expression. |
However, development of a GLP-1 therapeutic has been extremely difficult. This
is primarily due to the instability of the peptide during manufacturing processes, in
solution formulations, and in vivo. The only published clinical studies employing GLP-1
compounds to treat hyperglycemia or other conditions involve formulating GLP-1

30  compounds such that they can be delivered by subcutaneous injection or through

continuous subcutaneous infusion or continuous intravenous administration, Many type 2



treatnment regimen that may involve several injections per day. Thus, there
is a need to develop G.P-1 conmpound therapeutics that can be delivered by
an al ter DIdM7218:- | nvasi ve neans such as by oral deliverPgI/i503/03111
Unfortunately, there are nunerous barriers to effective oral delivery of
pepti des. The high acid content and ubi quitous digestive enzynes of the
digestive tract will often degrade pré)t eins and peptides before they reach
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interact with GLP-1 compounds in a non-covalent fashion to allow the compounds to
cross gut membranes and yet remain therapeutically active. Although the delivery agents
20 employed in the present invention have been disclosed in a series of U.S. Patents (see
U.S. Patent Nos. 5,541,155; 5,693,338; 5,976,569; 5,643,957; 5,955,503; 6,100,298;
5,650,386; 5,866,536; 5,965,121; 5,989,539; 6,001,347; 6,071,510; 5,820,881; and
6,242,495; see also WO 02/02509; WO 01/51454; WO 01/44199; WO 01/32130;
WO 00/59863; WO 00/50386; WO 00/47188; and WO 00/40203), oral administration of
25  formulations comprising GLP-1 compounds with these delivery agents has not been
disclosed or suggested. Further, numerous parameters impact whether a particular class
of compounds can be effectively delivered in combination with one or more classes of
delivery agents. For example, the conformation of the peptide, the surface charges on the
molecule under certain formulation conditions, the solubility profile, the stability as a

30 formulated component, as well as susceptibility to protease digestion and in vivo stability

all influence the ability to deliver a compound orally.



The present invention enconpasses the devel opnent of novel formulations
conprising G.P-1 conpounds and delivery agents that can be adm nistered
orally. TWe 03B7xpesent invention provides a fornul ati on wrCthuSozaesibe

adm nistered orally conmprising a GLP-1 conpound and a specified delivery
agent. The G.P-1 conpound can be native G.P-1; GP-1 fragnents; GP-1
anal ogs; GLP-1 derivatives of native,_g‘_ragments, or analogs of GLP-1; and
Exendi n-3 and Exendi n-4. The delivery agent is selected from delivery
agents described in U S. Patents 5,541, 155; 5,693, 338; 5,976, 569;

5, 643,957; 10 5, 955,503; 6,100, 298; 5, 650, 386; 5, 866, 536; 5, 965, 121;
5,989, 539, 6,001, 347; 6, SUMMARYBAHBINVENDI@N242, 495; and WO
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del i ver ydeliyentagestsideespendn Hed- totentimbetls 8 1o 8381 32G%d:4486t i he group
N sqwisgouts Mool sl bt %, 2 6

present §OVELLH;0H 320,881 ;000 GRS ardl WS 0/d2300; swionuil/sit454g the GLP-1
receptor in a subject in need of such stimulation, said nmethod conprising

the stepWP 01/44h%i WIQP1/A3130 WIRROW59568¢ tWD04FE3861 iWQ WRHURS: %€ t he or al

f or mul atW09ﬁ§?6§ bed herein. Subjects in need of GLP-1 receptor
stinmulation incrude those with non-insulin dependent 30 diabetes and

obesity. WO OB{efofZebISLIPC bokipddhdiitd dnalogh IEEAV s DESGRIdS hlathle OF THE
| NVENTI ON The three-letter abbreviation code for am no acids used in this

specld i caoiddisationsrit onersr worehefithe fallowingemsitiingedl 12n16:d18) £9,320022, Bandk C,
Appendi x 3&, 3%]: argc{”'% %%rshow increased potency compared with Val®-GLP-1(7-37)OH.
Preferred GLP-1 compounds are also described in SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID NO:8, SEQ
ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID NO:13, or SEQ ID
20 NO:14. More preferred GLP-1 compounds are described in compounds of SEQ ID NO:2,
SEQ ID NO:12, SEQ ID NO:13, and SEQ ID NO:14.

Preferred delivery agents are described in Table 1. More preferred delivery agents
are delivery agents corresponding to numbers of Table 1 selected from the group
consisting of 1, 2, 4, 5, 6,9, 10, 11, 13, 14, 15, 20, 21, 22, 23, 24, 26, 28, 30, 31, 35, 36,

25  38,39,40,41,42, 43, 44, 46, 51, 52, and 54.

The present invention also encompasses a method of stimulating the GLP-1
receptor in a subject in need of such stimulation, said method comprising the step of
administering to the subject an effective amount of the oral formulation described herein.
Subjects in need of GLP-1 receptor stimulation include those with non-insulin dependent

30  diabetes and obesity.



Adm ni strative Instructions and with 37 CF. R 1.822(d)(1)(2000). .5 For
purposes of the present invention as disclosed and descri bed herein, the

f ol | ow ngwoas®B19hd abbrevi ati ons are defined as foll ows. PCh@SHEOINIL
"formul ati on” as used herein refers to a GLP-1 conpound and a specified
delivery agent conbined together which can be adm nistered orally such that
G.P-1 conpound passes through the gut jnto the systemc circulation and has
the ability 10 to bind to the GLP-1 receptor and initiate a signal

transduction pat hwa;DErpgniEDqms@mpfpﬁyﬁlmptp}gpmvamNy The fornul ation
can optionally conprise other agents so rong as the GP-1 retains the

ability to bi e thnee-Glie-abbreyttion onde fﬁhl@ntlmatmdsaxsadinthgs spseificiteoei n refers

e st onsoras et Snenaed B bl S At Auepingt oHBE PRE So et o - 0"
circul atAgﬁmléiﬁafﬁv%ffﬁsfquude alad%weq%'Ra@ltm@)@Q@om refers to
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( GLP-51( 7- 37) CFbrgnulpdsedef the prosSntGhMddfipn aHiRelbsedfand giesmrtbed h@ieky, theanal ogs,

GLP-1 derivatives of ural ]y occurrin P-1 pol ypeptides, G.P-1
fragrrent";o OWﬂllgﬁ_eﬁnﬁal’é%Q%EF@’éatlogﬁam éﬁﬁi%fgﬂaw& Exendi n-4 that have the
ability 20 torpl E;gmt‘ CorbitichPas &seﬁ%%f‘e%ﬁ ferdBa GRIPL1 %rﬁe@\lrﬁ'aﬂﬂﬁl

t ransducti on pat way resulting rn insulinotropic activity. The term
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secretion_ _in response to_el evated glucose |evels, thereb usi.ng gl ucose
upt ake bYLE| sampayad pawey bagued ¢ E@ genatoghe Banis sireylat lowdy ﬁ?ﬁﬂ ?
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Exanpl e I nsu troprc act V|ty l'et cells
secr et e ingslildtivplceacelBy.i ’Dhet f(bemm’aaSE Bﬁﬁop‘tfonh]hﬁcﬁlﬁ-ls'b didregaltesalong as
background | evels. The t " DPP resistant” refers to G.P-1 nol ecul es

t hat haviie&lReh detains H’é’t%’ﬂ&b’ﬂi‘bb@@é@ GLPyl P pr oved bi ol ogi cal activity.

For exanpl e, J esi B hod
described in @a h%{ '%% %t%@_gﬁil%ﬁgﬁegezg e&ﬂlg%éwcvﬁl%gg?ds?gﬁwl sjﬁ?ltrl\ t he
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PCT/ US03/ 03111 -5 stability above that of native G.P-1. DPP |V resistant
GLP-If nofwstemiesirgdptitlave an” anino acid change at the DPP |V recognition
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naturally occurring GLP-1 polypeptides (GLP-1(7-37)OH and GLP-1(7-36)NHy), GLP-1
fragments, GLP-1 analogs, GLP-1 derivatives of naturally occurring GLP-1 polypeptides,
GLP-1 fragments, or GLP-1 analogs, and Exendin-3 and Exendin-4 that have the ability

20  to bind to the GLP-1 receptor and initiate a signal transduction pathway resulting in
insulinotropic activity.

The term “insulinotropic activity” refers to the ability to stimulate insulin secretion
in response to elevated glucose levels, thereby causing glucose uptake by cells and
decreased plasma glucose levels. For example, insulinotropic activity can be determined

25  using the method described in Example 1. A GLP-1 molecule has insulinotropic activity
if islet cells secrete insulin levels in the presence of the GLP-1 molecule above
background levels.

The term “DPP IV resistant” refers to GLP-1 molecules that have extended
metabolic stability and improved biological activity. For example, DPP IV resistance can

30  be determined using the method described in Example 2. A GLP-1 molecule is DPP IV
resistant if in the presence of DPP IV the GLP-1 molecule has extended metabolic



recognition site, or both. 5 A"G.P-1 fragnent” is a pol ypepti de obtained
after truncation of one or nore amno acids fromthe Nterm nus and/or
C-term nuwOomB/o@uPs 1(7-37) OH or an anal og or derivative tRrerasb3/odine
nonmencl ature used to describe GP-1 (7-37)OH is also applicable to G.P-1
fragments. For exanple, G.P-1(9-36)0OH denotes a GLP-1 fragnment obtained by
truncating two am no acids fromthe termnus and one amno acid fromthe
C 10 term nus. The anmino acids in the“fragment are denoted by the same
nunber @t%bflﬁfabcﬁ@rtﬁeﬁ%?ﬁ@ﬁi\bé@LP-qmm BE tddistant GEB- Lnbiedd)eSohn Iebfe a@xanpl e, the
N-term nal utamc acid in GP-1(9-36)OH is at position 9; position 12 is
occupi ednimyo qujn@nlgdngb ahihaé)PPd]ﬁﬁrepmgntwromte (Rositign SEQGEPQCIVWS@WTM ne, as in
GLP-1(7-37) OH. r GLP-1(.7-36 t he i ne at

GLP- 1( 7Pgl?t}‘5851°ﬁ% Ia@tfﬂ’éﬁ?rgh%_@T Pféﬁ'iieitﬂgﬁé @ccewggh@ﬁt he ER?V ﬁ%#bel ogy to
GQP-1(75 %gqui nt of G.P-1(7-37)0H such that the anal og has
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SUbStItUtlng am no acl ts pOSItIOI’] I's 1 ndi riror O t he parent
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which the glycine normally found at posjtion 22 of P §7 37)OH has been
repI ac e@ymﬁatm&}warﬁr@ngéwés frompithe Mrigpmingg pndine. aél?l}@aicl es a GLP-1

I ne 25
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mol ecul q,oalh@ngemt}i@ by-3heH isasetedunber as the corresponding anino acid in
GP-1(7-37)OH. For exanp I”e for a WD 03/072195 PCT/ US03/03111 -6 G.P-|
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GLP- 1( 7-a34lo@Has fH&Qmﬁno acid sequence of GLP-1(7-37)OH or a fragment thereof, modified

so that from one, two, three, four or five amino acids differ from the amino acid in

corresponding position of GLP-1(7-37)OH or a fragment of GLP-1(7-37)OH. In the

20  nomenclature used herein to designate GLP-1 compounds, the substituting amino acid and
its position is indicated prior to the parent structure. For example, Glu**-GLP-1(7-37)OH
designates a GLP-1 compound in which the glycine normally found at position 22 of
GLP-1(7-37)OH has been replaced with glutamic acid; Val®-Glu**-GLP-1(7-37)0OH
designates a GLP-1 compound in which alanine normally found at position 8 and glycine

25  normally found at position 22 of GLP-1(7-37)OH have been replaced with valine and
glutamic acid, respectively.

GLP-1 molecules also include polypeptides in which one or more amino acids
have been added to the N-terminus and/or C-terminus of GLP-1(7-37)OH, or fragments or
analogs thereof. It is preferred that GLP-1 molecules of this type have up to about thirty-

30 nine amino acids. The amino acids in the “extended” GLP-1 molecule are denoted by the

same number as the corresponding amino acid in GLP-1(7-37)OH. For example, for a



termnal amno acid is |located at position 38. Thus, position 12 is
occupi ed by 5 phenyl al ani ne and position 22 is occupied by glycine in both
of these wexBemdesl" GLP-1 conpounds, as in G.P-1(7-37) OHPCAisndoxcei ds 1-6
of an extended GLP-1 nolecule are preferably the sane as or a conservative
substitution of the amno acid at the correspondi ng position of
AP-1(1-37)OH. Anmino acids 38-45 of an extended G.P-1 nolecule are
preferably the same as or a conservative substitution of the amino acid at
the 10 CaLp- q%ﬂ@@@ln@eb@ﬁéuﬁo;y%da £6th YRALPII QY to ENDEMiftus 6F " GLP- 1
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Ul o e g of 814 et Bk EhTbREE (R RIQUEPE T U0y N acyl
nodi fi cagdreBsondiMpdidstivatdf@GIsP-0f1-3HOH. %ﬂﬂﬁrﬂﬁdmds(?f:&’ mwargevmrmed @ilPutie,

Wi thout limtation, the am de, |ower alkyl am de, dialkyl am de, %nd | ower
al kyl esmelecylparapreterabhythe sppR@p obd ReSeivative subgtigigy Pftmmlﬂ%?% PethCone or

nor |de rou s r RS g be protected by protective groups
kno to° pnoas}tloﬁorpglﬂ &szg glgpro e?lﬁychem st. The a-carbon of an am no

acid may be nR”@LPOI dé’r’f’vaﬁlvél"eﬁemtbﬁiﬁﬁioleE@lé hatiggthy pomesicial seiacpoesent
invention, an in vitro GLP-1 receptor-signaling assay is used to deternine

whet her @Lbdr, 2 icdd- hlﬁaém@@tnﬁ"e@@ qnaé@bpﬁ@%qnaﬂéiaﬁmgPhem1ﬁ§u| i not ropi ¢
activity i ng\\é%t\l’oghofEﬁeendeore gm&%%% ?ge frgg&rﬁess ?thggmg heRpgsent

i nventi off® £1°0° pot ey t an one-tenth the in

vitro poérﬁiﬂﬁlgr&fp, 3PtetmimalEirb b Wlic@8iddreuy. zGcl?elﬁwahr&bdh@ckﬂimwmla&es but is
Val ' - GLP- 187- 7)OH. More preferably, the WO 03/072195 PCT/US03/03111 -7

ext elfdednalimited tpeasidingechemical moigiicasaeating mewrhongds aad éela%Vlas)tﬂ@%lC%r nor e

tent th Vi P-1 th
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cel | - basgfly@as a¥mindgtbuipd, N-RIRVRAGY of S, BREaHheAsr 1418, alkylation of

glutamic or aspartic carboxylic acid groups, and deamidation of glutamine or asparagine.

Modifications of the terminal amino group include, without limitation, the des-amino,

20  N-lower alkyl, N-di-lower alkyl, and N-acyl 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 C;-C4 alkyl. Furthermore, one or
more side groups, or terminal groups, may be protected by protective groups known to the
ordinarily-skilled protein chemist. The a-carbon of an amino acid may be mono- or

25  dimethylated.

For the purposes of the present invention, an in vitro GLP-1 receptor-signaling
assay is used to determine whether a particular extended GLP-1 peptide will exhibit
insulinotropic activity in vivo. Extended GLP-1 peptides encompassed by the present
invention have an in vitro potency that is not less than one-tenth the in vitro potency of

30 the DPP IV resistant GLP-1 analog known as Val®-GLP-1(7-37)OH. More preferably, the



5 "EC50" which is the effective concentration of conpound that results in
50% activity in a single dose-response experinent. For the purposes of the
present iwWOeabixmpy in vitro potency is determ ned using &Cfiluses/eacence
assay that enploys HEIR-293 Aurora CRE- BLAM cells that stably express the
human GLP-1 receptor. These HEIR-293 cells have stably integrated a DNA
vector having a cAWP response elenment {CRE) driving 10 expression of the
13-l actamase (BLAM) gene. The interacfion of a GLP-1 agonist with the

recept Oreitgléeh@ﬁm eﬁtmg%hhtegg&seh@mﬁtfonia@e achdator AbrOpotehians VP 1 esponse

el enment an subsequent expression of 13-lactamase. The 13-1actanase
CCF2/ AM VaBsiRi@-1HeH.enits fluorescence when it is cleaved by

13-l actamase (Aurora Biogciences Corp.) can then be . added to cells that
have been expdd&drq Botgn pééPF‘?dcheé?%B&&the&ea@fp-ogaﬁgagﬂi%f’g?BCRWG\}? de a 15

7 okar ni vl g GO RepBOb IR bl SRR S i pAERASS gl BEthe! 1 L
val ues f SEC{hehivhriptherediectivd cineentratioaxd nphpoundhsataresidts én G0%edtivisy ing t he

BLAM assay descri bed above, by ﬁener ating a dose response curve using
di | ut i onsnglgHgsegsPonsSeEP oy RarnBrBImResesPTale PTaseab HyrRlon, FEYIHP) ve i n

cont rof  BRR B bERaR) RuRZ) RBISUGC, ol HARLARIGSDRVE, S PR Gl ! 2 2

"del i ver BLAGS6E1Is th&tfseibdy &xprem tlechilitsn GhPU. Bcephat aticse HEB42931& s have, 693, 338,
5,976, 569; 5,643, 957; 5, 955 503; 6,100, 298; 5,650, 386; 5, 866, 536;
5. 965, 123tably igegratsd - DANyetoghyving a gAMB nasponse glemep(CRELTEND 42 495 and

o0l sBbae b P Al T Madts. 1R RNk, Gulteaihiuthe T |

derived fdceptosinitifesacdigtl tadreatks e fivdtionroitiec AN@ refponsaitiahemiadof the
present invention. The derived am no acids can also be in the formof poly
ani no acsubsequeniexpegssiot @f B-laglamase dedclaetamasea( T gubstiate theli aniffavi ng at

| east ong free amne groyp and i f C [ ynt hetic
am no acﬁﬂ%?escls%?engerﬁ lﬁbs Cg%vﬁg %Xrﬁ éqgéetgﬁﬁ%rm%g%# iBgléJs?}leg?gsS(g&&)(R/ro&%ﬁ{é%?e am no

acids |i pkRd tbyelr thandvé Bésmmtpbiedab ia@]pecgﬁ@amumf“mmaag@ﬁstlt@ pkeRiiea €. 0.,
an ester, anhydride, or an anﬁydri de linkage. Peptides are two or nore

ami nbS acingeswi3LB72po8isPrrtengso Fhe3ssey is fgthendesedbaslinLlplegsrikae abond.
ol ypept (98D Ytnbezdosfat Qe aPEi aRPRDadRa i rriS PEWRonBEbE Dol uae
di - pept ijsie@in dxahmpREDPWettEdoterhBhdPusiBPhb BEAM By HIeSBed EBbedsS .
Furthernore, the delivery agents of the present invention are optionally in
a salt generating a dose response curve using dilutions ranging from 0.00003 nanomolar to 30
nanomolar. Relative in vitro potency values are established by running
20  Val®-GLP-1(7-37)OH as a control and assigning the control a reference value of 1.
The term “delivery agent” refers to molecules in U.S. Patents 5,541,155;
5,693,338; 5,976,569; 5,643,957, 5,955,503; 6,100,298; 5,650,386; 5,866,536;
5,965,121; 5,989,539; 6,001,347, 6,071,510; 5,820,881; and 6,242,495; and
WO 02/02509; WO 01/51454; WO 01/44199; WO 01/32130; WO 00/59863;
25 WO 00/50386; WO 00/47188; and WO 00/40203. The delivery agents are generally
derived from amino acids and are useful in the oral formulations of the present invention.
The derived amino acids can also be in the form of poly amino acids, and peptides. An
amino acid is any carboxylic acid having at least one free amine group and includes
naturally occurring and synthetic amino acids. Pély amino acids are either peptides or

30 two or more amino acids linked by a bond formed by other groups which can be linked,

e.g., an ester, anhydride, or an anhydride linkage. Peptides are two or more amino acids



