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(Drskov, 1992, Dlabetolog|a 35: 701 -711). Glucagon -like peptide 1 (GLP-1) is a product
20  of proglucagon, a 180 amino acid peptide (Drucker, 1998, Diabetes 47:159-169). The
overall sequence of proglucagon contains the 29-amino acid sequence of glucagon, the
36 or 37 amino acid sequence of GLP-1 and the 34 amino acid sequence of glucagon-
like peptide-2 (GLP-2), an intestinotrophic peptide. GLP-1 has a number of functions. It
is a physiological hormone that enhances the effect on insulin secretion in normal
25  humans and is therefore an incretin hormone. In addition, GLP-1 also fowers glucagon
concentrations, slows gastric emptying, stimulates (pro)insulin biosynthesis, and
enhances insulin sensitivity (Nauck, 1997, Horm. Metab. Res. 47:1253-1258). The
peptide also enhances the ability for the B-cells to sense and respond to glucose in
subjects with impaired glucose tolerance (Byrne, 1998, Eur. J. Clin. Invest. 28:72-78).
30 The insulinotropic effect of GLP-1 in humans increases the rate of glucose
disappearance partly because of increased insulin levels and parily because of
“enhanced insulin sensitivity (D'Alessio, 1994, Eur. J. Clin. Invest. 28:72-78). This has
placed GLP-1 as a promising agent for treatment for type |l diabetes. Active fragments

of GLP-1 have been found to be GLP-1(7-36) and GLP-1(7-37). However, a major



of G.P-1 have been found to be GP-1(7-36) and G.P-1(7-37). However, a nmjor
1 2 MAR 2007 2 pharnacol ogi cal problemwith native G.P-1 is its short
half-life. In humans and rats, G.P-1 is rapidly degraded by di pe&tzif‘tﬁﬁIZ‘G[]?
pepti dase-1V (DPP-1V) into GP-1(9-36)am de, acting as an endogenous G.P-1
receptor antagonist. Several strategieg circunmventing this problem have
been proposed, sone using inhibitors of DPP-1V and others DPP-1V 5
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treatment of diabetes nellitus, reducing gastric notility and delaying
gastrilé eRpeT 07 84rnd\WO981R808Ht i on of hyperglycemia (U S. Patent No.
5,424,286, W98/05351) as well as for the reduction of food intake

(W098/30231) . .Ways of obtainjng novel conpounds 30 _bé{_m)di fying the native
Eondi o s XM AL RS ELE. b Hop00k S0oTH OMBGIE TeihITaER CHIS et o
substi t ueal,s1993, thaisiDlOaewl ©6889650-65). txendin-deglvém sy¥ieRaN3 B ravBicol
glucose levels by 40% in diabetic db/db mice (W099/07404). Recently, Grieg et al.
20 (1999, Diabetologia 42:45-50) have shown a long lasting blood glucose lowering effect
of once daily intraperitoneal injection of Exendin-4 to diabetic ob/ob mice. US patent No.
5,424 286 discloses that a considerable portion of the N-terminal sequence is essential

in order to preserve insulinotropic activity (Exendin-4(1-31) and Y31-Exendin-4(1-31))
whereas an N-terminally fruncated Exendin (Exendin-4(9-39) has inhibitory properties.
25
The use of Exendin-3, Exendin-4 and Exendin agonists has been proposed for the
treatment of diabetes mellitus, reducing gastric motility and delaying gastric emptying
and the prevention of hyperglycemia (U.S. Patent No. 5,424,286, W088/05351) as well
as for the reduction of food intake (W098/30231). Ways of obtaining novel compounds
30 by modifying the native Exendin sequences have been proposed. One way is to attach
lipophilic substituents to the molecule, e.g. as described in WO 99/43708 which
discloses derivatives of Exendin with just one lipophilic substituent aftached to the C-

terminal amino acid residue.



di scl oses derivatives of Exendin with just one |ipophilic substituent
attached to the G termnal amno acid residue. 12 MAR 2007 3 A nmjor
approach has been to devise Exendi n anal ogues characterised by aml AMARCHH
substitutions and/or C-termnal truncation of the native Exendin-4 sequence.
This approach is represented by the conpounds of W99/07404, WO 99/ 25727
and WO 99/ 25728. 5 W99/ 07404 di scl osés Exendi n agoni sts havi ng a general
formula | that defines a peptide sequence of 39 anmino acid residues with
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WO 99/25727 discloses Exendin agonists having a general formula | that defines a
peptide sequence of from 28 to 38 amino acid residues with Gly in position 4 and Ala in
position 18, and wherein the remaining positions may be occupied by wild-type Exendin
amino acid residues or may be occupied by specified amino acid substitutions. Formula
20 | does not comprise a peptide sequence having Ser as the C-terminal amino acid and
Exendin agonists or analogues having specific amino acid deletions and/or being

conjugates as described herein, such as the novel compounds desPro36-Exendin-4(1-
39), Exendin-4(1-39)-Kg or desPro36-Exendin-4(1-39)-K6. Further, formula !l of WO
99/25727 defines a peptide sequence similar to formula |, but including Exendin

25 derivatives having a C(1-10)alkanoyl or cycloalkylalkanoyl substituent on lysine in

position 27 or 28.

When treating inappropriate post-prandial blood glucose levels the compounds are
administered frequently, for example one, two or three times a day.

30
WO 99/25728 discloses Exendin agonists having a general formula | that defines a
peptide sequence of from 28 to 39 amino acid residues with fixed Ala in position 18, and
wherein the remaining positions may be occupied by wild-type Exendin amino acid



30 WO 99/25728 di scl oses Exendin agoni sts having a general fornula | that
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wi | d-type Exendin amno acid 1 2 MAR 2007 4 residues or nmay be occupi ed by
specified amno acid substitutions. Said Exendin agonists all correspond to
a truncated Exendi n anal ogue having a 6ary|ng degree of amno acid
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i nclude at | east one no am no acid residue at positions G ni3, Met14,
Trp25,50r Asn28 of the Exendin-4 (1-39) nolecule. Also provided are met hods

of maki ng apficisd BsirabR t8 hatd EkerRih SorfiditiBntnaPERPSTLLiILS Biter Bidility than
prior compounds. Further desirable would be to have Exendin compositions that can
resist degradation. Such compositions would be especially useful in settings where
significant storage times are expected and/or where there is risk from unwanted

20  oxidation, hydrolysis or deamination reactions.

SUMMARY OF THE INVENTION
The present invention generally relates to stabilized Exendin-4 compounds and related
compositions. In one aspect, the invention provides stabilized Exendin compounds,
25  particularly Exendin-4 agonists, that include at least one modified amino acid residue at
positions GIn13, Met14, Trp25, or Asn28 of the Exendin-4 (1-39) molecule. Also
provided are methods of making and using the stabilized Exendin-4 compositions. The
invention has a broad spectrum of uses including providing Exendin-4 compositions with
better stability and storage properties when compared with prior Exendin-4 compositions

30  and related compounds.

We have discovered that it is possible to stabilize Exendin-4 compounds and related
compositions by modifying particular Exendin amino acids therein. Preferred

modifications according to the invention are deamidated, hydrolyzed, oxidized, or
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between lots.

20  Additionally, use of the invention can now provide more consistent dosing of Exendin-4
compositions and related molecules. That is, the stabilized compounds of the invention
are less apt to degrade and thus can provide more reliable therapeutic activity. This
feature of the invention is particularly important when it is desirable to produce Exendin-
4 and related molecules having relatively consistent activity or good stability on a

25  moderate or large scale.

By the phrase "Exendin-4 compound or related molecule" including plural forms is
meant Exendin-4 (1-39), or a variant, analogue or derivative thereof as defined in this
application. lllustrative is Exendin-4 (1-39) and derivatives thereof that include a
30  deletion of between from about 1 to about 5 amino acids that corresponds to positions
34, 35, 36, 37 or 38 of Exendin-4. Optionally, such derivatives further include at least
one peptide Z as defined herein. Such compounds or molecules are "stabilized"
according to the invention (eg., a stabilized Exendin-4 (1-39) compound) by modifying at
least one of the amino acid residues: GIn13, Met14, Trp25, or Asn28 of the Exendin-4



meant Exendin-4 (1-39), or a variant, analogue or derivative thereof as
defined in this application. Illustrative is Exendin-4 (1-39) and
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In one embodiment of the forgoing compound, the stabilized Exendin-4 {1-39) includes
20 at least one L-amino acid residue or at least one D-amino acid residue. Alternatively, the

compound includes combinations of L- and D-amino acid residues.

In another aspect, the present invention provides a compound that includes at least one
stabilized Exendin-4 (1-39), preferably two, three or four of same, more preferably one
25  of such stabilized Exendin-4 (1-39) molecules. In one embodiment, the compound
includes at least one of:
iy an Asn residue having a deamidated side chain, an Asn residue having
hydrolyzed side chain or a structural isomer of an Asp residue, wherein the Asn
or Asp residue corresponds to position 28 of Exendin-4,
30 ii) an oxidized methionine residue corresponding to position 14 of Exendin-4,
iiiy an oxidized tryptophan residue corresponding to position 25 of Exendin-4,
iv) a deamidated or hydrolyzed GIn corresponding to position 13 of Exendin-4;
and a pharmaceutically acceptable salt or solvate thereof.



i) an Asn residue having a deam dated side chain, an Asn residue havi ng

hydr ol yzed side chain or a structural isonmer of an Asp residue, I%Zt
Asn or Asp residue corresponds to position 28 of Exendin-4, 30 ||) il
oxi di zed net hi oni ne residue corresponding to position 14 of Exendin-4, iii)

an oxidi zed tryptophan residue correspﬁndi ng to position 25 of Exendin-4,
iv) a deam dated or hydrolyzed G n corresponding to position 13 of
Exendi n-4; and a pharnaceutically acceptable salt or solvate thereof. 12

MAR 2007 Fﬁnﬁ&fﬁﬁﬁae@faeé/'pﬂﬁ%a%’éﬁt:d% faBE@pﬁéB!é %aﬂnbb!s@&ﬁembﬁm&dﬁoﬁﬂg%“ ons
that include at_ |east one, ‘}?)fofPBr r or four of the stabilized

ably hr e
Exendi n- 4 90%:- AEieraRly b, thee %W@f%?%UHIeQ Fdﬁéd'ﬁf“ Eloreh moRpdEH IR Exanpl es
of such corpesblyicnBsf SUdh ddrPBURRI ERGhEIBS ofsuch campbiifdnsai® Brlvidel Belownvent i on
provi des a nmethod of making a stabilized Exendin-4 conposition or rel ated

nol ecul e as di scl osed herein. In one enmbodi nent, the nethod includes at
| east onelrobndther dspekc\theghvehimsproaifiesbtrasthom@f ekimdi & -sthbfited Ekemiin-a

vari ant, anal ogue, tive thereof,; and i ncupat.in he endi n-4
(3580 or BORBOTR arteist ol s S SCI A b0 oW s SRS M EERG 1 o
suf f i ci eninctudes at leastwoe ofithel felamitingostepsof the foll ow ng am no acids therein:

) an S o8 AR e L3 3ot SRR B achlaie eyt g having

hydr ol yzed si n or Gral s FiveT wherein the
Asn or Asp hestubating dre Esmmdé (¢ osithe wariap8 aﬂalcﬁmendt demvatms thergofan

oxi di zed et pisapi; &?c”ro%ﬁ' P16 GRRANCK 300t BAS o glﬁ]roﬁﬁwgé %ﬁﬂ%‘g@al N 4' i)

an OX|d|zed tryptophan residue corresponding to po V)
a deam dat edh@’ﬁlﬂhydrol yzed G n corresponding to position 13 of Exendl n- 4;

and a phar macegt éﬁ%shyregﬁﬁggta@fﬁl Zezﬂaf'm é?cflgiﬁléan%rﬁertk% ?@F resué thalinly! of ten

be preferred t he st of thelnvetlon
synt heti cal | y 8ydrelszad g chain ot alstrycturanisesognpi a0 65p sapidveawherelioie ifsn

descri bed bel 0‘6+A§d‘@'e$dlfé'dbﬁ%§pdh%i§t&ﬁo§n% ZIWf'E'xéhcﬁrlmd peptide synthesis
t echni In particular enbodi nents foregoi ng net hods_further include

t he st‘gp of det')eﬁﬂ?We%etﬁpé@éﬁ%%d‘@rc%'%@@@g# pasitiore i of BxepdiBr4. ani no aci ds

(i)-(iv). Ateringd b)(@llzéid tr@dto;bh’én&élﬂd&é wﬁrespédmﬁxgﬂﬁtpbgiﬂoﬁ@@of IEdndfhes | dent i fying
at | east one of the am no acid g g & 2 t he
v) a deamidated or hydrol zed Gln orrespondlng to position 13 of Exendin-4;

and a pharmaceutically acceptable salt or solvate thereof.

20 It will often be preferred to make the stabilized Exendin-4 molecules of the invention
synthetically or semi-synthetically. An example of such a method is described below
and includes use of the Merrifield peptide synthesis technique.

tn particular embodiments the foregoing methods further include the step of detecting
25  presence or absence of at least one of amino acids (i)-(iv). Alternatively, or in addition,
the method can include identifying at least one of the amino acids (i)~(iv) in the
composition. Methods for detecting and identifying the modified amino acids are

discussed below.

3¢ In another embodiment, the invention features a method of making the stabilized
Exendin-4 compound and related molecules disclosed herein. Typical of such methods
includes at least one of the foliowing steps:
a) obtaining Exendin-4 {1-39) or a variant, analogue or derivative thereof,



conposition. Methods for detecting and identifying the nodified am no acids
are discussed below. 30 In another enbodi ment, the invention feat S a

met hod of making the stabilized Exendin-4 conpound and rel ated nnf%@&ﬂé@T
di scl osed herein. Typical of such nethods includes at |east one of the
foll owi ng steps: a) obtaining Exendin-4 (1-39) or a variant, anal ogue or
derivative thereof, 12 MAR 2007 8 b) §ontacting the Exendin-4 (1-39) or the
vari ant, anal ogue or derivative with at |east one pharmaceutically

accept abl g) eafikdib AL E‘ksﬁﬁiﬁ-he(nls%gBF BAUGRiaRk, ’Ehmbg&ee'cr ?&qfaﬁ\}e i\MﬁwU?ﬁE%]éig the
m xture under conditions sufficient to introduce at [east one of the
f ol | owi ng cBgPhIMAcedisalnraceptablesarrier ahvekiple toseduse aaixiuwj aiddean dat ed si de

chai n, ancARuEARYAHE MRk Gnddtynli¥ds dumibigR ehRtrBuRE & 8hdtUsleUsthel SOMEY
of an Asp residue, wherein the Asn or Asp residue corresponds to position

28 of ExeffiPKLg aning agids &N zed net hi oni ne resi due corresponding to
positign 14 of Exerdhnredidue iHavingad d%hftiafRA sideY &P ha AR SledilBe HRLHgSPondi ng
to position 25 gJ Exendin-4 to |\é}{ a dﬁam dated or %drol ézed, Gn
correspondi ng PHTP¥EET: §idm chain gF a SruFLTen isgmer ghap Ak Fesidvgc wheeldhe yhsn

accept abl e sal br &gp eldu@terédpenddib. poSiieh 28 oNBXdmam-4an al so further include
the step of detectin resence or .absence of at |east one of the am no acid
resi dues (1) - ( VA" o REP o0 Ee Jesi e SeeSRRINGdR PSRN HRPHBENARR" 15 i ncl ude
i dentifying atii) easixidzea tgptophan @sidne caeespsnding to pasjtioh 25tdf Exemiiposi tion. I n
anot her aspect, . the inventio [ OVI a nethod of stabiljzi endin-4
(13650 0r o v i e REH 8 Bl B B TR0Rg Lo, Poce 1 BadBrhent . ¢ ne
met hod i ncl s pharmbeasitallyreecadtatild ealf ol dobvatetjersbips: 20 a) obtai ni ng
Exendin-4 (1-39) or a variant, derivative or anal ogue thereof; and b)

i ncubating the Exendin-4 (1-39) or the variant, derivative or anal ogue under
condi t i onSushiafmeathehtan @se furthedincledathel stesof datertio§ ptesendeobl awenge ofrdtno aci d

Fesl duo nivrEe Gang B S0 BRL0 HENIMheRaRl i Th BB The Tokialicn °7 D"
resi due, wiskdeiidentifying/at ieasbenefphe avingaeide Gi-(idgp treceempesiieri ti on 28 of
Exendi n- 4,
In another aspect, the invention provides a method of stabilizing Exendin-4 (1-39) or a
variant, analogue or derivative thereof.  In one embodiment, the method includes at
least one of the following steps:
20 a) obtaining Exendin-4 (1-39} or a variant, derivative or analogue thereof; and
b) incubating the Exendin-4 (1-39) or the variant, derivative or analogue under
conditions sufficient to introduce at least one of the following amino acid residues
therein:
i} an Asn residue having a deamidated side chain, an Asn residue having
25 hydrolyzed side chain or a structural isomer of an Asp residue, wherein the Asn
or Asp residue corresponds to position 28 of Exendin-4,
ii) an oxidized methionine residue corresponding to position 14 of Exendin-4,
i an oxidized tryptophan residue corresponding to position 25 of Exendin-4;
and
30 iv) a deamidated or hydrolyzed Gin corresponding to position 13 of Exendin-4;

and a pharmaceutically acceptable salt or solvate thereof.

