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its entirety. FIELD OF THE | NVENTI ON [ 0002] The
present invention relates to the field of

gh armace U&g%)%' ﬁﬁg&_ﬁﬁﬁ ﬁ%ﬁngﬁﬂ%ﬁ%ﬁ%ﬁb&ﬁ&ﬁ%t ion
i scl oses

[0001] di kefpp} r}ib%lc%ﬁ%‘ a(dy ?ﬁﬁh ShEDFUN. %{B@ic%ﬂ S’éha‘f"Noh 10/632,878,

gl ucago ke peptide 1 (G&P-1). The esent 1 nvention
filed Juigs22yt 2003t yndaslamp hae neenetit |undd:r Borhsl@t §orP(Epito U.S. Provisional

R ¥ e T A
applrcargﬁgjl rrb ﬁé&‘e@t? rﬂéorptoﬁﬁe mﬁr%?&%néerlﬂ%teh% as utility as a

maceut i cal for ation nary delivery.
BACKGROUND TO THE | NVENTI ON [0003] d ucagon- | i ke

peptide 1 (G.P-1)rA BICTAFSNVENIION i terature is a
30 or 31 amno acid tncretin, released fromthe

[0002] | Nt esel PrRber® NARG LA Srelat@elol fhel ﬂelﬂe&p]?l{h%%aée@ltiﬁﬁt formulations. The
carbohydrate ingestion, and protein froma neal. '
presentSem:@tmmmils@fOStamlctypletpfcfdaﬂefdmruthblnes i onfreising tdekebapiperazine (DKP)

partiley TR Rptoh i aleFt- Bucsotids £PoP- OB pESe ey bR hes uite
as a phdrMaSeyRiogl r@hﬁ@lﬁtrérﬁ‘fo@th%gtn&g §i6385such @98hbetk§) chi®rs, and obesity but is

non-di sease state, GP-1 is secreted from'the
not linjitgtletot ismell discessls] iMoncepponularly.o ther @rdsynti mysstien has utility as a

pharmef e (RO e ey 88 O e "pancr ogs.

i nhi biting glucagon release fromthe liver, as well as

other ef f ect Ss&@ﬁ@@p@bnﬁﬁﬁﬁmmfg@g , and
[0003] depe(ﬁ‘lﬂ on- lﬁgerﬂ 1éé 31 L S ra{sschsc%searg(aﬁé M%Fa%r@ 19%@0”& 31 amino

exogenous pept'i rat pronot e
acid in@klin,Stcéascd ﬁrohﬂﬂiﬂ inlﬂesbhﬂSMfdibbﬁﬁd $.-@iid 1dlréqﬁnhey to fat, carbohydrate
stinmulates b-cell growth and survival as well as
ingestiop, ai PrOEﬁHf fremeehmﬁalt iSshtetionef dunpintide ihgrmeste is hagd to be impaired in
1nd1v1d1§:5§; ?]ﬁ &{1% leeelfélgsr 1ﬁg 1tba Lrlrtrawrgirgd& attes folr r‘][hea treatment of this
andoﬂ&ﬁ@ﬂﬁﬁhﬁﬁm&ﬁ.b cel | apopt03|s mhlch further
contributes to increased b-cell mass. [0005] In the
[0004] gastinahdh@stiseak statg Gl P- &Psdcrétﬁh fibit the Ghtegtivial Lidell,in response to

i ncreases the secretion
orally ingested nutrients, (particularly sugars) stimulating meal-induced insulin release from the

pancreas, inhibiting glucagon release from the liver, as well as other effects on the
gastrointestinal tract, and brain. GLP-1 effect in the pancreas is glucose dependent, minimizing
the risk of hypoglycemia during exogenous peptide administration. GLP-1 also promotes all
steps in insulin biosynthesis and directly stimulates B-cell growth and survival as well as B-cell

differentiation. The combination of these effects results in increased B-cell mass. Furthermore,



insulin in response to glucose, and decreases the
secretion of glucagon, thereby contributing to a

wo edaazidon of gl ucose excursion. Central adm nPGL/D8100TO66728
of GLP-1 has been shown to inhibit food intake in
rodents, suggesting that peripherally rel eased GP-I
may directly affect the brain. This is feasible since

L1 epbIaF s BRSO P bl SABHSHRE contitutes o
lmxaméyﬁggjﬂhggl organ and the area postrena These areas
of the brain are known to be involved in the
[0005] r egyhahd %Qstﬂ)fmtéﬁﬁﬁf trh&, and-enefisy 6 mtt}athsfeases the secretion of
Interestingly, gastric distension activates GLP-I
insulin goresingd hgglneescoars! dasrdabes thastadtionund | gumgaf, thdreby contributing to a

reductioéﬁ%é%@écéategt}%tslpn éenélﬁl ta(lg)tg si%iargg% ggf&:ﬂ@ gg%{ tgeaev?ﬁég@n to inhibit food
intake iff Y&i%‘hﬁe SEZ R RMRRAPh&HIP Yol SEMAGED- leﬂg%)ﬁﬁb&@ 4Rt the brain. This

GLP-1 receptor antagoni st, exendin (9 wheér e ' '
is feasﬂdp pmsqa ftehae fber showiethet cismitatingrGIRrtens acasGhiPst exceptors in certain

S |at|n effe (Vérd h et 2001)
brain iy RN (iR RIS U OTTERh o hoStiEt DY SE s TP Lo the brain are
known RVI&S 11160166&\@%@ rERUIHTTR of AhFAIRE hifBerR¥EY Rih&Htadis! estefbii®ly, gastric
in appetite, which led to significant reductions in
dlsten51b@dy:t1\y@tpg KILR -Zagrdeainiag Murorgogg)he pa)@taﬁ]nu&e];vs [ofhthe solitary tract,
atients w

predictSe §BIP LR RN pifler R LI HE bR hish vt Thest KPfotnesos ae

supportB® biahidzdsnanheyifg as GLPYl dtdpdP shias@nst aken@iP@d39) where opposite
gl ucose when grven as a cont i nuous | ntravenous

cffects wnfmc@n Ig hlam@m@, @dmmlste@@gﬁgP 1 has addﬁlfttm@rﬁffephf\(ﬁgdl@h eofl., 2001),

and wh?)nalgllvglg1 Fg CB]i]tg{}]IOB% §1?[quan s él\éfu%oﬁ I,?Vﬁ V\h@gl\éﬁ {eﬁl%? éillabetlcs exhibited

a reducﬁ@djin Pbt@t@ whidh 14 tBatdnidasit fedGetionk ﬁkgbéd('iﬁ*‘&lgﬂt (Izjaﬁaeitwaz 2002).
after | ure on sul fonylurea therapy (Na et al

[0006] 199)LPHoMRY ke BB DOHACES befeffectld1Gh Epasiehts UkvaR &919!@ 2 diabetes,
injection of G.P-I provided di sappointing results, as
increasing ipgHlia chepigtiom end NI dHing @Un §@Sémg W@d@ﬁtpb?eﬂldtﬁk/blood glucose when
given asAI a cggtll'l h hltggwgnor@u ulrs%%vz 'Z‘;gg%f;‘l/‘ﬁ :alg¥1%9 Bfu[smn of GLP-1
has beddr ﬁtomatdrwerv LaR6 1ands i @@@er@d PESSRIsEOREREd Fdth 868-insulin oral
were not normalized (Nauck et al, 1996). Only when
medicatigthanh i@daggNe iraHERLSSHimiharapy raﬁfsli Brlgro ey wliveyugrererapy (Nauck
ot al., 1Bt MROSLIES Rt asting BLROLIALIERSE SRTBAE AR 6P provided

I ntravenous mnls tl on

dlsappoﬁaﬁigl CIUES a§1shfowécaﬁhet<hu %I‘taﬁl@ discﬁltsgeatﬂe@ein foelow WeBkEhWagh plasma
shown to reduce fasting and postprandi al gl ucose
levels @b nisepenosedcene , GARdl | woter asaved. | dvding seogherer rapidly| returned  to

pretreatél%ggéfe%luesha%dstﬁ(%cf %llukéls% %oﬁ&%ﬁg_@@e\l{)&% Sof B?ﬂaélgécf g\l EthCIS( et al., 1996).

aneous was re

Only whiti Gbpaatddr Mlblcﬁ\ﬁh@ﬁlls| ddinyinistrations sweh qrfoatd Gds-the Wiifect on fasting
met abol i zed by plasma in vitro and that the enz

blood g:luwﬁtqoamarqbéf‘pm datseeneps( phplsgption dNeadp sh¢1- b|1§9@or Continuous
subcuta%%lu% aglﬁﬁﬁl Al dnof% %l\@&tkg %\}ag sﬁ&wﬁ‘lt(? re&%%g ?a)stlné 31%) é %t%ya}lﬁ]lal glucose

0g i'cal gni ficance
oncenﬁﬁa”td)n‘s MlddeweﬂHbAat: Il@»ﬂblsi (Yahder er al., 2002). The short-lived effectiveness of

single subcutaneous injections of GLP-1 was related to its circulatory instability. It was shown



exogenous GLP-1 is rapidly amno-term nally degraded

in both healthy and type 2 diabetic subjects, many
watwdiizgihave addressed the possibility of manP@UUS200TIgr6728

the in vivo stability of GLP-1 as a novel approach to

an antidi abetic agent for the treatnment of diabetes

(Deacon et al, 2004). Two separate appr oaches have

e ur su e devel gpne nal ogs
e GLIEE N LBty 57 RSB 5 B B S gt v
(DPP-IP) whRHSRIHAL 3 FhiEBE NS RATNRLANG B L3 Lo pr event

I'n vivo degradati on and enhance | evel’s of ‘the intact,
[0007] bi 0|Wﬁh@l?é Msﬁ%glm %gﬁidag@esof Gpmq%mgtegaﬁd theaRBoRGSation that
(e.g., Liragdlutide vo Nordi sk, Copenhagen,
exogen®@esnohPkl) )s rapxdn a{rmde—te(remmﬂjn d]@gztadeBymt beth ricpltiiyAmpd itppe 2 diabetic
. Inc., Sa i €90, nd (exen ti - LAR, i Lilly, .
subjecty, it SBUPT Lo RISTERRA LI PESTRay S PG Bkt Fisg stability of
GLP-1 Q@L h§ ¢kl "ab Pl tNadhiRidREe acdiR VS BEeRalne st uﬁ@&t@sﬂ(méacon et al.,
clinical trials. D peptidyl peptldase 'V inhibitors
2004). (Ts’vcg SgpaxAte dalgbacphes dla'{@ftemumrs@év ¢) tpettvblppiontaet dmsogs of GLP-1

erl and nuvi a ita | i.ptin e
that are Syt er e fiirelatend of B Bhor Rt wagyg invbitors o
preventtiR@tvol deBidabfiod R GMENEEIVAS BPﬂl%'lﬁ)ﬂa@t bRIogdi "yehfc’u{?e eptides. Long-
degradation are al so under study (Deacon et al 86)

acting Ghdis] andlegsm(¢-gi dlitghide s(Nsfvo aly pide cﬁ@@@gm(@egmark)) ‘exenatide

(exendngIC lBe G:) (jgﬁgﬁ}lfil | r | e%ﬁegg@eﬁ%'g%}{&??%%ﬁ@%%"ﬁﬂ3£'11T;9 Tndianapolis,

IN)) thR{ %eféﬁrﬂsia}dt ft@rdeg‘ﬂéﬁﬂiﬂny GaAmtA@ "BRREA mifettsY"ehdvle been investigated in
advant ages over currently avail abl e theraples [ 0008]

chmcal[mbse\l%lpeptwéé picpedashelde inpbitaackes/ Hddeglpts (Grldsp-developed by

Novartla r%b%? §§v1t%$ri§ngg fué& F a&uglg#?z%élpilﬂ)eaetv:gg)qug I(I\ieiglalgt\&&tehouse Station,

New JeéﬁéPﬁl that nBDit A chLRRE r@poEANe fodindfas QlcB il 8RSlsd tinder study
atients and none of themare without side effects