5 form Exanples of salts include sodium hydrochloric acid, sulfuric acid,
phosphoric acid, citric acid, acetic acid, sulfate, phosphate, chloride,
brom de, wodB@d®19%cet ate, propionate, hydrobrom c acid, ®ocdiuses/sadr oxi de,
pot assi um hydr oxi de, ammoni um hydroxi de, and potassi um carbonate. 10 The
various oral formulations of the present invention nmay optionally enconpass
a pharmaceutically acceptable buffer. _%xarrpl es of pharmaceutically
acceptabl e buffers include phosphate buffers such as di basic sodi um

phosphat j%inel%bf%peg{ibf&y&ﬂl[ Yepfides JARNE/LIR 11er§gﬂ|§ifr9ﬂﬂ BEPAELwith Oflb Wity T T at e,

sodiumtartra r an am no acid such as glycine, histidine, |ysine or

ar gi ni neacidsttb @olyphptides seiht seeerh] yundoclemiab heidbuPfefarsdpeptidesomludendit he 15
the buffer is selected fromthe group consisting of

art. Preferably,

phosphatléeP“%‘Fﬂa é?‘Pﬁ%FF@éattét,ra'HﬁﬁldGF’fBﬁrPEr.lta@?BHd%re preferably the buffer is

TRI'S. Pref 1 1S i i ; : 100 mM
refer ?I@#rg}egbpg: e d§h§é}gﬁ Hied 3 th BresSntRETHBEA al%qgiﬁtonéﬂ 2243

Even nore p the concentration 1s between about 10 nM and about
50 myl nidsh. BEaambisalfkaltstihdudadodam, lsydedvhldric20idybblig® abik ppéspbbrit he or al

formul ations is adjusted to provide stabilit nd to.b accept abl e for
oral admdhsitFrigerignaceps asids subfple, Pl@?f@ﬁ’ﬁﬂ ‘i}%o"é% ﬁ@p}gé@ﬂ%ﬁg&é@ﬁgg » about 7.0
and abo . e | Y 3; i g,glqﬁ 7 .4. Even
nor e p;ﬁ,{f) glro g%ﬁe{ﬁ%{ %tHEp)ﬁECi JSC?‘ES%‘%‘/E‘E‘%’ a ogd?e’g)sga\égﬁgl 4. tl(?\%gl?m%?gl erably, the
pH i s betiytesidghadipotagsiBnantoBats. 25 The various oral formulations of the

present invention may optionally enconpass a suspending agent. Sone
delivery agents require a suspending agent due to their solubility

characteristigg, Véggbugé&ﬁfg(}rgm?{twgs &ﬁ@%@éi;eﬂ&nggﬁgping% Ag)gﬂhawfcems-s

met hyl cel | ul ose: efera I nal" conce

hydr oxy ps glhaesutivhiteidceptaisie buffer. eanges @iphutmadativatly abesptableMbffers
(weight/volune). Even nore preferably, the 30 concentration is between
about 29%nghide abesphatsdyfigps\spch adibashy eqdipm phgspbats, TREL @bwsvieiciten i s about
3.9% (W y),. WO 03/ 072 U 0313 13 h ral- j .0f the
pr esent rln)ﬁl\‘;%tﬁt ?O§A%§&%§T$§y§ fﬁgrgéeogrprl séargraggtgrso a\q)%%l{) %E@%hgﬁ %’gg%\ i ?/lgfff"y

agent s rggtiding 16980bVLfhMmed GRhérphbhgideusellyhictdptaplchafas i kinotvh ds the
Exanpl es of cosol vents include ethanol, N nethylpyrrolidone,

N, N-Idi mearhyPreesetis the buffoy insadeated figmithe gionp qensigingodpheshatceTRBxy di ol |
o 0P e R E L5058l e A pdel v ! ol ore
Preferably, the TRIS concentration is between about 1 mM and 100 mM. Even
more preferably, the concentration is between about 10 mM and about 50 mM, most
preferably the buffer is about 20 mM.

20 The pH of the oral formulations is adjusted to provide stability and to be
acceptable for oral administration. Preferably, the pH is adjusted to between about 7.0
and about 9.0, more preferably the pH is between about 7.4 and 8.4. Even more
preferably the pH is between about 7.8 and 8.4. Most preferably, the pH is between about
7.8 and 8.1.

25 The various oral formulations of the present invention may optionally encompass
a suspending agent. Some delivery agents require a suspending agent due to their
solubility characteristics. An example of a suspending agent is hydroxypropyl-
methylcellulose. Preferably, the final concentration of hydroxypropylmethylcellulose is
between about 2% and about 10% (weight/volume). Even more preferably, the

30  concentration is between about 2% and about 5% (w/v). Most preferably the

concentration is about 3.9% (w/v).



bet ween about 5% and about 30% (vol une/vol une). Even nore preferably, the
concentration is between about 10% and about 25% (v/v). Mst preferably the
concent r awpDaen/07398bout 20% (v/v). The oral formnul ati ons ofPCrhsopoasent
invention may optionally conprise a 10 preservative. Preservative refers to
a conmpound that is added to the fornulation to act as an antim crobial
agent. Among preservatives known in thg art as being effective and
acceptable in parenteral formulations are phenolic preservatives,

al kyl par abensThdeRE ¥drmuitoas 6f the pHsOrit B0 na g&@ﬁ@ﬁﬂly%inpr@é‘ﬁi ot her
simlar preservatives, and various m xtures er eof anpl es of phenolic

der i vat i wasslvient|Saes delvsn) Qeahdeqsmmsolwntadm tottheiesaability charastsristicsnd

prenel BB S3:ol RES3ELAE TR e AL N SRR,

al kyl par ghe 'Elm@ch%rlfc%ﬁ%ﬁrﬂfi@%Iytéaﬁfr@PEthoJ?%ﬁBPb%y%‘;leg y%bﬂl pélv'y@daﬂ@ﬁe %_ggélude

met hyl par aben hyl par aben pr opyl par aben ut yl par aben.
concent r 3@0 anspaiyatylpyrelidoht c Peft¢rably, theaifinaladoncengragion o tieicoslednteist i veness

by retardln m.cro gr owt reservatiye is a 20 phenol
deri vat i B&W Wb?@“ﬁ? MPW%@(‘@; %/a(}]éf%éle‘}eﬁ RO RIEST abY mor e
pref er abl o b RgitioRliE BEWE awcﬁlmé%ra%% {59} . %§§t$&éﬁqb§aﬁéent ration of a

preservatlvelnthe Inal mxture 1Is out to about 20.0 ng/ni.
Mor e pr eécﬁmemchtroangelsomﬂOWNaentratl on of preservative in the final

m xture are about /mL to_about 8.0 /L, about_ 2.5 ng/nL to about
25 4.5 mg/ L Ehﬁo%&rm"gﬂt@nﬁaﬁhﬁpfeéﬂ&%mnﬂ n gaypgpnally mg?)?eferred

concept r %F&Oa‘cﬂfe. ?S%?V%Elv@;éfgr‘g td 8 c&ﬁgoﬁddr}ﬂét 1%&‘&6‘(1&8 tﬂesfofﬁi‘ﬁ%fﬂoﬁg‘to%cm m. The
or

oral atirons of the present 1nvention nay optionally conprise an
i sot oni cad yntigierdbial lagatto Ainortgypregentises lafosn indhecatrpobeidg efftusive and t ol er at ed
physi ol ogi cal | and inpart a suitable tonicity to the fornmulation to

prevent #9septakie ip pw@falmatwﬁ gePhgpoliceseriaiiyes ﬁ@gvlpa@bsw §492%f such
conmpoun dac’lcb g ! éﬁqgrogﬁt)iﬁ% Qorcﬁl%i taﬁd 0 951mlﬂ?ge’sel@ €s Séfﬂaafa t%rgg extrose,

manni t ol , sucrose ese cdnpoun S are y used 072195
PCT/ USO Sf@&bilExaﬂﬂes ufphepuolipdadatiass ikclade cressis emt platnoborsa mﬁmﬂe(mtf nor e
isotonicity agents may be added to adjust the ionic strength or tonicity.
The p? ef eicbdgandphesal. clﬁ%a;nr&@%?ﬁcr@sglsma@lde TRB-CTehHOras b RABCreRd Nad i s

2ot 7 OlgBEITED, s IR, SOOI, Pl e ot
conposi t nttaredalyered il Exanpled@if ylkppatabetsdiaclinde medfylparsieh) dhylﬁara‘.ﬂibn,
" propylparaben, or butylparaben. The concentrations must be sufficient to maintain
preservative effectiveness by retarding microbial growth. Preferably, the preservative is a
20  phenol derivative. More preferably the preservative is a cresol. Even more preferably the
preservative is meta-cresol.

A preferred concentration of a preservative in the final mixture is about
1.0 mg/mL to about 20.0 mg/mL. More preferred ranges of concentration of preservative
in the final mixture are about 2.0 mg/mL to about 8.0 mg/mL, about 2.5 mg/mL to about

25 4.5 mg/mL and about 2.0 mg/mL to about 4.0 mg/mL. A most preferred concentration of
preservative in the final mixture is about 3.0 mg/mL.

The oral formulations of the present invention may optionally comprise an
isotonicity agent. Isotonicity agents refer to compounds that are tolerated physiologically
and impart a suitable tonicity to the formulation to prevent the net flow of water across

30 cell membranes. Examples of such compounds include glycerin, salts, e.g., NaCl, and

sugars, e.g., dextrose, mannitol, and sucrose. These compounds are commonly used for



as a tablet, capsule or particle, such as a powder. Solid dosage fornms may
be prepared by mxing the solid formof the conpound with the solid form
of the acwDws/ozgent. Alternatively, a solid may be obtai med/tiSopomial
solution of conpound and active agent by methods known in the art, such as
freeze drying, precipitation, crystallization ad solid 10 di spersion. G.P-I
conpounds appropriate for use in the E g.esent invention: The GLP-1 conpounds
of the present invention can be nade by a variety of nethods known in the

art suchygg psPbbdd aPRaseh Sotitbiveitiohs C 0ABTS oYe isdtehicity @aértomagbe GliRdto 15
nol ecul es from natural sources, reconbi nant DNA technol og é]p or a

conbi natadiust tie iotie sengsh biogsicitFoThe peafpras isoteninidylsgand is Welepatieng GLP- 1

tid d U t at Pa 666 5,120, 712;
Do e onegon phipe Nach igPrebibty Boeg atrds SlimioRs a0 itk BRE v 1o
t er m nus,fc & Btk feen abOhit SRSV 88D 1 S5IMINGE md3tPlReHredas hishie 130 nnd t he

car boxy-term nus has been assi gned nunber 37. e other 20 amno acids in
t he pol ypept |”ﬂ&:zalmﬁnustnaﬂmr®nhpmnmsmaw\ahblylatl‘ﬁy bhiovhe lﬁrﬁrsﬁi;a Jobdnggeh. For
exanpl e, posjtion 1 nyI | ani ne and tion.22 is cine...The two
nat ur al I%?adélélﬁ?’ FERTY et quli’ﬁ%‘éf 3P ﬁ‘gé‘F ‘; (588 fopma 2Ry ér?ﬂ?redlibé’r nula I,
SEQ I D '\Hﬁ i ff%hec%dfn 8 with the solid form of the acti t

“Thr - Phe %§01§d5% V/%% e Cotipout T;?\Fl_ 6301 oar_no e active agen

d y- A n- Altanatiadh alsykd Gay-bPlobtalided- fﬁdmﬁ@elﬁtlpn bEepmviadundyasd @y 8mgentAryg- Xaal37
Formul a | I D NO 1 Xga3d7 is . Gy, or -NH2. /072195
PCT/ uso@?let@?éqmo“ﬂnﬁ“‘e%rs&m]? %FZ@_dFXllig»@Sﬁﬁaﬁﬂénﬂsti‘ﬁéﬁm\gﬁéoﬁé| d
sequi%ncedlgé R IDNO 1 or is nodified so that fromone, two, three, four
or five amno acids differ fromSEQ ID NO 1. A preferred group of GP-1
conpounds is conposed of G.P-1 analogs-of 5 Fornula | (SEQ ID NG 2).

H s- Xaa8- Xaa9- d y- Xaal 1-Phe- Thr-Xaa14 Asp- Xgal6- Xaa 17- Xaal 8-Xaal9-
Xaa20- XD P-LermmRan P oREER AOKUTEY ThSBESEREIHOBhe. | | c- Xaa3 0- Xaa3l

Xaa32- Xaa33- Xa 42 10
ng 43- ng 44- Xa2 4§Lf£qa(%§1ﬁ$%ﬁhs60%ﬁ@ﬁ?eséﬁ%eﬁﬁ&?@é%%@(f@bﬁ%ﬂﬁﬁ

methods known in the art such as solid-phase synthetic chemistry, purification of GLP-1
15  molecules from natural sources, recombinant DNA technology, or a combination of these
methods. For example, methods for preparing GLP-1 peptides are described in United
States Patent Nos. 5,118,666; 5,120,712; 5,512,549; 5,977,071; and 6,191,102.
By custom in the art, the amino terminus of GLP-1(7-37)OH has been assigned
number residue 7, and the carboxy-terminus has been assigned number 37. The other
20  amino acids in the polypeptide are numbered consecutively, as shown in SEQ ID NO:1.
For example, position 12 is phenylalanine and position 22 is glycine.
The two naturally occurring truncated GLP-1 peptides are represented in

Formula I, SEQ ID NO:1.

25 His’-Ala-Glu-Gly'’-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu*’-Glu-
Gly-Gln-Ala-Ala®-Lys-Glu-Phe-lle-Ala**-Trp-Leu-Val-Lys-Gly**-
Arg-Xaa®’
Formula I, SEQ ID NO:1

30  wherein:

Xaa®’ is Gly, or -NH,,



Formula | (SEQ ID NO 2) wherein: Xaa8 is Ala, dy, Ser, Thr, Leu, Ile,
Val, Qu, Asp, or Lys; 15 Xaa9 is Qu, Asp, or Lys; Xaall is Thr, Al a,
Gy, Ser,wbegpo72ib®, Val, du, Asp, or Lys; Xaald is Ser, pATaiSoA3i1 Thr,
Leu, Ile, Val, GQu, Asp, or Lys; Xaal6 is Val, Ala, Ay, Ser, Thr, Leu,
Ile, Tyr, GQu, Asp, Trp, or Lys; Xaal7 is Ser, Ala, Ay, Thr, Leu, Ile,
Val, Qu, Asp, or Lys; 20 Xaal8 is Sefy,. Ala, Ay, Thr, Leu, Ile, Val, Qu,
Asp, Trp, Tyr, or Lys; Xaal9 is Tyr, Phe, Trp, Qu, Asp, @n, or Lys;
Xaa20 is Leu, Ala, dy, Ser, Thr, Ile, Val, Qu, Asp, Met, Tip, Tyr, or
Lys; Xaa2l is Qu, Asp, or Lys; Xaa22 is Ay, Aa, Ser, Thr, Leu, lle,
Val, du, Asﬂ)rehrabbyg GLR:S ctano®d kasthqaminoracidgeguenct of SBQID NP:1 9isis  Xaa24

is Ala, Gy Leu, is Ala,
Gy, Sertodtipd S a b aryie, e, Stagp v pmiptecidSBmdtor FA DREEY. &,

Gu, Asp, Ork'ﬁefr}@g}%z §fGEPLlc@rﬂi) RSP e Fpbdt of 3 PXaaRKlopsSofAl 2, Gly,
Ser, Thr, Leu brefe u15 A u, SP sc Qaa3 is Tip, Phe, Tyr, Qu,
Asp, 5or Hoymula\/lﬂﬁﬂ&’mm PCT/ USOS/ 03111 -12 Xaa32 i-s Leu, a y, Ala, Ser,
Thr, Ile, Val, GQu, Asp, or Lys; Xaa33 is Val, dy, A a, Ser, Thr, Leu,
Ile, Qu, Asp, or Lys; Xaa34 is Asn, Lys, Arg, GQu, Asp, or Hs; Xaa35 is

Ay, Ala, Ser, Thr 8 ~dLe L IIGE‘IhQJT}@@pd 1R - %S5 16)@ Xapaps kg @y, Arg,
Lys, Qdu, Asp, Iliﬁslf)%xgdgh Gl})/ﬁa a SEL y ,a Leu, Ilg Val ,

du, Asp, or Lys Xa ?-Xaﬁé%h@ﬁaazm%)(a SKaa, S Kog” thslle Xhal’-XasP: or His,

or is deleted, Xaa39 gs Ser, Arg, a4 Uszy r39 a0 Qr 41 d@l et ed;
Xaad40 is Ay, Asp, @311 agr-X2 559%% ¥(§a "’é’u—:gsf19 %@ g 4aphe, Trp,
Tyr IOG u, Asp, or $ysixQi«hg.del eted; Xaad2 is Ser, Pro, Lys, a u, or Asp,
or i's delet ed;

Formula I (SEQ ID NO:2)

wherein:
Xaa® is Ala, Gly, Ser, Thr, Leu, Ile, Val, Glu, Asp, or Lys;
15 Xaa’ is Glu, Asp, or Lys;
Xaa!! is Thr, Ala, Gly, Ser, Leu, Ile, Val, Glu, Asp, or Lys;
Xaa' is Ser, Ala, Gly, Thr, Leu, Ile, Val, Glu, Asp, or Lys;
Xaa'® is Val, Ala, Gly, Ser, Thr, Leu, lle, Tyr, Glu, Asp, Trp, or Lys;
Xaa' is Ser, Ala, Gly, Thr, Leu, Ile, Val, Glu, Asp, or Lys;
20 Xaa'd is Ser, Ala, Gly, Thr, Leu, Ile, Val, Glu, Asp, Trp, Tyr, or Lys;
Xaa'!® is Tyr, Phe, Trp, Glu, Asp, Gln, or Lys;
Xaa® is Leu, Ala, Gly, Ser, Thr, Ile, Val, Glu, Asp, Met, Trp, Tyr, or Lys;
Xaa?! is Glu, Asp, or Lys;
Xaa?? is Gly, Ala, Ser, Thr, Leu, Ile, Val, Glu, Asp, or Lys;
25 Xaa® is Gln, Asn, Arg, Glu, Asp, or Lys;
Xaa™ is Ala, Gly, Ser, Thr, Leu, Ile, Val, Arg, Glu, Asp, or Lys;
Xaa® is Ala, Gly, Ser, Thr, Leu, Ile, Val, Glu, Asp, or Lys;
Xaa®® is Lys, Arg, Gln, Glu, Asp, or His;
Xaa®’ is Leu, Glu, Asp, or Lys;
30 Xaa® is Ala, Gly, Ser, Thr, Leu, Ile, Val, Glu, Asp, or Lys;
Xaa®! is Trp, Phe, Tyr, Glu, Asp, or Lys;



Xaa43. is Ser, Pro, GQu, Asp, or Lys, or is deleted; Xaad44 is Gy, Pro,

A u, Asp, or Lys, or is deleted; and Xaa45 is Ala, Ser, Val, Qu, Asp, or
Lys, Al a-WBd3/083ps NH2, Val - NH2, d u-NH2, 15 Asp-NH2, or [Pg3AUSBR9310r S

del eted; provided that when the am no acid at position 37, 38, 39, 40, 41,
42, 43, or 44 is deleted, then each amno acid downstream of that am no
acid is also deleted. It is preferregiut_hat the GLP-1 conpound of fornula I
contain less than six amino acids that differ fromthe correspondi ng am no

aci d i n GLRsM K30 B, ollg e md vl {1u2fisp ormpse preferred that |ess than
five am no a%% s diffeer fromthe corresponding amno acid in G.P-1(7-37)CH
Syf]IcExen]gl nXda bistVal,skaésﬂla,rﬁnr,él“lmﬂeefueﬂc,dﬁﬂurAaln, drégs; than four amino acids
iffer fromthe corresponding ,amnqg.acid in G.P-1(7-37)CH or Exendin-4.
GLP-1 corrpgéﬁwdhs%ﬂn’ldﬁ%ﬁfgeéﬁhﬁspﬂ‘?f 4 on include derivatives of fornula I

such ~as ay(i;&36ShRN e ThRTiclENe Wal Gk Rzl deyhgm de, or
C 1-6-di al %((é:a[ am dlg’ tﬁd{érgd? ’r2ﬂ§ W89/ 43706 csilZ’scriyg’es derivatives of G.P-1

conpsunds Xha’f Gr@iy] Arg, IgndCius Aspoodfigr ated by reference herein inits
entirety. Thg

conmpounds of formula | deriyvati,zed descr. in WO
99/ 43706 aXar LkdaEpi Uik H@@e‘érﬁueﬂﬁ’oﬁﬁa&;éﬁblﬁzsgh‘g ; e‘grzlgtrdlefgﬁ“'génlt inon.

formia |1 S pEes S A By B b 6 B B & S Ohons . Caao el o9 of
Xaa7- Xaa8- XaddisQey; ARa Lyd,-GlapAsh, hHiSer iskletetaal6- Ser - Xaa' 8-

Xaal9-Leu-d Us d y- Xaa23- Xaa24- Al a- Xaa26- Xaa27- Phe- 1| e- Xaa30-
Xaa31- Leu-X&%&@-éé(aé&&)@é@%f-b@agmﬂg}?t@ﬁbrrrul all (SEQIDNO3) 5 wherein:

Xaa7.is: Lghisstigdin i-sf1 dine, 1 N0z BList.jzdi ne, 2-am no- hi stidi ne,
B- h37}8r oxy- At st ‘gfuan@?e’ %ﬁbﬁ%‘?‘%‘fa?‘ﬁ%d"qyﬁ 4 E%}ét{eﬁw ~hi stidine or

a- net hyl - hixa? & Se; PrsaBs, iGlu, &Asp, Aliadeald; Leu, Ile, Ser, or Thr; 10 Xaa9
is: Thr, Ser,, Arg, Lys, Trp, Phe, Tyr, Qu, or Hs; Xaall is: Asp, Qu,
Arg, Thr, Xh%l,flﬂ_g@;Pl‘@sGHéSP)@ifaﬁ}ﬁsPrslﬁdﬂiege,‘t Trp, Phe, or Tyr: Xaal6 is: Leu,

Ser, Thr, h is%l%d P%} %lu,%s%', oy ﬂrs, op %rdelegd;' an®’ Al a;
Xaa® is Ala, Ser, Val, Glu, Asp, or Lys, Ala-NH,, Ser-NH,, Val-NH,, Glu-NH,

15 Asp-NH,, or Lys-NH,, or is deleted;
provided that when the amino acid at position 37, 38, 39, 40, 41, 42, 43, or 44 is deleted,
then each amino acid downstream of that amino acid is also deleted.