In another aspect, the invention provides a method for treating diabetes type 1 or type 2, insulin
resistance syndrome, impaired glucose tolerance (IGT), obesity, eating disorders,



i1) an oxidized nethionine residue corresponding to position 14 of

Exendin-4, iii) an oxidized tryptophan residue corresponding to 2§i&tbqn 25
of Exendin-4; and 30 iv) a deam dated or hydrolyzed G n corresp% f é
position 13 of Exendin-4; and a pharmaceutically acceptable salt or solvate
thereof. I n another aspect, the |nvent§on provides a nmethod for treating

di abetes type 1 or type 2, insulin i stance syndrone, inpaired glucose
tol erance (1GT), obesity, eating disorders, 12 MAR 2007 9 hyperglyceni a,

met abol i ¢ \SQuERKiS, ntshad@Sdiddr@erd §ﬁ@§j%stn'cnd19é§seermoéhe”%mbod:mﬁt et hod

includes adm ni stering a therapeutically effective anount of at | east one of

the st abMEREIINERFFHDIISEGRP SURUFEPRICAY elfestivenpieenli ot igastprselthRer ein. 5

The i nventizgized Benaiheytéifsoundset Rfded Mblebliieabikhasdd Ikgase states associ ated
with elevated bl ood glucose levels. In one enbodi nent, the nethod includes

adm nistering a therapeutically effective anount of at |east one of the
st abi | 5 zedh&Exavhtion %lm@mwwSa réthb | fat @datingl aishws stéite“sCIamﬁtéhemhn 10

Al so provi I ation of bl oo uco

enbodi rrenFPe"é{F?IB'C’REt%ﬁI?aS? lr‘?(‘f%ﬁd[% APt § H '?%Je' Qb@%ﬁ?@?'ﬂ?”%ﬁ ?ectl ve
anount of treragdeatisdlly @ffectve anadunt eaattleameanefofttﬂmasmbzaind ExdinEx etelpdunds
conmpounds or di.scl osed herein. 15 The invention al so

provi des gr %4)@0%8?@? g'aclf)?ﬁqs%ﬁe'gf gastric enptying. In one enbodinent,

the nethod includes adm nistering a therapeutically effective anount of at

I f bj I | ec.
ot el et 85 ot b Rl oFBEROURISuBE! H B HRLSGHLRE
stinul ati tig inathod iirrcludels@agmubtﬁrum 2 thenzpravtically Ietffeciwe @nmmtlioﬁeweesttdm afet hod

i ncl udes ggrﬁa@.{ ® 8 f"He %t@ zfeg’cé)éeﬁ&‘ 4 %Hﬁc}d?\% d:?%%té%f*ﬂ%\kkg%@ d?éclcls@ﬁSt one

of the st I ze end| n- corrpoun s di scl ose herei n rt1onal

provi ded ihereip. net hod of | owering bl ood glucose level in a manmal. In one 25
enbodi ment, the nethod includes adm nistering an anount of at |east one of
the stabilized Exendi n-4 conpounds or rel ated nol ecul es described herein in
an andéint Thefipantion @lgoo PTRyides Ineriaed fercegulalien, of gastricap@piyigmaln orge

II nvent i on gabe@imho hdl @t d TRdGRE RiliyRid AthePApaaidal leRbelivh @YRJunt & A manmmal .
& least one of the stabilized Exendin-4 compounds or related molecules provided herein.

The present invention also provides a method of stimulating insulin release in a
20 mammal. In one embodiment, the methed inciudes administering an effective
insulinotropic amount of at ieast one of the stabilized Exendin-4 compounds disclosed

herein.

Additionally provided is a method of lowering blood glucose level in a mammal. In one
25  embodiment, the method includes administering an amount of at least one of the
stabilized Exendin-4 compounds or related molecules described herein in an amount

effective to lower blood glucose level in said mammal.

The invention also provides a method of lowering plasma lipid level in a mammal. In
30 one example, the method includes administering an amount of at least one of the
stabilized Exendin-4 compounds described herein in an amount effective to lower

plasma lipid level in said mammal.



30 one exanple, the nmethod includes adm ni stering an anount of at |east one
of the stabilized Exendin-4 conpounds described herein in an t
effective to lower plasma lipid level in said manmmal . 12 MAR gg&%ﬁ 0 Al so
provided is a nethod of reducing nortality and norbidity after mnyocardi al
infarction in a mammal. In one enbodi nent, the nethod includes

adm ni stering an anount of at | east olfe of the stabilized Exendin-4
conpounds di scl osed herein in an anount effective to reduce nortality and

mor bi di t yA%Btp%waaaqg a.rrﬁétﬁéad bi”rfe%&ﬁd martaﬁy é\héfhomeeo rﬂ@ﬁ%czﬁdﬁﬁhﬂ?&oﬂho g

stimulating insulin release in a [n one
i ncl udes Hd#MATYER; jIHG§naeMbPdiEEnt. \ﬂée m@ﬂ@plifﬁﬁﬂqe@pﬁd@'@ﬁ*ﬁﬁm apEmeunt ¢fe@ist one

of the st plif 6&:%?ttEeK&BQ!|£é‘d”E>{%ﬁHHQLEBH§JoQH@§/dh9§6€eB¢fe?é|Nm Hafs et efrakthy. the

manmal featured in each of the foregoing nmethods is a prinmate, preferably a
human pat {eRAUFSHMABEYY #d mpiditrefer Mpceiig difanctioiuir e 1 shows the effect of
Conmpournd 1 on gI ucose tolerance in mce. 15 Figure 2 shows the effect of
Conmpound ose toler ure 3 shows the effect of

é ? (g é&e in rp'ce,. Fi
Conpound 'SBnPrQ Hedd8 3 e stinyiting insyly FSleAseeing asHGMENalhe e PPBCt  of
Conpound Zmaadlguleup euseemtamloerrmmSiaurrmuaenngFérgwf@;tuﬁe peOWRtrbpie affolACH T

Conpound in mce., Fi 6 _shows the effect of
Conpound é r%lcﬁg sgal? @qegv%‘?E‘ﬁ”""rFomp(%"ds 8‘%?@&&%‘“7 shows the effect of
Compound 2 on gl ucose tolerance in mce. Fi gure 8 depl cts the influence of
Conmpoynds 1 1 n l. o I S n . m gure 9
shows DhePlsiane e’ S BaRled ' Fde”if 88 elehonmetPef 8y piipelsd

st abi | i zegdrefeaipparidsiaofpaemprooest o treatmarity Conpound 2, 3, 4, 5, 6, 7,11,
12,13 and 14 as well as stabilized conpounds of Exendi n-4 (1-39), nanely

Compounds 8, 9 and 10.
FIGURES

Figure 1 shows the effect of Compound 1 on glucose tolerance in mice.
15

Figure 2 shows the effect of Compound 14 on glucose tolerance in mice.

Figure 3 shows the effect of Compound 6 on glucose tolerance in mice.
20  Figure 4 shows the effect of Compound 7 on glucose tolerance in mice.

Figure 5 shows the effect of Compound 1 on glucose tolerance in mice.

Figure 6 shows the effect of Compound 5 on glucose tolerance in mice.

25
Figure 7 shows the effect of Compound 2 on glucose tolerance in mice.
Figure 8 depicts the influence of Compounds 1, 8, 9, 10 and 11 on biood glucose levels
in mice.

30

Figure_9 shows the sequences of Compound 1 (des Pro® Exendin-4 (1-39)-Ks) and
stabilized compounds of Compound 1, namely Compound 2, 3, 4, 5, 6, 7,11, 12,13 and
14 as well as stabilized compounds of Exendin-4 {1-39), namely Compounds 8, 9 and
10.



i 2 MAR 22007 11 DETAI LED DESCRI PTI ON OF THE | NVENTI ON As di scussed, the

i nvention provides stabilized Exendi n agonists that include at | ‘ﬁ% 7 @e
nodi fied ami no acid residue particularly at positions G nl3, Mt 14, Mf’rﬁ 5,
or Asn28 5 of the Exendin-4 (1-39) nolecule. Preferred nodifications are
deam dat ed, hydrol yzed, oxidized, or isonmerized reaction products of the
specified am no acid residues of the BExendi n- 4 (1-39) nolecule. Also

provi ded are methods of meking and using the stabilized Exendi n conpounds.
10 Preferred stabilized Exendin-4 (1-39) conpounds and pharmaceutically
acceptable salt thereof which include: a) a deletion of O to 5 am no acids
at positi GEIAUGD BEEERIFTIGNIQF JUEIINVENTICN- 38 of Exendin-4, b) optionally,
at | east : ' ; i8] - ] ' it

coval ont 1 Enagked i FHARRrey B b dbedrsih At Bk halle 8 () .,
Asn resi daee edifing aminteanid wsided partigulaghal pesitigns B 3r Wet 1duérpagyvemipn28

hydr ol yzeds fled8eRiiRia(1940) noidd @twe%rrebwcagsnosfae%%amfo%%oﬁi H?ci’lr)owgé‘d' ein the

Asn or Asp residue corrésponds to position 28 of Exendi n-4, an oxi di zed
net hi oni néXigiged. RidseBeized geneionPredicHost theoipesified s Aeif Hegiduesyf g ) an

oxi di zed ExyRfiANANEY) esbREAeC Aldot BRARIEY F‘Qetﬁ%e%aéFdfpmagiﬁ%oéndEﬁg*lﬂg'tﬂe iv) a
deam dat ed or hydrol yzed G n corresponding to position 13 of Exendin-4; and
a phar nacéﬁpi"%eéiy?’ﬁﬁnét@(,cé’mp&ldp%&salt or solvate thereof. In one enbodi nent,
the Asn residue is an a-aspartate (Asp) or (3-aspartate (isoaspartyl) 25

ic imde, In another enbodi ment the

o o 380 PR APt S oM Lia T A e SCASHaE R DR i ny/
sul fone. thHereythbithnmiiide: in which the Cyclic imde is derived froman Asp or
o £ 4B GG 558 SRR A o3RS PRRERG S5 B REAE 5, o
t he oxi di EZeehdin-ypt ophan residue includes an oxidized 3H indol-3-yl group.
o 1 P et et o Al Bl 2o e BB RS20 B opn
(HTRP)I;  oovaigrtiybewndie s@idysyiantl 2aniaRe28t@ne of the following:

i} an Asn residue having a deamidated side chain, an Asn residue having

hydrolyzed side chain or a structural isomer of an Asp residue, wherein the Asn

or Asp residue corresponds to position 28 of Exendin-4,

i) an oxidized methianine residue corresponding to position 14 of Exendin-4,

20 iii) an oxidized tryptophan residue corresponding to position 25 of Exendin,
iv) a deamidated or hydrolyzed Gin corresponding to position 13 of Exendin-4;
and a pharmaceuticaily acceptable salt or solvate thereof.

In one embodiment, the Asn residue is an a-aspartate (Asp) or 8-aspartate (isoaspartyl)
25 residue or the Asn residue is an Cyclic imide. In another embodiment the oxidized
methionine residue is a methioninyl sulfoxide or a methioninyl sulfone. In embodiments
in which the Cyclic imide is derived from an Asp or Gln residue, the cyclyzed product is

sometimes referred to herein as an aspartimide or glutimide, respectively.

30 Alternatively, or in addition, the oxidized tryptophan residue includes an oxidized 3H-
indol-3-yl group. Other examples include an oxidized tryptophan residue that is N-
formylkynurenine (NFK), 3-hydroxykynurenine (3-OH-KYN), hydroxytryptophan (HTRP),
or kynurenine (KYN).



12 I n enbodinents in which the stabilized Exendin-4 conpound or rel ated
conposi tion includes at |east one Z peptide and preferably one or%é@% @@
sanme, Z conprises at |least one Lys amino acid unit, typically bet

4 to about 20 Lys amino acid units, preferably about 6 Lys am no acid
units. 5 In enbodinents in which the sf bilized Exendi n-4 conpound i ncl udes
a Z peptide, that peptide is coval ent bound by a peptide bond. For
instance, Z is covalently bound to the stabilized Exendin-4 (1-39) conpound

at the C ieemobdimedfy PORMich fibe Gtdoiited |E§2eM?rﬁﬂ Mﬁduﬁéll|03rre§te%tbbém|§c%ﬂloﬁxend' n-4
(51 o e PRGHRE 3. 856527 Bt LB on o phishos % ot e

Ges Pr 636 Hot LONA foxond ‘Vﬂ'eﬂ'V“%@B@etwp”"tstﬂ°$ﬁ?t%%2?‘&“‘%@‘“5392a %)
es ro endl n- 4-9J), es ro r endl n- - ,
des Pr 035p{%ﬁ%‘bﬁ%ﬂ%‘%ﬁf@]@%‘g{@}t‘ﬂ'?% (1-39), des Pr 031 | [ Vet (O) 14,

| soAsp28] Exendi n-4 (1-39), des Pro36 [I\/tet(O) 14, Cyclic i m de28] Exendi n-4

1- 39), Pr 036 4. T 2),28] Exend -39), d

et (5 14 e ERuR8R T R M4 ERrbs) SRR bt il o2) 25
| S0Asp28] peetiuki in-cdvdldntly Pound g dPpaptiBé bpivet F@) indtdnde,  B2)a5lenily bdund to

i ni de26 i 0o t ] | t | vat
e lo20) B4Rk e Qg SRR UG A0hIoN ASSR) ARt | o (0] VAL e

conpounds, the conpounds may further i ncl ude a deam dated or hydrolyzed G n

corr e%@"”‘i’?ﬁo’r"@ BER(cjulBPeaCi?]% Exbridin-AtRA8) B5ih ouﬁgs %Bcaﬁ&uﬁ?\ﬁgﬁl‘?@tdg@ﬁﬂon%at he

forgoing ¢ sequence i's attac term nus
the foll ommgsegte@mythetqﬂgwmmgquemcemrabl y, the group is attached to the G

term nus of Ctégeargreg%%ﬁ?&ena,g 4%931007
des Pro® [IsoAsp®’|Exendin-4 (1-39),
des Pro* [Cyclic imide®®|Exendin-4 (1-39),
15 des Pro® [Met(O)"|Exendin-4 (1-39),
des Pro® [Trp(0.)*°JExendin-4 (1-39),
des Pro® [Met(0)", Asp®*|Exendin-4 (1-39),
des Pro® [Met(0)", 1soAsp®|Exendin-4 (1-39),
des Pro® [Met(0)", Cyclic imide®™]Exendin-4 (1-39),
20 des Pro®® [Met(Q)", Trp(0,)**|Exendin-4 (1-39),
des Pro® [Met{O}" Trp(0.)*, Asp*®|Exendin-4 (1-39),
des Pro® [Met(O)" Trp(0,)”, IsoAsp®|Exendin-4 (1-39),
des Pro® [Met(O)" Trp(O2)¥, Cyclic imide®®]Exendin-4 (1-39), or
a pharmaceutically acceptable salt or solvate thereof.
25
With respect to any of the forgoing stabilized Exendin-4 (1-39) compounds, the
compounds may further include a deamidated or hydrolyzed Gin corresponding to
position 13 of Exendin-4.

30 In one embodiment of the forgoing compounds, each sequence is attached at the N- or
C-terminus to the following group: -Lyss-NH,. Preferably, the group is attached to the C-

terminus of the sequence.



13 Additionally specific stabilized Exendin-4 (1-39) conpounds include the
follow ng sequences: H (Lys)6- des Pro36 [Asp28] Exendi n-4(1-39)-Lys6-NH2
des Asp28 Pro36, Pro37, Pro38Exendin-4(1-39) -NH2, 5 H (Lys)6- dedZPHAIB(T
Pro37, Pro38 [Asp28] Exend| n-4(1-39) -NH2 H Asn- (GI u) 5des Pro36, Pro37,
Pro38 [ Asp28] Exendi n-4(1-39) -NH2, des Pro36, Pro37, Pro38

[ Asp28] Exendi n-4( 1- 39) - (Lys) 6- NH2, H dBys)6- des Pro36, Pro37, Pro38

[ Asp28] Exendi n-4( 1- 39) - (Lys) 6- NH2, H-Asn (A u)5- des Pro36, Pro37, Pro38

T A

m de28] Ex@eadeneed( 1- 39) - NH2 H (Lys) 6- des Pro36, Pro37, Pro38 [Cycl iC

|
i
i i de28 ® des Pro36, Pro37, Pro3s [Cycl
| M do2] Drondrh ﬁfﬁég)lﬁ?uﬁg%xe“*ﬁ(gé@g;%” os7 pross [oyelic L
i
i

m de28] EmsieﬁSﬁ "Fra- fgy (RS Frendip4(1:39) tNW) 6des Pro36, Pro37, Pro3B[Cyclic

m de28] Exendisf- désled®) P(d—’ny}@ﬂﬂﬂ'?ﬁ”]Exbhmﬁm(-ﬁ)UNﬁ des Pro36, Pro37, Pro38
[Cyclic |mde2 %Exendl n-.4 - NH2 g % 16- des Pro36 [ Trp(02) 25,

Asp28] Exenfdi o4 915§9§F’[<g/s "RIH r02 %FH%PE%‘ R 8 Pro37, Pro38

[ Tr p( 02) 25esxesti mo?( Rro¥Ihsp? Hg di ,{:&41 Bys) A4S, Pr 036 Pro37, Pro38
[ Trp(02) 25 gztﬂ Exfaggﬁ Ay en | |-39§-)(E{5) des Pro36, Pro37,
App5

Pro38 [ Tr gt SAEfﬁzsfﬁe%’m nU’*&E’llEég‘)‘d'"'ﬁlﬂz%e( - 636 Pro37, Pro38

[ Tr p(02) 25 Aésmeﬁlsaawmoﬁﬁ Pl 3907 [y S)ERetiBA(FBOLLGYBNHGes Pro36, Pro37,
Pro38 [Tr p(02) 25, Asp28] Exendi n-4(1-39)-(Lys)6-NH2, 25 H Asn-(G u)5- des
Pro36, Pr 037, Pro38 [ Trp(02) 25, Asp28] Exendi n-4(1- 39) (Lys)6-NH2, H(Lys)6-
des Pro36 l-[l]Ityp[eoae)sz&o%@pdhcdrnldeﬁalﬂiaélﬂﬂlﬂemn)nyé&ﬂHQSQ) Lys6- NH2, des Cyclic

prosft. st rgas d@ﬁ& HACSRERIRR gl 50) - . H (L) o des
H Asn- (d u-)-ﬂ_ys)jed;esl:?ro 6Pr [G?clcrﬁ&uc{eﬂli)(eﬁﬂlhzm-@p-lmﬁ .
o2 XA adbrtt B, PR R gL S R 02) 75, Ofcl
[ Tr p( 0B) 25jes@yef i Ryof’ nme“zey@xenuen}aeadlm@ma);(sysae-m H Asn- (d u) 5- des
Pro36, Prq3ysfuesprd T D68 oyfché Inife2 BBl BRI Y35, N, 39) - (Lys) 6-

H-Asn-(Glu)s- des Pro®, Pro®, Pro® [Cyclic imide®®|Exendin-4(1-39)~(Lys)s-NH.,

H-(Lys)e- des Pro® [Trp(0.)*°, Asp®|Exendin-4(1-39)-Lyss-NHs,
20 H- des Asp®® Pro®, Pro®, Pro®® [Trp(O2)**JExendin-4(1-38) -NH;,
H-(Lys)s- des Pro®, Pro®, Pro® [Trp(0,)*°, Asp®*|Exendin-4(1-39) -NH.,
H-Asn-(Glu)s- des Pro®, Pro®’, Pro® [Trp(Q.)*°, Asp®®|Exendin-4(1-39) -NH,,
des Pro®, Pro”, Pro® [Trp(0,)%, Asp®|Exendin-4{1-39)~(Lys)s-NH,,
H-(Lys)s- des Pro®, Pro™, Pro® [Trp(0,)%, Asp®®|Exendin-4(1-39)-(Lys)s-NH,,
25 H-Asn-(Glu)s- des Pro®, Pro®, Pro® [Trp(0.)%°, Asp®]Exendin-4(1-39)~(Lys)s-NH,