(Deacow ¢ nl as0@9xi Ehusy thehinwbiglly cwdien of welighof §difn! (Rau s@@teased insulin

t f t f
release, eq%iysed:]geatssﬁ egnqgt]y;{%;n (#nlgﬁreéas %gtfe(%¥)otr0|$UF A&l ?V(l)tlrlilzltsn aqy}l Ileaopensny for
hypogbic@ﬁﬁh At ©fdecht benesss and coRthtiBdyaalSe idriRes. when
adm ni stered as a pharnaceutical. SUMVARY CﬁQTHE

[0008] ! NVENBbv@bJaI[ a t&sa%psoatﬁﬁmua@ices ¢ GTagpfictdplyenone of the drugs
peptid -1) fornulations for use as

currentlrxhwﬂﬁltl@ lft)li d@batﬁ% agrefbleite pehicye thesangotic targeto (BbAd i fgting blood
th ficlenci the p t
glucosep gu\?gf eXC, osrlorﬁﬁf% Iaf(; saﬁol%tg é%ltf_l, npne’ o (t:lbe Iatthea\{vméonqu eheffects such as

tox101ty§jhhﬁig¢5%ﬁﬂ azigie galdkMuseabhd chr&S fidsn fomiting. Therefore, there is still a
phar maceuti c. [00101 Therefore, in particular

need 1I7eﬂwoamnfeht5§abéﬁr Glfe pfp@%lﬁmwnb@mg dong feray gifessivgaess and optimal
absorpugﬁ%’e%' atdhﬁﬁ‘ist%f’e'afpa Sﬂhﬁ%neﬁte%ﬁ nol ecul e and a

perazine or rnaceutlcally accept abl e salt
thereof |s provi ded. In further enbodinents, the dry

powder conposi t§oNMA RY®F THE INVENTION

[0009] Stable, inhalable glucagon-like peptide 1 (GLP-1) formulations for use as

pharmaceutics are deficient in the art. In overcoming the deficiencies in the art, the present
invention provides formulations of GLP-1 in combination with diketopiperazine (DKP) particles

as a pharmaceutic.



present invention conprises a GP-1 nolecul e sel ected
fromthe group consisting of a native G.P-1, a G.P-I
woredoabal4it e, a GLP-1 anal og, a GLP-I derivati VECT/HS2007/066728

di pepti dyl - pepti dase-1V (DPP-1V) protected GLP-1, a

GLP-I mnetic, an exendin, a G.P-1 peptide anal og, or

a biosynthetic GP-1 analog. In still yet a further

t af the rese i nvent t he dry pawder

[0010] corr&ﬂ@”q??r&n IR oA F s s © B?Wb*pPEéE%zHrﬁ%nhé ‘ieﬁb}mﬂ ha dry powder
compositnTdbRApdsirg dal ket 3nfRiddlledartf @%%ﬂﬂ@raz%é’%‘%a%'ﬂPﬁrmaceutlcally

wherein X is selected fromthe group consisting of
acceptablecsaltrifdreofgh qvt(’&ﬂ@dd, Imefuglyér, enabrodithentartid dryl povedeotchmposition of the

enbodi nent O er co on_ conpr es.a
present GGG BBBPE e LU TP ST o BB REP U AU el @ natve

GLP-1,0f dilte1 Rh&SSIMke,| NGRMLL %ﬁalogr@ reLp-§ RrRwiited dipdhidyl-peptidase-1V
‘powder conposition, whereiR the di ketopi pérazine i's

(DPPIY)EK@EMeddlBEﬁ dlcﬂi¥hnamymanﬁnonwn¢M)apGﬁ@rhzmp@deandog,ora

oS0 AR NS00, LB EEPL LSS B, e
powdernéﬁnhﬁfﬁltﬁapcdmprﬁés %ndlﬁ%gﬁ‘k?a@m@fatvﬁnﬂeef‘dﬂn)ﬁlam@ 8L 8k&o-3,6-di(4-X-

he ‘am dated GLP-1 nolecule is GLP am de.
ammobp@@)m)]erazmeswhleteuyéi isasadedtaat frpar thiecgrbap cemstidignafnducohyl, glutaryl,
t he resen ' niion ere. i g provide rocess for .
maleyl 3L BFRG e BRATTBFE lhi G dhOa BT e BmRP GG ¢ Oipprises ¢

dlketopgﬁlﬁmaﬂe NRZHINS CABRICt §ﬂnBQd1Héﬁt §Ftﬁ9 ?re@gnt ﬂ@\rz&lvlbgl tﬁgreas provided
sol ution conprising a GLP-I ecul e; rovi di ng

a dry gowdkutdooposition, preréin| thef drketapgpedidiet opi jiiéf itord, Godi(4 fumaryl-
b nsi on of partlcles of a di ket opi perazi ne; and

amino B%ﬁﬁﬂﬁpﬁ Yt he GLP-1 solution with the dlketoplperazine
sol I on_or, suspens ticu

100111 & TR B SERE TR ion P flse G dBdeft gpmposiion wherein the

GLP-1 ﬁfo@&@fe‘ D tadvdPELPLIC lof aft QRMAt&] QUPA Qel%chlerm{e@aﬁ g @ARlagd GLP-1
| ket opi perazi ne furt her conpri ses renoving sol vent

molecukerip MLiPhe(Bobanider or suspensi on by |yophilization,
filtration, or spray drying. In still yet a further
[0012] e mhdlistH iyet anotfer paxtichlar embpdinteat pithe prdsert ingention nberelly provided

o prooTRE % Bis1 5] sy oGS L RRERIR bl g ikpigpipersaine

compnillh‘%?tli@rs@éiﬁﬁ dﬁr@{qdﬁfgeap@'UPng sclufsd &d hprasikay iG1P- 8 nfdidtule; providing a
ecul a di ket opi per azi ne, ere is provided a

solution@ffa partiglp-detniag ddcEpiregaAizedh a Wépfghs@@p)f verisiestof ﬁghl@ttomperazme
r jvative

I
and cora?mm& thgﬁLI%)% pstolug"‘n wit a&a gopwrazmg tsgcuttlga oct:LsBsI?enmgn In other

particulfat&inbodiinB®t b€ thedfiva@xiontha pr@e@iﬁ’r prep@irid &pareiolelcofhpriding a GLP-1
a biosynthetic GLP-1 analog In another enbodi nent

moleculeh éncb BogkspinsFazpice fltich @Oalpﬁlé%t ir@ifn@vlha\ﬁpwsnfa@gm ithe solution or
suspensggl)tk%( gypol%hﬁ{%gltl& q‘ilh‘gtiioqpl P§£ ltl et % ffurther embodiment, the

erazirie provi S S ens

particlefAltid iﬁb;ﬁﬁmnh@_foﬁlm%@‘l by hatio e @cﬁifvéﬁi Bk is ﬁahﬁed prior to removing solvent.
di ket opi perazine is provided in solution and the

[0013] In an embodiment of the invention, in the process for preparing a particle having a
GLP-1 molecule and a diketopiperazine, there is provided a GLP-1 molecule selected from the
group consisting of a native GLP-1, a GLP-1 analog, a GLP-1 derivative, a dipeptidyl-peptidase-
IV (DPP-1V) protected GLP-1, a GLP-1 mimetic, an exendin, a GLP-1 peptide analog, or a

biosynthetic GLP-1 analog. In another embodiment, the process for preparing a particle having a



process includes adjusting the pH of the solution to
precipitate the di ketopi perazine and form particles.
WO 0®14214kn ot her particul ar enbodi nents of thePCT/US2007/066728

invention the GLP-I solution is at a concentration of

about 1 ng/mM-50 ng/ M, nore preferably about

Olmy/mM-10 ng/mM. In yet another particul ar

enbodj ment of the invention, G_P-1 solution is at
GLP-1 oGl HkeiP R GHEROTG8 o fo5bAR PION il g epspension
of partlefe@ CeRSa flfih B’ GRIiMGNA RAGIKCRIpHFLARY [sShiddided Gh IDsolutlon and the

mol ecul e and a di ket opi perazi ne, the process furthe
processoontpderssabusmgrthg péhofathersolutont thepreopitrte dire dnhhtepr—;xerazma:eand form
agent is selected fromsalts, surfactants, ions,
Bsnnlytes chaotropes and |yotropes, acid, base, and

orggni c,sol vents. The agent not es ass
10014 P dBefinfipatebhi SilmRReTy RefBprsarin AF DhFes colition is at a
concen@ﬁﬂ)naétsﬂ)oh{m’ M Y&E 50 hﬁ%{ﬁﬁ aI'ﬂbte' IBr)éfe@M{I %Bout O Img/ml-10 mg/ml. In yet
phar macodynam—cs of nol ecul %
anothergatiadiarenbsdinient bthe mwentiom rthe Ghe- ]a@éllrtionl 1s aga salctntsaioin of about
but not limted to, sodiumchloride. It is also
025n¥§6%tenplated the agent may be a surfactant such as but

001158 T T o S B S B1y  Sc a

dlketopgﬁsznfeo theé gﬁﬁ@isefurtﬁelc BrhPfse’ radﬁﬁﬂ Ofh aggh@ t§4RE tsol'ﬁﬁbfn b@herem the
n osnol yt stabilizer), such as not limted

agent 1S—bale}dt6&hﬁfoﬁil gadie,l sufr fdetants] m d)srm‘laﬂeszscét,aogd)gﬂsmnd lyotropes a01d base,

Iene ycoI ( PEG trlneth ne n- oxi d
and oReiihoro i Ehs! SRepy TEbicho AN ahE Ny b DLP-1 and  the
k AR h
s §EAOAICARL 1 5L8 B S50, G0 PN HIRASFEs o v oLp-
moleculthdnagertemmyinhentsof the geventosdhy egint fioz sa@ksurplas, bemot limited to,

sodiumEh P R0 S ARG TR T AR GRS A S ) g Pt ok limited o,
Tween, (T E) pluloBR1&id, | (HAPS! A&FmRRY hhé Wrﬁ‘ergl;ﬂmt Ple ﬁé%ﬁt may be

present i nvention, there is contenplated a process f
an ion, fierepxamiphy agapem of @ﬂuen cdip ragsntrrgamb@rpoj;mulwtee(@tﬁlbélzaﬁdswh as, but

R E A T N ——

trimeth@PhmeHeCRloRIde q;IrMA@)t RRhnigsToasd FRaIR. Ofrhé hgedtMhEN theOn chaotrope or
the process preparing a particle conprises a GLP-I

lyotropeypiuele a$.ebuamdt Emaled ¢o,oyshipar edomds, sodhomeditratchandzdgeiym sulfate. The

sgont iy B Bt AEIBRL T HOPES oiie CORECL; SRRt B weeadt veom)
ethanorrqetdtqrﬂ 1P ucekthdHo$ t BFE N gh A x@f1h QS tsb ¥R Farm yatof a GLP-|
nol ecule to a subject in need thereo conprising

[0016] P OVh GinB@het Eaﬂtlbﬂﬁﬂ BinB&dinRnGhFthd/ kRt ﬁpérﬁﬁfnaﬂieﬂ@ls contemplated a
particle. e nmet hod of adnrnlsterln? nay
processifar prepamiedis pgeticle comprising a GLP-1 molecule and a diketopiperazine, wherein

particle

the process comprises adjusting the pH of the particle suspension to about 4 or greater. In
further embodiments of the invention, the process for preparing a particle comprises a GLP-1
molecule and a diketopiperazine, wherein the GLP-1 molecule in the particle has greater
stability.

[0017] Further contemplated in the present invention is a method of administering an

effective amount of a GLP-1 molecule to a subject in need thereof, comprising providing to the



subcut aneously, orally, nasally, buccally, rectally,
or by pulnonary delivery but is not limted to such.