It is preferred that the GLP-1 compound of formula I contain less than six amino
acids that differ from the corresponding amino acid in GLP-1(7-37)OH or Exendin-4. It

20  is more preferred that less than five amino acids differ from the corresponding amino acid
in GLP-1(7-37)OH or Exendin-4. It is even more preferred that less than four amino
acids differ from the corresponding amino acid in GLP-1(7-37)OH or Exendin-4.

GLP-1 compounds of the present invention include derivatives of formula I such
as a C-1-6-ester, or amide, or C-1-6-alkylamide, or C-1-6-dialkylamide thereof.

25  W099/43706 describes derivatives of GLP-1 compounds of formula I and is incorporated
by reference herein in its entirety. The compounds of formula I derivatized as described
in WO 99/43706 and underivatized are encompassed by the present invention.

Another preferred group of GLP-1 compounds is composed of GLP-1 analogs of
formula I (SEQ ID NO:3):



Xaal8 is: H's, Pro, Asp, Qu, Arg, Ser, Ala, or Lys; 15 Xaal9 is: dy, Asp,
GQu, Gn, Asn, Lys, Arg, or Cys; Xaa23 is: H's, Asp, Lys, du, Gn, or
Arg; Xaa2oiosn075hu, Arg, Ala, or Lys; Xaaz26 is: Trp, Tyr, PEPRASO®sjl Lys,

A u, or

H's; Xaa27 is: Ala, GQu,.H's, Phe, Tyr, Trp, Arg, or Lys; 20 Xaa3

is: Ala, Qu, Asp, Ser, or H's; Xaa3' is: Asp, dQu, Ser, Thr, Arg, Trp, or

Lys; Xaa33 is: Asp, Arg, Val, Lys,

or Asp;

Ala, Gy, or Gu; Xaa34 is: Gu, Lys,
Xaa35 is: Thr, Ser, Lys, Arg, Trp, Tyr, Phe, Asp, Ay, Pro, Hs, or

Gu; 25 Xaa36 iSs:x,h 1aa5X'éa él%/p)(aélrﬁmaamwm - spAX :91;16 ﬁnu)(ae@% Hi's; R37 is:

Lys, Arg, Thr, Ser, u, Asp,
del et ed.

r, Phe H|s £ -Po or is
Anot her }{naégf—bmr @m-@iyaﬁpa Md“PAIB—XW%&a dsPhﬁslleeKamos ed of GLP-1

anal ogs of Formula L] EQ V\Q6 34072195 PCT/ US03/ 03111 -14
RIS e e iR

Xaa7- Xaas- A u- G y->&a1k

aal6- Ser-Ser-Tyr-Leu-

G u- Xaa22- Xaa23- Xaa24- fggg? I | e- Xaa30- Tr p- Leu-

Xaa33- Xaa34- Xaa35- Xaa3>66?)%§rallg% nmu ggl?\lrdlila?SEQ ID NO.4) 5 wherein: Xaa7 is:
L- hi stidine, D histidine, desam no-histidine, 2-am no-histidine, 13-hydroxy-
hi sti di ne honohi sti di ne, a-fl uoronethyl histidine or a-nethyl histidine;
Xaa8 |sW'Gf<§ln Ala, Val, Leu, Ile, Ser, or Thr; 10 Xaal | is: Asp, Gu,

Arg, Thr,
Leu, Ser,

%Iﬁg 1s_|fly %1st1ﬁ]{nekb%ﬁstld>iﬁ a"r}ﬁ?o—ﬁgﬁdm-gor 0 ﬂ?)ehlsf)?(&alg%gf hy -5, i Zs D,

Au, dn, Ath1stid;(1$e h&lhghls@dhn@b(iﬂuéi@ﬁ%ﬁlyl Histidire,or Aspethyly]ﬂstldﬁm, or Gn; 15
Xaa24 is: d Hs, Ala, or Lﬁ s Xaa25 is: Asp, Lys, GQu, or Hs;
€, OCI,

10

15

20

25

Xagg is: Gly, Ala, Val, Leu
Xaa’ is: Thr, Ser, Arg, Lys, Trp, Phe, Tyr, Glu, or His;

Xaall is: Asp, Glu, Arg, Thr, Ala, Lys, or His;

Xaa'? is: His, Trp, Phe, or Tyr;

Xaa'® is: Leu, Ser, Thr, Trp, His, Phe, Asp, Val, Tyr, Glu, or Ala;

Xaa'? is: His, Pro, Asp, Glu, Arg, Ser, Ala, or Lys;

Xaa® is: Gly, Asp, Glu, Gln, Asn, Lys, Arg, or Cys;

Xaa® is: His, Asp, Lys, Glu, Gln, or Arg;

Xaa* is: Glu, Arg, Ala, or Lys;

Xaa® is: Trp, Tyr, Phe, Asp, Lys, Glu, or His;

Xaa?’ is: Ala, Glu, His, Phe, Tyr, Trp, Arg, or Lys;

Xaa® is: Ala, Glu, Asp, Ser, or His;

Xaa®! is: Asp, Glu, Ser, Thr, Arg, Trp, or Lys;

Xaa® is: Asp, Arg, Val, Lys, Ala, Gly, or Glu;

Xaa>* is: Glu, Lys, or Asp;

Xaa® is: Thr, Ser, Lys, Arg, Trp, Tyr, Phe, Asp, Gly, Pro, His, or Glu;

Xaa®® is: Thr, Ser, Asp, Trp, Tyr, Phe, Arg, Glu, or His;

RY is: Lys, Arg, Thr, Ser, Glu, Asp, Trp, Tyr, Phe, His, Gly, Gly-Pro, or is deleted.

or Thr;

Another preferred group of GLP-1 compounds is composed of GLP-1 analogs of
Formula III (SEQ ID NO:4):



Xaa27 is: Ala, Qu, H's, Phe, Tyr, Trp, Arg, or Lys; Xaa30 is: Ala, Q4du,
Asp, Ser, or H's; Xaa33 is: Asp, Arg, Val, Lys, Ala, Gy, or du; 20 Xaa34
is: Gu, Wo3/0m9Asp; Xaal35 is: Thr, Ser, Lys, Arg, Tip, Pgm/UuSPHes11Asp,

Gy, Pro, H's, or Qu; Xaa36 is: Arg, Qu, or Hs; R37 is: Lys, Arg, Thr,
Ser, Qu, Asp, Trp, Tyr, Phe, H's, Gy, Ay-Pro, or is deleted. 25 Another
preferred group of GP-1 corrpounds i sgonposed of G.P-1 analogs of Formula
IV (SEQ I D NG 5):

Xaa7- Xaa8- A u- A y- Xht"-Xad kX mﬂmwamser-g@ )@@fﬁ JottSe -Leu—
d u- Xaa22- Xaa23- Al a- Al a- Xaa Phe Il e- Xa%SO -Le -Val -

Xaa35- Ar g- R37 30 Fthleaa 2 {Xaaf sE@ -BaalOLep-XA0 eBheeIieI(gg fﬁﬁmﬂeees/ 03111 -15-
wherei n: Xaa7 is: ;{f?dxg 5. %émsi%y]dl ne, desam no-hi sti di ne,

2- am no- hi sti di ne, hormhi sti di ne,

a-fl uoronet hyl - hi sti d| nemlgﬂaﬁig?ngy[bma idine; Xaa8 is: Ay, Aa, Val,
Leu, Ile, Ser, Met, or Thr aal2 is is, Trp, Phe, or Tyr; Xaa'6 is:

Leu, Ser, Thr, Trp, Hi s, Phe, Asp, Val, GQu, or Ala; Xaa22 is: dvy, Asp,
Gu, dn Asn, Lys, Arg, or Cys; Xaa23 is: H's, Asp, Lys, GQu, or dn;
Xaa26 i sWhQ(EI& Lys, @u, or His; 10 Xaa30 is: Ala, Qu, Asp, Ser, or His;

Xaa3ds 1s: Hap 1sSErh1ﬂHﬁ§e Da‘hﬂtédlﬁé Riesa-tlrﬂfho fﬁﬁqneb‘?pamlgﬂnstﬁﬁfé B- hly&ox?f A u;
R37 is: Lys, Arg, Ser p, Irp, Tyr, Phe, Hs, Gy Pro, or

i s del eted. mBmdme,rhomoe]ﬂsﬂdrreadanhmupnﬂhylmﬁdme ©0 rxpmthylhlshémc,o rrpos ed of
)C(;ez-?lxgggl o Of 913’]?5}%1];’2{4%”#?}% Y]S((agEQ l NO g) er-Ser-Tyr-Leu-d u-
f:(g?rzru Xaa2 qF &?@O@%‘gry&rgerﬁr Q\hE‘Ly% eor@@so Tr p- Leu- Val - Lys-d y- Arg- R37
Xaa s: His, Trp, Phe, or Tyr;
Xaa'® is: Leu, Ser, Thr, Trp, His, Phe, Asp, Val, Glu, or Ala;
Xaa? is: Gly, Asp, Glu, Gln, Asn, Lys, Arg, or Cys;
Xaa® is: His, Asp, Lys, Glu, or Gln;
15 Xaa?* is: Glu, His, Ala, or Lys;
Xaa® is: Asp, Lys, Glu, or His;
Xaa?’ is: Ala, Glu, His, Phe, Tyr, Ttp, Arg, or Lys;
Xaa is: Ala, Glu, Asp, Ser, or His;
Xaa* is: Asp, Arg, Val, Lys, Ala, Gly, or Glu;
20 Xaa** is: Glu, Lys, or Asp;
Xaa® is: Thr, Ser, Lys, Arg, Trp, Tyr, Phe, Asp, Gly, Pro, His, or Glu;
Xaa’® is: Arg, Glu, or His;
R¥ is: Lys, Arg, Thr, Ser, Glu, Asp, Trp, Tyr, Phe, His, Gly, Gly-Pro, or is deleted.

25 Another preferred group of GLP-1 compounds is composed of GLP-1 analogs of
Formula IV (SEQ ID NO:5):
Xaa'-Xaa®-Glu-Gly-Thr-Xaa' 2 -Thr-Ser-Asp-Xaa'°-Ser-Ser-Tyr-Leu-
Glu—XaaZZ-XaaB-Ala-Ala—Xaa?‘é—Glu—Phe—Ile-Xaa30-Trp-Leu-Val-Lys-
Xaa®-Arg-RY
30 Formula IV (SEQ ID NO:5)



20 wherein: Xaa7 is: L-histidine, D histidine, desam no-histidine,

2-am no- hi stidine, B-hydroxy- histidine, honohistidine,

a- f | uor orwOlglo7NP3t i di ne, or a-methyl-histidine;, Xaa8 is: PGryuSO®x11 Val ,
Leu, Ile, Ser, or Thr; Xaa22 is: Ay, Asp, GQu, dn, Asn, Lys, Arg, or Cys;
25 Xaa23 is: H's, Asp, Lys, Qu, or An; Xaa24 is: Ala, Qu, H's, Phe, Tyr,
Trp, Arg, or Lys; Xaa30 is: Ala, Glgls_Asp, Ser, or H's; R37 is: Lys, Arg,
Thr, Ser, du, Asp, Trp, Tyr, Phe, Hs, Gy, Gy-Pro, or is deleted. 30
Preferreghdidif-1 conmpounds of formula I, I, IIl, IV, and V conprise G.P-1
anal ogs or fragnments of GLP-1 anal ogs wherein the anal ogs or fragnents

cont ai n anXwg 83L-0isBdE, Pdiytdse3 dedino-histidingnd-aminechigtidingd:-hydiexy-al ani ne

t iti . ition 8. anal . 1t is. preferable that th ition 8
anal ogs. cont difieBe repohBi R ms AR iBe G PR RBIS 11" 12, 16
18, 22, Z%aa%éleﬁngla?ﬁaliQu, B Sep Met38r TS, 36, and 37 conpared to the

correspondi ng _am dcid of 'native GLP-1(7-37)CH. It is also preferable
t hat 5t heseXan'4dlio§Hs,lap P, or Tfrewer 5 changes conpared to the corresponding

am no acids ip.native GP-1(7-37 r P 1(7-36)OH. More preferred
anal ogs ha@@ag1%#ﬁPéﬁﬁfT@hgﬁbég&ﬁgg;gﬂ%agiémPh@“gkorresponding am no aci ds
in native 21 Gro ! Padf fy364@Hb0fydave 4 or  fewer changes

. H ’A 2 > ) 2 .
conpar ed t(jga?hés( (z:%lg’r% b%l% ag%l{ nggam dspdli}r’l native GP- 1 (7-37)CH or
GLP- 1( 7- 36 ekt id: tHis, Ay Bys, @in,eorfilef er abl e that these anal ogs have 3 or

fewer changes, 10 conpared to _the corresponding anmno acids in native
GLP- 1(7-373@#‘4 oy Aspy bvs G988, 1t is nost preferable that these anal ogs

have2 or f: . S to the corresponding amno acids in
natﬁge GLP?%%s}%%?%Q?ﬁPégiggggg ’P-1 conpounds of formula Il, IlI, 1V, and
V conpri se XahP-s: Tharsergs, Aet, Thp,JEPtes Asp, @yPPib, BiiglooGdu;i n whi ch gl yci ne
at position.22 and preferably alanine at 15 positign 8 have be%Q repl aced
with anot h& Bi-YieAasiThr Sechlndspi TonToePhe Hisdab Ob-5eos ar isgelstedni ¢ aci d,
arginine or lysine, position 8 is preferably glycine, valine, |eucine,

i sol euci ne, serine, threonine or nethionine and nore preferably valine or
gl yci ne. \WenApaBértpreferré? giowp af SLIPEDBoraparids isseomipoasd 6f/SLR4lcanamigs of
position 8 is preferabl | yci ne, valine, |eucine, isoleucine, serine,

t hr déni rfermpla Gﬁ%@ﬂ?@ﬁ%ﬁg and nore preferably valine or glycine.

Xaa'-Xaa®-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Val-Ser-Ser-Tyr-Leu-Glu-
Xaa22-Xaa23-XaaZ4-Ala-Lys-Glu—Phe-Ile-Xaa3O-Trp-Leu-Val-Lys-Gly-
Arg-R¥
Formula V (SEQ ID NO:6)
20  wherein:
Xaa is: L-histidine, D-histidine, desamino-histidine, 2-amino-histidine, B-hydroxy-
histidine, homobhistidine, a-fluoromethyl-histidine, or a-methyl-histidine;
Xaa is: Gly, Ala, Val, Leu, Ile, Ser, or Thr;
Xaa®? is: Gly, Asp, Glu, GIn, Asn, Lys, Arg, or Cys;
25 Xaa? is: His, Asp, Lys, Glu, or Gln;
Xaa®* is: Ala, Glu, His, Phe, Tyr, Trp, Arg, or Lys;
Xaa is: Ala, Glu, Asp, Ser, or His;
R is: Lys, Arg, Thr, Ser, Glu, Asp, Trp, Tyr, Phe, His, Gly, Gly-Pro, or is deleted.

30 Preferred GLP-1 compounds of formula I, II, IIT, IV, and V comprise GLP-1

analogs or fragments of GLP-1 analogs wherein the analogs or fragments contain an



O her preferred G.P-1 compounds include G.P-1 analogs of fornula IV (SEQ I D
NGO 5) wherein the anal ogs have the sequence of G.P-1(7-37)CH except that

t he am nowoagsitk1ss position 8 is preferably glycine, vali mer/useseiine,

i sol euci ne, serine, threonine, or nmethionine and nore preferably valine or
gl ycine and position 30 is glutamc acid, 25 aspartic acid, serine, or

hi stidine and nore preferably gl ut an’i_f:6_aci d. Gher preferred G.P- 1
conmpounds include GLP- 1 analogs of formula IV (SEQ ID NO 5) wherein the
anal ogs aﬁ‘gn‘f@aéiﬁgthf%?% NERiY at Gh&ridd € Foslitdd SxGEdYs). t R prefepabidinapthe@ci d at
position Is prefterably glycine, valine, |eucine, isoleucine, serine,

t hr eoni pesition 8 amelols omitaia oasdr moreadditednat eisinges/apositions 9,glly ¢2.né, &%d
position 37 is histidine, |lysine i ni ne, eoni ne, (ieri ne, glutamc

, .. 30 th

aci d, agpatdi’d &6id; 30r3lnddpHan’ Iy P gﬂ%qmpaﬁﬁ%wﬁgp%qsngn P& 210

ref eral| i_St:1 dj-ne. 072 R 5 r rred
IOGI_P- 1 c%%o%#géb?ﬁgﬁﬁgzgﬁ '1@211%% 85&%@?&%&%@ |a1\1/a1% SE%VIIQ% OTHN%S.%SI‘)3 wher ei n
t he analchgsgedaumphiae ts gguenesontinglalidd deidsnGHHfiveGERpl(7437a0Htdre amino aci d
at position 8 is preferably glycine, valine, |eycine, isoleucine, serine,
t hr eoni rfé@P~éf7'3@9p i W%@eéwd@ﬁ?@gbh%ﬁeér%@‘ye PPERS CBWPQT"?({? He and
position 22 is .4l 1 G .ac] LY SirRe 75 thiCp_aei_ Ll e and nore
pr ef er abf® {/resgﬂolr}fl gl .Lééﬁg%fﬁgﬁ%{nﬁa&&??&ﬂﬁlﬂ(&%ﬁ?ﬁﬁrﬁﬁ 367: Ssjé)dli{/gﬁlag? mradrﬂllgi ni ne,
gl ut am Gered chan@SRAAIPatedas ilth cotfespdtidity ahine acide immitive GHaF-e(7a35M)QH orsi ne or

glutamc acid. OQher preferred GLP-1 conpounds .include GP-1 anal ogs of

f or mul a GLR-$EB)OH Nbisgvenmesre Prelerahledbaitergs apaloss have 308 dersicBargesGLp- 1
(7-3,7) OH _excent. ..t hat e i . Ac] S iy A is preferably

gl yﬁpne,cogg’lafeﬁg? ey |e§s1£?n i %ﬂlgij&%g?ﬁ{s%r@%ecaﬁf H?'e%ﬁlogle{nsor met hi oni ne and
nor e pr &fEP.ap}-¥6)GHLI 8s MostPryfeiabts thnctheesinklognhA2 J &r fgwveit d@mhgesaci d, | ysi ne,
aspartic acid, or arginine and nore preferabl | utam ne acid or |lysine and
posi t i orcopmparesl to ghesgrirrasporidjng anaino 4eigh i %%Vetq[;/f’pg OphARH-t yr osi ne,

phenyl al ani n r _histd di ne an f I ' i [
preferred GL&YE%ESBrsz%fﬁgSOIPR@P%ag? ES_GF&HTJ lz’nlzfl: gg’s%gﬁ} %ﬁ?eaé% g\Magglro in the
anal ogs HaMenthe oTEIURNGRalefs idlwhict glyémd alPdskticaradeptd préfetablyhalading mo aci d at
position 8 "and one, two, or three am no acids selected fromthe group

condiSst i pegitioh ey beemreplacgrbwithjapetheriamipe pidi on 12, position 16, position

posi [ on 30, e BRGNOLTE ishRn P Bhlagafile pofORkblR Y Aind BRIALPRIC o

posi t i oy 3RrabBNElyHIas] il 18utine isofeREink| Rfnt hbreafing Or ARttdomhe tdtbmore
correspondi ng ‘posSi tion_ of . . o o
preferably valine or glycine. When position 22 is a sulfonic acid such as cysteic acid,

position 8 is preferably glycine, valine, leucine, isoleucine, serinq, threonine or
20  methionine and more preferably valine or glycine.
Other preferred GLP-1 compounds include GLP-1 analogs of formula IV (SEQ ID
NO:5) wherein the analogs have the sequence of GLP-1(7-37)OH except that the amino
acid at position 8 is preferably glycine, valine, leucine, isoleucine, serine, threonine, or
methionine and more preferably valine or glycine and position 30 is glutamic acid,
25  aspartic acid, serine, or histidine and more preferably glutamic acid.
Other preferred GLP-1 compounds include GLP-1 analogs of formula IV (SEQ ID
NO:5) wherein the analogs have the sequence of GLP-1(7-37)OH except that the amino
acid at position 8 is preferably glycine, valine, leucine, isoleucine, serine, threonine, or
methionine and more preferably valine or glycine and position 37 is histidine, lysine,
30  arginine, threonine, serine, glutamic acid, aspartic acid, tryptophan, tyrosine,

phenylalanine and more preferably histidine.