H-(Lys)e- des Pro® [Trp(02)%, Cyclic imide®]Exendin-4(1-39)-Lyss-NH,
des Cyclic imide® Pro®, Pro®, Pro®® [Trp(Q,)*°|Exendin-4(1-39)-NH,,
H-(Lys)s- des Pro®, Pro™, Pro® [Trp(02)%, Cyclic imide®®|Exendin-4(1-39) -NH,,
30 H-Asn-(Glu)s- des Pro®™, Pro®, Pro® [Trp(02)%, Cyclic imide®]Exendin-4(1-39)-NH,,
des Pro®, Pro®, Pro®* [Trp(0,)*, Cyclic imide®|Exendin-4(1-39)-(Lys)s-NHs,
H-(Lys)s- des Pro®, Pro¥, Pro® [Trp(02)*, Cyclic imide®|Exendin-4(1-39)-(Lys)s-NH,,
H-Asn-(Glu)s-des Pro®, Pro®, Pro®® [Trp(Q,)*°, Cyclic imide®*|Exendin-4(1-39)-(Lys)s-
NH;,



NH2, 12 MAR 2007 14 H (Lys)6- des Pro36 [Met (O 74,

Asp28] Exendi n-4(1-39)-Lys6-NH2, des Met (O 14Asp28 Pro36, Pro37, Pro38
Exendi n-4(1-39) -NH2, H (Lys)6- des Pro36, Pro37, Pro38 [Met(O) 14, MAR 7007
Asp28] Exendin-4(1-39) -NH2, 5 H Asn-(Qd u)5- des Pro3fi, Pro37, Pro BZ

[ Met (O) 14, Asp28] Exendin-4(1-39) -NH2 des Pro36, Pro37, Pro38 [Met (O 14,
Asp28] Exendi n-4(1-39) - (Lys) 6- NH2, H-(L%)G des Pro36, Pro3J,

Pro38[ Met (O 14, Asp28] Exendi n-4(1-39)-(Lys)6-NH2, H Asn-(d u) 5des Pro36,
Pro37, Pro38(Met (O 14, Asp28] Exendi n-4(1-39)- (Lys)6 NH2, to H Lys6- des

Pro36 [Met(0) 14, | i,C i i din-4(1-3 6NH2d Pro36, Pro37,
P;838 %I\/Et'é@)y d%’éﬂ iM%atr%g ]’%ﬁ%'ﬁ“ﬁﬂéﬁg)y S, H-(Lys)eg Ijgs Progg
gr 03; ggm&gmd;@)(%wgzro@eka%@nr@*aﬁa&] em@omz M 1- 39) -NHi,(l ?I:I-QSAs&h(ZG uéS-
es ro I O 0 | Gg e n- - - , es
Pro3fi, ProdySedd 8’[NB (0%&7 ﬁ%§GﬁMcA ]%Eﬁg Eﬁiﬁéi (1- 39) - (Lys) 6- NH2,
15 EL(Z Ig}/S)l-ﬁAsm@IuELOélﬁProFgr By, Pﬂﬂgm&t([dytém@ﬁ&xemh@mg% ngze Pro37 Pro 8
I mae 28 S ro ro ro
[th(O)l?’%&%é égrf’m @fé@ﬁdu p4{Ei‘e%‘§5'Q L%%VS)‘N& 2 H Lys6- des Pro36

[P Neg g o) é4 H(ILrpra{)@sZJ&paeAB( 8FE>?%[Nmt(ﬁ})ﬁ(lﬂ{l22p%aqﬁxdnym6¢(Nlﬂg) LyQIB-N-I:IHZ desH_A?E28)6
ro r S) 6-
des Proseq*?é Ogé,.gﬁg gﬁy %&45 ﬂﬁ%@(o&%&%@&%ﬁé@%‘{% Ma.30)  ND.
H Asn- (Glu)5 des Pro36, Pro37, Pro38 [Met (O 14, Trp(02)25

Asp28 t(0) 74, Trp(02)25,
ASBZS} endl's?;g %1 %gée[l\zlg(g C‘I%I@_E:lﬁfﬁaﬁli géggjl;ro Pr (()3)7 Pr ogg( :

[ Met (O) t 4,de¥ P Pms;bfﬂeq(@ke&mrmzm g@aen@m;ﬂjﬁgmm 25 H Asn- (d u) 5- des
Pro36, Pragg, )Pr&’gag b¥eb D) Hosaﬂl_lfdﬂ 2) 2RI }]Eggé.gﬂ.‘ ArMgl-R8),- (Lys) 6- NH2,

H Lys6- des Bro36 [ Net { O 14 Y25 el ¢
] Exgndl n- L“L‘S"J?Q?'U)éy%s %IFI%G’L F’erJe-sFPfQ\% etO)’ mCdglz:gmpqeo@(enpmdg‘y-Sg}sNﬁgg

Met (O 14, £9) i Pro36, Pro37,
[Pro3§s %thdeIrPP& @r'e”i]pr%w I %g@gﬁﬁm%xeﬁgm fﬁ_ﬁﬁ%? iilﬁ-F_ 036, Pro

O 14, Tr
i oo O - Evstande f8362’r°Pr B bl o T e AR o L e
i m de28] Exgpgh- (Glﬂlee§93roWH§ro” Pro® [Met(O)", Cyclic imide®)Exendin-4(1-39)-(Lys)e-

NH;,

H-Lyss- des Pro™® [Met(0)™, Trp(0,)%°, Asp®®|Exendin-4(1-39)-Lyss-NH,,
20 H-des Asp®Pro®, Pro¥, Pro®® [Met(0)", Trp(0.)*)|Exendin-4(1-39) -NH,
H-(Lys)s- des Pro®, Pro¥, Pro® [Met(0)", Trp(0.)*°, Asp®®|Exendin-4(1-39) -NH,,
H-Asn-(Glu)s- des Pro®, Pro®, Pro® [Met(0)", Trp(0,)*°, Asp®®|Exendin-4(1-39) -NH,,
des Pro®, Pro”, Pro®® [Met(0)", Trp(0.)*’, Asp>|Exendin-4(1-39)-(Lys)s-NH;,
H-(Lys)s- des Pro®, Pro™, Pro® [Met(O)", Trp(0,)*°, Asp®®|Exendin-4(1-39)-(Lys)s-NH,,
25 H-Asn-(Glu)s-des Pro®®, Pro”, Pro®® [Met(O}", Trp(02)*, AspZ|Exendin-4(1-39)-(Lys)e-
NH.,, -

H-Lyse- des Pro® [Met(O)", Trp(02)%, Cyclic imide®® JExendin-4(1-39)-Lyss-NH,,
des Cyclic imide® Pro®, Pro®, Pro® [Met(0)", Trp(02)**] Exendin-4(1-39)-NH,,

30 H-(Lys)e- des Pro®, Pro®™, Pro®® [Met(O)", Trp(02)*, Cyclic imide®®|Exendin-4(1-39) -
NH;,
H-Asn-(Glu)s- des Pro®, Pro™, Pro® [Met(0)", Trp(0,)*°, Cyclic imide®]Exendin-4(1-
39)-NH,
des Pro®, Pro®, Pro® [Met(O)", Trp(02)%, Cyclic imide®®|Exendin-4(1-39)-(Lys)s-NH,,



des Pro36, Pro37, Pro38 [Met (O 74, Trp(02)25, Cyclic

i m de28] Exendi n-4(1-39)-(Lys)6-NH2, 12 MAR 2081 15 H (Lys)6-des Pro36,
Pro37, Pro38 [Met(0) 14, Trp(02)25, Cyclic im de28] Exendi n-4(1-39)2 MAR 2007
(Lys)5-NH2, H Asn-(d u)5-des Pro36, Pro37, Pro38 [Met (O 14, Trp(02)25,
Cyclic imde28] Exendi n-4(1-39)- (Lys)6-NH2, 5 or a pharmaceutically
acceptabl e salt or solvate thereof. W h respect to any of the foregoing
stabilized Exendin-4 (1-39) conpounds, the conmpounds may further include a
deami dat e h e Np G ndi @5 I, t: .00 28 ; in-4. 10
As al so dlgis(g sg%bé%s,r ﬁrﬁ’ ?F\O\?énlt:@on(ﬁ(g?u'rggggz)abi%%dhgxéei%eﬁﬁlﬂﬁfg%
conpounds (4¥E&tNHz ncl ude at | east one of: i) an Asn residue having a

deam dat eg)_&dd@1@haba Prd PR BrEBMbEO NG, N EJER! MR BSlcHaintalg)-or a
structural isomer of an Asp residue, whérein the Asn 15 or Asp residue
corr esponflySkdtlosi tion 28 of Exendin-4, ii) an oxidi zed nethionine residue
cor 1 espond} APhdrhapestichilOAtciptaple sB ePghivatdtnetddf) an oxi dized trypt ophan

resi due corresponding to position 25 of Exendin-4; and iv) a deam dated or
hydrol yzed G n corresponding to position 13 of Exendin-4; 20 and a

phar maceutyigaldspe&tCte ahp i eths afbtegoingSsthhifded ER@ioard . (138 teonipddngs| that es Al so

envi si oned_are pharnmageytically acceptagble salts or sqglvates of such
conpounds oSS B8 ditis cReiude, feTuasted ot it e ) EURFRARNES Mol ude
t he fol | opbsitpn PHhofsegndineles: [ Asp28] Exendi n-4 (1-39), [I1s0Asp28] Exendi n-4
(1-39) [Cyclic imde28] Exendin-4 (1-39), [Mt(O 14] Exendin-4 (1-39), 30
[ Trp( (55) 25] Exendin-4 (1-39), [Met(O 14, Asp28] Exendin-4 (1-39),

As also discussed, the invention features stabilized Exendin-4(1-39) compounds that

include at least one of:
i} an Asn residue having a deamidated side chain, an Asn residue having
hydrolyzed side chain or a structural isomer of an Asp residue, wherein the Asn
i5 or Asp residue corresponds to position 28 of Exendin-4,
ii} an oxidized methionine residue corresponding to position 14 of Exendin-4,
i) an oxidized tryptophan residue corresponding to position 25 of Exendin-4;
and
iv) a deamidated or hydrolyzed GIn corresponding to position 13 of Exendin-4;
20 and a pharmaceutically acceptable salt or solvate thereof.

Salts and solvates

Also envisioned are pharmaceutically acceptable salts or solvates of such compounds.
Examples of such stabilized Exendin-4(1-39) compounds include the following
25  sequences:
[Asp*’|Exendin-4 (1-39),
[IsoAsp®|Exendin-4 (1-39),
[Cyclic imide®®|Exendin-4 (1-39),
[Met(O)"*|Exendin-4 (1-39),
30 [Trp(0.)*|Exendin-4 (1-39),
[Met(0)™, Asp®Exendin-4 (1-39),
[Met(0)", 1soAsp™jExendin-4 (1-39),
[Met(0)"™, Cyclic imide*]Exendin-4 (1-39),
[Met(O}", Trp(0,)*°|Exendin-4 (1-39),



[ Met (O) 14, |1so0Asp28] Exendin-4 (1-39), [Met(O 14, Cyclic im de28] Exendi n-4
(1-39), [Met(O 14, Trp(02)25]Exendin-4 (1-39), ] 2 MAR 2007 16 [Trp(02)25
Asp28] Exendin-4 (1-39), [Trp(02)25, |soAsp28] Exendin-4 (1-39), [Trp(02)25,
Cyclic imde28] Exendin-4 (1-39), [Mt(0O 14, Trp(02)25 , Asp28] Exe dq%r fﬂ[]?
(1-39) 5 [Met(O 14, Trp(02)25 IsoAsp281] endin-4 (1-39), or [NEt(g) ,
Trp(02) 25, Cyclic imde28] Exendin-4 (1-39). and a pharnmaceutically
acceptabl e salt or solvate thereof. 10 Wth respect to any of the forgoing
stabilized Exgpd))f: AsiEdNircdRoynds, the conpounds may further include a
deami dated or hydgol yzed, G n corresponding to position 13 of Exendin-4. L
and D vari af©(@He 'sPa%h I]E’Z%H“'E’}(é1ﬁ%é))n-4 (1-39) conpounds discl osed herein

i ncl udi ng varipaoh¥, Cydid imida’* Egusdiaad1-dey,i vatives thereof, can feature at

| east one anjn ¢id jn.the k- or D iguration (or both D- and L-forns).
| n enbodi rrem’lgﬁpﬁ 'vﬁp@) a[l\SPeE‘P”‘HH'é’F (E%BI he amino acid residues is

deam dat ed, [MegOST abplO,FEdsdRspiiflixendin4l439), ceonpound can have at |east one
amno acid rgsjdue dn e l-form. | east ..o amno acid in the Dform or
conbi nat i ons[ﬁfekgre&i‘rp(c%g ’Qﬁ(‘%'%ﬁ%ﬁ%’)‘?@nﬁ gr’#’zd stabi | i zed Exendin-4 (1-39)
conmpounds and rel ated nol ecul es of the invention feature good bi ol ogical
activity. f S S at exhibit at |east 70% of
the bi ol 08%\@é?’hg%falc\glHc%ﬁgf)?&t%ﬁgea%%osﬁtég%@gaglgﬂgr%oﬁ'stabi li zed Exendin-4 (1-39)
conmpound or related nolecule, nore preferably at |east 80% 90% or greater
25 actjvi u a 9% 0 i i cliNiahy. r

testi r%g tmthblpeoslbggi Ebg:%y;%?}ﬁ\% E‘cyr&aﬂﬁﬁ aéeéx‘/@lrzggt@’éé‘?ﬂéﬁém%°z?‘¥§°§fn'§% th%rrpounds
and r el at eempeindsuneays firthes ibelede adfeamidated and\@iIgIpAeUS6IN herrespanding rto

" PCT/ DKOO?QQ@?;@M HEn@RRI i cation 99610043.4 and US provisional application
L!

60/ 143, 59 e disclosures of which are incorporated herein by reference.
and D variants

The stabilized Exendin-4 (1-39) compounds disclosed herein including variants,
15 analogue and derivatives thereof, can feature at least one amino acid in the L- or D-
configuration {or both D- and L-forms). In embodiments in which at least one of the
amino acid residues is deamidated, the stabilized Exendin-4 {1-39) compound can have
at least one amino acid residue in the L-form, at least one amino acid in the D-form, or
combinations thereof.
20
Additionally preferred stabilized Exendin-4 (1-38) compounds and related molecules of
the invention feature good hiological activity. More preferred are those compounds that
exhibit at least 70% of the biological activity of the corresponding unstabilized Exendin-4
(1-39) compound or related molecule, more preferably at least 80%, 90% or greater
25  activity up to about 100% of that biological activity. Methods for testing the biological
activity of a variety of Exendin-4 (1-39) compounds and related molecules have been
disclosed WO 01/04156 (hereinafter "PCT/DK00/00393"), EP application 99610043.4
and US provisional application 60/143,591; the disclosures of which are incorporated
herein by reference.
30
For example, one acceptable test for Exendin-4 (1-39) biological activity is the blood
glucose assay in diabetic ob/ob mice described in the PCT/DK00/00393 application.



30 For exanple, one acceptable test for Exendin-4 (1-39) biological activity
is the blood glucose assay in diabetic ob/ob mce described in QE%QREW7
PCT/ DKOO/ 00393 application. 7 2 MAR 2007 17 It is an object of t

invention to provide a pharnaceutically acceptabl e conposition that

i ncludes at | east one of the stablllze? Exendi n-4 (1-39) conpounds or

rel ated nol ecul es discl osed herein. %ferably, such a conposition w |

i nclude |l ess than about 5 conpounds, such as two identical conpounds. 5 A

wi de vari gt ,x affob %F’Eﬁ&%&htﬁﬁﬂ'tblbr@i“d"e%oé)l?d?h@cétﬁiEéllg'&Eéﬂﬁﬁe%ﬁfagé}mhé@ the
field and have been disclosed in EP a ication

99610043. 4n@HPs BSleast oA &fitan alebiEss Exendingh(16¥9) cempggds 01056' fgleguiasn For
instance, fbsas e deeretdbiyt heucRCA/ E3kEdsRBR OWillC AERide aBsXtRAW dbotht G1- 39)

conpound or related nol ecule in accord with the invention can be conbi ned
with one GPMPRENES: BYRFISHVEdIdral FomPeWKiSabl e carriers. Such conpositions may

be in g form adapted to oral, parenteral (i ncI udi ng subcut aneous (s.c.),

i ntravenous (j.V.. anusc i dural, di rect B in and

|t r aper | Vo verbly S e gca: KRS K W

vagi nal , maoeade,enomsﬂlweldym thie parrrmmrqosastrrEm sﬁmuaétloanggamoe#:enaiﬂoyuisn a form
adapted to subc eotus % ﬂ%r% adm ni stration, and such conpositions may
be prepar eo&ogﬂor}f ﬁﬁéorn Hown to the field See general ly described in
"Remi ngton's Pharnmaceutical Sciences"”, 17. Ed. Alfonso R Cennaro (Ed.),

Mar k Pybl i 0 Conpany, Easton, PA, U S A, 1985 and nore recent
editi oﬁs af.@ru"lr%t'—%jne nonographs in the "Drugs and the Pharnmaceuti cal

Sci ences" FaeringancelMandeas Dekiided. inTthe EOHHUOO00893 canmy 2@ Fpxeadinid (1-39)
convent i onap,batdg rel a?éd @6@%&% acf(:%Fbs\Hl't e n’i\/%H éah t?eeéd?ﬁtfﬁméd wittﬁ)grllepaj

application forns, or sem as sol ufl
suspensi origgre pdwsp)eglga U@CEI@WBSPEUW Srwhépmegs@nswmb@mformacfa@teded are

liquid COWP%?elltlda‘Pé]ﬁel%P iRy &fbcﬁt‘éﬁeé‘hsc(s cadimrgue%ﬁ@ gnmtréﬂuﬁcd%rr%frﬁ'j red

enbodi nent, the congoa ti1ons of present i|nvent are m ni st er ed

subcuténetﬁﬁﬁiuya' dirpehhradn aed H‘é’?P%réO'ﬂﬁaé\('é’r)ﬁ ééc@hﬁgtﬁtrﬁé"r‘ﬁal intienasglo#pBRAlt i ons of
the presenf inBlV%[léda‘Prbc%faﬂ oY Al %ﬁmﬂﬁﬁllaltlb’m RBRrduly PUE RorfPEEHINR
preferred agmnlstratlon ormis ﬁ? capsul e.
subcutaneous or oral administration, and such composmons may be prepared in a
manner well-known to the field. See generally described in "Remington's
Pharmaceutical Sciences", 17. Ed. Alfonso R. Gennaro (Ed.), Mark Publishing
20  Company, Easton, PA, U.S.A., 1985 and more recent editions and in the monographs in
the "Drugs and the Pharmaceutical Sciences” series, Marcel Dekker. The compositions
may appear in conventional forms, for example, capsules, tablets, aerosols, topical
application forms, liquid or semiliqguid forms, such as solutions, suspensions,
dispersions, emulsions, micelles or liposomes. Preferred are liquid compositions suitable
25  for s.c. administration. In a preferred embodiment, the compositions of the present
invention are administered subcutaneously. In an alternative preferred embodiment, the
compositions of the present invention are administered orally, and in such cases one

preferred administration form is a tablet or capsule.