WO pooonzi4enbodi ment, the nmethod of admi ni steri NBCT/BS1997/066728
pul monary delivery. In still yet another enbodi nent of
the invention, the nethod of adm nistering conprises
treating a condition or disease selected fromthe

RO R T e A T—
subcutaﬁy(ﬁféﬂir diAly, hﬁfaof onCQanly, ?&:‘t'atlgl GPBQEfﬂEﬁbnﬁWQI@% but is not limited to

obesity, catabol’ic changes after” surgery,
such. Ihycperégiﬂgadmla therméthad lo€ athowestersyn dr ynpylnenagkdglivery. In still yet
neyr qde rat.ive .dis rders try and | earnin : ..
another goach oF [rSymyenan, the PEfhocd Ak eamhriies Jeating  condition
or discdsBecRRId fr&gltﬁ]: glr&ﬁi@&{sh@ihéedftlﬁ%erf@miscﬁémfah@eperfused tissue injury,
i nvention, the method of adm nistrafion of the GLP
dysllpld:t:trda kieetb@pc pmdwzmywamar mycctaedlebmrfmstum, @<rut¢ ecsruhars symdrome, obesity,

cuaborPASAES, PIRETRERLICT LI ol o BP0 B SBAIAY ok,

neurode%@p&%ms Nisdfierd hengh&senhdi naenhd oalpsortdel%r elsles QleVtkaQﬁﬂlant and
a method of preparing a dry powder conp05|t|on with an
regenerptnysr themegy.phar macoki netic profile, conprising the steps

of: providing a solution of a G.P-I nolecule;
[0018] pr oxlhdlinn@lelaelpb@dlmnte@fothmnm@ndblk,eth@ pigtedaof] adminatidnnef the GLP-

cles; and conbi.ning t GLP-1 and the . .
Vaiker e GF JBFEDT 40 PRNHOE HEP U EbrTPERA: R USRI el it and
bumymn@ﬂﬁpgfgLPerlng to obtain a dry powder, wherein the

dry powder has inproved pharmacokinetic profile. The

[0019] | nprigved] geﬁ@nﬂ@%f aktictlaPr @hbddemERNPr IS prdsber BRSAEbn, there is
hal f-1ife of GLP-1 and/or inproved bioavailability of

providedjapmpthotind nreppriag sedryhivder icpmpeofiti@L Pdth ansmgrremdepharmacokmetlc

protte, AP @hg P o' rski Y G SLE R T BB BRAETEN parite-

formingdddiR¥to fiperacRRPlorSinpdpadti SR ahd B&h&‘ﬁiﬂg&hé\ Gd.Pal and the diketopiperazine;
di ket opi perazi ne or a pharmaceutically acceptabl e salt

and therggipiersmoving shenhby aangfbed AeAtying teeob@ip-a) drymosear, avhicsein the dry
powderiflf},seﬁtm%g? ;e@ trrﬁleacgl&%’i)ﬁ Cpgoﬂal ztglsf ol{glp?g\%elg\r/% GLF;c E’lhetlc profile

cornprlthB P@@éds&y halﬂﬁﬂi S fUGSE-1 |add(oPRPploVEd Ploatfarbe @‘-GLPSL The increased
P-1 mmetics, GP-1 peptide anal ogs, or biosynthetic
hﬂfhﬁeﬂﬁ3LPdﬁ&g6@?fﬂP@GQfﬂwﬂﬁD§§I@WE@§|nent of the present

i nvention, the diketopiperazine is a diketopiperazine
[0020] hav,Iﬁ@ng lkEbpdinpant af the present invention, a dry powder composition is provided

cornprls%%g & eﬁifﬁt P ggo‘flecu?é E“ﬁd X &%@8@%@2 nePoPEr %glh‘ﬂfc‘eum%&eé&e&able salt

ecte rom gr oup nSisting

thereof. g|1ﬂfaﬁ6t}/1br cifiBddinknt, &MGLBmaﬁﬁbleculerls %Bl@bth& [jeanlaiey g’fﬁﬁp consisting of
t he di ket opi perazine is a dlketoElpera2|ne salt. In

native GhBtlpeP LBnibwatahelies. Gh-1 analogs, GLP-1 derivatives, dipeptidyl-peptidase-TV
(DPP-1V) protected GLP-1s, GLP-1 mimetics, GLP-1 peptide analogs, or biosynthetic GLP-1

analogs.
[0021] In an embodiment of the present invention, the diketopiperazine is a
diketopiperazine having the formula 2,5-diketo-3,6-di(4-X-aminobutyl)piperazine, wherein X is

selected from the group consisting of succinyl, glutaryl, maleyl, and fumaryl. In another



di ket opi perazine is
2, 5-di keto-3, 6-di (4-fumaryl -am nobut yl ) pi per azi ne.

wQ 0®22214kn an enbodi nent of the present inventPORUS1008066728
A.P-1 nolecule is native GP-1. |In another enbodi nent,
the GP-1 nolecule is an am dated GLP-I nolecule. In
anot her enbodi ment, the ani dated GP-1 nplecule is

GLP-1(7-36) am de. [0023]. I n . one enbodi nent of the, .
embodigiepts _etﬁ? fﬁlﬂ%}%ﬁpf%_ﬁl}le a®pt éflckl@g@lpg%%\ﬁ?@-e 1t Gpogs pgdignent, the
diketopgf_éfatzhfel 162 GOMREth Y, M 8i(A-fGh B - RIROH DI,

i ket opi perazi ne conprising the steps of: providing a

[0022] CLP-1h aARhBeHIntont BF @ ipdishst ifyditis! @PIAISY- 2 #AdI&ul s Rafi®! GLP-1. In
sel ected fromparticle-form ng di ketopi perazi ne,

anotherditabodpicper thzi 6&Pplamiéledds ,is aand agoaddec il Ryh s mohenkof ;In another
.and ¢conbi.ni n e GP- ) cul_e, and.t he
embodifieps AETBras Grd] Folsruteis et SRR ot i on, wherei n

0021 R LS RIS SLE3l T SELE O08, 08 e o

particle@onipR8inR 2SS EPL hHMERNE hRMa dﬁﬁé@oﬂi’ﬁ&@ﬁfﬁ@céﬁﬁﬁsﬁhﬁ%’ the steps of: providing
conprises renmoving a solvent fromsaid co-solution by '
a GLP{ly opidclulez girpodingf # | diketopiperazioe isps dgrdrsgloated fram particle-forming

. anot her odi ment, th article. conprising said P- |
diketonfiiigl ARARE TR 15 LR RS SOPRBERa bR 4B combming the GLP-
1 moledu@ M thE diKRR pHRFMAR in thdfoRRrRRL-BIRRE! WBEin th®Barticle comprising

particle conprising the GLP-1 nol ecule and the

the GLIMl kel opil pardathe diketapifepaamedis jetinmd. t o r enovi ng t he
sol vent. [0025] In another enbodi nent, the GLP-I

[0024] nol dowhe cinbodigicatoieitic prasenttimeengpiihe pesisduithey cofmpaises removing
nati ve GP-1, .A_P-1 ;anal,0q,. a P-.l derivatiye, a

o soiveflf ik it repfrige 15HRuERoF) ThiibacLabEpifng 1 another

embodifdeftt, thePantdlé Gom%riﬁkf sdid PRIPLL SRIRDR! £ th@fik8topiperazine is formed by
bi osynthetic G.P-1 anal og. In another enbodi nent, the

removing thejsolyghte clnl amothsr pmbodignedt, ithe particle spmposing thoGlPr bmolecule and
. conprisin GLP-1 concentration of about | nmg/m -50
the dikgiTRirs iR el prior 18 BERRE Ted®hy 27 ol ecul 6 i o

provi ded.in the.faorm of spl uti on compri sin GP- | -
100251 5, bl kB REUR 6ERRE M-I S SRHGR T Bu P onsiving
of a naBNOGIPTENE GItMe AahiBp! aM@ILERG U ivhEvd) ra0¥ipeigiyl-PeptitRisé-Ov NDPP-1V)
of a solution conpr|3|g$1a GLP-1 concentration of

protectesidobP- 19 a £H By mimeti¢, 026Y- 1| peptfo o g, ofb baisirathetioELPhleanalog. In

anotherpeirwn?t?c’ ) eriltnrheené.tpﬂ’ rntore%ufjei il§ eptrgxpnlgg(f {naﬁlient%rrin.sofpar géﬁiuﬁioend c&rplprising a
the tormol "‘a suspension of di Két opl perazine

GLP-1 BécehtedtR%- ofl dboaN iR -%?ﬂhlﬁqﬂta,noﬂﬂéﬁ cilbk@hRRi, AR @EPNemolecule
is provided in the formof a solution conprising

is provided i thkedofp pfringlutivk sowpiipeg aZilne.] cohecntratioe of abant tOhleng/ml - 10
o, ORI O Ko e RSB e R sl
comprifh®Ps 63 P-f béricBtiat AL @D. 2L Y. an

[0026] In another embodiment of the present invention, the diketopiperazine is provided in
the form of a suspension of diketopiperazine particles. In another embodiment, the
diketopiperazine is provided in the form of a solution comprising particle-forming
diketopiperazine, the process further comprising adjusting the pH of the solution to form
diketopiperazine particles. In another embodiment, the process further comprises adding an

agent to said solution or suspension, wherein the agent is selected from the group consisting of



agent to said solution or suspension, wherein the
agent is selected fromthe group consisting ofsalts,

W@ enoazant s, i ons, osnol ytes, chaotropes and PCT/US2007/066728
| yotropes, acids, bases, and organic solvents. In
anot her enbodi nent, the agent pronotes associ ation
between the G.P-1 nol ecul e and the di ket opi perazi ne

rticles or the particle-formnng diketppjperazine. ILn
salts, sUEFRStREy 1Y BURRIEIRT., CREPEORRS @R Y HRGYE1qoh Bt o qrigpic solvents.
In anotRér RRHARERAMRAUPEE pRImItECahHatiod BERGH €he GO paN Q%Onlﬂé:‘cﬁle and the

enbodi nent, the agent is sodiumchloride. [0027]
diketopgreoiziver pagiid odomtba tpadicla-feemprgediketbpiperemtei dm andther embodiment, the

process further conprises adjusting th of the
sgent lEeR e B TEo KL FATIoRD SO S Siindorolhls: i another
embodihRn@@icUpkfds todidRQUlorthc0 Or greater. In yet another
enbodi ment, the GLP-1 nolecule in the particle has
[0027] 9T eahenottc@RinkiddiméMasy NRt héGenBlifvdntion] BR2Bloctdd further comprises
~_another enbodiment, the co-solution conprises a GLP-1
adjustingothe gt phthcomspsmbourtsolution/ nin-@0they tmbodinrenaribe hklris adjusted to
nbodi nent, the cp-sol.ution. c i.ses P- | .
sbout 43 CRHIF Rt iR G108 SROOG G RICLILS s m e Bgelidies ercater
stabilityetiRdhtRNEEpihe co-sol ution conprises a GLP-|
concentration of about 0.25 nmg/nm . [0029] In still yet
[0028] anotihaho@EbaabsmEmMEntOfhetcBRoRMBE @BMpBMeNG PN, cdnb&tration of about 1
process further conprises adding an agent to the
ug/ml-omghlut inomothehembbdinteng thgemtsolugos ebmptisd o GOyt bancentration of
ou onsi sting of salts, surfactants, ions, .
about §L rakiled) mirmbe r@pa%otﬁﬂdem%{%%st, ¢ or liisg gomprisgh e GLP-1
concent?a[t%@f%bé&'@.’%%/mﬂ n anot her enbodi ment, the agent
pronotes associ ation between the GLP-1 nolecule and
[0029] t he 1di K81 9Ri RRE@E} RELBAIEdNE! FStHRM plcli&it PRALEA IS -thOTIA &GS further
di ket opi pérazi ne. In another enbodi nent, the agent
comprigenpddingsart hgens ttalzhé icoysobrtiophavhameoo thenagrint 3s ofle¢tbé from the group

. GLP- | ecul e. I n another enbodinent, the agent i.
consistig i ften T cHat [ B3 PH En mopgwadﬁm%?%t fds. bases, and
organicPoRfcRRS Fruidoass: e?rﬁiﬁﬁfﬂl&ﬁ,sth@%!ggﬁt Ibrﬁﬁlowﬂeasﬁﬂ'c'jéﬁfontﬂé@ween the GLP-1
cosolution. In another enbodinent, the pHis adjusted
moleculeanddbeitlikétopipsrazgregairtasics ¢rods phrticte-omingnblboddpreerazioé. In another
.the present.inventjion .method i s provide f
embodiigi SRR HEPTAE el SEb T B ABURESRpgE fy G Bgly mglecule In
anotherlePhtR ikt Q¢ a%é’ﬂlt nedivhhefiede.t he method conpri sing
providing to the subject a particle conprising GP-I