native GQP-1(7-3 7)OH O her preferred GLP-1 conpounds of formula I
include: Vval8-GP- 1 (7-3 7)OH, dy8-GP-1(7-37)0OH, Glu22-G.P-1(7-37)0H,
Asp22- GLPWO(03/034y0H, Arg22- GLP-1(7-37) OH, Lys22-GLP-1(7- 3CrMmyp3/03111

q/522- GP-1(7-37)0OH, 25 Val'-Glu22-G.P-1(7-37)CH, Val'-Asp22-G.P-1(7-37)CH,
Val ' - Arg22- GLP-1(7-37)OH, Val 8-Lys22-GA.P-1(7-37)CH,

Val 8- Cys22- GLP-1(7-37)OH, dy8-d u22-GP-1(7-37)CH,

d y8- Asp22- GLP-1(7-37) OH, d y8- Arg22-G.P-1(7-37) OH,

A y8- Lys22- GeinddifeRALOILP- 3 R&%‘é@ 21cBR-QIT-A 3hh oﬁbw@ata@leEQijG) CH,
Asp22- GLP- 1( 7- 36) OH, Arg22- GLP-1(7-36) OH, Lys22- GLP- 1(7- 36) OH

Cys22- GND.’SQ WhakjrOHe aﬁﬂomavemumu&c@of@iﬁwm)OHaBXceAéﬁ@tzﬂl@ach( 7-36) OH,
Val ' - Arg22- GLP-1(7-3 8- L 7-

Val 5. Oy So5i ppipn 8 Sopieriraty Shore . e Pt SOlSHBS. GaEPPigeor

PCT/ USO OH,

G yo- Lydadie pd e ilndags saliicy ca?%%fffi‘f’fsé%)*%%% e b e o
Va: Sﬁhy&%}iarggbl%(cg a3§i)1ﬁ]d and Gikygpl‘:??ﬁ?ﬂy @Jﬁam(cbcﬁi?()r%mdimmmﬂ 2%21577 g;g g
Val'-H s - . | S

Vat s- Lyslmn@l:&llll(l%g ol acid, GEWQBC eg! a%aﬁl%‘sf‘j Jd\?a?fgp)él%ﬁzﬁréblg&ﬁmﬁ% 37) OH,
Glys-d g@&& 7- 37)OH Asp30- GLP- 1( 7-37) OH, Val s- Asp30- GLP- 1( 7- 37) OH,
G y8- As 7-37)OH, GIn30- GLP-1(7-37)0OH, Val'-GLn30- GLP-1(7-37)CH,
A ys- GLn30- GGthd pre R OIGLP- Ty odpeEdRidd 7de3F]).H), anvmigh oﬂ‘garmmaassmmsn OH,

Glys- Tyr30- GLP-1(7-37)OH, . Ser30-GP-1(7- Ser 3 7-37) OH,
mﬁ sg h‘ﬁ@ Wﬁwﬂ@?}l@i‘qgs h%)feermtl% mu@_‘iﬁ(Of (G?U) %:,ciﬂ\ﬁl\[ﬂ;?mgﬁ tg%‘é% (7- é?) OH,
Gl H s3 71

Va%/:lOGlls %I%? si %)1?83%%) rab@@c&g—glﬂn leg%)l%lil%‘éieg rlnle( ’alrc%zﬁrg_br

Val ' - Al agéthfgnfrend ndofy P fertBly Sraldaddel @ik dd/pBitjddd2 is @Mﬂmc@hia- Iysihe37) OH,

Vat's-Qy34- GLP-1(7-37) OH, G ys-GL y34-QLP-1(7-37) O _Ala35- G P-1(7-37) CH
Vat s- Alafgaaree pid( grazginimg anéﬂ}%re A!Leég’sblmgbﬂ*lr(lme@% lysiee andpositieng’/48 7. 37) oH,

Vet s Ly s Bl el R Gl gt st (7 37) O
Val 8- Pr o@;éfeab&éuélﬁn@)m Glys- Pr035- GLP- 1(7 37)OH, Glu35- GLP-1(7-37) OH,

Val ' - GLu35- GLP- 1( 7- 37) OH, Glys- Glu35-G.P-1
Va189-5A1a27- GL@the( mrefriediFLR7A temppwsts igglpder IpPéﬂnaj;gs of formula I wherein

the analogs have the sequence of GLP-1(7-37)OH except that the amino acid at position 8
and one, two, or three amino acids selected from the group consisting of position 9,
position 11, position 12, position 16, position 18, position 22, position 23, position 24,
position 26, position 27, position 30, position 31, position 33, position 34, position 35,

20  position 36, and position 37, differ from the amino acid at the corresponding position of
native GLP-1(7-37)OH.

Other preferred GLP-1 compounds of formula II include: Val®-GLP-1(7-37)0H,
Gly®-GLP-1(7-37)OH, Glu**-GLP-1(7-37)OH, Asp”>-GLP-1(7-37)OH,
Arg”-GLP-1(7-37)0H, Lys*-GLP-1(7-37)OH, Cys*>-GLP-1(7-37)OH,

25 Val’-Glu?2-GLP-1(7-37)0H, Val®-Asp*-GLP-1(7-37)OH, Val®-Arg”*-GLP-1(7-37)0H,
Val®-Lys?>-GLP-1(7-37)OH, Val®-Cys*-GLP-1(7-37)OH, Gly*-Glu**-GLP-1(7-37)0H,
Gly3-Asp?*-GLP-1(7-37)0H, Gly®-Arg”-GLP-1(7-37)0H, Gly*-Lys**-GLP-1(7-37)OH,
Gly*-Cys?-GLP-1(7-37)0H, Glu?*-GLP-1(7-36)OH, Asp’’-GLP-1(7-36)0H,
Arg?-GLP-1(7-36)OH, Lys*-GLP-1(7-36)OH, Cys**~GLP-1(7-36)OH,

30 Val’-Glu*-GLP-1(7-36)OH, Val®-Asp?>-GLP-1(7-36)OH, Val®-Arg**-GLP-1(7-36)OH,
Val®-Lys®-GLP-1(7-36)OH, Val®-Cys”-GLP-1(7-36)OH, Gly*-Glu**-GLP-1(7-36)OH,



20 Val ' -Glu22-Lys23-G.P-1(7-37)OH, Val8-Glu22- Glu23- GLP-1(7-37) CH,

Val8- Glu22- Ala27- GLP-1(7-37)CH, Val'-Gly34-Lys35-CG.P-1(7-37)CH,

d ys- H s3vo@M72107- 37) OH, Val' - Glu22- Ala27- GLP- 1( 7- 37) OH, PCT/US03/03111

& ys- Glu22- Ala27- GLP-1(7-37)OH, Val8-Lys22-Q3 u23-G.P-1(7-37)0OH, and

G y8-Lys22-3F u23-G.P-1(7-3 7)OH. 25 Another preferred group of GLP-1
anal ogs and derivatives for use in theg present invention is conposed of
mol ecul es of fornula VI (SEQID NO7) R -X-QA u-dyl

- Thr - Phey f % Reg™ aiy*-L 22-GLP 1(7-36)0H,
d n- Al a- A?ZAS% Gm@méjﬂfie&;\% %Tﬁ%ﬁﬁﬁ@?ﬁ y& ys 97( 30 Formul a
VI ( SEQGIR- N@%)GM@I(G?J@@HL%S RISU33 QL Va 1=m (&iﬁ@rle(7f3 Y@, i s sel ected

fromthe cQns t i hi sti di ne,
2- ani no-®Y 3t lOJV%l ﬁgﬂ) tﬁwgﬁggx%[ ?t[ﬁ) &ﬁﬂ@?gg ':[{his ] 1??wﬁ’omt hyl -

of Al g ﬁ‘% R (Mo L%Z“@*’&PS%Z‘ 3@"?1‘3"’%‘8“%’3”"{@9?“3‘@27’3??28 from the
group cc@l& SGLBQ(T}BWJHJ, Vzﬂi§ Glu AICH,P-TWrW)SH,,GIgSHGIﬁ S&LPZIC7§>7§@HeCt ed from

t he grolg pnsistin R2 is

ay- Ot o FLerer ey g oabP ot e, GBEstnaath cw B e
e Ty 6L Ay 5 ”3‘35%‘;@‘@“1‘%19@@ SO G- g HoRe S Y

t her eof , Ty oGpha(mv:)e)H ieaf-rye° @deeI(ﬂeﬁﬂ)@Hsé}lly grm?‘?e@bbﬂm aa)mﬂi,g at | east
one nodi figation sel ected rou c i st of
subst it Lﬁqr%TGIéE 1613 00kS, Vaéi$?rneGLg {e/ gﬂﬁ é&ﬁ?‘ﬁﬁf 5@@9&6\

| ut,am t fn 8 30| i h| oni ne,
Shor gl sl APPSR MO B PR ”29*‘?@? s s T O o

posi t i OrGR¥;GDP- 1%714@3)01& umﬁnﬂ@*‘ GIQH’ ¥l moaﬂly%qelu%ﬁrpel(ﬂan@ﬂr eoni ne,
al ani ne isol eucine IeUC|ne,

ot bt oo e GHBrT AT A Ay - B S Br i TRk -eD P S e
[’f; :OE 'oghaﬁﬁ’ gﬂ?h(? YOI Wik ey @ icran 1 X4 AR, el 8RPEERRL 1 @M7AGmac d f Or
Ala**-GLP-1(7-37)0H, Val®-Ala*-GLP-1(7-37)OH, Gly®-Ala*>-GLP-1(7-37)0H,

15  Lys**-GLP-1(7-37)0H, Val®-Lys*-GLP-1(7-37)OH, Gly*-Lys**-GLP-1(7-37)OH,
His**-GLP-1(7-37)OH, Val®-His**-GLP-1(7-37)0OH, Gly®-His**>-GLP-1(7-37)0H,
Pro*’-GLP-1(7-37)OH, Val®-Pro**-GLP-1(7-37)OH, Gly*-Pro*>-GLP-1(7-37)0H,
Glu*>-GLP-1(7-37)0H, Val®-Glu**-GLP-1(7-37)0H, Gly*-Glu*’-GLP-1(7-37)OH,
Val®-Ala?’-GLP-1(7-37)0H, Val*-His*’-GLP-1(7-37)OH,

20  Val’-Glu**-Lys®-GLP-1(7-37)OH, Val*-Glu**-Glu*-GLP-1(7-37)0H,
Val’-Glu?-Ala*-GLP-1(7-37)0OH, Val®-Gly**-Lys**-GLP-1(7-37)0H,
Gly*-His*’-GLP-1(7-37)0H, Val*-Glu**-Ala*’-GLP-1(7-37)0OH,
Gly®-Glu?-Ala?’-GLP-1(7-37)OH, Val®-Lys**-Glu®-GLP-1(7-37)OH, and
Gly®-Lys?-Glu*-GLP-1(7-37)OH.

25 Another preferred group of GLP-1 analogs and derivatives for use in the present

invention is composed of molecules of formula VI (SEQ ID NO:7)

R;-X-Glu-Gly'®-Thr-Phe-Thr-Ser-Asp'*-Val-Ser-Ser-Tyr-Leu*’-Y-Gly-
Gln-Ala-Ala®-Lys-Z~Phe-Tle-Ala*’-Trp-Leu-Val-Lys-Gly’-Arg-R;
30 Formula VI (SEQ ID NO:7)



position 31; (c) substitution of at |east one of. tyrosine for valine at
position 16; lysine for serine at position 18; aspartic acid for glutamc
acid at pweiogiom1921; serine for glycine 25 at position 2PcTarsgs/edine for
glutam ne at position 23; arginine for alanine at position 24; and

glutam ne for lysine at position 26; and (d) substitution of at |east one
of . glycine, serine, or cysteine for b_ani ne at position 8; aspartic acid,
gl ycine, serine, cysteine, threonine, "asparagi ne, glutamne, tyrosine,

al ani ne, wM@ktinne, 1sol euci ne, | eucine, nethionine, or phenylal anine for
glutam c 30 acid at Eosi tion 9; serine, cysteine, threonine, asparagine,

gl ut ami ne, Ruys sdéated fraimghe group wensiding of Lo stiting, IS0 8utidBk1desam@- val i ne,

i sol euci ne, |euci.ne,, nethianine, qr .phenyl al.anine for, glycine at sition
10 and g ut SHEREA- B eLB Ay s Ro epmobRtisSe Ehe BT
substitution gti@hyGnB%-me@kIEidideySt ei ne, threonine, asparagine,

gl utam ne, tyrosine, alanine, valine, isoleucine, |eucine, nethionine, or

phenyl al aniXhs,selected Sromnh the@rowpr consiatiyg off Akh, Gily, MatyTlat Bel ahdniphafndthyt i di ne
for histidi neAft position 7; wherein, in the substitutions is (a), (b),
(d), and (e),“t%e substituted anino acids can optionally be in the D-form

and the amyig b3 subak! ditlA%ndliROS o Gid, 4G TAPSEORAl b, e Tn the N

acyl ated or al kyl'ated form™ Because the’ enZyne pepti dyl’- pepti dase IV
(DPP 1V), Znmyelbeted &opoths ighdup chosistinpeofaliapGite A la,affirgSérpand Gly; amct i vat i on
of adm nis er,eg Gloggl, 10 [See, e.g., Mentlein, R, et al., Eur. J.

Bi ochem , %243 9%50885 (1993)], G.P-1 anal ogs and derivatives that are

are preferred, an eins wherern the ?rspound I'S

G y8- GLRlidd]dsed i WD WANES T dnd Lo(siR pdskhtiaalyraftGIyR-1 (3-28; GLP-111-35%7) OH, or
Gly8- d n21- G P- 1(7@})04 are npore preferred. Another preferred group of
GLP-1 159kBrie6dRNET B~ Drprithreamide dam thepspdrandghampirsiissallyof t he

conpoun C%ﬁﬁlg Eéﬁé' Ber¥ht ha&iﬁgg 1 N ﬁl)odﬁidﬁadjciﬁﬁg gel&:&e(tjg/r&'rn etﬁgé@ﬁé e NO Rl

5,512, 54 I's expressly i'ncorporate rern
- Al a- G wonkigting dfar - Phe- Thr - Ser - Asp 15- Val - Ser - Ser - Tyr - Leu20-3 u-G y-
A n- Al a- Al a25- Xaa- d u-Phe- 11 e-Al a30- Tr p- Leu- Val - Lys-Gly35-Arg-R3 20 R2
Formfl a VI | (SEQ | @) N@sg)utmn of glycine, serine, cysteine, thréonine, asparagine,
glutamine, tyrosine, alanine, valine, isoleucine, leucine, methionine, phenylalanine,
arginine, or D-lysine for lysine at position 26 and/or position 34; or substitution of
glycine, serine, cysteine, threonine, asparagine, glutamine, tyrosine, alanine, valine,
isoleucine, leucine, methionine, phenylalanine, lysine, or a D-arginine for arginine at
20 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; aspartic acid for glutamic acid at position 21; serine for glycine
25  atposition 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, or cysteine for alanine at
position 8; aspartic acid, glycine, serine, cysteine, threonine, asparagine, glutamine,
tyrosine, alanine, valine, isoleucine, leucine, methionine, or phenylalanine for glutamic

30 acid at position 9; serine, cysteine, threonine, asparagine, glutamine, tyrosine, alanine,



wherein: 25 R is selected fromthe group consisting of

4-i m dazopropi onyl, 4-im dazoacetyl, or 4- imdazo-a, a-dinethyl-acetyl; R2
i s sel ectwo oBiomrei he group consisting of C6-Cl0 unbrancheaCaaysh3/oxn i s
absent; R3 is selected fromthe group consisting of Gy-OH or NH2; and Xaa
is Lys or Arg. 30 Mire preferred conpounds of fornmula VIl for use in the
present invention are those in which,Xaa is Arg and R2 is C6-C10
unbranched acyl. Even nore preferred 03/ 072195 PCT/ US03/03111 -21
conpoundg 1R, EO1ER8Hhe 1du¥ideOmettithihé) ot PRerdILHEM foi BRI 8 Posfien LMtase i n which
Xaa is Arg, R2is - C10 unbranched acyl, and is Ay-OH Oher highly
pr ef er r eglutaoripacidh fir asparti€ ecichat poditiorf b¥; ande in the present invention are
those in which Xaa [s Agl R2 iis C6-ClO unbranched.acyl, R3 is dy-OH, and
RL i's 4-1m dazopr ot SRR O ENElarr e ErIE BF i KRBT o mul & 1V

for use %ﬁta‘hﬂﬁ‘e, B8 SR8 taldrfHee REHRY) idofeuba! lehdindMid SoX@8, drphehflalafaeic CB
unbranched acyl’,” R3 1's Ay-OH, and Rl is 4-im dazopropi onyl. O her

pr ef ér r eithe B-Pr N-alyidtechon alkdatad domiesthistxtoe fon histi§ineRapesitioNs;,. wir@i6sin343 Bl.
A nore preferred GP-

A G9aLy o6 SERGHETIoDs & @) (P ok Erufe sibsitpted amping peids egn opfignBlEbeinl y ¢ he
GLP-1 cogReypgs £ATRE hifoFcliskuBRRLREAS: YRR Teantpribaakbg thd KL such

anal ogs or fragments contalns an am no acid other ‘than al anine at position
8 (posi 4dybatedBoraalkytysdd fofine Heamiso dimeenraye adipeptidypepdielase M QRRITV)e,
D-histidine, or nodified forns of histjdine.such as _ desani no:hjstidine,
2- am no- WRE PP HispRIsible FRdhe.QbseRiedarRiA 2 vivo HBRBFATON;O @ﬂl@}mstere%ﬂy-i
a-flypro “Wesfidifi®e s AT 7 MR i 51k dbo I G ®0 1dds ahg 15
B e S AT e
changes a&drivafiosi thatansprbisctelitror 8he dcdivit 0f DPR IVAh the2contex® pf 88ysicmnd 37
conpared to . the corresponding am.no acid of pative GP-1(7-37)CH It is
mor e pr ePEFbE PrHered: sad dusiorsprofeips wherrig ey SLPdoimpndae or nore

A L ooalycIangeey AOID IR 6000 (FO7,0; ¢ SR @S B3 GaTRoncet ¢hel he

correspondi ng ani no‘acr’d of nati I'n "a” pre ed
enbodi meGin-GLe- 187 R7)0HNRE apré pre@rfedl (Ahothz) fidfartedrgroup 6HELPdNi no acid at

position 12 is selected fromthe group consisting of tryptoph r
t yr ok ne@ompqunﬂ%f%ﬁ%lnpthépé%?@dn‘(m@nPﬂn%%?ﬁs%ﬁomammﬁié0 @Hgk“?%n‘dﬁi on at
posi tion §E’(% Xy | t (A ' : ' iMd glyci ne,
val i ne, ?eu III%Q]%)?E&C} gbe(;ﬁﬁ}ﬁgj,'g's%arti&ﬁz\?&? %?%%ﬁ?’ﬁ%@eg?gé@%g% O%br
herein by reference.
R;-Ala-Glu-Gly' O Thr-Phe-Thr-Ser-Asp"’ -Val-Ser—Ser-Tyr-LeuZO-Glu—Gly—
Gln-Ala-Ala®-Xaa-Glu-Phe-lle-Ala*’-Trp-Leu-Val-Lys-Gly*>-Arg-R;