30  The pharmaceutical carrier or diluent employed may be a conventional solid or liguid
carrier. Examples of solid carriers are lactose, terra alba, sucrose, cyclodextrin, tale,
gelatin, agar, pectin, acacia, magnesium stearate, stearic acid or lower alkyl ethers of
cellulose. Examples of liquid carriers are syrup, peanut oil, olive oil, phospholipids,
sterols, fatty acids, fatty acid amines, polyoxyethylene, isotonic buffer solutions and



30 The pharmaceutical carrier or diluent enployed may be a conventional
solid or liquid carrier. Exanples of solid carriers are |actose, H r

al ba, sucrose, cyclodextrin, talc, gelatin, agar, pectin, acacia, ﬁd@%e@p
stearate, stearic acid or |lower alkyl ethers of cellulose. Exanples of
liquid carriers are syrup, peanut oil, olive oil, phospholipids, sterols,
fatty acids, fatty acid am nes, ponoxV%therne, i sotonic buffer solutions
and 12 MAR 2007 18 water. Simlarly, the carrier or diluent may include any

sust ai ned ,Lel 658 MPuRS éa?‘{lerlﬁ?%‘ﬂﬂbnt' ghrhlﬁuo%rérg s%%ﬂe@?eigéélecﬁ%ﬁéhalrﬂmgﬁt earate

or gl yceryl di stear’ate, al one or carrier is
used for &k adsueh g@rgwewhmonn@e@fﬁ‘@perreque@ﬁ digisarafe, plane joe nixpdnyitiod a

tabl et, pmﬁe@asen@cmérds%é@%drraraq%e&muera&.aa nﬁa@%ae&.oﬂﬁ{éy% h@dMoth it can

belnthesformof a troche or ozenq The anpbunt of sol carrier wll
vary w dePilaB%Ft'EtV\P'PPe%@LﬁhFW' gelpdinfGapsy %Hbl?ﬂw%é‘{l?e'%f?@ erot adpbe mlthg A

typi cak t amedr, a M&Erfé*’brﬂ&éngé THERRb@ 0P ol WIP DAY Widdl BLLWiINAsigghni ques
may contain: . active conpound (as free conpound of the invention

or salt tbﬁerlogb‘?tﬁ"uiﬁfl?“ﬁ@ MJP128Pdal 9-si | i con di oxide (Aerosil) 1.5 ny;

cellul ose, mcrocryst. (Avicel) 70 ng; nodified cellul ose gum (Ac-D - Sol)
7.5 ny; Siu earate. ating: ,HPMC appr ox . *Mywacett 9-40T
appr ox. n%‘QR"ﬁi‘j""i Qb%éy?”é?éd“%%d?r%%?? y %Pé’éfg'ﬁ)tifga'p azﬁt%l BEPNIAS MY m
coating. tbnthih:a liquid carrier is used, the preparation may be in the form
of a syrup, enul siop, sof el atin capsul e or st injectable |ljquid
such d§ an aqueols gprenoﬂ’?t“&%%@mgunq dﬁ%jgreesa%%%ﬁ g? é'{YIeUtﬂqrbﬁr B For
nasal adni nitaéneat i W0, migheokuidzpaliabm mmxlmy(ﬁcewﬁﬂ)ahrﬁ awgc;cueplmuml raicrdch@t. pr esent
i nvention, ref ly a co. S ended in a I|qU|d
carrier, in 6‘%’1‘ 2@@1’ !noﬁﬁ %‘E"&%ﬁgu@a@? dé%%‘) mge 3%'6‘?3'%&99 ‘ion. The
carrier may cont a nCastihgt i iéBMSuappras gsmbubmywactemgga@e‘ntasproe 9.9 nfy:opyl ene
gl ycol, surfactants such as, bi acid.salts_or 0l yoxyet hyl ene hi gher

3l bohol et herS AR BuHFbedtte haf eSPetichRr iR af eodfia -

(phosphati dyl choline) or cyclodextrin, or preservatives such as parabines. A

stabi |1 zeg Exondiiad. € hs89ng BARANAN Hay' i RLEH I GGHLE 01 figod BygnLi on

may al so ormSui'ted or system c 1 nject’ion or usi on
and may, gslatuchpsuiseor sterile injectable liquid such as an aqueous or non-aqueous liguid

stuspension or solution.

20  For nasal administration, the preparation may contain a compound of the present
invention, preferably a conjugate, dissolved or suspended in a liquid carrier, in particular,
an aqueous carrier, for aerosol application. The carrier may contain additives such as
solubilizing agents, e.g., propylene glycol, surfactants such as bile acid salts or
polyoxyethylene higher alcohol ethers, absorption enhancers such as lecithin

25  (phosphatidylcholing) or cyclodextrin, or preservatives such as parabines.

A stabilized Exendin-4 (1-39) compound or related molecule of the invention may also
be in a form suited for local or systemic injection or infusion and may, as such, be
formulated with sterile water or an isotonic saline or glucose solution. The compositions
30  may be sterilized by conventional sterilization techniques, which are well known in the
art. The resulting agueous solutions may be packaged for use or filtered under aseptic
conditions and lyophilized, the lyophilized preparation being combined with the sterile
aqueous solution prior to administration. Preferably, the formulation to be used for



fornmulated with sterile water or an isotonic saline or glucose solution. The
conpositions 30 may be sterilized by conventional sterilization teﬁgchgg%ﬁ7
which are well known in the art. The resulting aqueous sol utions

packaged for use or filtered under aseptic conditions and |yophilized, the
I 'yophi | i zed preparation being conbined &nth the sterile aqueous solution
prior to adm nistration. Preferably, he formulation to be used for 12 MAR
2007 19 intravenous, subcutaneous and oral dosing will be a solution of the
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99/ 40788 aling. " otrop| c and diuretic effects of Exendin and
GP-1); a%%%ﬁ%?ﬂ&{bﬁe {e?ffl ng to a nethod of sedating a mamal i an

subj ect having increased activation of the central or peripheral nervous

SYSt eMCOMpe! Abified LIS YSRGS b rSbfRd ndEcuill FARD IRk dr Exendin
or GLP-1to e subject to produce sedati ve or anx ytic effect on the
subj ect); Y&Ad IWidpFresgs of perligetiong. %ﬂ@ R fiet’sé%ﬁetﬁ*énwféﬁg&oaﬁ%fré@f"w;iong
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treatnent with an oral hypogl ycaem ¢ agent, such as sulfonyl urea, producing

a strong SyMeihgd of sedaling adpmmalian supschisvigsogepsas %‘Vﬁ{?nt% theneenlygkolof GLP- 1
anal ogs f Qeripfal Revu8tsyRmOdoniiBmytadminiMEN P E BHIRBHA LR &r dhi f4@nkPOott he use

of GP-1 or anal ogs in a nmethod of reducing nortality and. nprbidity after
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20  98/08531 (relating to the use of GLP-1 or analogs in a method of reducing mortality and

morbidity after myocardial infarction); WO 98/08873 (relating to the use of GLP-1 or
analogs in a method of attenuating post-surgical catabolic changes and hormonal
responses to stress). Besides, the compounds of the invention are suitable in a
combination therapy with other antidiabetic agents, such as insulin, metformin, sulfonyl
25 ureas and thiazolidinediones, or in combination therapy with other antiobesity agents,

such as leptin, dexphenfluramine, amphetamin etc..

Other formulations are within the scope of the present invention. Such formulations
include, but are not limited to, formulations that include at least one of the stabilized

30 Exendin-4 (1-39) compounds disclosed herein combined with liposomes, microspheres
and liguid stabilizers. Depot formulations that include at least one of the stabilized
Exendin-4 (1-39) compounds are also envisioned. See US patent Nos. 5,407,609 and
5,654,008 for additional information.



O her fornulations are within the scope of the present invention. Such
formul ations include, but are not limted to, fornulations that iggk%d@ﬂ t
| east one of the stabilized 30 Exendin-4 (1-39) conpounds discl oé ﬁ'h i
conbined with |iposonmes, microspheres and liquid stabilizers. Depot

formul ations that include at |east one of the stabilized Exendin-4 (1-39)
conpounds are al so envi si oned. See US 3¥atent Nos. 5,407,609 and 5, 654,008
for additional information. 12 MAR 2807 20 A particular liquid formnulation

sui tabl e f o) ounds

i ncl udes: out %Wﬁ @?Jegl{oﬁ}'%ﬁé%étfc?mfgd% tﬁqh%g&% Sté%'ﬁ%egeé’?e}jrgﬁn or
ot her accé@)t@lmwusd@mﬁIUd%@thﬁOm%hlﬁﬂmne 20W1mm2&@m&3@rmaamaneltabr Asp,
t H i tabl
amount 5 SRR thecptatle T8, QRMPHRNGAR, Al AGBIRADRAR poadlur 81 {201 €
embodi nenet efhabyhar- %a&'é@ltqoﬁwowd £e0 bR é!!?ﬁ@‘\’@d)rﬁ?)d@iaﬂy @Y w'tgblﬁo@;@@wﬁer ein

can i ncl yeedRl dosdsdo rﬁF&F’o mélﬁﬁ th abd @Y NiGgppquences: des
Pro36[ Asp28] Exendi n- 4 0 des Pr 036 [ 1 soAsp28] Exendi n-4 (1- 39) des

Pro36 [Cyclic im de26] Exendl n- 4 (1-39), des Pro36[ Met (O 14] Exendi n-

(1-39), dﬁﬁor%r&n%u{aéfﬁtpﬂm@?@%@éar&n P abeeblabROdomstRfioRs 8id6osdeidréh 14
Asp28] Exendi n des Pro36 él\/bt (O 74, 1s0Asp28] Exendi n-4 (1 39),

des Pr ose[W%a'%aSt are f he TPlAviRDBAaERRTRS n- 4 (1-39), des Pro36[ Met (O 74,
Tr p( O2) 25] BExeeetiréAspiEIG)din-4qde39r 035 [ Trp(02) 25, Asp28] Exendi n-4 (1-39),

Oyol | 40 i ISR FE AT ROERET U Bes pr 036[ et (O 14, Tr p( 02) 25] Exendi h-a
(1-39), des d%s@i?@se [Ovelid iR)ided’ EXema(o2)1258), Asp28] Exendi n-4 (1-39), des
osel bt (9t heed AR Secndr 2 (108), and des
phar maceut i ceslPyo’afce:ghEersal4 (1689)sol vat e t her eof .
des Pro® [Met(0)", Asp®®|Exendin-4 (1-39),
15 des Pro® [Met(0)*, IsoAsp*’|Exendin-4 (1-39),
des Pro®™[Met(0)", Cyclic imide®®]Exendin-4 (1-39),
des Pro®[Met(0)", Trp(02)*|Exendin-4 (1-39),
des Pro® [Trp(Q.)%°, Asp®®|Exendin-4 (1-39),
des Pro®[Trp(0,)*°, IsoAsp®®|Exendin-4 (1-39),
20 des Pro® [Trp(0,)*°, Cyclic imide™]Exendin-4 (1-39),
des Pro®[Met(0)", Trp(0,)*JExendin-4 (1-39),
des Pro® [Met(0)", Trp(Q.)*°, Asp®®|Exendin-4 (1-39),
des Pro®*[Met(0)", Trp(0.)*, IsoAsp>*|Exendin-4 (1-39), and
des Pro®*[Met(0)", Trp(0,)®, Cyclic imide**]Exendin-4 (1-39), or
25  apharmaceutically acceptable salt or solvate thereof.

Each of the specified compounds may optionally include the following group linked to
the N- or C-terminus thereof, preferably the C-terminus: -Lyss-NH,

30 Additionally specific pharmaceutically acceptable compositions according to the
invention include at least one of the following compounds:
[Asp*JExendin-4 (1-39),
[IsoAsp®|Exendin-4 (1-39),
[Cyclic imide®]|Exendin-4 (1-39),



Each of the specified conpounds may optionally include the follow ng group
linked to the N or Ctermnus thereof, preferably the Cterm nus:
-Lys6-NH2. 30 Additionally specific pharnmaceutically acceptable c'bl’rfﬂé%imi]ons
according to the invention include at |east one of the follow ng conpounds:
[ Asp28] Exendi n-4 (1-39), [I|soAsp2B] Englndi n-4 (1-39), [Cyclic

i m de28] Exendi n-4 (1-39), 12 MAR NO [ Met (O) 14] Exendl n-4 (1-39),

[ Trp(Q2) 25] Exendin-4 (1-39), [Met (O 14, Asp28] Exendin-4 (1-39) (Mt (O 14,

| SOAsp28] Ex$mgic(%14]|5&gm§,9_)1, 1539 Met (O 14, Cyclic im de28] Exendin-4 (1-39),
[Met (O 74, Tr é ):25] Exendi n-4 (1-39) [Trp(02)25, Asp28]Exendin-4 (1-39),
[ Trp(02 )25,[TF BAs eI tiRedrd 4 (1-39), [Trp(02 )25, Cyclic imde

e el alto e, e S8 E0,
t , endi n- - , an t , Irp

)25, Cyclic [f"ﬁ(gﬁééf%ﬁ ’F?—”E‘” Jlﬁxﬁ or a pharmaceutically acceptable salt

or sol yate t{vetepf.Cyclibinide®|aeerenbodi-s@nt , the pharmaceutical ly acceptable

conposi tion L kght. rati.Q of any one of the stabilized Exendin-4
(1-39) corrpJ&%ﬁ?*o*?ﬁf’nggﬁggeq%q'ézﬁbgs descri bed herein to Exendin-4 (1-39)
or a vari ant[TrE0af oysE’|Bxrerdidr-4 yBd)ye t hereof being |ess than about 50%

(ww, less th ab L% (WW) . in sone instances |ess than 20 about 1%
(Ww. An a EFpgg?)i a@%\s,\%ﬂéﬁér%nﬁpog%” depend on intended use of the

conposi ti on [EAndOgt°heyclipimeaetiforsdisddh-385 t he degree of stability needed. The
present st abj,l.zed e R-dsc1-39) ,copposi tions can be readily made using
one opB a c?hrr%tlk@qfﬁﬁﬁégfzégf%rigé?ﬁ% égﬁgiy)dmes. I n one such approach the

met hods i nclMgHO)'25T ik hdsespaiErengin2@rd®end (1-39) or a variant,

anal ogue, orpAaBhvafhs)% R8/cfOimidd Exendin-4 (1-39)
or a pharmaceutically acceptable salt or solvate thereof.

In one embodiment, the pharmaceutically acceptable composition features a weight
ratio of any one of the stabilized Exendin-4 (1-39) compounds or related molecules
described herein to Exendin-4 (1-39) or a variant, analogue or derivative thereof being
less than about 50% (w/w), less than ahout 10% (w/w), or in some instances less than
20 about 1% (w/w). An appropriate weight ratio will depend on intended use of the

composition and other parameters such as the degree of stability needed.

The present stabilized Exendin-4 (1-39) compositions can be readily made using one or
a combination of standard techniques. In one such approach the methods include
25  making/obtaining Exendin-4 (1-39) or a variant, analogue, or derivative thereof, and
subsequently exposing or incubating the Exendin-4 (1-39) or the variant, analogue, or
derivative thereof under conditions sufficient to introduce at least one of the following
amino acids therein:
i} an Asn residue having a deamidated side chain, an Asn residue having
30 hydrolyzed side chain or a structural isomer of an Asp residue, wherein the Asn
or Asp residue corresponds to position 28 of Exendin-4,
ii) an oxidized methionine residue corresponding to position 14 of Exendin-4,

iii) an oxidized tryptophan residue corresponding to position 25 of Exendin-4,



subsequent |y exposing or incubating the Exendin-4 (1-39) or the variant,
anal ogue, or derivative thereof under conditions sufficient to intr at
| east one of the followwng amno acids therein: i) an Asn resi dule! HER/E@E
deam dat ed side chain, an Asn residue having 30 hydrolyzed side chain or a
structural isonmer of an Asp residue, wherein-the Asn or Asp residue
corresponds to position 28 of Exendi n- 42 ii) an oxidized nethionine residue
corresponding to position 14 of Exendin-4, iii) an oxidized tryptophan

residue corr esﬁfjgrgoc{ég o%t%oér‘ P2 (95 cg?f'@%'namé’to 1’85'%81@99&9% hv) a

deam dat ed or n correspon ition 13 o

a phar maceut k@ ppara*@@@tﬁtcaw @pcgaﬂable@ﬁltgw %th{eﬁ@rfeof Al ternatively, the
stabilized Exendin-4 (1-39) conpounds of the invention can be nade 5 by
convent i onal pepti de synthetic routes including use of the Merrifield
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be readily made using _standard techni oxi dat i on of t and Trp).
b thg gveny

See Merri fiidifigd ﬂ“'”@l%%)re?'ﬁ”essﬁ‘l affoid BN 2Bt kg PUEFhase {rP®e of t he
net hods f ubkiiedrcibingllppites (8¢ ﬁ'toﬁﬂle@fGlﬁi%hQQﬂtslpP@r M@Sﬁmﬁe fdadilpAtRBARIMS at
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conposi ti Brientd28i3dabl e met hods for det ectl ng the stabilized Exend| n- 4
(1-39) conpositions and related nolecules disclosed herein are known in the
field 9nd incl ude, but are not limted to, reverse phase high perfornmance
l'iquid chrRrefetred ragdtize (dRRh¢Phefhodsafutthbi tpaiude théstepasdiodetapting presence or

spect ronet.| Addi I |.yud opventi onal
i o aci AP e B PR A NePiststi AP i3 B el B BB e

anot her asmmf,udetnltl@mgrmﬁast oe @irtbe anies aaidadi-Kivdn dfe cremkpasdionhe
pharmaceutically acceptable conpositions that include stabilized Exendin-4
conpositions or related nolecules. In one enbodi nent, the nethod incl udes
at | east cnétale mateodsdpt dateeiing dhe plabilizes) Exspdinihi1nip) Bremdsitions qn-rgdledor a

variant, qRALQRLCHLosR htaih! &€ KhB&h GPthe field and include, but are not limited to,
reverse phase high performance liquid chromatography (RP-HPLC), and liquid
chromatography/mass spectrometry (LC-MS). Additionally suitable technigues include
conventional amino acid sequencing, peptide mapping, MS/MS and fluorescence.
20
In another aspect, the invention provides a method of making the pharmaceutically
acceptable compositions that include stabilized Exendin-4 compositions or related
molecules. In one embodiment, the method includes at least one of the following steps:
a} obtaining Exendin-4 {1-39) or a variant, analogue or derivative thereof,
25 b) contacting the Exendin-4 (1-39) or the variant, analogue or derivative with at least
one pharmaceutically acceptable carrier or vehicle to produce a mixture; and
¢} incubating the mixture under conditions sufficient to introduce at least one of the
following amino acids therein:
i} an Asn residue having a deamidated side chain, an Asn residue having
30 hydrolyzed side chain or a structural isomer of an Asp residue, wherein the Asn
or Asp residue corresponds to position 28 of Exendin-4,
i) an oxidized methionine residue corresponding to position 14 of Exendin-4,

iy an oxidized tryptophan residue corresponding to position 25 of Exendin-4



25 b) contacting the Exendin-4 (1-39) or the variant, anal ogue or derivative
with at | east one pharmaceutically acceptable carrier or vehicle ﬁfmﬂ{ﬂﬂpce
a mxture; and c) incubating the m xture under conditions suff|C|e "

introduce at | east one of the following anmino acids therein: i) an Asn

resi due having a deam dated side chain, an Asn residue having 30 hydrolyzed
side chain or a structural isoner of a%3Asp resi due, wherein the Asn or Asp
resi due corresponds to position 28 of Exendin-4, ii) an oxidized nethioni ne

resi due correspangi SéBih ,
trypt ophan resi ug d%g?q‘ridé;%gﬁﬂ ilt\)}rﬁi%h{z%ﬂ cgélctgﬁon Hmé o E)lzélh‘%f ¥ op?§$%&1200 I

23 1v) a deaﬁﬂ%ﬁ?%”@ﬁewﬁ\'ﬂ%ﬁ%bﬁsﬁ"86??"@5%5\?&?%9 to position 13 of
Exendi n-4; and a pharnaceutically acceptable salt or solvate thereof.
Pr ef erredol:prractl ce of the nmethods further include the step of detecting
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(1-39) nolecu or sem -syn roach
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However as discussed, it will often be generally preferred to make the stabilized

20 Exendin-4 (1-39) molecules by a synthetic or semi-synthetic approach. A preferred
example of such a strategy is use of the Merrifield peptide synthesis procedure in an
automated format.