[0030] and 16id6ihePLRBHEHAIAE thd PrRBQ! fehceRshist® Aljustid}ethe pH of the co-
providing is carried out intravenously,

solutiors Ubcnothneeukddimenty tielpH isrdgatcdyo abad ddl dngreaterct al |y,
or by pulnonary delivery. In another enbodinent, the
[0031] pr oVnainpgnibedipznt p€ thequeschyinyeahtron amycthisl isveoyid¢doBRiministering

[.n _anot her qu ginen ,.the need conprises t .
an effecft}vgawﬂlf 08]@1 P -(_)1nlal]0{elclélﬁ h[8 A %ﬁ%éeé’g ggﬁeeds t%elreo¥J %he method comprising
providing to the subject a particle comprising GLP-1 and diketopiperazine. In another
embodiment, the providing is carried out intravenously, subcutanecously, orally, nasally,
buccally, rectally, or by pulmonary delivery. In another embodiment, the providing is carried

out by pulmonary delivery.



selected fromthe group consisting of diabetes,

i schem a, reperfused tissue injury, dyslipidem a,
waele@bazidel car di onyopat hy, myocardi al i nfarcti oPCT/HS20B066728

coronary syndrome, obesity, catabolic changes after

surgery, hyperglycema, irritable bowel syndrone,

st r oke, neurodegenerative di sorders, nenory and

| ear ni n islet cell transplant

di so an
0032] 1 egdR&PEPFY Ewﬁm&a& 9 BRFSIPMIPRSENE ﬁ@ﬁﬂ%ﬁ%@g?ﬁeﬂ@mon or discase
selected H@mpthé"gir(ﬁfp%ng’igtlﬁ%@f Papdit S &hE/RUbdRrfulld ﬂmﬁ@gﬁ%%yslhpldemla,

phar macoki neti c fe and bioavailability
dlabetlmsardmp@petﬂiyl mynaetrdmé 1ﬂaF€¢1bn, pQ034prdnaryo ﬂmdewbo,dbbm'rty, catabolic

res i nvent.i on, thod i s, provid
changes, GRSt p OGO b TEFBH RPEA SHARBoVSa e sujodegenerative
dlsordei%hﬁfeﬁﬁ?ﬁ!ﬁid‘l@ﬁﬂnﬁlgﬁhﬁrhé@ 1sl€PéH’1)lrtira?1'sﬁ‘lgntt 440 r8&BMtE therapy.
providi'ng a nol ecul e; providing a
[0033] par tTh ChRsth@' BB dHhdeet QR pﬁﬁ@l@ioﬂe of nth@ n_%ﬁ’lltﬂéte' cI‘E‘sults in improved
form ng di ket opi perazine particles; i ning the
pharmaGkadticriplfdchalaed hrodvaikbilgp ol GLEAL a&)cd‘rmamctatomtls@(ﬂul’rb n;
and, renoving solvent fromthe co-solution by
[0034] spr dy-aheyimbpdimertorintha presede mvantidn, snmicthod oy epdoGil¢e pf forming a
phar mac.oki netic. profi| | n.anot her enbod
powderRABIERGPBIAE 1 B OHeF HBE oRAbR o BTG A e cORpR Gt steps of:
providliﬂ%jl ad (RIPeRSREcEHEP- brﬁ@dlﬁ% ld fpﬁrtlclenfoﬁﬁiﬁfgh @ﬂqeﬁiﬁhﬁé‘g&zﬁ%ﬂin a solution;
~the increased GLP-1 half-life is greater than or equal
forrnlng dikztoBipetazuteeparti¢les; ammbitmng érebOdPrie moleculvearidnihe sobion to form a

co-soluiy, 20 RIS T 3G GO £ BB BT T HaTIasg Togmp Apowder with
an 1mpr5%cfﬁLpE§QBhﬁa_dogﬁe%fpﬂ&ﬂﬁe.DRAW NGS [0036] The follow ng

draw ngs formpart of the present specification and

[0035] ar € Thnabieesnblimdht BRI infRFRASGL P HafhiddkheAs PRSFTS cOhprises an
resent invention. The invention may be better

1ncreas¢ﬂq6égs}t bq;lﬂhf;y Ip anetherenebadimeitethgringrepsed (QLR hdwgl-life is greater than

or cquo"EsARRHeE cROBMRE PR abCiRb R GEP GB5 R ke profe

comprisk&irhproved biealdiladllitRBAGY Pl Sasonfgaledlto abtiVOGLPUS
concentrations (pH 4, 200C). FIG IA - The far-uv

circul ar dlchr0|sn1(CI» of GLP-1 illustrates that as
the concent BRIEPDESCREEEE3N ONFHIEDRAOWINGS!  uct ur e
of the peptide is transformed froma predom nantly
[0036] unstTMcfouwdlgcmaﬁvﬂfgs&bfr@ patt@fahd gldserdl specfitatomedndodte included to
IB - The near-UV CDillustrates that the tertiary
further ﬁwe@tmt% GCHeinepeets \#ft thei Prep@asnrgtionnddat inxention wry be better
underst&?('ﬁ_%g dr@fe‘?éﬁ%g &3 tdn%gort ﬁe}e &'ﬁa%%ﬁfa{v\];l{lgssﬁ?%ﬁ{)ﬁﬁtlof lv@th 1}1@ detailed
rescence em ssion -1 at“var i ous
descripi@ncspteifit icobsdippntsdpres2@@d)heregsul ting from trypt ophan
excitation at 280 nm FIG ID - Transm ssion FTIR of
[0037] CLP-R1&s. vAriMmuStreamae aalylid @ﬁ@LP-ﬂHt&ariéh&QﬁhcenTﬂﬁoMp(ﬂE4 20°C).

| band at 1656 cm 1 indicates that G P-1 ha
FIG. 1A - The far-UV circular dichroism (CD) of GLP-1 1llustrates that as the concentration

increases, the secondary structure of the peptide is transformed from a predominantly
unstructured conformation to a helical conformation. FIG. 1B - The near-UV CD illustrates that
the tertiary structure increases with increasing concentration of peptide suggesting that GLP-1
self-associates. FIG. 1C - Fluorescence emission of GLP-1 at various concentrations (pH 4,

20°C) resulting from tryptophan excitation at 280 nm. FIG. 1D - Transmission FTIR of GLP-1



a a-helical structure at concentrations > 2 ng/nL.

[0038] FIGs. 2A-2D. Structural analysis of |ow
w@orcarmint i on GLP-1 at varying ionic strengt hPCBS207/066728

200C). FIG 2A - The far-Uv CD of 1.0 ng/nL GP-1I

illustrates that increasing the concentration of salt

converts the unordered structure of GP-I into nor e

at variog CCBRGIHE (Bag PO daRBHETIal B0 Fly AASFHE PHECLP-1 has
aa-heli'é@l%ru%&?&&%ﬁ%{n‘tﬁﬂo@ soupfnces the tertiary

structure FIG. C- Intrinsic fluorescence

[0038] em SN 2328, 0 ﬁﬁ%tﬁpal %&ﬁéls %tfl r 3nBéhth¥RGh G%P 1 at varying ionic

concentrati ons OWI ng tryptop
strengtle il t 4t 2050) at FKBD 2Am e furgﬁv F@]Dt ofdé. OCﬁigﬁﬁhtGBPJflOIﬂBJstrates that

t he maxi ma decr ases in i en3|%%(fnd shlf s to
1ncrea51|ng\%q, cqnﬁglgraélﬁa sa Wrefﬁrtﬁ & WWrdesgd sfaichre 9 GLP 1 1nto more ordered

o- hehcéﬁ'eé‘&u ﬁﬁgé nqﬂd % ' ARy ﬁ%w Lﬁrﬁ Oé_ip&:‘ rn%/?uL gl@r]{&e' trllér}{onstrates that

Fal analysis of ng 1 oni

1ncrea51ﬁg ftﬁ@glalml (doht chiraBO® @)so éﬁﬂi@nd&@&he Wty setlré af GLP-1. FIG. 2C -
denonstrate that increased ionic strength enhances the

Intrinsi¢ dhuprogpgncs topiiesiny of 410 gL AakBdi &t edyiagpPN4Cl f@guyations (pH 4,
o /
20°C) fF il%tn&%&p@ﬁ_ﬂp élt?ta gl‘;f\e{etl{égl?ar‘g ﬁ%g%ny?ﬁéh?%ﬂ}e%t]%fg é:gﬁcee%rgw C%le maxima

decreastd Inugtemite aint BatftsGoPr lovadri worstsngthd ivasec isaindicativd of a well-defined
increasinﬂﬁtenperature FIG 3B - Structural analysis

tertiary gtrugtgraagFHe. M p-Tertary\shinryind apalypis oatl(reg/ lp LAY aFyaying ionic
svenat G S} Al ORI, bl B PRI B Pl dpis svemat

enhancdshtaé tertigy pepdtidefisslflanoensidGhR-1t 0o t enperature. [ 0040]
FI Gs. 4A-4B. Structural analysis of GLP-1 at varying
[0039] pH (RIQBCA-FB.CStrdural hdydiaof LWm@DIGII® 1 ngtariouStdnperatures (pH

at varﬁjng pHyégOOC As the pH is increased,
4). FlGePA addscicar-by GLb1fusppise |ﬂfﬂtt%%‘§ oJigonesan disepagatg Veify increasing

tempera%]_r% %E Eﬁt Z%ﬂfbn&n hﬁ‘!a dgﬁl ofslt()rrﬂg rerel; Qtufa%Htris]?e%q;eratures (pH 4).

ing th pectrum at

FIG. 3C€ e8aathirdl haslytihef 6.66 @{gﬁ@L)GBE-ﬂWbMﬁ@SQémﬁrﬁ’mkesi (8H 4). The far-UV
unordered as a result of the concentration decrease.
CD ﬂluftmeuslt}latﬁh@pemlde RePISHIELO SFMPET#EIcnL. GLP-1 to both
am dati on and oxi dati on as denonstrat ed

HPL C.
[0040] Dearﬁlé%& A48 o PHUETUEA SnHpis 05@%Pebéavwlngrpé%@&t°ﬁthIG 4A - The
far-UvV %ﬁgk I@tmréHLl@Lﬁ ifgr 3! gg?‘%ﬁ @ 0 & th%ﬁ%t n\éFeaseéi ielg associated

conditro were ac jat | ng
GLP-1 pQiffitates behvasehSpHo. 3r mmebmematnsraehel[c@mtaictﬁb@s pH 1.5 and 11.7.
6A-6B. The effect of a%htatlon on the tertiary

FIG. 4B~ Eplaiging 8 speefriygpat oHy/ ﬁgrpm_alsg_lpt rhe( i;:ppmt}ary ﬁ%cture of GLP-1 is
unorder%&_g% F%}lg@fgé)cgmeqf@mggge&ggef | uor escence emi ssi on of

[0041] FIG. 5. Resistance of 1 mg/mL GLP-1 to both deamidation and oxidation as
demonstrated by HPLC. Deamidation conditions were achieved by incubating GLP-1 at pH 10.5
for 5 days at 40° C. Oxidative conditions were achieved by incubating GLP-1 in 0.1 % H,0, for

2 hours at room temperature.