2 |
R,

Formula VII (SEQ ID NO:8)

wherein:
25 R; is selected from the group consisting of 4-imidazopropionyl, 4-imidazoacetyl, or 4-
imidazo-o, a-dimethyl-acetyl;
R, is selected from the group consisting of C¢-C;o unbranched acyl, or is absent;
R; is selected from the group consisting of Gly-OH or NH»; and
Xaa is Lys or Arg.
30 More preferred compounds of formﬁla VII for use in the present invention are

those in which Xaa is Arg and R; is C¢-Cg unbranched acyl. Even more preferred



met hi oni ne and nore preferably valine or glycine. It is even nore preferred
that in 25 addition to the substitutions at position 12 and 8, the am no
acid at pweimsiom1922 is substituted with glutam c acid. | rRCansvireiit
preferred enbodi nent, the GLP-1 analog is G.P-1(7-37)OH wherein the am no
acid at position 16 is selected fromthe group consisting of tryptophan,

i sol euci ne, |eucine, phenylalanine, os;tyrosine. It is nore preferred that
in addition to the 30 substitution at position 16, the am no acid at

posi t i onbofhpofin@Udrstbirhilh €V fo s ilgthePrérent vidbntitR, are tRBCINGhich Xah @ukig)e,
serine, threonine, or nethionine and nore preferably valine or WO 03/072195

PCT/ US03108 C54C 0 upbragthediapd, andi R4 is y-4H nHitker highepretearedisamppwndscddi ti on to

the substituti t .pasition 16 and 8, . the ani i i tion 22 |
Subst 1 ¢ doain i o s B e raeRtib Vet osd i SRR e § A RSB on 1o
the SUb%ﬂb}éﬂchw&cy@tRﬁg@wbﬂpgn&lﬁ% aliBidab PRoMBhYI0 ABCs eo?amyqﬁéfeh%@n 30 is

substituted wth gl'utam ¢ acid. is also preferred that in addition to

t he $Substontpetindnfaanub [yoer tdednshel Bresand irdrentipreisdhdt o whishdXagtis pogiRdion 37 is
substituted wt i stidi.n anot her preferred enbodi nent, the GLP-1

anal og iéS b@@??‘?@%ﬁéj% lﬁﬁ&tﬁ% an h{él A}ﬁ?rﬁgfaaggraplgpy position 18 is selected
fromthe orougeORsidiRELI2 dbiivRfePhResdritedsh 0G5, PaRACKK! @besBAERI| ysi ne,

| euci ne, or isoleucine, preferably tryptophan, tyrosine, and i sol eucine.

It is ok enqgee gfeferrGLPtdetinatiadds RirgiLys8°- - (yuiis@N-tittekadecatoyb)d)si t i on 18,
the 10 anmino acid at position 8 is substituted with glycine, valine,

| euci ne,GLRBI(Edé)-ne, serine, threonine, or methionine and nore preferably
val i;ne or gl ygi i vie 1 K I i 4 e
subdP; t ut i ond aribltitd SLEYGRRRNGaPlEh IR Pt oL RS b e fob

subst i t Uoeghdh dnhlogh bt Aighentaeinthingd 4n arfinalasial @heftrar Ashihdatpositioaddi tion to
the substitutions at a:i%sitions 18 and 8, the amino acid at positjon 30 is

.8, the amy . j
subst i t Upesitign 8 angpeathe bagkbane may plso inpludeslrhistidmg, Paustiding of moddigdt i on t o

t he substit utFonsS;: I, tal . g I i pDESLLion 37 is
g e
anal og isontdHistidine, 3AdrbimétBylehistidiad) @r arhethylalaistidiad atpositiohdn Ili9 i s sel ect ed
fromthe group consisting of tryptophan or phenylal anine, preferably

t r ypgopHriaferabie thet m}ed»qgg@ne%rar@ﬁ»gﬁ Rentainpng 98 Mare pididonahehapgessiibst i t ut i on at
posi ti Onp ]Slgdonglﬁ, ?épl@%@%b,%f&i@ls, '35,' EXh §d 5§.C§IHB§11631 th%h@@o%sﬁjgn@h%c' ne,

val i ne, PPEREP n& "1s61 suéime; “sei'vne) tAreoni ne; or nethronrne and nore

pr ef er abinyingabidn nafive GLYPA(NE7)OH. itss evenpreirsblptiat tesepbsithvats amladdi tion
to the substitutions at position 19 and 8 the amno acid at position 22

i s substgontaieanept wors adddionel changps af positions| 19 19225 &7 prehi3 1 srempared to the

corresponding amino acid of native GLP-1(7-37)OH.
20 In a preferred embodiment, the GLP-1 analog is GLP-1(7-37)OH wherein the

amino acid at position 12 is selected from the group consisting of tryptophan or tyrosine.
It is more preferred that in addition to the substitution at position 12, the amino acid at
position 8 is substituted with glycine, valine, leucine, isoleucine, serine, threonine, or
methionine and more preferably valine or glycine. It is even more preferred that in

25  addition to the substitutions at position 12 and 8, the amino acid at position 22 is
substituted with glutamic acid.

In another preferred embodiment, the GLP-1 analog is GLP-1(7-37)OH wherein
the amino acid at position 16 is selected from the group consisting of tryptophan,
isoleucine, leucine, phenylalanine, or tyrosine. It is more preferred that in addition to the

30  substitution at position 16, the amino acid at position 8 is substituted with glycine, valine,

leucine, isoleucine, serine, threonine, or methionine and more preferably valine or



addition to the substitutions at positions 19 and 8, the am no acid at
position 30 is 25 substituted with glutamc acid. It is also preferred that
in additiwomo7xibe substitutions at positions 19 and 8, w®h@/tsd/esaiaci d at
position 37 is substituted with histidine In another preferred enbodi nent,
the GLP-1 analog is GLP-1(7-37)OH wherein the amno acid at position 20 is
phenyl al ani ne, tyrosine, or trypt ophqu_ It is nore preferred that in
addition to the substitution at position 20, the amno acid at position 8
I's 30 SU@%M.%?&@%%&Q L¥gérng: th¥ah h8@itioh RHGE RBbstiGRING YEHSRionSKY 4SS,

t hreoniné; or nethionine and nore preferably valine or glycine. It is even
mor e pr etheaméo deihat dositmd Ai2tis eubstimtddheitiv@uG@iio 22ido 3t iPElEo psFetaBthatlin - 23
substitutjons at positiqn 20 and 8, th ino acid at pasition 22 is

subst i t LRAGHIOR; P fhe Sgli%afﬂf&ﬂ?%s %@Pa.tlolilstlﬁt @%aﬁ %?@Péﬂdé’dpgﬂﬁ?n# Saddition to

t he subsg.i ' Lt Lgng ; b ' BASKERON 30 is
substit u{ug%}i{\%eta ﬁ% 1}(1%%?1%5%% g@%{[s @Pfséfezﬁ?bggh%ﬁg? ga}l?g%%ﬁ?gtS%sflﬁﬂggg??i onto

t he subspdsitishs @6 and@8B, theamtinomndd 2(poaitidnd;7 it hubstitetowik hidtidineposi tion 37 is 5
substituted with histidine In another %&ﬁferr?d e dinenb Eéhﬁ QaPrP-1

anal og i s GLAnBpothgyproirgdemhogimentdhe Blhol arglee §iGLfod /s REghereing o ect ed

fromt het}qg LR e&?&@t‘&rﬁ%\#’tﬁg 18035 %(ﬂ%{t&?ﬁoﬁlgg% gﬂldgf% '8811sistﬂ1rg%§ lltjtgg@}?{l%% Ib%ﬁﬁéa, rably

val i ne. I's nore erre I'n a tot iI'on at

posi ti Onﬁﬂ%ﬁylalahﬁlealyisiﬁi@, laadifle, @k ijoleditine QpreBrabdy sylisphanytyesking, bdd gl yci ne,
val i ne, |eucine, 10 isoleucine, serjne, threonine, or nethionine and nore
pr ef er abisgleyeins. ik isgpors Brefierred thaf 1 additiondn theovubstiptipr i RagitioRds, the addi t i on
to t substi tut i . Bt . 1.h0 cach dat ition 22
o ollBsc bt BT uRhs B Ry Pl ol BN, RBnBcRAE ) P70
t he  substhidodineOnsSmathidsd dndansre poefadblyalihdier @itine Rds evedtmqopidferosd 30 i s
substituted with glutamc acid. It is also preferred that in addition to
t he. substhptintaddition e thssubititeiens 26pegifdom £ grd ﬁpaﬁlée YrineEcKlat #ogton 3 st i on 37
is substituted w.th histidi.ne.,.: . i : GP-1
anai og i St gl AbE b BfBRR BUah FRIRE, SRLERgion BE T 2
from t hep@itmg 16 @RS BStheAehiAd adis &f isitioAS0dE sutatianédwith gtutarsicanide Ipisef er r ed
that in addition to the substitution at position 27, the amno .acid at
posi 13 onale prsfesigdshattinpddition to-the pyhstivéions afj nosiions & ap 8, the agmoacidat,
serine, threonine, 20 qr .onine and nore preferably valine or glycine.
It is ev‘ﬁ“ﬁ@?@qﬁPQ%%P&%%QﬁﬁgFgﬁﬁﬁ addition to the substitutions at
position 27 amthndihet pRf@FIdENIRRlIHeAl tho GIIPL1 Bik1&Risi GLP-8 (b3T)OtLitvRekeiti t h
glutamc acid. It is also preferred that in addition to the substitutions
at posi the eminoidppsitiond iafelpcehipar the SiooRicoRBHINBEIPORRE 9% ut ed wi t h

glutam Cp}%%iyfgllanh}e, {)rseferably tryptophan. It is more preferred that in addition to the

20  substitution at position 19, the amino acid at position 8 is substituted with glycine, valine,
leucine, isoleucine, serine, threonine, or methionine and more preferably valine or
glycine. It is even more preferred that in addition to the substitutions at position 19 and 8,
the amino acid at position 22 is substituted with glutamic acid. It is also preferred that in
addition to the substitutions at positions 19 and 8, the amino acid at position 30 is

25  substituted with glutamic acid. It is also preferred that in addition to the substitutions at
positions 19 and 8, the amino acid at position 37 is substituted with histidine

In another preferred embodiment, the GLP-1 analog is GLP-1(7-37)OH wherein
the amino acid at position 20 is phenylalanine, tyrosine, or tryptophan. It is more
preferred that in addition to the substitution at position 20, the amino acid at position 8 is

30 substituted with glycine, valine, leucine, isoleucine, serine, threonine, or methionine and

more preferably valine or glycine. It is even more preferred that in addition to the



al so preferred that in addition to the substitutions at positions 27 and 8,
the amno acid at 25 position 37 is substituted with histidine In another
pr ef er r edwermbotiipent, the GLP-1 analog is GLP- 1 (7-3 7) OACHUsSo&03111 t he
amno acid at position 33 is isoleucine. It is nore preferred that in
addition to the substitution at position 33, the amno acid at position 8
IS substituted with glycine, valine, eum ne, isol eucine, serine,

t hreoni ne, or nethionine and nore pre?erably valine or 30 glycine. It is
even mrs%ba{teﬁ&{sra%soém&{ 20 SnPgldhd hhotRid aeoﬁﬁaﬁtzawéub@n@te@twﬂp& tion 33
and 8, the amno acid at position 22 is substituted wth glutamic acid. It
i s al so gintefude acdl Ithwalsa premedfihaﬁﬂa@ﬁtrmthlseﬂdsammns at positmadi2fianth to t he

substitutions at t h t
Subst | ¢ b &bF P aBRGK apaon Y if Supyuthicaay tcHren Srcidaltin B8 bt rton 1 o

the subsgi, ngttroﬁ 1S e sub sgf?lﬁi&l's‘aﬂ os%’br@% and 8t i aﬁﬁh@Q&é%‘c @orPPBist 1 on 37 i's

substituted with |st| I ne GLP-1 conpbunds have nodifications at one
or nore substithedfvdtl losidige 5 positions: 8, 12, 16, 18, 19, 20, 22, 25, 27,

D52 (7 Falbiabims SR SRR
xan20- O e SALEHR TR Ea Bt Ral o The Bt PORIARG W il Jopgmene ©

Xaa33- LysdEyciny, grefaalldy vElmaml & vbrelpréfeired thex iN@dejtionvib ehieesubstitXdarati s:

L- hi stidine, D-histidine, desamno-histidin 2-am.no- hi stidi ne, 13- hydr oxy-
hi sti di ROSItIBASH hsanaReacid atH’qsﬁb?r’cﬁr’étsﬁbf’fﬂtwgf’”@l%ln"(yr"a}éﬂ%ﬁuﬁw hi sti di ne;

15 a8 . : r h Ti p, or
o’ 123 | éeuﬂlé\s,erﬁﬂevtpré@uﬁ gﬁﬂftﬂ@,rﬁ%g% mofd reqafaslz Iy Ak r g%mn@ fris"' 0.
Phe, Ly Seveh Infore bﬁlﬂerre\dafhat in X&@rﬁr@n tdSthe 'Eylbstltﬁlfioms aDpSosRhﬁ], Z%d&dﬁhmmo Leu
Phe, Tyr, or Trp; Xaa22 is: Lys; Xaa25 is: Ala, VaI,

lle, or a,_cgbat posahign 22 |1%subg1@ted| W]éh g]@ﬁannp &cr% Iti 1s also preferred that in addition to

the substitutions at positions 25 and 8, the amino acid at position 30 is substituted with

glutamic acid. It is also preferred that in addition to the substitutions at positions 25 and
15 8, the amino acid at position 37 is substituted with histidine.

In another preferred embodiment, the GLP-1 analog is GLP-1(7-37)OH wherein
the amino acid at position 27 is selected from the group consisting of isoleucine or
alanine. It is more preferred that in addition to the substitution at position 27, the amino
acid at position 8 is substituted with glycine, valine, leucine, isoleucine, serine, threonine,

20  or methionine and more preferably valine or glycine. It is even more preferred that in
addition to the substitutions at position 27 and 8, the amino acid at position 22 is
substituted with glutamic acid. It is also preferred that in addition to the substitutions at
positions 27 and 8, the amino acid at position 30 is substituted with glutamic acid. It is
also preferred that in addition to the substitutions at positions 27 and 8, the amino acid at

25  position 37 is substituted with histidine

In another preferred embodiment, the GLP-1 analog is GLP-1(7-37)OH wherein
the amino acid at position 33 is isoleucine. It is more preferred that in addition to the
substitution at position 33, the amino acid at position 8 is substituted with glycine, valine,
leucine, isoleucine, serine, threonine, or methionine and more preferably valine or

30  glycine. It is even more preferred that in addition to the substitutions at position 33 and 8,

the amino acid at position 22 is substituted with glutamic acid. Itis also preferred that in



Xaa3 is: Ala or GQu; 25 Xaa33 is: Val or Ile; and Xaa37 is: Gy, H's, NH2,
or is absent. Sone preferred G.P-1 conpounds of formula VIII include

GLP- 1( 7- 3wpOBI07218_P- 1( 7- 36) NH2, d y8- A P-1(7-37)CH, { y8- BCPAB(IF036) NH2,
Val ' -G P-1(7-37)0OH, 30 Val8-G.P-1(7-36)NH2, Leu8-G.P-1(7-37)CH,

Leu8- G P-1(7-36)NH2, Ilea-GP-1(7-37)0CH, Ile' -CG.P-1(7-36)NH2,
Ser8-G.P-1(7-37)0H, WO 03/072195 PCT/ Yg03/ 03111 -25 Ser8- GQP-1(7-36)NH2,
Thr 8- GLP-1(7-37)0OH, Thr8-G.P-1(7-36)NH2, Val'-Tyr 12-G.P-1(7-37)0OH,

Val ' - Tyr adiidd (5184 Srbd@tubibids atYakitiody33 461 8, Chdarhind 2310 £Positi¥AB0 isTY !

16- GLP-1(7-36)NH2, Val'-Glu22- A P-1(7-37)0H, Val'-Glu22- GLP-1(7-36)NH2,

G y8- Gluzbstiturdwith gnjagHc acily 8-igalso preferredithat ip@yNiRn to the substitutions at

Val ' - Asp22- G P-1(7-37)0H, .5 Val8- Asp22-G.P- - 36) N s
G y6- AR 31 (hd Srhemink shad o33 e 15 syt DG isticine,
Val 8- Lys22- GLthel GT p37ddaipoudad Brve Yok fi&dsidnd ﬁtﬂiﬁ%@rl)}{ﬁ%& of the following

Qy8-Lys22-GALP-1(7-37) OH G y8-Lys22- GLP- 1( 7- 36) NHD.
Leu8-53 uR@it@nk-8,(12; 85,)18H] 9,120u32, 25u22-361 B3, 0@ -336 )1k, GLP-1 compounds

:_Lﬁg: Sslu 2@%&3%%3;33% mCOTIll{{%ﬁ%}%l Wp’}ﬁ){j}fg@ (fl_@%gp,rise the amino acid
|1 8- AsggaGotfnily Ot (it Ao OLP-1(7-30) D, 10

Leu8- Lys22- GLP-1( 7-37) OH, " Leu8- Lys22- GLP- 1( 7- 36) NH2,
| | e8- Lys22- GLP- 1( 7X&7 )X} -GlilGly-Thy s’ ClR-I4r7A G X M2 Ser-Xaa'®-Xaa -
Ser B- G u22- GLP- 1( 7:,3%) OH, _SepB- Glu22- GuoP- 1( - 36) NH2
Thr 8- G u22- GLP- 1( 7588)- ,'X%ﬁ rzﬁlé:“gé%’%_P-Ll%g@%sG%PHQF&“,@-X%”-TYP-LW-
Ser p22- GLP- 1( 7% 3P b _1SaL.B+ASPH22- GLP- 1( 7- 36) NH2,
Thr SIT’Z\szz- GLP- 1( 7}-(%%) % G%’F??‘%g%?%zz- GLP- 1( 7- 36) NH2,
Ser B- Lys22- GLP- 1( 7- 37) GRornfiésr BHL(KEIR IIGING 9] 7- 36) NH2,
Thr 8- Lys22- GLP- 1( 7-37) OH, 15 Thr 8- Lys22- GLP- 1( 7- 36) NH2,
Glu22- GL¥IEH: 37) OH, GLlu22- GLP- 1(7-36) NH2, Asp22- GLP- 1( 7- 37) OH,
Asp22- A_P- 7 36 . qe - .P- - v qe - - 1(;.7-
Vol Atan 7 G pRTh Iiciel P2 Rife Hedoifa et S am Bl fie by
Val ' - GLu30- Gistidiie, hiéirOhistitime, o-Ghoidtre@iyP-hlgtidins pNdethyl-histidine;
d y8- G u30- G p- 1@1 37) OH 8- GLu30- GLP- 1( 7- 36) NH2,

10,

. . G
LeusPGLu30 @R Ps1 (R §1Y. O3l vuBe.ruat-1rp- 1( 7- 36) NH2, 20

| | e8- GLU30 ﬁ-i;%éa%%T e’ - GLu30- GLP- 1( 7- 36) NH2,
Ser B- GLu30- GLP- 1(7-37) OH, "~ Ser B- GLu30- GLP- 1( 7- 36) NH2,

Thr 8- G u30Xah-is: (Val 3TpCHe, THoy BheGbtB9:; GLP- 1( 7-.36) NH2,
Val ' - Hi s37- Gl_g-_l(S;- 37)OH, Val ' - Hi.s37- GLP-1( 7- 36) NH2,
Gly8- H s37X@RPi% (L3P YT, Phy, gs1ies Byu.Yah 1( 7- 36) NH2,