As discussed, the invention further provides a method of stabilizing Exendin-4 (1-39) or
25 a variant, analogue or derivative thereof from degradation before, during or after
intended use. Typical methods include at least one of the following steps:
a) obtaining Exendin-4 (1-39) or a variant, derivative or analogue thereof; and
b) incubating the Exendin-4 (1-39) or the variant, derivative or analogue under
conditions sufficient to introduce at least one of the following amino acid residues
30 therein:
i} an Asn residue having a deamidated side chain, an Asn residue having
hydrolyzed side chain or a structural isomer of an Asp residue, wherein the Asn
or Asp residue corresponds to position 28 of Exendin-4,
ii) an oxidized methionine residue corresponding to position 14 of Exendin-4,



i ntended use. Typical nethods include at | east one of the foll ow ng steps:
a) obtaining Exendin-4 (1-39) or a variant, derivative or anal ogue thereof;
and b) incubating the Exendin-4 (1-39) or the variant, derivati VFZf Ake 2007
anal ogue under conditions sufficient to introduce at | east one o FL
followng amno acid residues 30 thergin: i) an Asn residue having a
deam dat ed side chain, an Asn residue gnaw ng hydrolyzed side chain or a
structural isoner of an Asp residue, wherein the Asn or Asp residue

corresponds to mﬁ?se!rF6xﬂf‘ze%l8tn@fopﬁéﬁFg'idﬂlé‘izorréép)on@lm@&(B@lt?o‘?\dzﬂ@’té}bﬁtﬁlhﬂe resi due
corresponding to position I Exendi n- 4 i11) an oxidized

trypt ophan resi de? 8eamidaies ma Proleed 8w coresPorgingrto pegitien e af Exepyling:

deani dat ed or hygg alpraesadauficap GERHRARMMNDr evaRhdreen 13 of Exendin-4; and
a pharmaceutically acceptable salt or solvate thereof. 5 For instance, the

net hod conditions include contact with at | east one of water, heat, water
vapﬁr s i gbt |r1§1%inaé,,th§’&hahodl @anmtror@wggdb c&ugd vapngt rbhsﬁrxﬁqecarwéit@télhedg conL act
W t a var t ratures includin nta t h ahout up. t o about
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t he step of |dent|fty at | east one of the amino acid r(@(r) in the
stabilized ExéhdPRU4Y C39)%8‘?n {paResitre @ﬁa?cag'ﬁege&er%lérﬁ@ F@JOE ﬁ%’?‘%of

Opt i onal | ¥ppiichgonget hod may further include contacting the stabilized

Exendi n-4 (1-39) or variant, derivative or anal ogue thereof with at |east
one pHArmaceutically acceptable 15 carrier or vehicle As discussed, many
sui tabl e @@Wéﬁfd’olﬁﬂﬁb fedtieddeificlogepensdsy baentigag =dieet 06€4df the amino

PCT/ DKOO/ 0039 i C 996 and US oVi Si i cation
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15 carrier or vehicle
As discussed, many suitable Exendin-4 and related compounds have been disclosed
PCT/DKO0/00393, EP application 99610043.4 and US provisional application
60/143,591.

20  As disclosed in the PCT/DK00/00393 application, one type of Exendin-4 compound is
directed to a peptide conjugate comprising a peptide X selected from the group
consisting of
(a) an Exendin having at least 90% homology to Exendin-4;

(b) a variant of said Exendin wherein said variant comprises a modification selected

25 from the group consisting of between one and five deletions at positions 34-39 and
contains a Lys at position 40 having a lipophilic substituent; or
(¢} GLP-1 (7-36) or GLP-1 (7-37) having at least one modification selected from the
group consisting of:

(i) substitution of D-alanine, glycine or alpha-amino isobutyric acid for

30 alanine at position 8 and

(i) a lipophilic substituent,
and Z, a peptide sequence of 4-20 amino acid units covalently bound to

said variant, wherein each amino acid unit in said peptide sequence, Z is



(b) a variant of said Exendin wherein said variant conprises a nodification
selected 25 fromthe group consisting of between one and five del etions at
positions 34-39 and contains a Lys at position 40 having a |i pophi Wikt 2001
substituent; or (c) GP-1 (7-36) or GP-1 (7-37) having at |east one

nodi fication selected fromthe group consisting of: (i) substitution of
D-al ani ne, glycine or al pha-am no iso yric-acid for 30 al anine at
position 8 and (ii) a lipophilic substituent, and Z, a peptide sequence of

4-20 ami no acid un ent| t h am no
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-NH-C(R')(R2)-C(=O)- (I') 5 wherein R R2 are selected fromthe group
consi sting of hydrogen, Cl.6-&k§R )(Rdh%hﬂ)' and phenyl - meflhyl , wherein
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90% honol ogy to Exend| n-4 and wherein said variant | owers the bl ood gl ucose

level in g TR dtnq é‘t Detish E,eiﬁ EARLAL .@mgp Jé\?n)%g gt;{;ts%at%eréms

nmodi f i catl on s group SI S ween one and five
del et ildns irna dipbelicthangak4- 38, and (b) cont ai ns a Lys at position 40 having
a |lipophilic substituent attached to the epsilon

Furthermore, the PCT/DKO00/00393 application features a novel variant of a parent
Exendin, wherein said parent Exendin has an amino acid sequence having at [east an
90% homology to Exendin-4 and wherein said variant lowers the blood glucose level in a

20 mammal, binds to a GLP-1 receptor and has at least one modification selected from the
group consisting of (a) between one and five deletions at positions 34-38, and (b)
contains a Lys at position 40 having a lipophilic substituent attached to the epsilon
amino group of said lysine.

25 By the phrase "Exendin variant” is meant a variant of a parent Exendin peptide having at
least about 90% homolegy, more preferably at least about 95% homology to Exendin-4,
which have Exendin activity, e.g., lowers the blood glucose level in a mammal and binds
to a GLP-1 receptor. In a preferred embodiment the parent Exendin peptide has an
amino acid sequence which differs by five amino acids, preferably by four amino acids,

30  more preferably by three amino acids, even more preferably by two amino acids, and
stii more preferably by one amine acid residue from the amino acid sequence of
Exendin-4(1-39). See the PCT /DK00/00393 application for additional information.
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6. 410, 500585344 0367 Eha. DA 28az0 hasy TSRS et
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the st ablstablzhzmg cooahtﬂwrta disciostdsitdreis e dAltearadively, st\lcheznamlizedeﬁwndlsuch -3Mabilized

Exendi,g éﬁagﬁ'{d ‘ng%‘ége“ gﬁ@tl{%ﬁg ﬂ-@ ”Mé?r‘ifle gﬁghé@é Gt f rrifield

synt heS| S e purc as readi de. It
shoul d bema@f@#%thmntmaturmhﬁéedzomééllwmm and conpounds of the |nventi on
mght also be in the preferred amide (NH2) or in the free acid (OH) formor

inthe formof a salt 15 thereof. In enbodinments in which one or nore of
t he st abi Ii shedldebeHadeaistacd thatdhe eomprsitions aad comperpdseef gl ivvanties might used

ther apuet gglpsYn tieUsbebes aWidd (NHLPhCR H/rdd Y ¥8HPEm BF Aith&tdrRbr afaitone or
nore of the pharmaceutically acceptable conpositions disclosed herein. Such

20 a dénpd&eifon can be conbined with at | east one of Exendin-4, Exendin-3,
or derivatives, analogs or variants thereof toget her with a suitabl e anpunt
of vehicle and/or stabjljzer. In one embodi such an approach invol ves

admi ni st ef AYPeHBENtE FhBIE OPB AT (RER OTdke gﬁﬁ&?@t%&?’ﬁtﬂ 3B Fomppsisgnd
fornmul at i edateWiridlediic@zP8 RBST Berdpuetically, such use will typically involve administration

of one or more of the pharmaceutically acceptable compositions disclosed herein. Such

20 a composition can be combined with at least one of Exendin-4, Exendin-3, or
derivatives, analogs or variants thereof together with a suitable amount of vehicle and/or
stabilizer. In one embodiment, such an approach involves administering the
composition (eg. as a depot formulation, liquid formulation, with microspheres or
liposomes, i.v) to provide a dosage of about 0.1pg/kg, to 1.000 mg/kg body weight. The

25 amount of the compositicn to use will depend on recognized parameters including age,
severity of the disease, total body weight, sex and other factors.

A “peptide” as used herein is any compound produced by amide formation between a
carboxyl group of one amino acid and an amino group of another. The amide bonds in
30  peptides may be called peptide bonds. The word peptide usually applies to compounds
whose amide bonds are formed between C-l of one amino acid and N-2 of another
(sometimes called eupeptide bonds), but it includes compounds with residues linked by
other amide bonds (sometimes called isopeptide bonds). Peptides with fewer than about
10-20 residues may also be called oligopeptides and peptides with more than 20
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pol ypepti de sequence consisting of natural L-am no acid residues and which
i s capabl e of being expressed by a reconbi nant host cell. The X conpounds 5

herei n areggbh _BQBtsédjﬁer’éﬁﬁH@lU@&SGQFM@Sﬁf@H,OG@PHgLB?)SNHHQ?LPO*E(TLﬁ-@H," GpP-1"
as used herein_includes GLP-1(7-37)-0H, G.P-1(7-37)-NH2, G.P-1(7-36)-0CH,
and GLP- 1(3'7“1I %f:‘?(lﬁ?@'%'z-l\/bl ecules are "related" to Exendin-4 if they are
recogni zed anal ogues, derivatives, or variants thereof as described herein

and in the PCT/ DKOO,00393, appljcation 99610043.4, and US provi sional
Aoo | U8t 1 SIPIRSHeT 3% el tadeBliBr fitaycle sSared Hpalontes CEAUE 1% ho
1; 0I2I owéngvhkiéﬁtﬂ)afﬁa@éf ap pddseriddo hereint add 8n AR ; POT/BRA0/08893, BR 2dsplidalioh

, 277, 819;
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99/46283, for example.

20  “Agonist” refers to an endogenous substance or a drug that can interact with a receptor
and initiate a physiclogical or a pharmacological response characteristic of that receptor

(contraction, relaxation, secretion, enzyme activation, etc.).

“Antagonist’ refers to a drug or a compound that opposes the physiological effects of
25  another. At the receptor level, it is a chemical entity that opposes the receptor-
associated responses normally induced by another bioactive agent.

“Partial agonist” refers to an agonist, which is unable to induce maximal activation of a
receptor population, regardless of the amount of drug applied. A "partial agonist” may
30 be termed "agonist with intermediate intrinsic efficacy”" in a given tissue. Moreover, a
partial agonist may antagonize the effect of a full agonist that acts on the same

receptor.



25 another. At the receptor level, it is a chemcal entity that opposes the
receptor- associ ated responses normal ly i nduced by anot her bioactive agent.
"Partial agonist” refers to an agonist, which is unable to induce paxinl
activation of a receptor popul ation, regardl ess of the anmount of drug
applied. A "partial agonist" may 30 bs termed "agonist with internedi ate
intrinsic efficacy"” in a given tissue. reover, a partial agonist may

ant agoni ze the effect of a full agonist that acts on the sane receptor. 12

MAR 21107 «r&ntdferGBs b a hEEENHS of @ p%l%ru@%%@tu%r inbr Rl ¥ E@Hh%t Shdciichiy € 1 n or

on a cell that speci fi cal l'y recogniZes and binds a conpound acti n% as a
nol ecul ar "REPEERYEPT PIREEPotIRESAT BEWIY as A BIYRsHEEr m%ﬁﬂ?ﬂ?h('i*féimtf%@Wt f, drug,

etc.). 5 Byrméeenfphokink) 18@in, dk, &88. present invention is to be understood a
variant of a parent Exendin peptide having at |east about 90% honol ogy to

Exendi n-4 and nost preferably having at |east about 95% honol ogy to
Exendi n- 4 (gl @Rpndinkbtant hetsthEpesihninggiition i 16 be Bnderstob®Welasiakthe Ppsest gl ucose

I I ds t 4" d h
Lefers to TRABIDPROMEE SHieA Apeih S0% freaB R Exepi AN e HSelbbel oaed |
Ln gﬁ pat& eigllth 1@94%60&8?5% $l5@|d|dany§ [&lenasnoh(Ezepdvh“crA(\és EQérlam acth|t§C| osed
en u n e urnal, o i ol o

o) 108 15 G e SIS IHCARE el o B ranl R of 4 6Pt &BPtert o i nal
ani no aci dExerelgi-4fuss. usEdehehmudfergyto Gkeridire4 (1269 the &xiancicil seguciedecsfwhivdd as t he
d f.id ti t f
SRl 4 Ak ip G5, i U8 B2 Ch8 REALER ARG 2 Mk BerPihBna) A% On ©
det e_rgl ge_culiggosa@@msﬁhﬁn & dmpekee in Preodowna of IGidogical rcrteimsf tey t\/olsdﬁ'? Ns. EAP

rovi ded i , in
IIgac kage, r%s"llagr? %'%8%@8 K%%gﬁt(éﬁ{c %p@(ﬁ{ﬂ’e?b & cg%%,r rh@%%%@é%gﬁce
Drive, Madies'dme N\ieSImmhvgy ofUSA mgxeomwuetnﬁninedsas theadegred mé ddentitg. D. |
(1970), SWen t@o%rote@s&ﬂ%né&sﬂwalcﬂ@ 5 QbR Br el hl‘spgé%q&%e gf&Wgw%pt i de

sequence ari'son P creation penal
ext ensison Sﬁéﬁiﬂﬂ t'ly'hebhomglogly Ry suiekly Opdeggrmings Wr@@é"r‘ﬁ of mr@mteroprog@msm ended

to mean a BLRAIPMER stith QX AR pNidedRE AL BV Brodidrh QAkag@IProgram Manual
for the Wisconsin Package, Version 8, August 1994, Genetics Computer Group, 575
Science Drive, Madison, Wisconsin, USA 53711) (Needleman, S.B. and Wunsch, C.D.,
(1970), J. Mol. Biol. 48:443-453). The following settings for polypeptide sequence
20 comparison may be used: GAP creation penalty of 3.0 and GAP extension penalty of
0.1.

By "Met(O)" of the present invention is intended to mean a methionine sulfoxide or
methionine sulfone.

25
By "Trp(O,)" of the present invention is intended to mean N-formylkynurenine, a
tryptophan residue that has undergone dioxidation.

“Salts” include pharmaceutically acceptable salts, such as acid addition salts and basic
30 salts. Examples of acid addition salis are hydrochloride salts, sodium salts,
hydrobromide salfs, etc. Examples of basic salts are salts where the cation is selected
from alkali metals, such as sodium and potassium, alkaline earth metals, such as
calcium, and ammonium ions “N(R*)y(R*), where R® and R* independently designates
optionally substituted C,-alkyl, optionally substituted C,.s-alkenyl, optionally substituted
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Exendi'fi- 4%}5'3'%8?’%55@9 e@ﬁ]’v Ysorlﬂwgﬁ)uct ural isomerization and/or

oxi dation. Pharmaceutical conposi t| ons of Exendin-4(1-39) or a variant,

anal oaue: R ARMNCE ek R Bfkoe 39 RPN MiFTR BB IR 0

oxi dat i onlrmentiamnctl onal isonerization at various points in the

Exendi n-4(1-39) sequence. Storage of the Exendin-4(1-39) or a variant,

anal ogue, or derivative thereof in an aqueous soI uti on at a terrper ature of
bet ween alfF&MRIE atid Sibbilpatiem of Exendin-9

roomtenp | structural rearrangerrent at the
28- L- Aspa(rﬂ{;tj T Zﬁloﬁ?&ﬁ?ﬂg&&gfﬁloﬁne Exendi n-4(1-39) peptide. Suitable

Pharmaceutical compositions of Exendin-4(1-39) or a variant, analogue, or derivative
thereof or aqueous solutions of Exendin-4(1-39) or a variant, analogue, or derivative

20  thereof can be stabilized by oxidation or functional isomerization at various points in the
Exendin-4(1-39) sequence.

Storage of the Exendin-4(1-39) or a variant, analogue, or derivative thereof in an

aqueous solution at a temperature of between about 0°C and about 50 °C, more
25 particularly between about 4°C and room temperature can induce a structural

rearrangement at the 28-L-Asparaginyl residue of the Exendin-4(1-39) peptide. Suitable

aqueous solutions are not particularly limited and may include aqueous pharmaceutical

compositions which may have one or more additional additives to facilitate

administration to a patient or to stabilize or solublize the Exendin-4(1-39) or a variant,
30  analogue, or derivative thereof.

Although not bound by theory, one synthetic pathway through which the structural
rearrangement of the 28-L-Asparaginyl residue (structure A) may occur is presented in
Synthetic Scheme 1. The 28-L-Asparaginyl residue undergoes deamination in ageous



aqueous solutions are not particularly limted and may i nclude aqgueous
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10
Oxidation products are formed by incubating an agqueous solution of Exendin-4 (1-39) or

an Exendin-4 (1-39) compound in the presence of an oxidant such as dioxygen.
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formed by incubating an aqueous solution of Exendin-4 (1-39) or an

Exendi n-4 (1-39) conpound in the presence of an oxidant such as dioMyggn; 1

2 MAR 2007 31 Typically pharnmaceutical conpositions of the present

i nvention, which are exposed to nol ecdl} ar di oxygen during processing, or

storage are susceptible to oxidation of the 14- nethionine or 25-tryptophan
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exposure of the stabilized Exendin conpound havi ng a 14-net hi oni ne

sul foxide results in formation of 14-methionine sulfone in which the
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The 25-trert Oé)han resi due of Exendin-4(1-39) or an Exendi n-4( 1-39% vari ant,

anal ogue, M 3pe PEFIENSR i Q) SMABSHIHe TITXYIFN2 &y 1hyMethigning sufoxide js proqygee by
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i ncl ude hydroxytr ophan, rn nur ani ne, uranine, a .