[0042] FIGs. 6A—6B. The effect of agitation on the tertiary structure of 1.5 and 9.4 mg/mL
GLP-1 (pH 4). The near-UV CD (FIG. 6A) and the fluorescence emission of GLP-1(FIG. 6B)
both illustrate that the tertiary structure of GLP-1 peptide does not significantly change due to

-10-



both illustrate that the tertiary structure of GP-I

pepti de does not significantly change due toagitation.
w@aophizginver e agitated for both 30 and 90 mi n BET/DR2MAT/066728

tenperature and the fluorescence en ssion spectra were

coll ected after tryptophan excitation at 280 nm

[0043] FIGs. 7A-7C. The effect of 10 freeze-thaw

agltatloﬁgf hgmgﬁeg, ‘}vgr(eeptﬁglr ; I %afp tliyvg é:ﬁﬂ?i,:?é 1’%1-712? g(m]jn atgr%pgraﬁure and the
ﬂuoresJehH@érﬁﬁﬁ@ﬂ ShecETvwsé 8811 fcd GaR: Iryftbhian c&BitatRALA 280 AW,

hat the tertiary structure of "the peptide does not

[0043] not alflbé ghange et ol g fr@éz%-tﬁéx@%%@le& Bﬁ“t‘h&ﬁéﬁiﬁ? structure of 1.6,
Sanpl es were frozen at -20 C and wefe defrosted

5.1 andr8obmetrelnbd Pat (rié 4). FNoor@¥ddn QEI@rﬁAs)sandrﬂwp@c@nca emsseon of GLP-1

(FIG. @mq%gfsﬁ%\%a@leth%tmr\ﬁ t‘ﬁ%@ﬁ]ﬁ@eé Ig}egéqlpglg? 8?5 q_t notably change due to

rnultlplé rfFe%E@-tHaQa%&é@d %nﬁ)nest Rerseeoadar Yot pugtd rv?er@fdeﬂrgsted at room
P- far-Uv CD were conducted (FI G

tempera'h@)e ]fl()@izﬁ:sqen&t @ussgm SBCU‘S&IG’(G Stlisdiedsaftar sngitopdac wxviggion at 280
P as

N P-.1
om. SiggheERerBen bR et o510 s hlle Vg kS e speondary sructure
of 10 m@EﬁHGLEDKE’pI@@Fb@fa@W%e@m%nhuct&@@' IG:gggent r at i ons

are expressed as nM - Depicts the anount of

[0044] GLP- l‘tl(ﬁeggggﬁd san §tﬂﬁe§ el%)ar&l%{g édﬁi&dfoir: BEB- e Y fifletion of pH
sanpl es as a function of pH and NaCl concentrati on.

and NaCD@p6ntfitics (FBA- 88). [Rudimgovarticrformdd etsd migond ImedI@QS mg/mL

GLP-1. (gag%%entrﬁgégl aﬁé egﬁfgysg t | OMZBFIZJ{' @]nglj%{gtg IBWHY[ of GLP-1
detecte(@ iR 5th@0fdbnsBlted -FI 1@ Beontidf Nafdphest BE aafRKAbn Af pH and NaCl

GLP-1 detected in the reconstituted FDKP-free control
concentsappl es as a function of pH and surfactant added.
[0046] FIGs. 10A-10D. lon Studies. Loading curves for
[0045] GLP-HIGSFDAPIBs Sarfhetmct Stodicof LpHiiagl duiven for GlodiFKRas a function

rfo / EDKP and P- F
of pH BsuSTon Gy ST Jirelne, el 5rrEre AP A dre Y GEDKE daded 25 mefmL.
GLP-1. | qgQIICbﬁ mMVhe Ggl%’csgﬁk eﬁﬁ(ﬁﬁ!}t (‘dfr(‘fﬁp ldgﬁb&&? it I8 r&oHbtitstel FDKP-free
10D - Depict the anount of

control @.rﬁﬂplbs aet émt:@@h ofrpH hled swhotwt addgtled FDKP-free control
nples as a function of pH, ions and IM NaC . [0047]
[0046] FI G& 1Gs110A+HD.Odom SytdeeSStmdm curpesdion @Mﬁﬂ@&ﬁf o$ a function of

pH and g oo PRy Dermiuion Desll Fiik bi) 25 BLERAOTR Llris. 104
and ll(gfrfo‘ﬂr&;ﬁgetﬁﬁatlénﬁ&é %dlEaQ&F 1@@1@ Ilee%é (AR GhP h&nd &lrlzs ddpicts the

Depi cts the anount of detected I n
results farc bsNe€Clut dHGSDIIPBfenEieIQan ﬂlﬂplos dhplaswuats of Ghﬂattdemted in the

reconst{fe® PRI RO Ftabl imaley drlafict Cr?éfepﬂz%sla@@*'ﬁ Nach?e
[0047] &g%ﬂrﬁ‘%&g]ﬁg r(%) ol%eugtugles. Egg 1n r%lésr ¥or G]fJg) 1/FDKP as a function

of pH and in the presence of common stabilizers (osmolytes; FIG. 11A). Loading was
performed at 5 mg/mL FDKP and 0.25 mg/mL GLP-1. FIG. 11B — Depicts the amount of GLP-
1 detected in the reconstituted FDKP-free control samples as a function of pH and osmolyte.

“N/A” indicates no osmolyte was present in the sample.
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function of chaotrope or |yotrope concentration at pH

3.0 (FIG 12A) and pH 4.0 (FIG 12C). Loadi hg was
w@eoo7oeed at 5 ng/ nk FDKP and 0. 25 ng/ nL GLP-PCT/B$1887/066728

12B and 12D - Depict the anmobunt of G.P-1 detected in

the reconstituted FDKP-free control sanples as a

function of pHin the presence of the various

oo SPOERDEE, Sl yecneR TR End v 18 Chackr e
functloﬂ-gf’\c 108 DR@IOF%%[ P@EHQ&G@&&M&P%&M@Q (F 1\(9512%3 and é)H 4.0 (FIG. 12C).

as a function of and al cohol s. adi ng
Loadmgvas&s rperfbnmfdsdt atmGmig FRKPFBKP0 Addn@/nfl. &P hl. KBGS: 12B and 12D —

Depict gl?eg é}ﬁ%{ﬂ? 0 /g Gi_%’ /iq Cd%g‘%e ;ﬂr}g&gd&?ﬁs{[}a{%{ é‘ gﬁf?eo rcogt?glhsamples as a
functiod %E“ptH’ i lwo ?f%@&ﬁ%n&{ the H%h%u@ %ﬁécfddﬁ@g ok §?&f®@§n0‘lN/AF| ifficates no

Depi cts the amount of det ec
chaotrop@(xfrﬂ&btrctp@li sdrdibDkfent methesampleol sanpl es as a function
of pH and al cohol (20% . [0050] FIGs. 14A-14B. Loading
[0049] f r orRIGSP1IAHDBRP Alnbelr$tndics.ohoatingliceses farGLA4ADKP as a function

of pH agg 4ieslPls gl s e ggr e o Emagl L asd Doy S GLP-1. Four

alcohol:l&bﬁcen‘a%'ﬁ@ﬁ@1 Wage El8eHEP ToM&hOIESRY 5@/§EM%' Bgean®20% vv (FIG.
tiple GP-1/FDKP formnul ati ons (at

13A). Tﬁﬁ@ﬁﬂrlfﬂuomeﬂmn@l dHiPehsathastsepwpetols ;BIG |163I— Bnpllcts the amount of

rood-Iike GLP- clefrnul tlons
GLP-1 66‘@0% / m_re@@tlltut% glﬁa{; 79 /cmltr DRPIP e@Fglgnaelfun% 101 oé pﬁ and alcohol
(20%). my/ mL GLP-1 and 10 nmg/nl FDKP; (Panel C) 0.5 ng/ni

GP-1 and 10 ng/nL FDKP in 20 mM sodi um chl ori de, 20

[0050] 'TM mtﬁsiiuﬂﬂimel%h&ng%rﬁ%mﬁﬂlmj@%bﬂwnﬁﬁﬁ&{)%ﬂfés (Ftt; 14A).
.0; and (Panel D) 10 ng/nL G.P-1 and 50 ng/ FDKP

Loadlng@ammedm & mgmiLddDKP @ndﬁhqﬁLaésqommmta@Dmaaalam 12 dlsted in the

ot i ym phosphate, . pH 4. 0. 11 FIG 15.
-ais. pHIEC BTSSPyt g Pigtoscagiy (RN brieegos mitppieeoLP-1/PDKP
fomulaftlghﬂ*(ﬁtélbbmmaéﬁ_‘ﬁcbtﬁgﬁ icRA GRS DI %Bl?erféﬁﬁ&id RdIB&SGLP-1/FDKP
per cent age of F%KP particles and the other
particlecompolisons (Panel why 6. 5png§ehtGLh-lsdet2|50mg/rpL| EiBKPo(Panel B) 0.5

mg/leé%/I?[g_-hl | I ?%&%L %@S?ﬂ%ﬁ?h?g S n]gtéj:raft? Ii%l(é /m(ia%(BKP in 20

t
e

(Panel P) @) nigpBL- GILl?rﬂlabdtSDcmg/mlL IBDIQP\VH ae niMisodiutmchigridst 2himM potassium
I biti nof IV activity by DPPIV
acetate F‘?f&%?‘?\gpo afsé ?}1 tection of GLP-1 after
inc n.lu fluid.
100511 oo L 18 D ehigthth %%Cﬁﬁf sreep R LR DRP dortgiions. The
legend SAAWEes the mass-to-mass percentage of GLP-1 to FDKP particles and the other

components that were present in solution, prior to lyophilization. The samples were incubated

for 10 days at 40°C.

[0052] FIGs. 16A-16C. Structure of GLP-1. FIG. 16A - Depicts the glycine-extended
form of GLP-1 (SEQ ID NO. 1) and the amidated form (SEQ ID NO. 2). FIG. 16B - Inhibition
of DPPIV activity by aprotinin. FIG. 16C - Inhibition of DPPIV activity by DPPIV inhibitor.

[0053] FIG. 17. Detection of GLP-1 after incubation in lung lavage fluid.
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quantitation in 1:2 dilution of plasma. FIG 18B shows
guantitation in 1:10 dilution of plasma. [0055] FIGs.

wa k719811 Ef f ect of GLP-1 and GLP-1 anal ogs onPCEU2007/066728
survival. Effect of GP-I on rat pancreatic epithelial
(ARIP) cell death (FIG 19A). Annexin V staining
depicting inhibition of apoptosis in the presence of

100541 corfi6E NBA (- CLARSE e K HBHBB AL Bt Areip G 4BA shows

quantltaléﬁ% andyilien P Psith 'Aid. A3Bho Rk Hérﬁﬂﬁﬁfn‘ iR9 : 165di ki of plasma.
56] FIG 20. Effect of the GLP-1 anal og exendin-4

[0055] on qqtis YoRD1 9.0 ¥RV PGES! 1' S VBT 8-1 & Sg%ly%éms&wltp Effect of
and 40 nMexendin 4 for 16, 24 and 48 hours
GLP-1 51[1 Gt p2fcredtivecrathtkd t(ARAPY ¢udl dﬂ.aﬂt (FIGe 13AR- AnRKP V stalnlng depicting
. .....forpul ati ons on stauro [ duced cel |l  death. ARl
mhlblﬂw%%wéwtmé%% @85%0? AF LB siiasporiar &S pivinels giggts and in
cornblnﬁ‘ﬂ}énS (RIEO% Nehef BnclnRAnSoRTA PVETE BRARY 3558 dh dofcentration of
Titer- o(tn) to determne cell viability.
ﬁamnpﬁﬁﬁﬁhﬁSuMbre stressed at 4 and 400C for 4 weeks.
Control sanples, shown on the right (Media, GP-1,
[0056] STAWIG320+ 3HAd} of tHel GSP1atneloighexendiaki éri toll vibbitiet. | AR cells were

media (without GP-1 or staurogporine wth GP-
Ueﬁed%mgﬁ ééé@ﬁ@6§@ﬂﬂﬁéxﬁﬁﬂlﬁﬁﬁﬁﬁeﬁ apd é%g0§?aurospor|ne

o057 {2001 P SS90 D APERP hoablged oo
induced hIP! deGAL € Ar%ftiﬁ cel sogﬁe&%ref éﬁmthz %ﬁ:IZ?BSaHP nar G}%Pe %%q%)es&i Go 5 uM
stud ing sin ;

udl es depl C I ntravenous 1 Nj ect

staurosfidrfac fBZA)ho%MarmJ{Vﬁﬁnﬁfaszbdl suftf €all tIllt@flCde1® toFd&mﬁﬁeg?cell viability.
inrats u5|n% vari ous concentrations of G.P-1/FDKP

Sampleg Wﬁfﬁﬁt@ﬁeér@é %4@"&9@&1 dsveoksi canrEolsaEPiasopd-apetls right (Media,
t
L1 PEFREE G0 SFACh ool RGNSt SSUN6 o o1 or

stauropotind) efltthuGILPaIt, I wigh fs@ﬂfbp@@ﬁ\n?d.lﬁm ivdth GM.PrBtagd deseskpatihd) (note: the
GLP-1/ FDKP fornul ations at 2 hours (FIG 23A) and 6
graph legend éioeq:p@ amB)o B}@Sqonggls%amli[l@@ﬁg}ll pf the regults’ shown are averages of
Jracodynani ¢ study of GLP-1/FDKP adninistered via
trmhcatPl}ﬁ]%ronary insufflation in mal e obese Zucker rats. The

dat h6WSy4 ke ot
[0058] Glg'%p nggéil?n nlﬁ%agégib%}ﬂgtﬁgzs%cﬁsﬁe ?]é ct?‘% Q?g% 585%%{1)0% Injection
av; FI@n GZAh endhinibh EDKRsfffeioe d 1Y, GFIGUR22B) in fa@0@lde Frldus 2bncentrations

arnmacodynam ¢ study of G.P-1/FDKP admi ni stered via
of GLPpUF%ﬁamnphgam& | Bbg rgends indicatedhe gwsyincrass pactageyf GLP-1 to

FDKPI%%& Eg%g S b Eﬁhvgggsurenents at 0, 15, 30, 45,

n1nutes control (air; group 1) and

[0059] the fqek; %éﬁ%ﬁ tHed g%@oﬁgﬁigﬂr%h%%%g] QOELlﬁlpti?O% n rats dosed with

Phar nacodynam ¢ stu m ni stered via
GLP-1/pDKrPofioanylations at 2 hours (FIG. 23A) and 6 hours (FIG. 23B) post dose.