Leu8- Hi s37 P—i;.(—@,-r?r]%)g)}l) eu8- Hi s37- GLP- 1( 7- 36) NH2,
Il e -H s37-GP-1(7-73 ;. 1Te' -H s37-G.P-1(7-36) NH2,
Ser R0HI 537 XaaB-id [ 2u3)eOMyr, or Trp;
Xaa? is: Gly, Glu, Asp, or Lys;
. Xaa® is: Ala, Val, Ile, or Leu;
Xaa®’ is: Gly, Ile, or Ala;
Xaa’ is: Ala or Glu;

25 Xaa®® is: Val or Ile; and
Xaa® is: Gly, His, NH,, or is absent.

Some preferred GLP-1 compounds of formula VIII include GLP-1(7-37)OH,
GLP-1(7-36)NH,, Gly*-GLP-1(7-37)OH, Gly*-GLP-1(7-36)NH,, Val®-GLP-1(7-37)0OH,
30  Val’-GLP-1(7-36)NH,, Leu®-GLP-1(7-37)OH, Leu®-GLP-1(7-36)NH,
Tle®-GLP-1(7-37)OH, Ile®-GLP-1(7-36)NH,, Ser®-GLP-1(7-37)0H,



25 SerB-Hi s37-G.P-1(7-36) NH2, Thr8-Hi s37-G.P-1(7-37)CH,

Thr 8- H s37- G P-1(7-36)NH2. Sone preferred G.P-1 conpounds of formula VIII
havi ng mavoiopl®i1suibstitutions include GLP- 1 (7-3 7)CH wiremraiSa3/pasi ti on 8
is valine or glycine, position 22 is glutamc acid, position 16 is

tyrosi ne, |eucine or tryptophan, position 18 is tyrosine, tryptophan, or

i sol euci ne, position 25 is valine andt2 osition 33 is isoleucine. Oher

preferred GLP-1 30 conpounds include the followi ng: Val 8- Tyr

16- GLP- 1§ Z5. v - pre $76BP
Val Ty e g G L B G v %2%‘?2%%&%&%%%%{?1“ 26
Val $- Tyr Y6l Gyu'2GIR-p 7:3 O3, Vol - Tyt -GLPr if 7 S NV atl-Py {-G127) (B137)0H,

Val + - PreYar it B b NI TG § AR T Sl Nl - 1y
$- Glu22- @hl@:diﬁ@:é@ﬁ%s%ﬁ;@*&&tﬁu%gill@-%)N@z: g&%%i)pzﬁaﬂp-ﬁ%mo&

Val ' -1l es-"d u22- G 7-37)0H" The - |~ conpounds of "t he present invention
al so Sencyaliasp”ERERdi(T+3 638 GntAsp BN (-3 aht ExeAd A-GLREE-16)NHagi cal | y

ti id ' i sol i nat j | ] d h
been shoSA g LGk 1b s BB AT Lt S S P P S v el “he "

duct i gqsi i i 4 At Bod@ndi20cEsensl bot h
B am noC B B G O e e A a2, >0
They act lefsGpét-60hP- HGaM)GHs S GIERGLPaC T36)N K, INot-ap¥,GEP-1K-3BOH, nal | y

leSGhéenp- HaamaHsldiGREF iat @b, GER 11180, nal |
i byt oFeiof ASTER BT ISR 158 o pP G b5 L0 el b HLEONBBONIR Y i cal 1 y

co { se b2 tq i g8 trhe22 awm i 15.% 3 di n- 3,
ol e B e N e - R T 4 o e
di scl oselle’bys¥-SLPRAT-S6)NNg Seb'-GRA>-G8B- 1 (EAEHOHNS &° et GieP-a (7-3e)NaLj d

sequence_of, SEQ 1D NOQ 10: ~ Hi §?- ggr-AsE)- d yl__-Thr 3 Phes,Thr - Ser-AsOp'
5- Leu- Sef b y@uG@ELRA(237)GH, Thr'-Glu™-GLP- (7-333NH2, Ser -Asp~“-GLP-1(7-37)0OH,

Gly35. G ST prob Sy oAt - SPAes fp PRt B IO IO, BB S QLR 13300 M)
Exendi n- SefdgsPIGLIBR0{ME7 )0, Sef dou&rGRP Al 7-SENHD TE-Ljist>-G2B-1(7-37)0H,
H s7-d y-G.u-G,yl_-Thr-Phe-Thr-Ser-Asp 15-Leu-Sgr-lLys-d n-

Mot 268 G BDCHars GGG YA, R G- FHeT DPEL 610 361 (T 30N,
Asp?-GLP-1(7-37)OH, Asp**-GLP-1(7-36)NH,, Lys**-GLP-1(7-37)0H,
Lys*2-GLP-1(7-36)NH,, Val*-Ala®’-GLP-1(7-37)OH, Val®-Glu**-Ala®’-GLP-1(7-37)OH,
Val®-Glu*’-GLP-1(7-37)0H, Val®-Glu**-GLP-1(7-36)NH,, Gly*-Glu**-GLP-1(7-37)0OH,
Gly®-Glu**-GLP-1(7-36)NH,, Leu®-Glu**-GLP-1(7-37)0H, Leu®-Glu**-GLP-1(7-36)NH,,

20  Ie’-Glu*-GLP-1(7-37)OH, lle’-Glu*’-GLP-1(7-36)NH,, Ser®-Glu**-GLP-1(7-37)0OH,
Ser’-Glu*’-GLP-1(7-36)NH,, Thr’-Glu*’-GLP-1(7-37)OH, Thr®-Glu*-GLP-1(7-36)NHs,,
Val®-His*’-GLP-1(7-37)0OH, Val®-His*’-GLP-1(7-36)NH,, Gly*-His*’-GLP-1(7-37)OH,
Gly®-His*’-GLP-1(7-36)NH,, Leu®-His*’-GLP-1(7-37)OH, Leu®-His*’-GLP-1(7-36)NH,,
Te®-His*’-GLP-1(7-37)OH, lle®-His*’-GLP-1(7-36)NH,, Ser®-His>’-GLP-1(7-37)0OH,

25  Ser’-His*’-GLP-1(7-36)NH,, Thr®-His*’-GLP-1(7-37)OH, Thr®-His*-GLP-1(7-36)NHs.

Some preferred GLP-1 compounds of formula VIII having multiple substitutions
include GLP-1(7-37)OH wherein position 8 is valine or glycine, position 22 is glutamic
acid, position 16 is tyrosine, leucine or tryptophan, position 18 is tyrosine, tryptophan, or
isoleucine, position 25 is valine and position 33 is isoleucine. Other preferred GLP-1

30  compounds include the following: Val®-Tyr'®-GLP-1(7-37)0H,
Val®-Tyr'%-Glu*2-GLP-1(7-37)0H, Val®-Tyr'’-Phe'*-GLP-1(7-37)0H,



Lys- Asn- d y35-d y- Pro- Ser - Ser - d y40- Al a- Pro- Pro-Pro-Ser45- NH2 (SEQ I D NO
11) 30 WD 03/072195 PCT/US03/03111 -27 G.P-1 conpounds al so include
Exendi n fwega®rntiss whi ch are pol ypepti des obtained after w®corusas/ozm of one
or nore amno acids fromthe N-term nus and/or G term nus of Exendin or an
Exendi n anal og. Furthernore, G.P-1 conpounds include Exendin polypeptides

i n which one or nore amino acids have,peen added to the N 5 term nus and/or
C-term nus of Exendin or fragnents thereof. Exendin conpounds of this type

have up Ve aReiGh&Lyp i 1e7 o, alaisls GIEERIp-conppwMls al so include
"Exendin arglal 0gs. ! 22An Exendin analﬁg pﬁas 2suffl cl ent honol ogy to Exendi n-4,
Exendi n- $alPdreul-GhdyaeR:1 (THEQBs Validls +Gar -Ch&8- A8 has i nsul i not ropi ¢

activity, fhe activi f N & ts / ogs can be 10
assessedvﬁls‘lrﬁ‘@ T(Iﬁfuvi'{}igﬁég'gz@qs{z@h'@g@’?ﬂﬂségﬂlg'égi'?’@gﬁ'&’i n Exanple 1.

Pr ef erab{zm?-qg,ﬁﬂ8%1%??0@131).?1@ﬁb%r@,%ﬁ@ﬁé%1a@-@ﬁb.d(ﬁm@ﬁn%dof Exendin-4 or a
fragment thereof, nodified so that fromone, two, three, four or five am no
aci ds$ di Valile' S Guff-Gh®- H#3T00Hci d i n correspondi ng position of Exendin-4 or
t he fragnent ﬁ% endin-4. In.the nonencl ature used herein o designate
Exendi n conpolfdSLPrheemppuads,ef the Rrosay IMYSHHGN alsp ncqrapass XE)‘HjtélFti onis

i ndi cate [ t } T\ gﬁ%rr?% - i n=4

desi gnat éejosn%:;adrllfiJi Eieﬁé%dgﬁ%g%ﬁp&(;gsﬁﬁ% H\?\#}Eﬁ%{%ﬁl& Iayci e ﬁg?sqngﬂlsﬁﬁﬁé%g?ndgn at

posi t i onH8lodérnmtiindiinard veasmbeehhavebearc stcbwn totbindbihie (8.P-Anextehier apd ef er r ed

group of GP-1 nds, i s _gconposed of G.P-1/ Exe,nd'in-4 anal .ogs of for'rrul a

conpou
| X (SEQ qtgiﬂéef@)ﬁggi@pendent H" production in mammalian parietal cells. Exendin-3 and

X, or LGt e Ui 3T N BB SR RR1 5 mifhoripaldy T3 imologous to
Leu- Xaa3GLKala3BxeH agt atamdént BZohifte bfiGILR- 1 26t{vBrONolRbNOad X-termiteilgi n: 25 Xaa7
is: L-histidine, D histidine, desam no-histidine, 2-am no-histidine,

B- hy dr oxtfundatesidegivaidve of Sirsadias knavivas Bxepding?-dAarina adidsis an idikjfor of
a- met hyl EQén%ﬁﬂ—g,' @)?éndﬁé@gn& (S.%LPg.y’ Ala, or Val;
An Exendin compound typically comprises a polypeptide having the amino acid
15  sequence of Exendin-3, Exendin-4, or an analog or fragment thereof. Exendin-3 and

Exendin-4 are disclosed in U.S. Patent No. 5,424,286.

Exendin-3 has the amino acid sequence of SEQ ID NO:10:
His’-Ser-Asp-Gly'’-Thr-Phe-Thr-Ser-Asp"’ -Leu-Ser-Lys-Gln-Met*-
20 Glu-Glu-Glu-Ala-Val®-Arg-Leu-Phe-Ile-Glu®*- Trp-Leu-Lys-Asn-
Gly’ 5-Gly—Pro-Ser—Ser-Gly‘m-Ala-Pro-Pro-Pro-Ser"‘S—NI-12
(SEQ ID NO:10)

Exendin-4 has the amino acid sequence of SEQ ID NO:11:

25 His’-Gly-Glu-Gly'*-Thr-Phe-Thr-Ser-Asp'*-Leu-Ser-Lys-Gln-
Met®-Glu-Glu-Glu-Ala-Val*-Arg-Leu-Phe-Ile-Glu®’-Trp-Leu- -
Lys-Asn-Gly>>-Gly-Pro-Ser-Ser-Gly*’-Ala-Pro-Pro-Pro-Ser™*-
NH,

(SEQ ID NO:11)

30



Xaal6 is: Leu or Val; Xaal8 is Lys or Ser; 30 Xaa'9 is: Gn or Tyr; Xaa20
Is: Met or Leu; WD 03/072195 PCT/US03/03111 -28- Xaa22 is: Gu or dn;
Xaa23 is:wa@oom9d n; Xaa25 is: Val or Ala; Xaa26 is: APGTArSokyH115 Xaa27
is Leu or Qu; Xaa30 is: GQu or Ala; Xaa33 is: Val or Lys; Xaa34 is: Asn
or Lys; Xaa36 is: Gy or Arg; and 10 R37 is: dy, Pro,

Pro-Ser-Ser-Qdy-A a-Pro-Pro-Pro-Ser, _¢f is absent. Further Exendin-anal ogs
that are useful for the present invention are described in PCT patent

publ i cati ons MCPIUodipbaddd Beelmebnde Beldin fiagMentd Wallv2é pBBetgideset al .); WO
98/ 05351 (Young, et al.); WD 99/40788, (Yo_un%, et al.); WO 99/07404 (Beel ey,
et al . )obtzinetl afErIgaBitmef(oka gtimers amino gridy Ironsthadbtaminus ead/er €ed group of

GLP-1 caonmpounds,has the am no .acid segqu f la X (S D NO 13
Xaa7- Xaatg'l}@‘ﬂs- o lgxeﬁ‘?fn %a%’l%e?ﬂp-@glrogﬁg Bﬁﬁé@%’é}e};ﬁ%ygﬁp %‘%%@)%%&e )
Xaaz20-d Eke&&aﬁﬁp%ige@ﬁ&éﬁnmﬁ@oﬂey&—rﬁ@@%ﬁmlf’&@ciad IRrv&daatadder td-Bid-N-

Xaa33- Xaa34- d'y-Xaa36- Xaa37- Xaa38- Xaa39- Xaa40- Xaa4l- Xaa42- Xaa43- 20

Xaad s XdedBinxnamBor@dahifer ofifxgndin csfagmentsithere)f. BrieadinicampXensi? of this
L-histidine, D hits':a'})dit#eft sam. no- h‘% stidine, 2-am no-histidine, B-hydroxy-
hi st i di ndPe BT RePavt{aIY AVF PIRLHEhy | - hi sti di ne, or a-nethyl - hi sti di ne;

25 Xaa8 is: ALpp.1@oupo¥fls alk@Hrclukdb @Exfiin afiloghh” An BX@ad# dndlogiBhe. Trp, or
Tyr; Xaal6 is: Val, 'Iprp, Il'e, Leu, Phe, or Tyr;

sufficient homology to Exendin-4, Exendin-3, or a fragment thereof such that the analog
has insulinotropic activity. The activity of Exendin fragments and/or analogs can be

10  assessed using in vitro assays such as those described in Example 1.

Preferably, an Exendin analog has the amino acid sequence of Exendin-4 or a
fragment thereof, modified so that from one, two, three, four or five amino acids differ
from the amino acid in corresponding position of Exendin-4 or the fragment of
Exendin-4. In the nomenclature used herein to designate Exendin compounds, the

15  substituting amino acid and its position is indicated prior to the parent structure. For

example, Val®*-Exendin-4 designates an Exendin compound in which the glycine normally
found at position 8 of Exendin-4 has been replaced with valine.

Another preferred group of GLP-1 compounds is composed of GLP-1/Exendin-4
analogs of formula IX (SEQ ID NO:12).

20 Xaa7-Xaa8-Glu-Gly—Thr—Phe-Thr-Ser-Asp-XaalG-Ser-Xaalg—Xaaw-
Xaa®-Glu-Xaa?-Xaa*-Ala-Xaa®-Xaa’®-Xaa*'-Phe-Ile-Xaa*’-Trp-
Leu—Xaa33'-Xaa%-Gly-Xaaﬁ6-R37

Formula IX (SEQ ID NO:12)
wherein:

25 Xaa’ is: L-histidine, D-histidine, desamino-histidine, 2-amino-histidine, B-hydroxy-

histidine, homohistidine, o-fluoromethyl-histidine or a-methyl-histidine;

Xaa® is: Gly, Ala, or Val;
Xaa'® is: Leu or Val;
Xaa'® is Lys or Ser;

30 Xaa'’ is: Gln or Tyr;

Xaa? is: Met or Leu;



Xaal8 is: Ser, Trp, Tyr, Phe, Lys, Ile, Leu, Val; Xaal9 is: Tyr, Tip, or
Phe; WO 03/072195 PCT/US03/03111 -29- Xaa20 is: Leu, Phe, Tyr, or Trp;
Xaa22 i s:walog/o7d®hu, Asp, or Lys; Xaa25 is: Ala, Val, |l epcCorush&esiil Xaa27
is: GQu, Ile, or Ala; 5 Xaa30 is: Ala or Qu; Xaa33 is: Val or Ile; Xaa34
is: Lys, Asp, Arg, or Qu; Xaa36 is: Gy, Pro, or Arg; Xaa37 is: Qy,
Pro, or Ser; 10 Xaa38 is: Ser, Pro, opgHis; Xaa39 is: Ser, Arg, Thr, Trp,
or Lys; Xaad40 is: Ser or Qy; Xaad4l is: Ala, Asp, Arg, GQu, Lys, or Qy;
Xaad2 is: B?id@Em NGl or is absent; 15 Xaa43 is: Pro, Ala, NH2, or is
absent; Xaa44,is: Pro, Ala, Arg, Lys, H's, NH2, or is absent; Xaa45 is:

Ser, His, Pfas” ipy@luonGdn; NH2 or is absent: Xaa46 is: H's, Ser, Arg, Lys,
NH2 or is sent ;+,and 1),(aa47 is: Hs, Ser, Arg, Lys, NH2 or is absent; 20
provi ded t a il Y@?&ﬁé\, %Xaa43, Xaad4, Xaad5, Xaad6, or Xaad7 is absent each
anmi no aci d Xf&WeshfgarMyk;s absent and further provided that the GLP-1
pepti de does pnot have the followng Ctermnal am no acid extension

begi ni ng aiaa%aiageu o3 Pr o- Ser - Ser - @ y- Al a- Pro- Pro-Pro-Ser-NH2. Anot her
preferred oyp of. GLP-1 conpounds has the am no acid sequence of 25
fornula X %%@EQS'I(%“M%)

Xaa7- Xaa8- Gtda**Ghyyailyr 1ge- Thr - Ser - Asp- Xaal6- Ser - Ser- Tyr - Lys-Qd u-

Xaa22- d n- Al a- Xaa25- LyS-'d u- Phe- 11 e- Al a- Tr p- Leu- Xaa33- Xaa34- Q3 y-

Xaa36- Xaa3 Kadda3oAxam39sXaad0- Xaadl- Xaad2- Xaad3- Xaad4- Xaads Xaad6- Xaad7

Xaa*® is: Gly or Arg; and
10 RY is: Gly, Pro, Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser, or is absent.

Further Exendin-analogs that are useful for the present invention are described in
PCT patent publications WO 99/25728 (Beeley, et al.); WO 99/25727 Beeley, et al.);
WO 98/05351 (Young, et al.); WO 99/40788 (Young, et al.); WO 99/07404 (Becley, et
al.); and WO 99/43708 (Knudsen, ef al.).
15 Another preferred group of GLP-1 compounds has the amino acid sequence of
formula X (SEQ ID NO:13)

Xaa7—Xaa8-Glu-Gly—Thr—Xaal2-Thr-Ser—Asp-Xaa16-Ser—Xaa18-Xaa19-
Xaa®-Glu-Xaa”2-Gln-Ala-Xaa®-Lys-Xaa®'-Phe-Tle-Xaa*’-Trp-Leu-
Xaa*-Xaa® 4—Gly-Xaa36-Xaa37—Xaa3 8 Xaa*-Xaa'""-Xaa"'-Xaa"?-Xaa®-
20 Xaa**-Xaa**-Xaa*-Xaa"’
Formula X (SEQ ID NO:13)
wherein:
Xaa' is: L-histidine, D-histidine, desamino-histidine, 2-amino-histidine, B-hydroxy-
histidine, homohistidine, a-fluoromethyl-histidine, or a-methyl-histidine;
25 Xaa® is: Ala, Gly, Val, Leu, Ile, Ser, or Thr;
Xaa'? is: Phe, Trp, or Tyr;
Xaal!® is: Val, Trp, Ile, Leu, Phe, or Tyr;
Xaa'® is: Ser, Trp, Tyr, Phe, Lys, Ile, Leu, Val;
Xaa'’ is: Tyr, Trp, or Phe;



30 Fornmula XI (SEQ I D NO 14) wherein: WO 03/072195 PCT/ US03/03111 -30
Xaa7 is: L-histidine, D-histidine, desam no-histidine,

2- am no- hwetmdires 13- hydr oxy- hi stidi ne, honohi stidine, PCT/US03/03111
a-fluoronethyl-histidine, or a-nmethyl-histidine; Xaag is: @y, Val, Leu,
Ile, Ser, or Thr; Xaal6 is: Val, Trp, lle, Leu, Phe, or Tyr; 5 Xaa22 is:
Ay, Qu, Asp, or Lys; Xaa25 is: Ala,pyal, Ile, or Leu; Xaa33 is: Val or
Ile; Xaa34 is: Lys, Asp, Arg, or Qu; Xaa36 is: @y, Pro, or Arg; 10 Xaa37
is:. Qy, &ag%oigmeﬁgphe,%@& h:s: Ser, Pro, or H's; Xaa39 is: Ser, Arg,
Thr, Trp, or Lys; Xaad40 is: Ser or Gy; Xaa4' is: Ala, Asp, Arg, Gu, Lys,
or Ay; 1XaxaagllysCGlpdspoor Iasa; Xaad43 is:. Pro or Ala; Xaad4 is: Pro,

Al a, Arg, Szs.Hi s, or .i s absent; Xaa45 is: Ser, H's, Pro, Lys, Arg,
NH2 or is %&eﬁf‘;&axggﬁge’i%;e}lﬁ s, Ser, Arg, Lys, NH2 or is absent; and 20

Xaad7 is: W5% S, B,Gr Atys, NH2 or is absent; provided that if Xaa4d4,
Xaa45s, Xaa46,30r Xaad7 is absent each amino acid downstreamis absent and
furtBer prXatidst Alaar Gliwe GLP-1 peptide does not have the fol | owi ng C

term nal asz ng .a.&iég gﬁ]tg_ensi on begi nning at Xaa36:
G y- Pro- Ser*®er$ 3/ °Af'&: Pro- Pro- Pro- Ser-NH2. 25 Preferred enbodi nents of

formul a X gndfonmul asXiaknglgde GP-1 conpounds that have valine or
glycine at position 8 and glutamc acid at position 22. Delivery agents
appropri at Xah¥ris:1Gly, P, bhargr esent invention: 30 The delivery agents of the
present inyent;ion caﬂ be de by organic chem stry nethods known in the
art and asdésd?iB¥d"i% W5 ™00/ 36480; WO 96/30036; U.S. Pat.