3" hydr oxy KRR FHBMEHHaBs TR oF i TGS SRS CATahaHot RPURS oM EIBhTEof  about

0 C to abcuffodd @sutsen douiatiahesft 1Hmethidrireu ba@fonedinowlige nthe xiddinzidoninae

25-trypt ophan rﬁasi dlée Oifd' Eﬁgndi n-e4é\i\}-]%3)o ar annExendi n-4(1-39) wvariant to

forma Ef%ﬂ%en-az?(bf-g@)x E6MPd I SRAYA 5 Qggﬁ-forrryl kynur ani ne residue. 20

EXAMPLE 2: Synthesis of Conpound 5, 6 and 14 (stabilized derivatives of

conmpound C des P - Exendi - - 7 K€ h ructure

shown in é?hgeu%%?otibﬁgn i}?s('&{\%a%f érr’%ﬁ@“t%f%% (?’haée}1 ’%}éernr ?%‘:'(EI )p %ﬁ%&ii%ﬁ%&ugee t he

PCT/ DKOO/ @0 38Bvatpypl nentheonyidized byeR.anyl €,5.f drornpere  eqdicaierds iodmolecular
dioxygen. Common oxidized tryptophan products include hydroxytryptophan, N-

15 formylkynuranine, kynuranine, and 3-hydroxykynuranine. Under normal storage or
incubation conditions of about 0 °C to about 25 °C, one equivalent of molecular
dioxygen oxidizes the 25-tryptophan residue of Exendin-4(1-39) or an Exendin-4(1-39)
variant to form an Exendin-4(1-39) compound having a 25-N-formylkynuranine residue.

20 EXAMPLE 2: Synthesis of Compound 5, 6 and 14 (stabilized derivatives of compound 1)

Compound 1 (des Pro*® Exendin-4 (1-39)-Ks) has the structure shown in Figure 1 and it
was made using the Merrifield technique. See the PCT/DKO00/00393 application, for
example, for more information.

25
About 458 mg of Compound 1 was dissolved in 100 mM NH;HCO; pH 7.9 to a
concentration of 10 mg/mlL. The solution was incubated at 40 °C for 6 days to yield
approx. 20% Compound 5, 10 % Compound 14 and 50% Compound 6.

30  The stabilized product Compound 5 and Compound 6 can be purified by preparative
RP-HPLC isocratic elution or using a gradient, respectively. |dentification is
accomplished by relative retention time in combination with Amino acid Sequencing and
LC-MS (ESI'/TOF)



25 About 458 ng of Conpound 1 was dissolved in 100 M NHAHCO3 pH 7.9 to a

concentration of 10 ng/nL. The solution was incubated at 40 C for ?@gy to
yield approx. 20% Conpound 5, 10 % Conpound 14 and 50% Conpound é e
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is acconplished by relative retenti om4inme in conbination with Amino acid
Sequenci ng and LCMs (ESI+/TOF) 12 MAR 2007 32 EXAMPLE 3: Synthesis of a

Compound exeaieilh b} & fihaler ruatanifo,l e 0UBBINLERl ot Lo Bdiitn Of Compound 1
was dissolved in 1 ) 0 d 10 mg/ nL. The
solution was incubated at 40C for 5 days to yield 5 approx. 20% Conpound 5,
60% Conpo A0RP isf | el MA,HREo HRHCy

Appr oxi rra;Are&Ig?/tﬁ%Q rrg%Cort?r%ﬁ%%%p\l}\ﬁ/adss _g%%ell\i%r?eg{ zﬁ% rﬁ?ogiﬁllﬁgegmmom a100 ngy
Conpound @omtra@a’bﬁ%ﬂ@m@&- ﬂ'ﬁelmt[ﬁwl“ﬁéHQP@Qt%’u?_ 40°Cafp _%d?l%toeﬂeltdo pH 5.3
W th NaOHghgroR BPNCIRipbahd §M6dh ConlpBliitd-6. CHBRPS@AE Was pUdfed Y PibRrafeat 40C
for 5 r oxj mat elgém%O% Conmpound tabilized product

days to yield app 7. 10 The_s
Conpound Pc'é{ﬁ[-%e*“‘&ﬂﬁ?’f"f‘?*@&’ 149 e 974, wepobieined gnd dioehtiseds ApytolR0
I dfﬂt ILfC [ Catlvisd ?amb:sl;rj?_pg 2B llrig@dmeﬁtb%m élﬁ Zb@WSﬂM?IﬁHQP@Dbt%mCOahH @jdgfédqel'ﬁﬂ;jﬂgt |( on
Wi - : ; esi.s o ounds 3 _an a
ot abi 11 2eSMANVTYALS FLCTEREAFO MG 19/ M Cio WRsd HRRP RSt APl Bed 1
was di ssoldagsito(yidh approximalely 40% Cotripatied uf fer contai ni ng 3% (W v)
D-mannitol to a concentration of 100 g/nmL. The solution was incubated at

25C fof at |east 6 days and exposed to |light 350 nm nean wavel ength. 20 The
st abi | i zedhprstatilizes pGaiupDCGochp8urand cdn darmpudiied by ipfepacativy RF-BpaCajradientRP- HPLC.
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fl our esceMB(ESIST@ELI on. 25

15 EXAMPLE 4: Synthesis of Compounds 3 and 4 (a stabilized derivative of Compound 1)

Compound 1 was made as described. It was dissolved (10 mg) in 50 mM citrate buffer
containing 3% (w/v) D-mannitol to a concentration of 100 ug/mL. The solution was
incubated at 25°C for at least 6 days and exposed to light 350 nm mean wavelength.
20

The stabilized products Compound 3 and 4 can be purified by preparative RP-HPLC.
Identification is accomplished by relative retention time in combination with peptide
mapping by LC-MS (ESI+/TOF) of a tryptic digest and MS/MS plus flourescence
detection.

25

EXAMPLE 5: Synthesis of Compound 2 (stabilized derivative of Compound 1)

Compound 1 was made as described. It was dissolved (100 mg) in 10 mL pure water to
a concentration of 10 mg/mL and exposed to H,O, by adding 2.3 mL of 3.5% H,0,. The
30 solution was incubated at 25 °C for 1 day to yield approx. 100% Compound 2.

The stabilized product Compound 2 can be purified by preparative RP-HPLC.
|dentification is accomplished by relative retention time in combination with peptide



EXAMPLE 5: Synthesis of Conpound 2 (stabilized derivative of Conmpound 1)
Compound 1 was nmade as described. It was dissolved (100 ng) in 10 nL \ﬁ)urgq_
water to a concentration of 10 ng/nL and exposed to H202 by addi nd DI 1
of 3.5% H202. The 30 solution was incubated at 25 C for 1 day to yield
approx. 100% Conpound 2. The stabilized, product Conpound 2 can be purified
by preparative RP-HPLC. Identificatiornis acconplished by relative
retention tinme in conbination with peptide 12 MAR 2007 33 nappi hg by LC M5
(ESI "/ TOFmapbing by YI-MS EQI6FOFRM ABhMi Riidest fanaumeagsnags foakacddcan.
EXAMPLE 6: élgie) tai d!fa Synt thsi s 5 gepti de syntgﬁgsi s of Corrpn'gund 8,

H Hi s- G yJ8#€5Y8 y- Thr - Phe- Thr - Ser - Asp- Leu- Ser -

Lys-G u-Met-A u-AJu-G3 u-Ala-Val -Arg-Leu-P he-1 |l e-G u-Trp-Leu-Lys-Asn-G

ly-Gy-Pro- Ser-Ser-G |y-A a-Pro-Pro-Pro-Ser-NH2 ([ G ul3] Exendi n-4-NH2 on
Tent aGel %WLﬁﬁ-ﬁP@m&iﬁRAM resin (0.23 mol/g, 1,0 g) is placed in a

pol yet By | gRgtideesafhesisl 8f S 8 Hh-lié?-Gl}PdsprI&%P@H@-TﬁwirJSEEAs;S-Qéu-EEH ration
and swel |l e or two hours in m). The Fnoc %roup i s renoved
accor di ng ¥EChMelb Pl le-Arsyairiy é&”éﬁl‘?\/" &-ClingPLRELYS oM AECHERSr ding to

the sequergRshSGRSSS! _gqcf_ _dgsgl bed under "Batchwi se peptide synthesis
on TentaGe%I%?g-aRA @gs@é\s gﬁjegﬁggs%n, B. and Holm A (1998) J. Pept. Res.

52, 470] . (Sd'§Exawimpd-oiH, on TehtaGeeSRAIMhesi s, the peptide-resin is washed
w th DWMF X in.ea R%I\{I ' i ch i et hyl et her
(3x5 m, ﬁ%ﬁ“ﬁ%%gﬁﬁ-%%@ r%?'ﬁeg&b? vgé{lgﬁéﬁwg B%ﬁ%ai ﬁ.'egﬁ?so‘%elﬂggﬁ? dv%?%m t he
resi n by tneipperbwith apolipropitene filfar fayritcatien and svealled fartao hivtirstim BMEdBNN). ol v/ v
at r.t. f fil r.esl.m: ] 9 c es _and
filtrat esqgﬁéz ﬁ%csﬁfb% s'%a'%'gr{oglg? tﬂal(:é ‘3‘_5&9@9%%33%‘&%3?& &&Fﬁge/ar glb-g Y%’ t?ﬁext ure
i s extracteptid® accodingvp the saduenceiad@stdmiied §s fessdbed dndes (Batghwise peplidepept i de
I's purifieddysi2fh PERRBERSRAM FRING DI Eardt e i2RE HRIM I Giodg 9. patnded O be
honbgeneou anstljg'f%he pur Ha%/ Was f gtgnd_ t%re%é bgt t gﬁf’haﬁ 993)}3/0_J E’ﬁée{ ??jgent ity of
the pepti @8 #E8. AHAF ampletianofts: REthesiiieoraptderiesh iswashed with MRt xd
4185. Q1) . nﬁe‘PHirfjt@ac"hﬁ,rﬁm%% @f, 1 GRATRAERY Jaifthyl ether {@¥5 ml, 1 min each) and dried
H Hi s- 3 y- G u- G y- Thr - Phe- Thr - Ser - Asp- Leu- Ser- 25 _ _ _
Lys- G u- Mét vagug. Ghe-peplideajsacigayed Ara theutepiely freatmeqt with Spaytriflyeroaggiicq v- q y-
Pro- Ser - a6it-4adysoA dndrie@itdtbiomPafr. 586 NH2 The filtered resins are washed with 95%

TFA-water and filtrates and washings are diluted by adding water. The resulting mixture

is extracted 3 times with ether and finally freeze dried. The crude peptide is purified by

20  preparative HPLC. The purified product was found to be homogeneous and the purity
was found to be better than 95%. The identity of the peptide was confirmed by ES-MS

{Mw found 4185.17 and calculated 4185.01).

Peptide synthesis of Compound 9, H-His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-
25 Lys-Glu-Met-Glu-Glu-Glu-Ala-Val-Arg-Leu-Phe-lle-Glu-Trp-Leu-Lys-Asp-Gly-Gly-Pro-
Ser-Ser-Gly-Ala-Pro-Pro-Pro-Ser-NHsp

([GIu", Asp®]Exendin-4-NHp) on TentaGel S-RAM.

Dry TentaGe! S-RAM resin  (0.23 mmol/g, 1,0 g} is placed in a polyethylene vessel
equipped with a polypropylene filter for filtration and swelled for two hours in DMF (5 ml).
30 The Fmoc group is removed according to the procedure described above, and the
peptide according to the sequence is assembled as described under "Batchwise peptide
synthesis on TentaGel S-RAM resins [Due Larsen, B. and Holm, A. (1998) J. Pept. Res.
52, 470]. After completion of the synthesis, the peptide-resin is washed with DMF (3x5



([Gul3, Asp28] Exendi n-4-NH2) on TentaGel S-RAM Dry TentaGel S-RAMresin
(0.23 mmol/g, 1,0 g) is placed in a polyethylene vessel equipped with a

pol ypropyl ene filter for filtration and swelled for two hours in DWW@RSNWH)
30 The Fnoc group is renoved according to the procedure descri bed above, and
t he peptide according to the sequence is assenbl ed as descri bed under

"Bat chwi se peptide synthesis on Tenta®®l S RAM resins [ Due Larsen, B. and
Holm A (1998) J. Pept. Res. 52, 470]. After conpletion of the synthesis,

th t 3 h

Lhe PEPLY 354 ¥ Basf, AERNSEE gl gtV AORE 1 ol om g 4RaC3°")
vacuo. Thé? p@a;m JGGIP;?PMQEEV@%EW@F’(fmm the resisi by ts9atmeebmtbr%°/wrtflhor%%tlc
trifluoroaggtd es%%tﬁ%r%gﬁmél%f@fabﬁf‘ﬁrgﬂ bhi gh? |1te\,{re§tre§m§ ar WﬁslﬁeldhmthTB@/f' Itered

resins are was 5% TFA-water an trates an ngs are diluted
by addi ng Watwsater anstfilirates pd wgshinge aredlilated Yy addipg ovatar. Bhe resglingymifiuret her and

finally freedmicil £oned Mh %EHé@%n@@iHéHy%ehé dHéd. 'ﬁHeedﬂuéB’ eftid8 s éﬁffe&%yHPLC
The purified product was found to be honpgeneous an Er)1

puri f ound
to be bet PEIPHANY HHHd4 T‘|"ﬁe°‘ﬁ”3%q19fqd§'°to‘1"asc WH"%@%P?G‘@"\HS@%&%WW%E PHS)WES-

(Mv f ound wht86urbroatdhart tdnadsne ThESBerki®) of the pBEMId Was sortirMes by ExtmEompound
10, HHi s p- Leu- Ser -

Lys-d n- NéMM@de@6é5@”ﬂ|°arov‘éiedﬁ€ﬂé@ﬂéh Phe- |1 e-d u-Trp-Leu-Lys-Asp-d y-dy-
Pro- Ser-Ser-dy-Al a-Pro-Pro-Pro-Ser-NH2 ([ Asp28] Exendi n-4-NH2) on Tent aGel

SEJ:Q?ZI[ 3I:/)Ir @Eﬁgﬁ%ﬁéﬁ%&& ﬁﬁ’"%é&‘p@&ﬂ%’%@ ﬁ'ir'l%ﬁéﬁ‘g'?éjwﬁieft ration

and swel | egs-GM-MenGILh@UIEGIuiAa-DEFAIGS.atilt Phe-lelBR-Frpleud iyeWepiGy-Giyrpiee d
according to the procedure described above, and the peptide according to
t he sequer%éSPEGHs%léﬁﬁP'Edo'ﬁéo desii2 bed under "Batchwi se peptide synthesis

on Tent aCe| RAM resins [Due L and Holm A. (1998) J. Pept. Res.
52, 4701. L&GPe}EXE'bq%ﬁé\fHﬁﬁanenFﬁéfgﬁﬁ“ﬂem s, the pepti de resin is washed

wi th DVF Wﬁ'eggldg S- F'\LAIWI H%sfﬁagb)za e, 3?‘@_?21@ pl'acé’a gwe P lcelth IRt fyskeiet her

(3x5 nl, 1 mn each) drie In vacuo aved fromthe
resin 1By (AUgPeRWI WPPHP@BW@@? filker fsrfibesdien ped S‘ﬁ@ied f%rﬁm@w&m%aﬁﬁw ol viv

at r.t. foheZFrhec Ertﬁapf is! ﬁeﬁ{o%ld ra%éérﬂﬁgﬂbethé\’ap?&%‘éuw bbsPibaq aBE&e ViHdefheand

filtrates and washings are luted by adding water. The resulting m xture
i s ext ractPatid® FGCAENGIP e ﬁ%@?‘cea‘ﬁd’sﬁ"ﬁ%l?q‘ s F’?%E@d HPqes dBatehise Pﬁﬂ@epept i de

i's purifi egnth¥sis on TentaGel S-RAM resins [Due Larsen, B. and Holm, A. (1998) J. Pept. Res.
52, 470]. After completion of the synthesis, the peptide-resin is washed with DMF (3x5
20 ml, 1 min each), DCM (3x5 ml, 1 min each), diethyl ether (3x5 ml, 1 min each) and dried
in vacuo. The peptide is cleaved from the resin by treatment with 95% triflucroacetic
acid and 5% ethanedithiol v/v at r.t. for 2 h. The filtered resins are washed with 95%
TFA-water and filtrates and washings are diluted by adding water. The resulting mixture
is extracted 3 times with ether and finally freeze dried. The crude peptide is purified by
25 preparative HPL.C. The purified product was found to be homogeneous and the purity
was found to be better than 85%. The identity of the peptide was confirmed by ES-MS
(Mw found 4185.38 and calculated 4185.01).

Peptide synthesis of Compound 11, H-His-Gly-Glu-Gly-Thr-Phe-Thr-Ser-Asp-Leu-Ser-
30 Lys-Glu-Met-Glu-Glu-Glu-Ala-Val-Arg-Leu-Phe-lle-Glu-Trp-Leu-Lys-Asn-Gly-Gly-Pro-

Ser-Ser-Gly-Ala-Pro-Pro-Ser-Lys-lys-Lys-Lys-Lys-Lys-NH2

(des Pro®{GIu"’|Exendin-4-(Lys)e-NHo) on TentaGel S-RAM.