[0060] FIG. 24. Pharmacodynamic study of GLP-1/FDKP administered via pulmonary
insufflation in male obese Zucker rats. The data depicts the glucose measurements at 0, 15, 30,

45, 60 and 90 minutes for the control (air; group 1) and the GLP-1/FDKP treated (group 2).

[0061] FIG. 25. Pharmacodynamic study of GLP-1/FDKP administered via pulmonary
insufflation in male obese Zucker rats. The data depicts the GLP-1 measurements at 0, 15, 30,

45, 60 and 90 minutes for the control (air; group 1) and the GLP-1/FDKP treated (group 2).
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insufflation in mal e obese Zucker rats. The data

depicts the insulin neasurenents at 0, 15, 30, 45, 60
wWa@ee7A214m nutes for the control (air; group 1)PEHUSI00E066728

GLP-1/FDKP treated (group 2). [0063] FIG 27.

Phar macoki netic study of GLP-1/FDKP with various GLP-I

concentrations adm' nistered via pul nonary insufflation

100621 g0 S RE t Bhmago 321%3%9 Sﬁ'@giO%&EQ%I%EQ'W%@%%Viae@ﬂmonafy
insufflafiBh it HRICOHRLE Qlucl(éi“rﬁts qthe Lﬂatalaep?c%j t@ﬁs&fn’z%u;&ﬁ&tseg 0, 15, 30,

groups 2, 3 and 4 adm nistered 5% 10% and 15% GL

45, 60 andHPeviniuteslfor. th§ O@ﬁzb]l (t; Groupsl) aﬁh almﬁbBdeV]FiéKP(tresteddgroup 2).
GLP-1/FDKP with various G.P-1 concentrations

[0063] adniKliGst @f7ed \Hharrwlohimnm ystudg udf | GLPeFDKPf emuh e various GLP-1

cncnlfy SIS0 SEPhFL Sl ERE TRmeM TR 30,002
GLP-1 ﬁfe@é{ﬁ’erﬁ%ntﬁﬁtdo @LB 1 HIBot 4t el HiAHESTO the3cdd! thir; group 1) and
adm ni stered 5%  10% and 15% G.P-1 respectively.

GLP-1/FDB@Scarid@ro@®. 2, Bread deeclodyintnidcd %6t 14y and 1§ ME11R-FDidPectvely.
femal e rats adm ni stered G.P-1/ FDKP cont ai ni ng 15%

[0064] GLP-HIG.0.28. ny P@mac))kmiea'c asteiingbe G&PHYFPKIPhowdh y various  GLP-1

sufflati.on n10 for 4 consecutive days. The data .

concentilii gAY SFRIDAR SN RS GIP Tk GV Tt iy, dopicts the

FDKP theasarenfen®gl (6 2h9uros 20030, AP5R1 E0PMirtht&ORS BUddn¥S] ga%%roup 1) and
[0066] FIG 30, Pharnmacodynamic study of GLP-1/F

GLP-1/FBiR teeateaitgowlra i ast] draslthiGsRret) PKP % ond &5 %iGlgP-15espectively.

GLP- I rr%GLPI via a single daily pul nonary
[0065] i ns LHIG alﬂ o hmaar0oyyrfagric z$tu§1an@fe6m’r1\/EDH£ym feTipde diaets administered

GLP- I/EB gé % taﬁt\éﬁé 3g€ ogﬁgy o@eé ?n& G[{F-al l'\lfga:g afﬁltglfp cﬁa&e’ld N ‘fmt)%% ﬁsufﬂatlon
(n=10) FIrG coBdecutiPx iHRKI |T'h@td|a€él c&bi&@s\’as‘éﬁag@f&cﬂ-éd‘ﬁ@iﬁﬂph& HRMueNBat predose,

adm ni st ered P- 1/FDKP via oronasal adm nistration
1,2, 4 apddehaga popt G¢S@rf08‘®c¢ﬁsnmt€/§ dayday) for 5 consecutive

days. The data depicts the peak plasma concentrations
[0066] (Cnﬂ)G o¥0. GPpanmacadyrgnde stndy dfebPeldFDKR; Wwafomale sath wdaninistered

GLP-l/EBgH corntagmBg &a%gf&]&, ﬁ %%LF glr) SIE%E%P 51%%[6 &Japlé/ r{)&ﬂrgonary insufflation

(n=10) FRsP&@béElY HaysDEHRAI dablH dpRSOR dPad i dFw el it iR RRER cdose, 1, 2,
EVMBODI VENT 0068] Stable, i nhaI abl e gl ucagon-1i ke

4 and 6 hepisingst dos¢ frpt qO)nSffC@Flﬁ@ﬂ@tS} ons for use as

phar maceutics are deficient in the art, This is due to
[0067] t he KlfstHbi |T0txgﬁ01§me@rstude@prMel/FBK‘R \romogkeys| administered GLP-

l/FDKlg gzﬁpd?rgﬂgsﬁl 'éc?rﬂﬁil dstt%tlog %%Eg] d%li IV ffg ?6 Inr? ﬁ t%?glec{ayg f&%oet{segutlve days.

ave a re

The dath dkﬁlcisltﬁ@péwﬁ@msﬁfﬁmoﬁbé&itﬁﬁ% @50 oSO 1 anmbiles Hilid finaldy. Animals
Furt her, di peptidyl &eptl dasel V éDPP [V, 2) which is
received 6Pl {@rLBOw &k dring/ka NR&FR faigum2bordy?.chab. qr12f w/@@hP 1/FDKP

(groupsags,‘ 45 ghed % %glgec@iogly)

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0068] Stable, inhalable glucagon-like peptide 1 (GLP-1) formulations for use as
pharmaceutics are deficient in the art. This is due to the instability of GLP-1 peptide in vivo.
GLP-1 compounds tend to remain in solution under a number of conditions, and have a relatively

short in vivo half-life when administered as a solution formulation. Further, dipeptidyl-peptidase
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bl ood, greatly reduces the biological half-life of

GLP-1 nol ecul es. For exanple, the biological half-life
W@R00GLPHI] 7- 37) has been shown to be 3 to 5 ni PCE/ES2007/066728

see U S. Patent No. 5,1 18,666. G.P-1 has al so been

shown to undergo rapid absorption in vivo foll ow ng

parenteral admnistration. Simlarly, anide GLP-

(,{; 36). has |f-1ife of.about
v PG R bichrR dOutib i b Sl it Jraget! Biapasighes s, long and
blood, %reéﬂyll%dﬁ&é -thé QQ)@%lcaTlPﬁlf 18P b CﬁJPePhﬁ)n&:%le@ano? QQa[rﬁple the biological
P-1 conpositions in the art present
half-lifdef GLiPel(ayﬁb has bedneshowmr terttc 3 m/értmmotits,omerlé GrrBstenﬂ'Ne 5,118,666.
i nve t|on over ones t| eficiencies

resent |
GLP-1 i 50 bt 4R BT b AR B | 1 iRownE parenteral
administfaHERY ygmgi'la%@t QRhREr@EPNE)-36 Phavlahhiemire sreoat 130 minutes when
suited for pulnonary delivery. In other particular
adminisiapéstteptanpmishr, eseaiso UnydtaténdiNop b B @e6. f or nul at i ons
of a native GLP-1 nolecule that can elicit a G.P-I
[0069] r espldrestepidncledrange dudeshoft hakrlifarf $Gldt- 1 reanipeeitiGuPin thierart present a
formulati gns i s.al so conte ated. [0070
deﬁcm&x‘/ e B% MECt ﬁlé“ﬁ@f Py &Y e’icﬂmteﬁn%ﬁ PISHE i
deficiercl R tHOR BY bl do6pnshiatd AARcBLISLRDIKP (Fumaryl diketopiperazine)
conbi nation wth di ketopi perazine (DKP) particles. In
forrnule]@antqspwusll‘y sntsddormpninsonefy tdeleveiny dmtoitten pattivela@lapdcts, the present

imventiqr 0B MRl BrRar BaNa el e moRbuR e d Sifha ULA-? Eponse in

vivo. U@B’f iR Jrenaid @LPolnFm seORIrhetitoHEBra¥do contemplated.
di ket opi perazi ne (FDKP), but are not limted to such,

[0070] and hmdr&ﬁﬁ@ﬂt@ defibighcib¥iRshé asymuBidsbiahvdaAiBs pr@@%?%mulamns
SucC as
of GLP2l & ¢fimkleingtic@, Gith id{kﬁlcemmramm (lalﬁd’hpmt:kys ) m p@ntlalzliah embodiments of
|keto era di.n

the 1nvén§16)§1t )[11 éz%ngﬁk? oyrrng na 105 OSI G rgﬁldczgﬂnfgﬁ élld l{ratlﬁg t? f O§ubject In

further EXARugar” OBRbadiARHts, anA¢ 0gSLRL1/IHIRKP) foramthtiokd S@h{p?ﬂse fumaryl
In other particular enbodinments of the invention,

diketopingrrziticdFPHR) opntare netdinatad-tp speprpd eay malugde iothsr PKRyyfasymmetrical

pu ry delivyery L} (| p devel opi herapeutic

DKPs, P ATRIG: {8 of* & {d g@u‘P%‘p SeRuYEyPhopivhpiberiane  (SDKP),

asymm@thaan&mteedsplpérmﬁemlcﬁh&glonle@ seititiitd DR oMy Qnﬂj@htlktﬁi &OthRYDKP ring
npl oyi ng various bi o sical and anal ytica

(for exam&@w ranguemchhinetpgs o€ IF E’é%’d g DK Ptsplav i 1@| Oélnerdoﬂrt@ulaé embodiments of

the 1nve%!t18ﬂ a%msrmst%gt% CgBP 155, f‘éﬁﬁ‘ula€+ uor ?IH!)&ry delivery.

rolsm r| nsi c cence,
00711 QU STl A0RE AL gﬁ%ﬁﬁﬁ% A A F TR dt O sructural

charact@rﬂ;ﬁ@ﬁ fde(GDB-yl (VBylutidin evdre cvaluaued ©f eﬁpﬂ@ﬂﬁ@haﬂb@hb@pﬁy@wal and
is a powerful tool used to analyze the structura

analytw@h a@f@@y%qi vahleb dtl%l}li*ﬁdu hrartrydeht eirceiap dishigigma (far-UV CD), near-
ultrav10‘1:eq rb‘i‘x'chfa% {7 &Bz\c’;@%ﬁﬂ\%ﬁt @ﬁor %tenceﬂ}guriler transforrn infrared