10 Xaa’® is:
Xaa® is:

Xaa® is:

Ser, Pro, or His;
Ser, Arg, Thr, Trp, or Lys;
Ser or Gly;

Xaa*! is:
Xaa* is:
Xaa® is:
Xaa* is:
Xaa® is:
Xaa® is:

Xaa® is:

Ala, Asp, Arg, Glu, Lys, or Gly;
Pro, Ala, NH,, or is absent;

15 Pro, Ala, NH,, or is absent;

Pro, Ala, Arg, Lys, His, NH,, or is absent;
Ser, His, Pro, Lys, Arg, NH; or is absent;
His, Ser, Arg, Lys, NH; or is absent; and
His, Ser, Arg, Lys, NH; or is absent;

20  provided that if Xaa®?, Xaa®, Xaa44, Xaa®, Xaa*, or Xaa®" is absent each amino acid
downstream is absent and further provided that the GLP-1 peptide does not have the
following C-terminal amino acid extension beginning at Xaa>®: Gly-Pro-Ser-Ser-Gly-Ala-
Pro-Pro-Pro-Ser-NH,.

Another preferred group of GLP-1 compounds has the amino acid sequence of
formula XI (SEQ ID NO:14)
Xaa’-Xaa®-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Xaa'®-Ser-Ser-Tyr-Lys-Glu-
Xaa?2-Gln-Ala-Xaa?>-Lys-Glu-Phe-Ile-Ala-Trp-Leu-Xaa>>-Xaa>*-Gly-
Xaa*®-Xaa¥-Xaa*®-Xaa>*-Xaa*'-Xaa*'-Xaa*-Xaa®-Xaa*'-Xaa*-

Xaa*-Xaa*’

Formula XI (SEQ ID NO:14)

25

30

wherein;



WD 03/072195 PCT/ US03/03111 -31 No. 5,643,957; U. S. Pat. No. 6,242, 495;

all of which are herein incorporated by reference. Many of the delivery

agent s ofwDhg/omiesent i nvention can be readily prepared fPemusamiol aci ds

i ncluding, but not limted to, am nocaprylic acid, butyryl hydroxam nic

acid, 5 am nophenyl butyric acid, am nophenyl hexanoic acid,

am nophenyl propi oni ¢ acid, am nosalicyhic acid, am nophenylsuccinic acid,

am nononani ¢ aci d, am nonicotinic acid, amnovalenic acid,

am nopheny kageki C hagidthe, BURSQGAR dREAniAGhEbtidAR] NABRACERAINE, REjdEoxy- |

am nohept anoi ¢ aci d, am nohydr oXybenzoic acid, and am nodecanoi ¢ aci d. For

exanpl e, t hedsstithd, hemphtdme so-fimyropetinl-distidi, byo-netlelimgidinee si ngl e aci d

10 with th prapr | agent_ whi reacts with free am no noiety present
Koo G VBL TeBr i sfaud

in the am "Prot ecting groups may be used to avoid

unwant ed Sbﬂ‘é‘lﬁﬁ&a&t}i"grgsﬂé‘ieuw dr Borknown to those skilled in the art. The
delivery agents may bé purified by récrystallization or by fractionation on

sol i & col unaSupuiysGlu, Bupiatilys; recrystal | i zation sol vent systens include
acetonitrile,, .15 nethanol irﬂn}d tetrahydrofuran. Fractionation nmaybe
perfornmed &%2a iEiMeabilelledril§ col umm supports such as al unina, using

nmet hanol/nm&nq{ir@flophél ures as the nobile phase; reverse phase colum
supports usSing trifludroacetic acid/acetonitrile mxtures as the nobile
phase; andXaetl ieAgkaage Aapy@nGiupgr aphy using water as the nobile phase.
When ani on exghan(%e chromat ography is perfornmed, preferably a subsequent
0-500 nM Z32s5a8iGnh 29 8 8% gradi ent i s enpl oyed. Useful delivery agents
int presents .i. i.0 e described in U S. Patents 5,541, 155;

5,6 ,338;%?9‘)%{%281&05&64 >957; 5,955,503; 6,100, 298; 5, 650, 386;

5, 866, 536; X22968,Sk2 ProSord8e; 539; 6, 001, 347; 6,071,510; 5,820, 881; and

6, 242, 495; ang WD 03/072195 PCT/US03/03111 -32 WO 02/02509; WD 01/51454;
WO 01/ 4419%aa\nds:Fer-3readhr, Wp.00/158863; WD 00/ 50386; WD 00/ 47188; and WO
00/ 40203; 3&9140%%&'0% gr ein incorporated by reference. A skilled artisan
wi |l also recognize ﬁ > variations of the delivery agents can be nade and
used in thapt'asestn, Asp/ent) G, Lys,bx@ipl es of delivery agents are descri bed
in Table 1. Preferred delivery agents of Table 1 are delivery agent
nunbErs 1, Xaa"4s:BgoogAlg "10, 11, 13, 14, 15, 20, 21, 22, 23, 24,

Xaa™® is: Pro or Ala;
Xaa* is: Pro, Ala, Arg, Lys, His, NH, or is absent;
Xaa® is: Ser, His, Pro, Lys, Arg, NH, or is absent;
Xaa® is: His, Ser, Arg, Lys, NH, or is absent; and
20 Xaa' is: His, Ser, Arg, Lys, NH; or is absent;
provided that if Xaa* Xaa®, Xaa* or Xaa*’ is absent each amino acid downstream is
absent and further provided that the GLP-1 peptide does not have the following C-
terminal amino acid extension beginning at Xaa®’: Gly-Pro-Ser-Ser-Gly-Ala-Pro-Pro-Pro-
Ser-NHo.
25 Preferred embodiments of formula X and formula XI include GLP-1 compounds

that have valine or glycine at position 8 and glutamic acid at position 22.

Delivery agents appropriate for use in the present invention:

30 The delivery agents of the present invention can be made by organic chemistry

methods known in the art and as described in WO 90/36480; WO 96/30036; U.S. Pat.



26, 28, 30, 31, 35, 36, 38, 39, 40, 41, 42, 43, 44, 46, 51, 52, and 54. WO
03/ 072195 PCT/US03/03111 -33- Table 1. Delivery agents Delivery Structure
agent # WO®3/01219%50 1 1 f , 20 HOOH 30 0 N~ j 1 0OPCTOS@HOHHO HI 5
OHONOH HO 600OH HOOH 7001 I ~NN8OO OO

-31-
No. 5,643,957; U.S. Pat. No. 6,242,495; all of which are herein incorporated by
reference.
Many of the delivery agents of the present invention can be readily prepared from
amino acids including, but not limited to, aminocaprylic acid, butyrylhydroxaminic acid,
5  aminophenylbutyric acid, aminophenylhexanoic acid, aminophenylpropionic acid,
aminosalicylic acid, aminophenylsuccinic acid, aminononanic acid, aminonicotinic acid,
aminovalenic acid, aminophenylacetic acid, aminocaproic acid, aminoundecanoic acid,
aminoheptanoic acid, aminohydroxybenzoic acid, and aminodecanoic acid.
For example, these delivery agents may be prepared by reacting the single acid

10  with the appropriate agent which reacts with free amino moiety present in the amino acids
to form amides. Protecting groups may be used to avoid unwanted side reactions as
would be known to those skilled in the art.

The delivery agents may be purified by recrystallization or by fractionation on
solid column supports. Suitable recrystallization solvent systems include acetonitrile,

15  methanol and tetrahydrofuran. Fractionation may be performed on a suitable solid
column supports sﬁch as alumina, using methanol/n-propanol mixtures as the mobile
phase; reverse phase column supports using trifluoroacetic acid/acetonitrile mixtures as
the mobile phase; and ion exchange chromatography using water as the mobile phase.
When anion exchange chromatography is performed, preferably a subsequent 0-500 mM

20  sodium chloride gradient is employed.

Useful delivery agents in the present invention are described in U.S. Patents
5,541,155; 5,693,338; 5,976,569; 5,643,957; 5,955,503; 6,100,298; 5,650,386;

5,866,536; 5,965,121; 5,989,539; 6,001,347; 6,071,510; 5,820,881; and 6,242,495; and



9 CHONOH HO C W 03/072195 PCT/US03/ 03111 -34 Delivery Structure a
ent# 10 Na, OONfO HO C Na' 11 HOHH3C OH 12 Na. Na* O 13 o HO O
HO CH3wowa1ZH3 HOH OOH 15 0 HO H3C O Na* Na' PpLé/usopovl /

-32-
WO 02/02509; WO 01/51454; WO 01/44199; WO 01/32130; WO 00/59863;

WO 00/50386; WO 00/47188; and WO 00/40203; and are all herein incorporated by
reference. A skilled artisan will also recognize that variations of the delivery agents can
be made and used in the present invention.

5 Examples of delivery agents are described in Table 1. Preferred delivery agents of
Table 1 are delivery agent numbers 1, 2, 4, 5, 6,9, 10, 11, 13, 14, 15, 20, 21, 22, 23, 24,

26, 28, 30, 31, 35, 36, 38, 39, 40, 41, 42, 43, 44, 46, 51, 52, and 54.
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used to treat a wide variety of diseases and conditions.

conpounds pri nmari

y exert t

heir biol ogical effects by acti

The GLP-1

ng at a GLP-1

recept or . wluwbjomaps wi t h di seases and/or 5 conditions that pcggasosiediinvor ably

to GLP-1 receptor stinulation or to the adm nistration
can therefore be treated with the oral
These subjects are said to

i nventi on.

conmpounds" or

of
fornmul ati ons of the

GLP-1 conpounds
pr esent

obe in need of treatnment with GLP-1

"in need of GLP-1 receptor stinulation". Included are

subjects with non-lqgahkg, dependent di abetes, ST TR depegndent di abet es,
stroke (see WD 00 myocar di al 10 Sﬁﬁqﬂ@tlon (see WD|98/08531),
obesity (see WO 98/ J.UUZF ¢atabotc—changes—aftet—surgery (see U. S.

Pat ent No. 6, 006, 753), uncti onal dysa and irritable bowel syndrone
(see WD 99/64060). Al so incliuded are SiijiCt requiring prophylactic
treatment with a GP-1 conmpound, e.g., 3§ t risk forn devel oping
non-insulin dependent di abgtes (see MD 0/r07 . Subjects with inpaired
gl ucose tol er ance ter—i5irpaired—Fastnrg—glucese—subjeetsywhose body

wei ght i s about 2‘@6a55§e nor mal body_ wei ght fore«t he subject's hei ght and
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nore parents w th|non-insulin dependent™>drabét es, subjects|{who have had
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pancreatitis are |at risk for devel opi ngonofl-i | in dependent di abetes. WO
03/ 072195 PCT/ US03/03111 -40 The present |nvention may be|better
understood with regferepre to the TOllownng exanpleﬁm These exanpl es are
intended to be representatiye of speeific\e dirents of tlhe invention,
and are not intended as limj|ting the i nvention. 5 EXAMPLES
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The oral formulations comprising a GLP-1 compound and a delivery agent can be

used to treat a wide variety of diseases and conditions. The GLP-1 compounds primarily

exert their biological effects by acting at a GLP-1 receptor. Subjects with diseases and/or

conditions that respond favorably to GLP-1 receptor stimulation or to the administration

of GLP-1 compounds can therefore be treated with the oral formulations of the present

invention. These subjects are said to “be in need of treatment with GLP-1 compounds” or

“in need of GLP-1 receptor stimulation”. Included are subjects with non-insulin

dependent diabetes, insulin dependent diabetes, stroke (see WO 00/16797), myocardial

10

infarction (see WO 98/08531), obesity (see WO 98/19698), catabolic changes after

surgery (see U.S. Patent No. 6,006,753), functional dyspepsia and irritable bowel

syndrome (see WO 99/64060). Also included are subjects requiring prophylactic

treatment with a GLP-1 compound, e.g., subjects at risk for developing non-insulin

dependent diabetes (see WO 00/07617). Subjects with impaired glucose tolerance or

15

impaired fasting glucose, subjects whose body weight is about 25% above normal body

weight for the subject’s height and body build, subjects with a partial pancreatectomy,

subjects having one or more parents with non-insulin dependent diabetes, subjects who

have had gestational diabetes and subjects who have had acute or chronic pancreatitis are

at risk for developing non-insulin dependent diabetes.



which 1 mL of MIIi-Qr) water was added, and the pH adjusted. with 10 N
NaCH. Using 20 this approach, a 150 ng/nL sol ution was achi eved for

del i very woenb7niesrtber 40 (pH 8.22). Exanple 5 Fornul ati orcofusdgbiivery
agent nunber 9 25 Due to the aqueous insolubility of delivery agent nunber
9, a suspension fornulation was prepared in 4% wei ght/vol ume (aqueous) of
suspendi ng agent hydr oxypropyl net hyl_g(?_l | ul ose (Klucel (r)). Approxinmately
1.7 nmL of suspending agent was added to a Type | glass vial containing 300
ng of delivery agent nunber 9. The preparation was cooled on ice for 3

m nutes, followed by probe sonication on ice for 30 30 m nutes using a

M soni x Soni cEiegrréseht idventisomay bébate ssdarstdod (vh 1éfktenca tohtheifadlosting) .

Soni cation resulted in a reduction of the nean.particlg size . of delivery
agent  nUBERIES. W BPe DI STt brsprresoatie! Sprcale FBimeRmOr

(Coul ter Part i b d Y/ ; Jormul ati on was
t hen dif%%égkggﬁﬁgga%%ﬁﬁfh§§¥ﬁaghgﬁgﬁ%%§%g?#g(gggﬁ?ygggéhple 6 5 O her
delivery agents: Al other delivery agents were prepared as described in
exanpl es 3 and 4 above, except del.ivery agent nunbers 10, 11, 12, 16, 18,
22, 25, 27, 33, and 52, which meréggﬁwﬂﬁdﬁgd as described in exanple 5
above. ﬁéﬁé¥ agents 46 and 54 were prepared in two separate

formul attons: one according to either exanple 3 or 4 and anot her according
10 to exmeilimtopickxavipy detdrmifitidni | ity studies: Stability studies were
conducted for delivery agent nunbers 9, 15, and 40. The 15 delivery agents
were freshly prejiegeaasedisgbathanseatiabtsve iy wepatadiona Kicelh srdisne\d e he

ol quEtE a1 ln et Pl iced LGSR, B8 81 P Mo LA P2 ey

devel opneeh tROZ0.5ANEIY SRsrfavel waghed bod hatdipadked fiee enNekariint brd sther tisgae per i od.

The results are shown in Table 2. 20 Table 2. Stability Data for Delivery
agent s oundesa stgrpgmigroscope. The islets are incubated overnight in RPMI'1640 medium

supplemented with 10% fetal bovine plasma and containing 11 mM glucose at 37°C and
95% air/5% CO,. The GLP-1 compound to be studied is prepared at a range of

15  concentrations, preferably 3 nanomolar to 30 nanomolar in RPMI medium containing
10% fetal bovine plasma and 16.7 mM glucose. About 8 to 10 isolated islets are then
transferred by pipette to a total volume of 250 pL of the GLP-1 compound containing
medium in 96-well microtiter dishes. The islets are incubated in the presence of the
GLP-1 compound at 37°C, 95% air, 5% CO, for 90 minutes. Then aliquots of islet-free

20  medium are collected and 100 pl thereof are assayed for the amount of insulin present by

radioimmunoassay using an Equate Insulin RIA Kit (Binax, Inc., Portland, ME).

Example 2
GLP-1 stability in the presence of DPP IV

25 The stability of each GLP-1 molecule-can be determined by incubation of the
GLP-1 molecule in human plasma. Plasma (800 pL), obtainable from healthy human
volunteers, is incubated at 37°C with 300 pmol/L of a GLP-1 molecule for up to six
hours. This is followed by reversed phase HPLC and RIA according to Deacon, et al., in .
J. Clin. Endocrinol. Metab. 80:952-957 (1995).

30



Tenperature Delivery agent Delivery agent Delivery agent nunber 40 m/nL
nunber 15 m/nlL nunber 9 m/nmL -20C 134.0 135.5 153.2 4C 135.1 138.2

148. 6 Anbwert/013% 3 137.4 146.0 25 Exanpl e 8 Formnul ati onPofi/uSh&03dLP- 1
conmpound: A solution of Val 8-Glu22-G.P-1 was prepared by dissolving the
GL.P-1 conmpound in distilled water to yield a concentration of 7 ng/nL. The
pH was slowy raised to 10.5 WO 03/ 074195 PCT/US03/03111 -43 with 2 N
NaOH, followed by incubation at roomtenperature for 30 m nutes. A volune
of 1 M Hyagguisfer, pH 8.0 was added to give a final buffer concentration
20 MM Tris, "and the pH adjusted to pH 7.8 with 1 Nor 5 N HO . The

sol ut i orfomaslatine of A¢livesyr agdnt umbryHSa | ow protei n bi nding 0.22 M syringe

filt MIlex GV, MLIi th tration 5 of the .GLP- d
wns det or i neapgmbisbe BT BEnsab e s SSRaERH e whiehralpt 2y dagior PO "
concent ralik %H‘wﬁf‘ch%-rﬁL LTRSS (9.?}8&&2@,{5&4 12 rpwhuddaed 1o Rdick<® finkhe pepti de

solution was then stored in 1. al'i quot's at -70C until used. Exanple, 9

10 Ftnalcohentmatian bH2G0 mEnmal ThopHiwaatadpstedueid dnddbhtoncpnicgdimnedhs

approxi mately 30 m pute 0.1 hour prior_  to_in Vvivo,.dosin opbi ni ng
R Rt dabt y ol ebnbn Dy ot 265K ngmbst O 1as tep Sedun st Rlr e oy
formul at | e H@ ed by oral gavage at 2 niL/kg (1.1 ng/kg G.P-1
conpound‘%/ﬁg%ﬂpngl Q‘g“?"ga ivery agent) with to Male Sprague Dawl ey rats that
were 15 fasted for 12 hours prior to dosing. A subcutaneous dose of the
GLP-1 conpound al one was used as a control (0.011 ng/kg). The nean

phar macdi5a8He ¢ paraneters are shown in the following table. Table 3. Mean
Phar,ac ok e P ARl Qvai l ability for Delivery agents 9, 20
15, 1§ﬁd%}5&%§é’l P\?iel?gﬁ%éﬁﬁ?flatl oﬁér max Cmax (pg/nL) AUC %a Agent # mn

*m n/ mL sol utbheivetPageBisItiber 40 8itd 9 IEBSINtAGBIE as theudesiosd dd@oei@bionio NCb

150 mg/mL when followed example 1. Further dilution with base to pH 11.5 also did not

achieve the desired concentration of 150 mg/mL. Addition of cosolvents also failed to
solubilize either delivery agent to the desired concentration of 150 mg/mL. Cosolvents
15  tested included ethanol, N-methylpyrrolidone, N,N-dimethylacetamide, N,N-
dimethylformamide, glycofurol, ethoxydiol, propylene glycol, polyethyleneglycol 300,
and polyvinylpyrrolidone.
However, for delivery agent number 40, 150 mg was weighed into a Type I vial, to
which 1 mL of Milli-Q® water was added, and the pH adjusted with 10 N NaOH. Using
20  this approach, a 150 mg/mL solution was achieved for delivery agent number 40

(pH 8.22).