25 preparative HPLC. The purified product was found to be honbgeneous and
the purity was found to be better than 95% The identity of the peptide was
confirmed by ES-M5 (Mwv found 4185.38 and cal cul ated 4185.01). Pebtiitiell]
synt hesi s of Conpound 11, H Hi s-Ady-d u-Gy-Thr-Phe-Thr- Ser-Asp-Leu-Ser- 30
Lys-G u- Met-d u-d u-4d u- Al a- Vval - Arg- Ley- Phe-11e-Q3 u-Trp-Leu-Lys-Asn-A y-G y-
Pro- Ser-Ser-G |y-Al a-Pro-Pro- Ser- Lys-#ys- Lys-Lys-Lys-Lys-NH2 (des
Pro36- [ GLul3] Exendi n- 4- (Lys) 6- NH2) on Tent aGel S-RAM 12 MAR 2007 35 Dry
Tent aCel &M%taeéu B-FAM 28siiM0. 2.9 mrdely, 4)0 g{s isPpas&sdid 8 w%»e%hzéls@éﬁe vessel
or

equi pped W th %Iyprgﬁylenefllter trati on an welled for two
hours in BRgPREs! wifha pol Qp\ﬁ‘?ﬁ?cf"'ﬁfEﬂJﬁ'trﬁ‘BOr}%’?ﬂﬁ?\ﬁf‘dfe%&fé‘fv?ihﬂ'@{st'rbDMﬁé5[ﬂ?lbcedure
descri bed TR® P %@dphb&em@@éﬁ iR 96 dm@grdc@dmr@edés%ﬁwgsoves angspabl ed as
descri bed under chwi se peptide 5 s¥ esis qn TentaCel S-RAMresins [Due

Larsen, BPERidg qqur%nng thegsgggnes 1s L des@ﬂbe%ﬂﬁer "%t?'E’Y'S%B‘?Pﬁ‘F%t i on of
t he synt hegmttsesustdneT@ﬁ@tBechaRm'sneamsgawsdieaw . ahd BibIm, (A3 %098y, PdptnRés. each) ,

vacuo. The2i b E8PRluat afrloynReRs. o eshalbeha iy BRALr5od 1

trifluoroatetinin eawh), DG BXS%miet htamedcnrt)m;ethyl\e‘therazxsrmt, 1 riareagn)land thiedf i | t er ed

resins arevvahe 5% | oTF trates. .a hi n are
Tt e b BB S bRt L, S g ol B reBthy! fdathBhE FWQ%{“@%?%%& Sith
et her andatid rmhlf;% fetremedithdolivedat Thdéorcz bd€he éibdred eedines prerwashed vioth 95%

d th
U ty0 e plar anftrRe lq B HENATE) S, harchoaRRaRRE R8T "
confi r medisksxtEglelS tintedwitio athgr 485 8naR freaze drgc Thatcadlef8HHd6 B) puritisd Pept | de
t hesi - Leu- Ser -
Iye- in- RRPEOITEIITE e aikdp iy ot G s fpdclectE il bty T
ly- G | y- Pwgs ®d-tgde t@ttyt mlaaﬂﬁi’/o-TPeodqyéw ofyike popfideysas gonfiiped by ESNIH®  (des
Pro36- ['\/Ekn(a@)rétﬁuhﬁé%@@b%n&cézlsulﬁbeﬁ 4'?5‘58)52)On TentaGel S-RAM 20 Dry TentaGel

S RAMﬁrée& n (0. /g, 1,0 i's placed in a polyethyl ene vessel
equip dW|tha onropIenef|I er for f] tralon and swelled for two
hours in 4 -HisG, ¢r'H QEEB?JPﬁée‘i%SR beH-Bfocedur e

descri bed L?é:gmennet@oyietm@iu ®amMia-val- Aarga_%ndwhégletelutm—@aqv%@a Glp-Ghspenbl ed as
descri bed under "Batchw se peptide
Ser-Ser-Gly-Ala-Pro-Pro-Ser-Lys-Lys-Lys-Lys-Lys-Lys-NHo

(des Pro**-{Met(0)"*|Exendin-4-(Lys)s-NHs) on TentaGel S-RAM.

20 Dry TentaGel S-RAM resin (0.23 mmol/g, 1,0 g) is placed in a polyethylene vessel
equipped with a polypropylene filter for filtration and swelled for two hours in DMF (5 ml).
The Fmoc group is removed according to the procedure described above, and the
peptide according to the sequence is assembled as described under "Batchwise peptide
synthesis on TentaGel S-RAM resins [Due Larsen, B. and Holm, A. (1998) J. Pept. Res.
25 52, 470]. The Methionine sulfoxide was incorporated as Fmoc—Met(O)-OH (Purchased
from Bachem) according to the described coupling procedures [Due Larsen, B. and
Holm, A. (1998) J. Pept. Res. 52, 470]. After completion of the synthesis, the peptide-
resin is washed with DMF (3x5 ml, 1 min each), DCM (3x5 ml, 1 min each), diethyl ether
(3x5 ml, 1 min each) and dried in vacuo. The peptide is cleaved from the resin by
30 treatment with 95% trifluoroacetic acid and 5% ethanedithiol v/v at r.t. for 2 h. The
filtered resins are washed with 95% TFA-water and filtrates and washings are diluted by
adding water. The resulting mixture is extracted 3 times with ether and finally freeze
dried. The crude peptide is purified by preparative HPLC. The purified product was



synthesis on TentaGel S-RAMresins [Due Larsen, B. and Holm A (1998) J.
Pept. Res. 25 52, 470]. The Methionine sul foxide was incorporated as
Froc- Met (O - OH (Purchased from Bachen) according to the describéd Mmqupli ng
procedures [Due Larsen, B. and Holm A (1998) J. Pept. Res. 52, 470].
After conpletion of the synthesis, the qEeptide- resin is washed with DWVF
(3x5 M, 1 mn each), DCM (3x5 m , each), diethyl ether (3x5 m, 1
m n each) and dried in vacuo. The peptide is cleaved fromthe resin by 30

treat ment . n{jqogé%h{gg,hé&g%ﬁ%ﬁé Euﬁgwtﬁa@g@{%gkgﬁgﬁ%@b&?' ]IK%I’ tltgs - d or

2 h. The filtered reSins are was wat er an
washi ngs &f Bedepiidesdasenfiicaef PigESdd % (Mw faywed 484088 ang caltweter ¢87E 53t ract ed 3
times with ether and finally freeze dried. The crude peptide is purified by
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a poI ypro tration and swe hours 1 n
190 The qusz:g@uaulp regovetheoediding dortie mipaegutehdessrioet @ee, (mgcﬁhpbed

above andobhe &e&m qow&rq@bﬁ&- .&%sééh@mé@gy&ég%ﬁbé@ume@abm &peftgacr i bed
under "Batchw se ?/nt esi s on Tent S-RAM r esi ns EDue Lar sen, B.

and Hol m swthﬁsa%iemaG AMResins [Bye Larse).. B ?H@"W&‘B H-d PSR JsioertoRes was

lncorporatsgdmﬁ fﬂ@wmrcaﬂe)su@ﬂe(ﬁw maa@;sdated‘ agrrh%%q\h@mz) Wﬂbﬂ%e&o the
descri bed cougaq_'ﬁg] procedures [ Larsen, nd 15 Hol (1998) J.

Pept. Res: frogp ackPidNg E’oWﬁl %%ﬁCB?PdoFOLtH'i%G WH@?F&D“? H@fﬁ?@pﬁ #d resin
i shwaab?g Hévinﬁ A QvBog) 3% Pept. .Rek. B, mmg«tﬁer cBXalletion of the, syhthekie, ®agJeptidedi St Pyl
et her X a L ed | e pepti i.S, cl eave rom
the resin &N 'St"’faéa%ﬁ?mp@xgg% 'f“f"f?al?g)r m&"‘é 'Qcﬂ i3 FAC oA IR EHETi ¢ hi ol
viv at r.{3x5f @ Rniin edbi§) arfd biie edvddesi Mie peptidsashadavsidt ol She 'FEs‘Pn wgt er and
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i s extract'&d %“ﬂbg@‘%’ %ﬂ "R %ﬁa‘gfﬁfﬁa?”? %?’%é’vﬁ’m H’P’l%(fei Jg'g pepti de
is purifi élferby resirepae atashed With @5% TIHFA-ywater émcﬁdtratesdn@trvamsgs are dlluted by
20 adding water. The resulting mixture is extracted 3 times with ether and finally freeze

dried. The crude peptide is purified by preparative HPLC. The purified product was

found to be homogeneous and the purity was found to be better than 95%. The identity

of the peptide was confirmed by ES-MS (Mw found 4886.68 and calculated 4886.53).

25  Oral Glucose Tolerance Test (OGTT)

The anti diabetic effect of the present compounds was tested in an oral glucose
tolerance test (OGTT). In short, animals were fasted over night, and blood samples
were taken from the tip of the tail and the blood glucose measured. The whole blood
30 glucose (mM) concentration was analysed by the immobilised glucose oxidase method
using a drop of blood (< 5 pl; Elite Autoanalyser, Bayer, Denmark) following the
manufacturer's manual. The animals were kept fasted throughout the test. Immediately
after the initial blood sample (fasting blood glucose level) test compound or vehicle was



found to be honogeneous and the purity was found to be better than 95% The
identity of the peptide was confirnmed by ES-M5 (Mwv found 4886. 68 ?rﬁg 7007
cal cul ated 4886.53). 25 Oral G ucose Tol erance Test (OGIT) The an $a%eti c
effect of the present conpounds was tested in an oral glucose tolerance
test (OGIT). In short, animals were f ed over night, and bl ood sanpl es
were taken fromthe tip of the tail and the bl ood gl ucose neasured. The

whol e bl ood 30 glucose (nMV) concentrati on was anal ysed by the inmobilised
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curve (Ad€ertiiFedwsinglth®) tramazoidhmethiod! Betoxg etariimgnthe( axiCoinER Gl reerigs an
( AUCo-240 S ef.e a i od r arting
t he exp%)endr?ema s%sre:ae{so gﬂg&%%@é‘%&%o@é p'eégltra'qﬁ%% %’P'ﬁ@f‘@ Sﬁ'ﬂtﬁ% gr oups
of 9-10 aglusasestoltranseayi aibgroups. Paimalydisriageg exsieesivnglososerexahisiogradupis .
Ani mal s di Ve hw after glucose | oading
(BG > 33 aﬁgjﬁ{%oe\%{gg jgpudg% ;ﬁ}%\{eﬁéég)gbﬂﬁf QWrogthasEhgyof t he gl ucose
tol erance test 15 The results of the glucose tolerance test are illustrated
in the fi gUERE O'lf-tﬁle QG&&WtoIeF@H@e%&CW ated ED50 values are presented in Table
1. Mjor rrpoun es Solution (nnol/kg) Conpound 1 0.049 3.8
Conpound 14 0.55 1 3

The results of the glucose tolerance test are illustrated in the figures 1-4 below.

The calculated EDs, values are presented in Table 1.

Major Compound in Test EDs, SD,
Solution {nmol/kg)
Compound 1 0.049 3.8
Compound 14 0.55 1.3
Compound 6 0.013 19
Compound 7 0.21 2.1

20 Table 1: shows the EDg, based on curve fits and the standard deviation ratio (SD;)

The fit of the data obtained after treatment with Compound 1 is illustrated in Figure 1.
The calculated EDsg and SD, is shown in Table 1.

25 The fit of the data obtained after treatment with Compound 14 is illustrated in Figure 2.
The calculated EDg, and SD;, is shown in Table 1.

The fit of the data obtained after treatment with Compound 6 is illustrated in Figure 3.
The calculated EDsq and SD. is shown in Table 1.
30



Compound 6 0.013 19 Conpound 7 0.21 2.1 20 Table 1: shows the ED50 based on
curve fits and the standard deviation ratio (SD,) The fit of the data

obtained after treatment with Conpound 1 is illustrated in Figyr %?
cal cul ated ED50 and SDr is shown in Table 1. 25 The fit of t he @l@ a| ned
after treatnent with Conpound 14 is illustrated in Figure 2. The cal cul ated

ED50 and SDr is shown in Table 1. The ¥t of the data obtained after
treatment with Conpound 6 is illustrated in Figure 3. The cal cul ated ED50
and SDr is shown in Table 1. 30 12 I\/AR 2007 38 The fit of the data obtai ned

after tre Nt W t oun 7,0 il at ed i.gu . —.J1he cal cul at ed
ED50 and %Bfg?'{]%f tE?‘nB%ﬁ%i%FH')"ngq ryeatgien W@h@?rﬁg‘?”@&t 3&" é?(tﬁél"'l e conpound
1, Conpourde 2algwgteddiboandiSB: inghawn Bsiable 1.as descri bed above. The results
are illustrated in Figures 5, 6 and 7. The ED50 values are outlined in

0°075 4. 1" e SRESL il gt Conmie 7 iy A EORp P el BB o o
curve fites d?h‘éflb@dla(bQVQitTf@rfe@'ﬂtSS‘c!rarm@?f@tedléﬂ/F'It-ife@rﬁ Gaarich7 (BB FDicsvabiessent ed
10 above. zlhgfidel i9TrafhiB®. data obtained after treatnent with Conmpound 1 is

illustrated in Figure 5. The cal culated ED50 and SD, is shown in Table 2.
15 The fit of the data obtained after treatnment with Conpound 5 is

i Il ustrat edajst doBpdendbin TeBbe cal cul aEpg, ED50 and SDr issghown in [Table 2.
The fit o] ,te dabgughtl ned af Cer ygggpygpnt w () Compound 2 1e 1 ustrated
concl usi onCompeunsbbve Conmpounds al | shB{ked anti di abetic%¥fect by
si gni fi canCbwypound 5 0.043 4.1

Compound 2 0.011 36

Table 2: ED5, based on curve fits. The calculation of standard deviation ratio (SD,) is presented

10 above.

The fit of the data obtained after treatment with Compound 1 is illustrated in Figure 5.
The calculated EDsq and SD; is shown in Table 2.

15 The fit of the data obtained after treatment with Compound 5 is illustrated in Figure 6.
The calculated EDsy and SD, is shown in Table 2.

The fit of the data obtained after treatiment with Compound 2 is illustrated in Figure 7.
The calculated EDs;, and SD; are shown in Table 1.

20
in conclusion, the above Compounds all showed anti diabetic effect by significantly

increased glucose tolerance in the db/db mice as shown by a reduction in AUCq.12g min OF
AUC ;240 min (illustrated in the figures 1-8). All the solutions tested had positive effect on
glucose tolerance in doses above 0.01 nmol/kg. Thus, administration of the test
25  compounds produced a dose-dependent lowering of blood glucose following a glucose

load.

The invention described and claimed herein is not to be limited in scope by the specific

embodiments herein disclosed, since these embodiments are intended as illustrations of
30  several aspects of the invention. Any equivalent embodiments are intended to be within

the scope of this invention. Indeed, various modifications of the invention in addition o



i ncreased glucose tolerance in the dbldb mce as shown by a reduction in
AUCO- 120 min or AUCo-240 mn (illustrated in the figures 1-8). Allz%h@
solutions tested had positive effect on glucose tolerance in do éﬂ b @%
0.01 nnol /kg. Thus, adm nistration of the test 25 conpounds produced a

dose- dependent Iomerlng of blood glucose follow ng a glucose |oad. The

i nvention described and clainmed hereimds not to be linited in scope by the
specific enbodinents herein disclosed, since these enbodinents are intended

as il | ust yadbQRSwRNd %Qsérﬁ?ﬁé& rh@*elﬁﬁim%tcémgfapﬁé'\%nﬂ tB‘{Pré'ge' Ked MhLiYR! ent
enmbodi nents are |nten ed to be wth the scope of this invention. |ndeed,

vari ous miffl fprqgam&%crwﬂwﬂ r@¢m@«ft@mﬂﬁ a5e al8q |”tt?'3ﬂ?dtt@) fallwithiche §09re &9 t hose

shown and ygtegsgcnBed cRERL IVEIBLS FefBRASEE BN PBEeir, Ahd BREBsEKI dflvidfth &ret he art
from the foregoing description. Such modi fications are also intended to

fall wt hl'rﬁ’c’fﬁ‘?éat%% Lﬁf?ﬂencec 'ﬁéh%ﬁ)‘?ﬁ'Fﬁi'@EI claims. Various references are cited
hereins the disclosure of which are incorporated by reference in their
entireties. 5 10 15 20 40 12 MAR 2007 CLAIMS: 1. A conposition
conprising a stabilized exendin-4 (1-39) conprising: (a) an al pha-asparate
(Asp) or beta-aspartate (isoaspartyl) or cyclic imde residue at a position
corresponding to the Asn residue at position 28 of exendin-4; 5 (b)
optionally: (i) an oxidized nmethionine residue at a position correspondi ng
to position 14 of exendin-4; and/or (ii) an oxidized tryptophan residue at
a position corresponding to position 25 of exendin-4; and/or 10 (iii) a
deam ddted or hydrol yzed G n at a position corresponding to position 13 of
exendi n-4; and/or (c) optionally at |east one peptide sequence Z of 4-20
am no acid :

15

20



resi dues coval ently bound to the stabilized exendin; and/or (d) optionally a
deletion of O to 5 am no acids at positions corresponding to 15 position
34-38 of exendin-4; or a pharmaceutical | $0acceptable salt or sol vatEMAR 7007
thereof. 2. The conposition of claim1l, wherein: (a) the oxidized
met hi onine r LI e is a methioninyl sulfoxide or a nethioninyl 20 sulfone;
and/or (b) t "di zed tryptophan residue conprises an oxidized
3H-indol - 3-yl.  grbepnpcsitidh oemrisng Blseabizaddixemiin-4 (y3sh opherisingesi due i s
N-f or nyl kynur eni ngy ( NFKJ alprdra mreqmgiswnwt@aéﬁaﬁaté%séaépmw)o;c N&iFfgeyt rypt ophan
(HTRP), or kynureni iae 25 g_KY ;. and/ or gd% t he ,&}/cl Ic imde residue is an
aspartimide or a GPHYS PiARESHY CoRRPOREiRg pdhe AYTeTfueAt RPHEOD 25 Rheteaflif-4y
conpri §es bet ween{baboubptidnally: about 20 Lys amino acid units. 30 4. The
conposi tion of clai m 3 WBHELD méthRIRR T £ LotRioR R RQndld inits. 5. The
conposition of claim 1(,0 wherein the sta%?ﬁ??ed%xigngel’rn-ﬁ (1ng§9) conpound and
Z are bonded by BPSHERtf 8B4 28996, The conposition of claim1, wherein Z
is coval ently bound t o freoxsdizHitryptzierthn essiind iana dositiod c@Bspeaimgasind at t he
C-term nal carbonyl.. j conposition of claim1, wherein the
stabilized exendi %Asﬁifoy?géfg Q'?:%ir%’o%ﬁ@r 40 conprises any one of the follow ng
sequefes: 41 12 VAR 207 degeidatpy g3y doksgb@D Bke Aefitien 2oespawing teles  Pr 036
[ | soAsp28] Exendi npdkitiod 138)axestis 4 Rnadp[ Met (O 14, Asp2B] Exendin-4 (1-39), des
Pro36 [ Met (O 14, 0Asp28] Exendi n-4 (139 5.des,Pro36 [ Trp(02) 25,
Asp28] Exendi n- 4 (@39) ?‘%'8%@5?'8%?9"?'%%"6‘?%25}‘5 ,°egs°iﬂ\§%§@j”%%8'ﬁdi n-4 (1-39) or
residues covalently bound to the stabilized exendin; and/or
(d) optionally a deletion of 0 to 5 amino acids at positions correspending to
15 position 34-38 of exendin-4;

or a pharmaceutically acceptable salt or sclvate thereof.