Con | OnS u ese ana
spectrompﬁ (ﬁ GTIRJ),I dtlgd préyshry diggliid tdheoredtbgaplsy GHPLC), and mass spectroscopy

llté(?’ﬂ overcomes the

(MS). The technique of circular dichroism (CD) is a powerful tool used to analyze the structural
changes of a protein under varying experimental conditions and is well known in the art. The
experimental conditions under which these analyses were conducted included: the effects of

concentration, ionic strength, temperature, pH, oxidative stress, agitation, and multiple freeze-
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concentration, ionic strength, tenperature, pH

oxi dative stress, agitation, and nultiple freezet haw
weyorasi4on the GLP-1 peptide. These anal yses We€BHUS2007/066728

designed to characterize the nmajor routes of

degradation as well as to establish conditions that

mani pul ate the structure of G.P-1 peptide in order to

hi ev p erred /| DKP formul ati ons ;havin . .
thaw 505 G AEETRET RERiAR nibise TRy ST e dayicterize the major
routes ((fp c@)gr&ig%@% Rlel1Ss 16 %sta59&7gdndit{on‘§@§at99a§§§d{§tg thd@udre of GLP-1

he“concentration of GLP-1 increased, the secondary
peptldestlll uotdere t@f atfhevqoelpnefedledvva&LR 1 anBK3Y nfedmfikaomsa having desirable

redom nstr t ur ed ornmat.ion to a nore
pharmaB oG BRI frp e LRI RE RSl & o Toneth i n
sol ytion c he st ucture of. GLP 0. 1.ncrea
100721 joc il PEVERG: BRG o8 Bt osibidtion T GhPob RCESGR- fhgsecondary
structurk r&)‘frtﬁ@?@ﬂld'éhﬁast t@a[ﬂsfd’i‘fn)éd I G g nAharfelyPadstr@8tut @ conformation to a
evid by an increase in intensity of the nearCD
more hplagati sosformieinct dakréasingl Be RMc Stiehgthomcsnsticey eausédtha bteucture of
| ow concentrations of the tide where there is no .
oLP-1 g fiafe aa L b RRIS et B BE THEPBISHS dTSHE ofreligrthe tertiary
structurt @RAILPL 1 GORY 8Vit&H byl bichd BAnfehfityl of Mk Qchit® Bands as depicted in
helical formas depicted by the farCD m nima shifts
FIG. 2D.oWars@ce@8 eremafid thRmnponCcrnt@tionapt thedepbdd whersdhératieno evidence

confornat ons as.depicted b he tr han em
of scIf-GRPFIROT o EBuiSFY (BTN GG AR, CPIETBSBT SANTEY S o the o-
helical ﬁﬁ'ﬁf &Qi%%t&?f)ﬁ $hel fardD GBinikBsRRY t@x%rd%‘gﬁﬁraﬁ‘fdbﬂ’&nﬁp @rii2A) and
fected the conformations of GLP-1 differently in
self-assbchatted cheformattais rae depicted bty the trgptophd? ¢dmissien nlofts &b tosveedvavelength
.. . by ei.ther of these paranete t he, ot her hand, t
with ingpspd 5L baf Hieulro R PBILSHRE 1 BTt B0 2 e CPBEARTS gpgH affected
the confRRaliddsVst ¢G0P Qﬁff&%hﬂy@' andbuhatheficAd tut Rrs of (qpplll ws not altered
sensitive to pH as depicted in FIG 4A and 4B whi
by eitheg Imcﬁw@sﬁzﬁameweqot(m élemkmdsndzltbe paleaispiintad eenﬂosmeImfﬁLP 1 was
found tQ/ B? P%]agl &4 %Frﬂ,@t(ieaﬁtgr 1'5%% Et?tsé@&g%; %?I&O”rgé g‘) IE)%EQ ceiepicted in FIG.
4A andW%%l Sowt @l re1 tep@il LeablksBIy ﬁl‘%@lp‘ffb’ﬂeﬁ bBivech ﬁ)?le@ LR @@ﬁ’\é peptide
cycles. Neither deam dation rior oxi dati on was observed
concentﬁajmn&fpl(}mg/n{l()(ﬂ?l&] VKRl rqgnfqyma@cpns@b_fPGLPt]ow[ém(ﬁ)und to be generally

articles s also.o ved under a.varj et f L
sable Bteiefo gt TR BRR FETaaR’ vaF Rt PSR dintiapn por oxidation was
observed@pE€NPri@ati on, and in the concentration of various
surfactants, salts, ions, chaotropes and | yotropes,

[0073] St amasbﬁﬁfoﬁ, o 0a.pal gohabEp parcl &P AL i BbRbvddfder tO variety of
FDKP particles was found to be affected strongly by

conditiqus|, whiple didliidzal variatibn naliphly @eRr ¢angeritatiahoand thM: @nggntration of

r.exci nts were found to . have a
various S Biefini, S oS ok BOOpG PO s dleoffhs.  The
absorptlodFAGLPN @eMOKP HaRet1dshRaCEdimll t6 %%ffe@feﬂ%'tt@hgls}rtﬁr L, specifically,

the present invention, a nunber of
binding occurred at about pH 4.0 or greater Other excipients were found to have a limited effect

on the absorption of GLP-1 to FDKP particles.

[0074] In developing the GLP-1/DKP formulations of the present invention, a number of
parameters that would affect or impact its deliverability and absorption in vivo were evaluated.

Such parameters included, for example, the structure of the GLP-1 peptide, the surface charges
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paraneters that would affect or inpact its

deliverability and absorption in vivo were eval uated.
weeo/ipatanmet ers i ncl uded, for exanpl e, the stPCUSRET/066728

of the G.P-1 peptide, the surface chargeson the

nol ecul e under certain formul ati on conditions,

solubility and stability as a formulation, as well as

Sus ilit to se ane r.ot ease radat i and
on the plGEAE pagicFEY T AtoBt-ag gy Fbs b o fofmulation,as
well as%ﬁ&?ﬁfﬂll@}g t sérﬁfe%%rab@ﬂeérg@étloﬁ%dbﬁ &?@gﬂabﬂ'lt@bﬁl%ib%ﬂlch play a
whi ch exhi bits an extended bi ol ogi cal
critical @)@ b erbhatingtaafoirtiltatiom fhaGrdn U FeDEiPy ﬁbﬂomﬂdawhuo]m sxhlblts an extended
biol aﬁha}g d was tested under a variety of conditions both
iologig f % and in vivo. The stability of GLP- was

100751 S Heaneort s o1 By PR o s s en S AR o varity of

condltldtﬁ\l)@gﬁznf\hﬁ‘b gnd whiieh erai@bing SREEPY)was! Jnal@@@d BY $PLC analysis and
found that the stability of "native GP-1 was

cell-basedrassuys.r dnladdltm)Qpeuabhélm of wldbl urdsoexan(i®Bl7B] luhg levage dluid (which

comaing L P UV MRt e TR SE RS BT ik Soncntation
dqmnd&ﬂ%lgﬁaﬁﬁ{ in vivo. This strategy contributed to
further identification of |ead GP-1/ FDKP fornul ati on

[0076] et RS-0 EHITLDBiolofasadtiony thgidk atde bRBtenPidycd BAStudics of GLP-

been shown to play a role 1n increasing b-cells nass
1/FDK[b3loa,dmtrg bangdi dqﬁam@mgomeseffgﬁunuw&m nbhip-stigesigly contributed to further

identifi a]r]‘jfo nI E??a%t%]glgtlwgﬁﬂi 0 gm%tgs(iish Lé}]ﬁ %f)geifid%g{h%tfjact%hat GLP-1

has beeﬁ%wh% bRPS Be Inhﬁcﬂeﬂéiﬁg‘}%%%ﬂs WRKELEXHIBIARE abbBto4d Rtithulating B-
el | - based” assay hus, the present i nvention

cell prO}hf&IWQjE&ldo]pkt m:(mdedisg n]mjpla)ﬂlfqnatsveoa)ﬁmnmsamgtqmatpomtlal of the GLP-
nman P-1.conmbi ned with fumary i ket razi ne
DK RS of R Bshte %fefgr?&awggﬁdg{ﬂgﬁgh : 8%&)@5&5%%n

[0077] [ Oog@}ur%m Sl?@?ex{tﬁng lﬁ:gglleﬁl‘[soVF(ﬁ %ﬁe rt | ?agiroas comprising native
human BIPV| d6SbRRY viTHZ RSP déBHipeRASinG gm)ku:s it A@LHaYR and resistant to
human gl ucagon-1li ke peptide 1 (G.P-1) conbined with a
degradatiioket opi per azi ne such as fumaryl di ket opi perazi ne
(FDKP). Such G.P-1/FDKP formul ati ons of the present
[0078] i nJdnt | SMLBrleMslegbles and resi stant to degradati on.
[0080] Human GLP-1 is well known in the art and o
[0079] or | @nrraftrtecsﬂ&rr@andn@erps @priby Ipwagomvpmopp@ptd e prowded optimized
nthesi zed in the L-cells in
formul 4. FEROFERg P EnapiSisheeaiits R 9o GEP, srdind witn o
dlketop%taél&esmh defi rb‘@%l &kétﬁ%@eﬂaﬂm&‘(@m@b esutirGLPOI/RBK Pfodfulations of
and 7-37, wth e 7-36 form being dom nant.
the preseniopEeiongrostalle epd tﬁglst&tlagbdﬁgtaﬂammp- 1(7-36) anide and
GLP- 1(7-37
[0080] Hun(lan GL)P-l is well known in the art and originates from the preproglucagon

polypeptide synthesized in the L-cells in the distal ileum, in the pancreas and in the brain. GLP-
1 is a 30-31 amino acid peptide that exists in two molecular forms, 7-36 and 7-37, with the 7-36
form being dominant. Processing of preproglucagon to GLP-1(7-36) amide and GLP-1(7-37)

extended form occurs mainly in the L-cells. It has been shown in the art that, in the fasted state,
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extended formoccurs mainly in the L-cells. It has

been shown in the art that, in the fasted state, plasm
wo eooghzi4of GLP-1 are about 40 pg/m . After a ne@l/ps2007/066728

G.P-1 plasma levels rapidly increase to about 50-165

pg/m . [0081] The term "G.P-1 nol ecul es" as used

herein refers to GLP-1 proteins, peptides,

ol yp i des, analggs, mmetics, derjyatives, .
plasma RGRGTRALIS 2 i 96 Zia, e EGLET bR Inglscaidy ncrease
to aboul®L168646Mde naturally occurring G.P-1 pol ypeptides

(A&P-1(7-37)OH, GP-1(7- 30ONH ) and G.P-1 netabolites

[0081] SUC hriastefeh PAI(R1 36dleculSas idedPREdih GefRd teehadi BkRis, peptides,
of the invention, GP-I nol ecul es include: a native

polypep@idPs, | gnab g6l RimetigsaldogyativeGLiBeforderfragmdnise anda the like.  Such GLP-1

molecu%&el% iliﬁjc#g{e?g,t{li ﬂg%:c{lr\{géggi_gglv)gﬂgrﬁ)gét? egf@?:f’(fmﬁ& GLP-1(7-
36)NH D288 1M e th Gatidhiks| sud @l ed:P-1@083] heis Us§Rril&IB1 hbodiments of the
anal og" includes conmpounds having structura

inventicgi, rﬁILBiﬂ imglecdesamotuder a getipo Qﬁd’- 1. FoGLd hrapalgg, ¢ Kd_P-1 derivative, a
dipepriyfgepidofry PPN prafiEn Sty € AEPALENERE. GeolPH' SBGe analog,

or a bioSHARARI EPWhinglRgi S derived from the base guanine.
us, acyclovir mmcs guanosine (is biologically

[0082] anal pgaus Werkth) aRrdnd1B i BIRS WhipdufMNALSHAE REGES D Kimilarity to
repl acing (or conpeting wth) guanosine residues in
anothert qpenppiuné| Foon ckamnpleaticdandindirag raevpansd acyclovir is a nucleoside analogue