Example 5
Formulation of delivery agent number 9
25 Due to the aqueous insolubility of delivery agent number 9, a suspension
formulation was prepared in 4% weight/volume (aqueous) of suspending agent. -
hydroxypropylmethylcellulose (Klucel®). Approximately 1.7 mL of suspending agent
was added to a Type I glass vial containing 300 mg of delivery agent number 9. The
preparation was cooled on ice for 3 minutes, followed by probe sonication on ice for
30 30 minutes using a Misonix Sonicator® Ultrasonic Processor XL (3/ 16™ inch microtip).

)
Sonication resulted in a reduction of the mean particle size of delivery agent number 9



40 solution 6 3 6304 4929 94215 66732 1.01 15 solution 5 0 25660 12522
254291 129387 2.72 9 Klucel 7 3 2637 2695 28144 38576 0.30 suspension a
Bi oavai | awDlodwy21e®l ati ve to subcut aneous dosing. b NC = mot/usad/euliat ed due
bel ow detection | evel 25 Fromthe above data, the percent bioavailability
for the oral admnistration of Val'-Au22-GP-1in a formulation with
delivery agent nunber 15 is calculated,to be 2.72% Val'-3Ju22-GP-11in a
formulation with delivery agent nunbér“40 is calculated to WD 03/072195

el | very aBaR P L e Bl Aot S ThO B 2 o

al | del iwanierp@Giant®stoar® M peiwith theadusgerdlinguplenty. 5 Table 4. Tmax, G nax,
and AUC Pharnmacokinetic Data for Delivery agents 1 through 56. T max Cnax

AUC # Delivery Agent Structure Peptide Formulation mn (pg/nm) *mn/nL A
NA Aa Trd.s sglgtion 10 0 3781 93635 B NA Bb Tris solution NCNC NC 010
N A Tri s°88PPon NCNCNC | / 02 HONA Tris solutiond 5 0 875 7202 0
Hi 3 Oth%&lfﬁé?@ spfsution 5 0 24505.8 237422.3 00 4 0~ /~"™ ATris

[ 9%2 NC ~{

solution 5::L O v~0I1l/H 6-H5N HATris suspension 5 0
4022 40984  All other delivery agents were prepared as described in examples 3 and 4 above,

except delivery agent numbers 10, 11, 12, 16, 18, 22, 25, 27, 33, and 52, which were

prepared as described in example 5 above. Delivery agents 46 and 54 were prepared in
two separate formulations: one according to either example 3 or 4 and another according

10  to example 5.

Example 7
Stability studies:
Stability studies were conducted for delivery agent numbers 9, 15, and 40. The
15  delivery agents were freshly prepared as described above respectively to achieve the
desired concentration of 150 mg/mL. The samples were divided into three 2 mL aliquots
and stored at -20°C, 4°C, and ambient for three days. HPLC assay development and

analyses were performed at the end of the storage period. The results are shown in Table

2.
20
Table 2.  Stability Data for Delivery agents 9, 15, and 40.
Temperature Delivery agent Delivery agent Delivery agent
' number 40 (mg/mL) | number 15 (mg/mL) | number 9 (mg/mL)

-20°C 134.0 135.5 153.2
4°C 135.1 138.2 148.6
Ambient 1353 137.4 146.0

25  Example 8

Formulation of the GLP-1 compound:

A solution of Val®-Glu*2-GLP-1 was prepared by dissolving the GLP-1 compound

in distilled water to yield a concentration of 7 mg/mL. The pH was slowly raised to 10.5




O OOH®G6 HONA Tris suspension 510 3184 37926 OH/ OO0 71 ATris
solution 510 17576 204611 8 A Tris solution 9 8 13247.1 173548.6 O 9 ~
N o A Kl uwelossuapensi on 7 3 2637 28144 0 Kl ucel suspensi @aTASOP03E019 9889
Cl 0 0 10 A Klucel suspension NC NC NC 0 O 11 A Klucel suspension 1116
4760 71350 Klucel suspension 6 t 3 1243.1 12167.1 0 WD 03/072195
PCT/US03/ 03111 -45 T nax Cmax AUC # pPelivery Agent Structure Peptide
Formulation min /L *min/nm. No No 12~ A Klucel suspension 7 3 4225 35239

3 6265 BOIB O o b O Fahe B 312177 0 1800866 0
" OH of 1 M Tris buffer, pH 8.0 was added to give a final buffer concentration 20 mM Tris, and
the pH adjusted to pH 7.8 with 1 N or 5 N HC1. The solution was then filtered through a
low protein binding 0.22 uM syringe filter (Millex GV, Millipore) and the concentration
5  ofthe GLP-1 compound was determined by UV spectroscopy. The solution was diluted to
a final concentration of 5.5 mg/mL using 20 mM Tris buffer, pH 7.8. The peptide

solution was then stored in 1.0 mL aliquots at -70°C until used.

Example.9
10  Final formulations:

Final formulations were freshly prepared approximately 30 minutes to 1 hour prior
to in vivo dosing by combining 4.5 mL of the delivery agent with 0.5 mL of the GLP-1
compound. The final formulations were dosed by oral gavage at 2 mL/kg (1.1 mg/kg
GLP-1 compound, 300 mg/kg delivery agent) with to Male Sprague Dawley rats that were

15  fasted for 12 hours prior to dosing. A subcutaneous dose of the GLP-1 compound alone
was used as a control (0.011 mg/kg). The mean pharmacokinetic parameters are shown in

the following table.

Table 3. Mean Pharmacokinetic Parameters and Bioavailability for Delivery agents 9,
20 15, and 40.

Delivery Formulation T nax Chnax (pg/mL) AUC %F?
Agent # (min) (pg*min/mL)
solution 10+0 3781+ 1097 93635 + 18531

solution NC* NC NC° NC

40 solution 6%3 6304 £ 4929 94215 + 66732 1.01

15 solution 50 25660 + 12522 | 254291 + 129387 | 2.72

9 Klucel 73 2637 + 2695 28144 1+ 38576 0.30

suspension

2 Bioavailability relative to subcutaneous dosing.
Y NC = not calculated due below detection level
25 From the above data, the percent bioavailability for the oral administration of
Val®-Glu?>-GLP-1 in a formulation with delivery agent number 15 is calculated to be

2.72%, Val®-Glu?2-GLP-1 in a formulation with delivery agent number 40 is calculated to



O N15 A Tris solution 5 0 25660 254291 O N.* Na -0 16 A Kl ucel
suspension 5 f 0 2113 19972 ~ Chial 17 A Tris solution™ NC NC NCs 0 O NCs
18 0 N A Wbuwaset213uispension W W HO O 19 o A Tris suspensipom/t503/@120704. 9
290106.4 / 20 H A Tris suspension 5 0 1895 21948 00 1,1 HOH O H21
HN A Tris suspension 6 3 5833 57166 OO0 o Na 22 N 9 A Klucel suspension
NCs We NCs ~ ~0 023 0 NA Tris solugions 5t 0 1930 15747 HOIl i O O CH
3 WO 03/072195 PCT/US03/03111 -46 T max Crax AUC # Del i ver Agent Structure
Pept i de Fot.0uV@bhdWaltiGlurGLEAdh &ifsyoMDation with delivery agent number 9 is

calculated to be 0.3%.

Pharmacokinetic data for all delivery agents are shown in Table 4, below.

Table 4. Tmax, Cmax, and AUC Pharmacokinetic Data for Delivery agents 1 through 56.

T max Cmax AUC

# Delivery Agent Structure | Peptide Formulation (min) (pg/mL) | (pg*min/mL)
A NA A? Tris solution 100 3781 93635
B NA B° Tris solution NC* NC* NC°

0
1 o A Tris solution NC° NC* NC°

N
W
O .

2 H'%O(\/\/\/\E A Tris solution® | 520 875 7202
3 OWT)b A Tris solution” 5+£0 24505.8 2374223

[¢] o]

4 A Tris soluti 5£0 297.2 NC*
O\n/\/\“ ris solution

5 N’\/\/\/\H/O‘H A Tris suspension 50 4022 40984
H o
o ot
6 | WOy A Tris suspension 50 3184 37926
o] H
o o] |
7 Ej)‘\n/\/\/\/"\ A Tris solution 50 17576 204611

8 O\H/\/\/\/\TJ\(; A Tris solution 98 13247.1 173548.6

0 Klucel suspension | 50 1619 9889

0 :
9 é/u\N’W\/\n’o A Klucel suspension | 73 2637 28144

10 NN A Klucel suspension | NC° NC* NC°

11 ‘8 A Klucel suspension | 11£6 4760 71350
o Klucel suspension | 63 12431 12167.1




24 A Tris solution 13 3 1885.3 21559.2 25 HO S O A Klucel suspension
NCc W NC 26 A Tris solution 5 0 12841.0 113480.1 0 i 27 A Kl ucel
sol ut i onswb:0b/0212¥898. 3 299137.2 28 H o 0o A Tris sol uti o®RCTWSE3/EA20 59543
O Tris suspension 9 8 1404 13116 A Tris solution 1017 5262 62303 29 ~
CH 3001 ATris solution 5 0 4174 35259 HO O O H3C.NH 31 0 A Tris
solution 5+0 3724 30164 HO O OO0 32 48 Tris suspension 6 3 10315.9
130175.6 O N/ 33 A Klucel suspension 5 0 232.1 NC N34 A Tris
suspengion 8 756.1 6964. 7 0 N[0 35 NI's A Thiag [Sotriixd gqn NGUANCe |NCe
36 Ho A ¥r || sDhiodry Ab&in SPuctire 4 gtidb2/0 3 Borniilation (min) | (pg/mL) | (pg*min/mL)

Ne' - Na'

12 WSS A Klucel suspension | 73 4225 35239
e}

13 "> A Tris suspension’ | 8+3 | 23297.1 279725.0

© 0 Tris suspension’ 8+3 6265 82398
CH,

o o

14 BN Ay A Tris solution® 6+3 | 121779 160066.6

H

N,
15 \/\/\/\/z A Tris solution 5+0 25660 254291
5 o
. O-Na’

16 NN A Klucel suspension | 5:+0 2113 19972

O

Chira)
17 \%\ A Tris solution” NC* NC* NC®
18 o NYQ A Klucel suspension | NC° NC* NC*
H OJ\/\Q

19 °\n/\/\©\ o A Tris suspension 50 20704.9 290106.4

20 A Tris suspension 5+0 1895 21948

21 A Tris suspension 6+3 5833 57166

22 J\/\/@ﬂ\(@ A Klucel suspension | NC° NC* NC°

23 WHY@ A Tris solution® 540 1930 15747
HO




37 O~01, ATris solution NCB NC W H CND 0 H WD 03/072195 PCT/ US03/ 03111
-47 T max Cmax AUC # Deliver Agent Structure Peptide Fornulation mn
(pg/ ML) *wWorsni219Chiral 38 A Tris solution 9 3 556 5669 PETWS®G/HIDIL S''
, H39 0-9 NA Tris solution 6 f 3 815 6087 OI i OL H40 o A Tris
solution 6+3 6304 94215 o0 41 o Nis o a A Tris solution 5 0 2117.0 21679.1
I, O 42 OA Tris solution NCC NCC N(_:gl\‘F_-l--O O 0 43 HONA Tris
suspension 5:L 0 962 7281 O H 44 0 NNA Tris solution 6 3 4227 55671 H. 0

H I

O Chi rdl D45 A Tr1s solutijon™ 6:C 3 975. 1 1348ud) | Ochhx AUC
# Delivery Agent Structure | Peptide Formulation (min) (pg/mL) [ (pg*min/mL)
24 Yv\@xk@ A Tris solution 13+£3 | 18853 21559.2
25 HO O“S"O A Klucel suspension NC° NC° NC°

SRR
26 WI/W\/\D A Tris solution 540 | 128410 |  113480.1
27 OWQ/Q\O A Klucel solution® 5+0 27898.3 299137.2
28 H’O\n/\/\/\/\o A Tris solution 107 4220 59543
o o Tris suspension 9&8§ 1404 13116
29 N I\ Trissoluion | 10+£7 | 5262 62303
CH,
30 o)jg A Tris solution 50 4174 35259
o
HO
O
T MO
31 OJ?@ A ~ Tris solution 5%0 3724 30164
HO\H/\/\/\/\O
0
32 | YOS A Tris suspension | 6+3 | 103159 | 130175.6
[¢] N~
33 O\ﬂ/\/\/\/\" [ A Klucel suspension | 50 232.1 NC°
[+ P
N
3 YN | A | Trissuspension | 9+8 | 7561 6964.2
o N
0,
35 O\H/\/\ /\\Séo A Tris solution NC* NC° NC®
N
e
i e
36 | wo Nag A Tris solution 5+£0 4752 42036
0”0
37 Yo A Tris solution NC | NCe NC*
LOLA,.-S
“TTD




'-0 Ocm.|l 46 A Tris solution 6:1: 3 1746.1 19304.1 Klucel solution 5 f
0 544.2 4789.7 Chlrel 47 1 A Tris solution Woe NCc NCC O N o O Chiral 48
O O A TriwodalwipdHn 5 0 649.2 6068.5 WO 03/ 072195 PCT/ US®8raBadasiit 48 T
max Cmax AUC # Delivery Agent Structure Peptide Fornmulation mn /nL *mn/nL
NChirel 49 N A Tris suspension 5 + 0 165.7 NCe O F 50 HO1l----N A Tris
solutiond NCe NCC NC OHOF 51 HOHA Tris solution 510 1076 10838 " ~I
52 o I A Klucel suspension NCe NCe NCé HOOF NND53 0 A Tris suspension
6 + 3 27467 337360 O \ /5470 IT P v A RIucel [ SUSRENSCRidx 0] 3 ABE L. P
218240.8 3 r b&iv@#%%@rﬂ%h@&u{é Pepiad 29 - 1orBd4RR 7. B (nfth)0 (pg/mL) | (pg*min/mL)
Chiral
38 © A Tris solution 943 556 5669

Ho A O“s"o
\g/\{:"z \©

» A
39 @L‘?é,& A Tris solution 6+3 815 6087

1}
40 O A Tris solution 6+3 | 6304 04215

41 \“/\/\©\, : A Trissolution | 50 | 2117.0 21679.1

Q .
42 O\[]/\/\NJ\O A Tris solution NC* NC° NC°
0

o
43 HOJ\/\/\/\/H\(O A Tris suspension 5+0 962 7281

H
44 o &YO A Tris solution 6+3 4227 55671
on/lk/\/@ o]

Chiral

o]
45 >\ A Tris solution” 63 975.1 13468.0
o\\(\N
6]
46 . A Tris solution 6+3 | 1746.1 19304.1
° J‘\O Klucel solution | 50 | 544.2 4789.7

Chirat
47 \%\ A Tris solution NC® NC* NC®

Chiral

48 )\Q A Trissolution | 50 | 6492 6068.5




0O 0550 ATris solution 6 3 2398.9 20177.7 Chlrel

3 3689.8 48324.4

11§

56 A Tris solution 6

Pepti de wWwWOd3/0IAVEGTFTSDVSSYLEEQAAKEFI AWLVKGRG b Pepti de ®e@diS03/03111
HVEGTFTSDVSSYLEEQAAKEFI AWl KGEPSSGDPPPS NC not cal cul ated due to
insufficient data. d Fornul ati on dosed as a solution with a few

"N O15 B Tris solution 5 f 0 8122 82656 Na 5 a

undi ssol ved/ fi brous particles. e For qgl ation dosed as a hazy solution. 10
"Formul ati on dosed as a solution with few undi ssol ved particles. s
For mul gt 0rf dosSed as a hazy {1 sScoup solution. N &l ahken] dOSLEC as R
sol ut i on #wi|t DelfredyeiedtSancthréC EPdptipa| t iFelffation’ For(m.u)at |(5§nnpsosqsg*.aﬁl/m)
non- honpgerneous, so t cl phnpy spspensi on. 370721
PCT/ USOB493111 -49- \\W Claim 4. Aflﬁrsmpé@mon sg-)nrp i 36370 R G_Reﬂ cofrpound
and a delivery agentf selectefd from the group ponsisting of| Delivery pagent
1, 2, 3 4, 8, 9, 1p, 11,|12, 13, 14,|5 15, |16, 17} 18, 19, PO,
21, 22,| 23, 6, 27, 28, 29{ 30, 31, 32| 33, B4, 35,|36, 37, BS,
39, 40,] 41, 43, °44, 45, 46, 47| 48, 49, 50, 51, b2, 53,|54, 55, ahd 56.
2. The ffornul atl on oo O aFfm [, whefein the GPt1 conmpound 15 selected|from
the grlobsp cm?rgrs{/r d\dﬁ@ -1 £onpounrigsoldibn’SEQ NOF ND NG SEQ | ReNO 2] SEQ
ID 10 |NO 3 SQIDHNO4 EQRID NO5, SEQIDNG6, BEQID NGO 7, SEQ|D
NO 8, SEQ D NO 9, DONQ 10, SEQ D NO 1T, SEQ D NO 12 SEQ D NO 13,
and SEQ D N@rl\ér\/&/\ rmul ati pn 0 @b m L, s wper eiizet he Gifsg coppound
is seldcted fPomthe 15 olup conkisting of G P-1 conpounds of SEQ |
NC: 2, SE% D NO 3, SEQ | ND4, SEQ I D NO 5, SES!DNOGc SEQ 1 D NO 112,
SEQ I D 1 3 Oand A ucel suspension C NC NC
—N
53 W\H M A | Trssuspension | 623 | 27467 337360
54 A Klucel suspension | 63 18771.5 218240.8
Tris suspension 5+£0 65729.5 684087.3
55 f A Tris solution 6+3 | 23989 20177.7
56 @\ A Tris solution 63 3689.8 48324.4
°\D/\N/ﬁ\©
15 ? h . B Tris solution 50 8122 82656
5  *Peptide used: HVEGTFTSDVSSYLEEQAAKEFIAWLVKGRG

® Peptide used: HVEGTFTSDVSSYLEEQAAKEFIAWLIKGGPSSGDPPPS

*NC not calculated due to insufficient data.

4 Formulation dosed as a solution with a few undissolved/fibrous particles.

¢ Formulation dosed as a hazy solution.

10 "Formulation dosed as a solution with a few undissolved particles.

EFormulation dosed as a hazy viscous solution.
T‘F ormulation dosed as a solution with a few translucent particles.
'Formulation dosed as a non-homogeneous, somewhat clumpy suspension.

15



ID NO 14. 4. The formulation of Claim1, wherein the GLP-1 conpound is

selected fromthe

SEQ | D Naw023/08895 | D NG 13, and SEQ I D NO 14. 5. The f or rairatSosos1of
1, wherein the GLP-1 conpound is of SEQID NO 13 or SEQ ID NO 14. 25

10

15

20

25

-49.

We Claim:

. A formulation comprising a GLP-1 compound and a delivery agent selected from

the group consisting of Delivery agent 1, 2, 3,4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36,
37,38, 39,40, 41, 42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54, 55, and 56.

. The formulation of Claim 1, wherein the GLP-1 compound is selected from the

group consisting of GLP-1 compounds of SEQ ID NO:1, SEQ ID NO:2, SEQ ID
NO:3, SEQ ID NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:7, SEQ ID
NO:8, SEQ ID NO:9, SEQ ID NO:10, SEQ ID NO:11, SEQ ID NO:12, SEQ ID
NO:13, and SEQ ID NO:14.

. The formulation of Claim 1, wherein the GLP-1 compound is selected from the

group consisting of GLP-1 compounds of SEQ ID NO:2, SEQ ID NO:3, SEQ ID
NO:4, SEQ ID NO:5, SEQ ID NO:6, SEQ ID NO:12, SEQ ID NO:13, and SEQ
ID NO:14.

. The formulation of Claim 1, wherein the GLP-1 compound is selected from the

group consisting of GLP-1 compounds of SEQ ID NO:2, SEQ ID NO:12, SEQ ID
NO:13, and SEQ ID NO:14.

. The formulation of Claim 1, wherein the GLP-1 compound is of SEQ ID NO:13 or

SEQ ID NO:14.

20 group consisting of GLP-1 conpounds of SEQ I D NO 2,

Clam