2, The composition of claim 1, wherein:
(a) the oxidized methionine residue is a methioninyi sutfoxide or a methioninyl
20 sulfone; and/or
(s} the oxidized tryptophan residue comprises an oxidized 3H-indol-3-y)
group; and/or
(c) the oxidized tryptophan residue is N-formylkynurenine (NFK}, 3-
hydroxykynurenine (3-OH-KYN), hydroxytryptophan (HTRP), or kynurenine

25 (KYN); and/or
{d) the cyclic imide residue is an aspartimide or a glutimide.
3. The composition of claim 1, wherein Z comprises between about 4 o about 20 Lys
aming acid units.
30
4. The composition of claim 3, wherein Z comprises 6 Lys amino acid units.
5. The composition of claim 1, wherein the stabilized exendin-4 (1-39) compound and Z
are bonded by a peptide bond.
35

8. The composition of claim 1, wherein Z is covalently bound to the stabilized exendin-4
(1-39) compound at the C-terminal carbonyl function.

7. The composition of claim 1, wherein the stabilized exendin-4 (1-39) compound
40 comprises any one of the following sequences:



des Pro36[ Met (O 14Trp(02) 25 Asp28] Exendin-4 (1-39), des Pro36 [Met(O 14
Trp(02) 25, |so0Asp28] Exendin-4 (1-39), des Pro36 [Cyclic im de28] Exendin-4
(1-39), 10 des Pro36 [Met (0O 14, Cyclic i#lde28] Exendin-4 (1-39), q swRr 9o
[Met (O) 74 Trp(02)25, Cyclic imde2B] Exendin-4 (1-39), [Asp28] Exeng‘i n- 4
(1-39), [Iso0As %Ereﬂ in-4 S -39), [Cyclic im de28] Exendin-4 (1-39), 15
[Gul3, Asp28TEXEnHi*h- FXRpg™ %1 (0) 14, Asp28] Exendi n-4 (1-39), [Met(O) 14,
| s0Asp28] Exefleti RroZ [IgahsBYExendjrivet(39),10. , Cyclic i ni de28] Exendi n-4 (1-39),

[ Trp(02) 25, &@pﬁ@%g{f;@ﬂnq@%@@m,ﬁj@@),[ Trp(02) 25, |1s0Asp26] Exendi n-4

1-39), Trp(02)R glic 1y de28] Exendin-4 (1-39), Met (O 14, Trp(02) 25,
,(AspZS% ExeLdi ﬁésﬁ 1 ()9$ {'RESP ORI 4{15% 2) 25,(IsoA)sp28][ Exegdi) n- 4 (1%9)? or
[ Met (OP14, Tdex(a¥ MBp(QyEl Asp™i|Eredeia8](Es@ndi n-4 (1-39). 25 8. The conposition

of claim7 f Pl G, AG2 Ol b 0w group linked to the C termnus
of the corrpog%\%ﬁ}@%\igg%}ﬂg%bg% ﬁé‘?’ﬁ%&@g p%ggi%?i on of claim1, wherein the

stabilized eS&TaPnMEtO” 3O oAsBLRAedD? Hoir i ses any one of the fol | owing
sequences: HddslRrs¥ Baet@e’S TRIOIB, Ifep2Bxéridiendiasy, 4( 1- 39) - Lys6- NH2  H- (Lys) 6-
des Pro36, P 36 Exendigh-4(1-39) -NH2  H Asn- (d u) 5des Pro36,
Pr 037, ProBBF%ng?i(%g@i Fﬁ%@gﬁ%ﬂg des Pro36, Pro37, Pro38
[ Asp28PExendfes-e ) (LSpsYamigel |[Exemiing (1:38) 6- des Pro36, Pro37,
Pr 038[ Asp28] feeame® mekcl™ S0 HLYS e i Exkhadsndghu) 5- des Pro36, Pro37,
Pr o38[ Asp28] ﬁéﬁﬁﬁ%&n-%{-&%}-(ws)& NH2, H (Lys)6- des Pro36 [Trp(02)25
Asp28] Exendi n-4 (I j &/s f‘NH2, H (Lys)6- des Pro36, Pro 7, Pro3B
[ Trp(02) 25, Mzﬁl%ﬁbfﬂﬂiﬁgnjw) -NH2, HAsn-(d u)5- des Pro36, Pro37,
Pro38 [ Tr p( OR)diR.imihsPERddarendisd, 4(1-39) - NH2,
15 [GIu", Asp®®|Exendin-4-NH,,
[Met(0)"*, Asp*®|Exendin-4 (1-39),

[Met(0)", IsoAsp®|Exendin-4 (1-39),

[Met(0)", Cyclic imide®®|Exendin-4 (1-39),

[Trp(02)*°, Asp®®|Exendin-4 (1-39),

20 [Trp(0,)%, 1s0Asp?®|Exendin-4 (1-39),

[Trp(02)%, Cyclic imide®®|Exendin-4 (1-39),

Met(0)", Trp(02)%°, Asp®|Exendin-4 (1-39)

Met(O)™, Trp(0,)%, IsoAsp®®|Exendin-4 (1-39), or

[Met(O)", Trp(0,)*, Cyclic imide®]Exendin-4 (1-39).

25
8. The composition of claim 7 further comprising the following group linked to the C-
terminus of the compound: -Lyss-NH-.
9. The composition of claim 1, wherein the stabilized exendin-4 (1-39) compound
30 comprises any one of the following sequences:

H-(Lys)s- des Pro®® [Asp®® IExendin-4(1-39)-Lyss-NH,
H-(Lys)e- des Pro®, Pro®, Pro™® [Asp?’|Exendin-4(1-39) -NH,
H-Asn-(Glu)s des Pro®®, Pro¥, Pro® [Asp™®jExendin-4(1-39) -NH,,
des Pro®, Pro¥, Pro® [Asp®®|Exendin-4(1-39)-(Lys)s-NH;,
35 H-(Lys)e- des Pro®®, Pro®, Pro® [Asp®|Exendin-4(1-39)-(Lys)s-NH,,
H-Asn-(Glu)s- des Pro®, Pro® | Pro® [Asp®®|Exendin-4(1-39)-(Lys)e-NH.,
H-(Lys)e- des Pro®® [Trp(02)*, Asp®JExendin-4(1-39)-Lyse-NH,,
H-(Lys)e- des Pro®, Pro®, Pro® [Trp(02)%°, Asp®®JExendin-4(1-39) -NH;,
H-Asn-(Glu)s- des Pro®®, Pro™, Pro®® [Trp(02)%, Asp®®|Exendin-4(1-39) -NH,,
40 des Pro®, Pro™, Pro® [Trp(02)*°, Asp®®|Exendin-4(1-39)-(Lys)e-NH,



40 des Pro36, Pro37, Pro38 [Trp(02)25 Asp28] Exendi n-4(1-39)-(Lys)6-NH2, 42 1
2 MAR 2007 H-(Lys)6- des Pro3fi, Pro37, Pro38 [Trp(02)25,

Asp26] Exendi n- 4(1- 39) - (Lys) 6- NH2, H Asn- @#& u)5- des Pro36, Pro37, Pr’\?

[ Trp(02) 25, Asp28] Exendi n- 4(1 39) (Lys) 6- NH2, H-(Lys)6 des Pro3d 2 MR 2007

Met (O 14, i - 25NH2 25 036 Pro37, Pro38
%lvetgogm ﬁsﬁpgég%ﬁg n %&1 39) “L@g g %ﬁé‘%@ Redliey 036, Pro37,
Pro38 [ Met ( Of#Asn-(Bip2eds BErarripTh RtQSiETBQ?z)%M@za]EXde@nWcﬁ%(Lyﬂé—uﬂ? Pr 038
[F)NéggO% %/gt gﬁ RR2RH @ﬂﬁ’fb“ﬂ\ﬂétgjﬁ% }Bkéicﬁnﬁ{'ﬂ%g) -Hrs-Nws )EF deS(gos?gd PHF))3736
ro n- u es ro
Pro37, Pr 038 [fvﬁ)% Zg’l’gx'? eaﬁ%ﬁ 4“(53‘?56 z}ﬁ(‘uﬁ% 3811@ H Lys6- des Pro36
[ Vet (OPLl4, THADIBRE: demsfrr ]Fﬁxﬁérmo%mmé@)sp BAdNiH2(1-3DD-NHL( Lys) 6- des
Pro3fi, Pro3{es FP&@B;%{?I\{%(B@)]& Y4 TAdpee 1?@1/%(9“%' n-4(1-39) -NH2,

H Asn-(d u) 5-. de ro Bas I‘Q3 ,33’Pr03 4| MeL(O
Asp28] Exendi Hﬂ & 4o Pro Ries IMst 936, ASPrE% d’P‘P(é N‘étt‘ﬁb) 14, Trp(02) 25,

Asp28] Exendi H-A@(nxe&&)de§ E;oée) emﬂmm“&ma@oé“) J@spZS(]Ea@ndPn-QGGSQ -Rrye3RH,,Pr 038

[ Met (O 14, Tl 215 H Asn-(d u) 5-des
Pro36,, Pr oS?Hg_Q ég{"ﬁé’ﬁ%@ ’?’gﬁ gzﬁgéx]%%nd&lﬁ?f%@[' E‘ N 2(1 39) - (L§/s)6) NH2,
H-(Lys1)06- des Pro36 [Cyclic |m de28] Exendi n- 4( 1- 39) - Ly56 NH2, des Pro36,
Pro37, Pro38HHOwsd des prof° g 8] ¥ abitm) 4 (Tkp@9F°; N2’ | Extendibyisi) o) -ies Pr 036,

Pro37, Pro38 des Pr 036,
Pro37, Pro38 [%g lugﬁ EJE i%gﬁ? gendl ﬁl‘ ﬁjf ?Z% O'rQIH'Z_Ks':’ %Aﬁdm Qgé% ,2 Pro37,

Pro38 [Cycli éei?ﬁo 28] E?dénél‘ﬂ@i@i 1Tf8@l(6§%3]@£eﬂlﬁ12- 1|-139()1£|§V§)66\“‘Hes Pro36, Pro37,
Pro38 [Cycli ¢ gaaea@raé@and%?mre@ S&0)( g G@ﬁiN 5 Exditufsatt-661 (spNigles Pr o036,

s e (R e o SR T e B
Pro37, Pr 038HE1I-'YS;)B( 0es BreB] C)@}cumnde "|Exert e BReindi-NH ( 1- 39) - NH2, 25

H As g 5. 36 8 P 4] |
n- (G u) Syedes* 58600 5®%E70|m%'é %B'Brpé%b)zﬁ“?p%ggl [CTr 0(02)25, oyclic

i m de28] Exen in-4(1- 53@)36 ¥
i m de28] Seond TSk gesFgp- (1! s)FéfONlQQG nEy IR 3§86, Pro37, Pro3s
[ Tr p( 02) 25, By/t:slm Glubsmieid% Beedire” @ydic30ipe’tIEYs)G-4H9)- NH4; Asn- (GI u) 5- des
Pro36,,4Pr 037de§3r5r938f[’y’p15r9@ @ﬁbc 1%*51E9eﬁcm ﬂgggi(tlgﬁnghn 4(1-39)-(Lys) 6- NH2,
or a pharmaceutical | or, sol va thefeof .
H-(Lys)s des Pro Pro Pro [Cychc imide™ |Exendin-4(1-39) (Lys)s-NHz,
H-Asn-(Glu)s- des Pro®, Pro™, Pro® [Cyclic imide®®|Exendin-4(1-39)-(Lys)s-NHs,
H-(Lys)e- des Pro*® [Trp(02)%, Cyclic imide®]Exendin-4(1-39)-Lyss-NH,,
H-(Lys)e- des Pro®, Pro®, Pro® [Trp(0,)%, Cyclic imide®®]Exendin-4(1-39) -NH;,
25 H-Asn-(Glu)s- des Pro®, Pro®, Pro®® [Trp(0,)%, Cyclic imide®®|Exendin-4(1-39)-NH,,
des Pro®, Pro®, Pro® [Trp(0,)%°, Cyclic imide?*|Exendin-4(1-38)-(Lys)s-NHo,,
H-(Lys)e- des Pro®®, Pro™, Pro™ [Trp(Q,)*°, Cyclic imide®®|Exendin-4(1-39)-(Lys)e-NH,,
H-Asn-(Glu)s-des Pro®, Pro®, Pro® [Trp(0,)%, Cyclic imide®|Exendin-4(1-39)-(Lys)s-NH,
or a pharmaceutically acceptable salt or solvate thereof.

30
10. A compositicn of any one of the preceding claims, further comprising a
pharmaceutically acceptable carrier,
11. The composition of claim 10, wherein the composition comprises a depot formulation,
35 microspheres, liposomes or the composition includes a stabilized liquid formulation.
12. The pharmaceutically acceptable composition of claim 10, wherein the compaosition

comprises at least one of the following compounds:
des Pro*[Asp™]Exendin-4 (1-39),
40 des Pro®® [IsoAsp®®|Exendin-4 (1-39),



30 10. A conmposition of any one of the preceding clains, further conprising
a pharmaceutically acceptable carrier. 11. The conposition of claim 10,
wherein the conposition conprises a depo#3fornul ation, 35 mcrospheres,

| i posones or the conposition includes a stabilized liquid formul ati g WM2.
The pharnaceutlcagkég tgble conP05|t|on of claim 10, wherein the
conposi ti on 9%d? Q)at E2edme (1039t he fol | owi ng conpounds: des
PrOSG[AspZS]Exﬂhd?mkﬂCWLIaﬂkﬁﬁEAQmﬂ@s1@@@36 [l soAsp28] Exendi n-4 (1-39), 43
12 MAR 2007 < fs ] Exendi n-4 (1-39) des Pro36

[ Vet (O) 14, Eo: @T@é ?%ﬁ’é?ﬁd'%é%pgﬁdes Pro36 [Trp(02)25 Asp28] Exendi n-4
(1-39), desd?-srpd%éﬂ'fﬂ(%?()Oéi"fép ?Jﬂé"p‘izgj ¥xendi n-4 (1-39), 5 des Pro36

[ Met (Opl4, Tdea(FOZ Aket(ONS p2BE e AsH iEXendid-4389), des Pro36[ Met (O 14, Trp(02) 25,
| soAsp28] Exepdid- 39 1 2 TPAS of claim 12 further
conpri sing tﬁ%Fﬁgﬁw%&Pﬁgha¥§ap'l%ﬁﬁe@ﬁ?%mfﬁgs%éE@grnlnus of the conmpound:
-Lys6-NH2. 10 14. A nethod of nmaking the conposition of any one of clains 1
to 13 conpri $3 ng '«ﬁﬂiedoﬁ’fp‘é&ltlonQﬂGIamf1Zfb!¢hefr6d>rh;9164n§ﬂ1e36@ﬁﬁ19 gtcub liRkadd thieleg
exendin-4 (1:3 é | %cyarlqgt gﬁlogue or derivative thereof; and (b)

i ncubati ng tﬁ”mlm ﬂH’ pr?i Sé‘% ’t he variant, anal ogue, or derlvatlve 15
t heredf under conditions sufficient to introduce at | east one of the
followi ng amfo aginfbthoBlof Raldthe BorhpBsiEn 628y Shé‘efcfahﬁs PR3 1A3BmpRHgdHRafavi Ng a
deam dat ed si de ﬁpg P20 Asn residue having hydrolyzed side chain or a
structural i ¥ERiMe Wogwgﬁgﬁsre5|due wherein the Asn or Asp residue
corresponds to po&iti opbtdBingExearierdil+38)qr axaianbphaloge brdeBditie i thesaof, and di zed
met hi oni ne resi dug, corrname@(#hélexetnemm?'s d)'ame%nmt a%l.%gﬁ’é B ferlyatﬁg'dlor (iii)

an OX|d|zed trypt ophan resi due correspon posi ti exendi n- 4;
thereof under conditions sufﬂment to introduce

at least one of the following amino acids or a cyclic imide therein;

{i) an Asn residue having a deamidated side chain, an Asn residue having
hydrolyzed side chain or a structural isomer of an Asp residue, wherein the Asn or Asp
residue corresponds to position 28 of exendin-4; and opticnally

20 (i) an oxidized methionine residue corresponding to position 14 of exendin-4;
and/or

{iii) an oxidized tryptophan residue corresponding to position 25 of exendin-4;

and/or
(iv) a deamidated or hydrolyzed Gin corresponding to position 13 of exendin-4;
25 and/or
(V) a cyclic imide of structure B herein.
15. The method of claim 14 further comprising the step of detecting presence or absence
of at least one of amino acids or cyclic imide (i)-(v).
30
16. The method of claim 14, further comprising the step of identifying at least one of the
amino acids or cyclic imide (i)-{v} in the composition.
17. The method of claim 14, wherein the conditions include contact with at least one of
35 water, heat, light, metal, metal ions, water vapor or oxygen.
18. The method of claim 14, wherein the conditions further include contact with about

room temperature (25°C).

40 19. The method of claim 18, wherein the conditions further inciude contact with air.



and/or (iv) a deam dated or hydrolyzed G n corresponding to position 13 of
exendin-4; 25 and/or (v) a cyclic imde of structure B herein. éa Ehﬁiﬂ

met hod of claim 14 further conprising th#4step of detecting pres C%L\‘or
absence of at |east one of am no acids or cyclic imde (i)-(v). 30 16. The
met hod of claim 14, further conprising the step of identifying at |east one
of the amno acids or cyclic imde (i)-(v) in the conposition. 17. The

met hod of cl @i m 14 compgsitien acaotitngdo Atk areghgaimadita diefoc usetinbderagyt h at | east one
of 35 water, heat, light, netal, netal ions, water vapor or oxygen. 18. The

met hod of clagim1l erein.the conditions further, inclLude contact with
about room ﬁarrpeé%ﬁ %,}Ar‘]"emf”ﬁ%%}c’.” GFP 4y tofﬂ’éor??e# ﬁ18ﬁlso1ft°g?£ r%el%?pa\?ﬁig? 8?41 t he
condi t Pons f meditrment foctha dreatment ol dinbates thpeal or.typeR, hBulNBRSIRHBE syrRIGomed

conposi tion geepd(diRGsd Blchre AT, Bbesk/, 3h1FD dﬂsoﬁd@rs,ll%(pta%fycéﬁig, h&abdier apy. 21.
Use of a conposition accordin cl al.ns f

to any. one of . . to 13 for the
prepar at i on ?or%ers’ﬁnﬂﬁﬁﬁtr(‘,caqﬁ?ﬁ?e'Pﬁ?aﬁeﬁ@tecsraéﬁqcf?é‘?ﬁ’tw”ﬁfe'edFtﬁgB[P%g"t'?ﬂﬁ‘é eYelyr type
2, insulin regilstcantdosygichosereyels, iregoitioredt ggéticasgyit lstmaiatig ifsui@ieleasbesi ty,
eating disorders, hyperglycem a, netabolic disorders, and gastric disease,
di sease states associated with el evated bl ood glucose | evels, regulation of
bl ood gl ucose levels, regulation of gastric enptying, stimulating insulin
rel ease.