. transl.ati.on/transcripti.gn. Thus, conpounds vin )
and is SEERRET et R EROEC ndtEe VRCRS SRl Shedyese guanine,
Thus, dch@bviditinticd Barlkdl Q@ Bﬁhog@éa11$hﬁmdgahs aathi) int YinREfekd@with DNA

parent conpound are anal ogs. There are no m ni num or

synthestsaly memecingriferr ompetvigevwiht ghanosing ypsitiesnial thgrab nucleic acid and
substi tutions.required to qualify a conpound .as, a

prevent(siE%lpgatl%ytéa\l}}salé%nq erl"g sa|0881 Iogn%s a%aa%t.rgest c %aﬁflg}%llalhl& ta %nother (a

parent SshifOUNE) EM@Mtimfi@ sy BiBlogRial BEchédRAL h@BlityYof the parent compound are
conpl enentarily or conpetitively, with the biologica

analogsor Thkenpsaho priswarn; el mexinie pankgs of oplpoertal opdanGiggal group
.. can be, .and often are, derjvatives of th rent .

substin i B ®F dn QA8 F5SrpbT Yok Effofpbifel B pioe is capabie of

mimickGRROLOIAS rdlvaat SEidn NetRl MoEYyalia¢empRihtaril €65 &dmtitively, with

_greater activity than their parent conmpounds. [0083]
the biolagicakeichivared] propertieredf thathiateat compaunsonfoulags atndec. fangmften are,

.. ' [ Al | by. ically,
o0 SISl o RO ISC SRR ARG Y compone

disclosedetitadif @ayHAPE aduady1ekstineSoromyr RESHEHRN Shdit pREntTHAPOCRLs.
or biological activity. However, unlike an analog, a

[0083] der i XatusdEh&o@Sa NO¢rivaGCES BT tdripduadaendde Marmi(6r ddibred from), either
bi ol ogi cal or chem cal activity of the parent

naturally pptifgticatlye pepasens BIPRERY- mikndeiivateRi PR dRbBRIpEdpee “analog”
) GHRE) SLAENL A 8 BB AYESE LHHLTAol S o
a derivativielddet het motdsuiilyalave to mimic the biological or chemical activity of the parent
compound. There are no minimum or maximum numbers of elemental or functional group
substitutions required to qualify a compound as a derivative. For example, while the antiviral
compound ganclovir is a derivative of acyclovir, ganclovir has a different spectrum of anti-viral

activity and different toxicological properties than acyclovir. Derivatives of the compounds
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conmpound ganclovir is a derivative of acyclovir,
ganclovir has a different spectrumof anti-vira
w@ea7aeyl and di fferent toxicol ogi cal propertiRBSI/URN7/066728

acyclovir. Derivatives of the conpoundsdi scl osed

herein may have equal, |ess, greater or even no

simlar activity when conpared to their par ent
. C aunds., [ 0084] As used herein, a "metaboli
dlsclos@ﬂqr}??lﬂeﬁ&yr@&fﬂ SAEJP S REALE OF Yo sTBH 4V HR R e to thei
parent ddgipduh@ 9 and small nol ecul es. As used herein and

where appropriate, the definition applies to both
[0084] PT i W Wsc@NckrSIRC PRk oTRE G0 Ol LiBRrm &YiRE | 'o%?(yduct of metabolism and

metabolite is directly involved i n nornal “grow h,
1ncludesieb®hoytmgmta}ndmmallr epoloduet iAm wkd| hereng aod gavhicsnmsappropriate, - the

ondar tabolite is not direct involved in those ..
definiiF GRS DOBUTTEYS! el FYRAS TAGGP L AdgblOgi BaRboIne b dircetly
involvell YR GlotkARl éx%m@h de’Blo ?erhtb'aﬁﬂ 'r@ﬂrodﬁc@@ﬁb_ﬂf Asn dg’%?éimﬁ%{se' Alsecondary
the term "bi osynt het | refers to any production of
metabobteeii rodl diothp ouvwdvdsly inathobw iprepescg amitsynicdlHOBS] infmrtagedeological
functi f eln ﬁart cIe form ng" refers to chem cal,
unction{c ey 4t FUDIUIC). o bi ol ogi cal entities or conpounds t hat

[0085] | de?%Bﬁ%LFﬁmn LB BB B E ol PibpT g o chomical

CmﬂpmﬁﬁqgnﬁhwﬁgagﬁnﬁﬁgtlcIe formng entity is exposed to a
certain condition(s) such as, for exanple, changes in

[0086] PH, Aenmpesdat Hél@ln m)' %l@feeforrﬁﬁ%/'orrefers to chemical, biosynthetic, or
osnol arity/ osnol a Exposure to the condltlon(s)
blologlcraéyntrt@@ mrtcomoulﬁctsrth@b@nmaeabm ohéirming edal m@n@ elsually in a liquid
* and or dehydration such arti
mediuny s fFo %@8 OIAO PEEFIS AR s Vs ¢ Ba‘%l f8§3 |eé1t1 fls exposed
to a ceﬂalﬁaédﬂdﬁidh(s‘)%uﬂhrb@ e edlampl) QBAlge\Sn YIE deMBEr@ivie, moisture, and/or
co-solution"” is any nmedi um conprise of at | east two
osmola@ryéfwnméahty b|E§<IP©§}HC allo mdpmdlm@s)y mabretqsult eint ifer egampley binding,
a,£0- S

coalesc?ncau Oc}ldlﬁ atllpn d)ra e%y% %{ ag% & pal cleﬁm% |49 & precipitation

i cal

reactlo@@%@exabmgswab@mcre Rfhi v\mh a sol id conprising a
chem cal, biological and/or biosynthetic entity. In

[0087] an ot/tbenseanﬂamh £ 0085051090 i4! bvh P P B REMbELIHREK &Ylcast two chemical,
conbining a |iquid conprising at |east one chem ca

biologisil gndjgi biabymrticontifeso witeﬁ@mpl@ @ﬁ‘t)-ls't)l}ltl%l 4y dsdereqd by combining
a llqul%c&%gﬁ%lﬁ ?Pgea%{ g? %h rimc acl} Olb%]h I?(glorcg1053%1qgétlc entity with a solid

cornprlsﬁ@% 8 @herhican bivlygibs afndfdffﬁﬁbsbﬁthaﬂ@ Eitgy alln he@hér é&xwple, a co-solution
i ds, each conpri sin | east one cheni ca
may beoifqm@é vacombming abh‘l%& rﬂomrlmgefﬁt fepyf, onenghemicali figilegical and/or

blosyntﬁ& uéﬂt WILIQQF&LGINBIPIHH T8 ngpat %laeqqqlﬁllle FBE’AIS‘% Eeg %I{rgrll/gggﬁosynthetlc

i nvention avin

entity. @@Iacfuﬁﬁﬂumﬁ@)l@fa @E@lhﬁbﬂ\ﬁay bedbormmd by @ddﬂﬁ)g a2 leablatvo/ golids, each

G.P-1 peptide undergoes rapid
comprising at least one chemical, biological and/or biosynthetic entity, into a single solution.

[0088] Native GLP-1, as contemplated in the present invention, is a polypeptide having the
amino acid sequence of SEQ ID NO. 1 or SEQ ID NO. 2. Native GLP-1 peptide undergoes rapid

cleavage and inactivation within minutes in vivo.

-19-



cl eavage and inactivation within mnutes in

vivo.[0089] G.P-1 analogs of the present invention may
wWOo p@7aeie1t he exendi ns, which are peptides founBCT/US1987/066728

G.P-1 receptor agonists; such anal ogs may further

i nclude exendins 1 to 4. Exendins are found in the

venom of the G la-nmonster and share about 53% am no

aci o W manmal i an GLP-1. Exe al so have
100891 &7 <GB ol fHase ok fhd Brasant Botiie a1 CMge B dronding. Which aro
peptideEXGRE 1013 A1 SALPRE Qgélmé’i@ rs%cﬁ M&%s@ﬁa} Rurfhkt AL @xendins 1 to 4.

CAMP production in, | ase refease from
Exendipaare featliic ttecienam ocfehd @ﬂgmmm piad gtaraibhoul 9% anRaw hicid homology

with megﬁalah% %}31%21 ]:S%‘egl%f%sa[h;q h%‘f 1994 a{':; bggie Uil fgﬁghnd.bﬂ_f’sl receptor.

Exendit}-B &l &BAdiR4 \le%b@% S&d®l étl'n{dﬁa?te %WMIB lﬂ?od%ﬁc\ﬁ?ﬁi 1288 aBfylase release
hypergl ycen a een proposed (U.S. Patent

from, pBnet@aic288lar cpm@g\z{]ﬂhwa ookl 1998¢ Rianthanf etadmiﬁ{)%, S}hgh et al., 1994).

The use ?gegclalirl]cgrsl%c %ﬁﬁ{?%ltags[ %ségloltrﬁ ng,g%g S gagr%gtgéeﬁt of diabetes
Ili Jeﬁfél%é bvhi &@o ameh BRIBEH proBosal(@IQH §etn§N@f5 424,286
meit ?G(\)] e1 et fgl%gl%g& Rauf manb ? ( 199f1 Schepp )
[0090] et aiarbégf@%mﬁmtffa‘gﬁﬁntsw&@ﬂ’cﬁﬂ s&&h QSJ exeﬂi&%@ 89]T|a%arboxyam1dated
literature has al s6 denonstrated that exendi n[9-39]
moleculsl ao sfragnogre Acids th@burhl 9139 bdweobeanespbrteddo ibe p@dmlc@di selective

antagoni 5 GRESERARE & god Bt G’ do a0p FOERR applr WP Montose-

RafizadeRS&H bN- 9996t TR 1Rerdfdhe AL | fso tRnBnSPRES aHataCkAM[9-39] blocks
cells from pancreas, and to parietal cells from

endogerqus riale 1 1@@@5{ mwhlqgeptrﬁca@e@utgs@hp |sgygt1@ (VBhng ¢rml., 1995; D'Alessio
n I and inhibitin
et al, FRET A SEER NS & IGOLE ERERuBRCoT BONEhsichding B-TC1 cells, 10

dlsperséﬁp&:f’nar%@ﬂ?%@meﬁané‘lleas %%845@ p@1§t§leéeﬁs %tomaktom%g@ Bxendif-4 peptide also

I's transfected wth the cloned GLP-1 receptor,
plays a eade nustmvlating yoepoostat rglease aganhibitingigastrip releasenc nw@g@tstomachs

Al il i fied .
(Goke o hosl¥ Sefferp @t 1% Farswls ¥ b “TbniF sy R eserhiyityhe cloned
GLP-1 £X8het, réx@ncﬁﬁ‘-q 1@5 ohedl?’ﬁ%rh%bﬂlsh a3, alingches @Af\/ﬁ“ RéhifeQxBEdin[9-39]

resistant to degr adat i on. 91]” Anot her enbodi nent
is identifiesl @y e entagomstenti ohblooks éwmtamtéstomwume offexpepiniddend GLP-1.
.mmetics. Peptide mnetics, as, are knowto the skilled
exendingjapilag e G%F%l%sé?ﬁ? ERSAPH By g el al | [y e active
deteyrm nants. o nes, cyt.okines,
10091 g BT RpSReEE B Fhaedl Y o eTNELP ety of peptide
mimeti@&Nt PGRIAL Z8imctits, 4l Bt KnoRN toGhH 8kMed &rtIRAVAR RptiB& that biologically
physi ol ogi cal activity of the natural |igands. Peptide
mimic pdtivet datgmanante opdoirmbhgs, ggokines.i Wzamgswewmsommlms or other bio-

molecu%ls r‘r%{dlf 181% %X%nﬁ%%i%l,éé%@(m ind ﬂ%ﬁ@@t%etggu ilmlglog{cal activity of

the nat@ital hiégﬁds, FepadmaninRads B ks eBﬁWyYL%EEﬂ (iA983 det@l%prnent See, for
underlying rational e behind the use of

exampleyi Jobriopse! as, tl?f@tldc Rermpbpmctes” bhadROT ﬁéZFB\ﬂpOgQGtYeAM) PHARMACY,
Pezzuto e)%laf?t BdS hbﬁ n¥an ando[EIal? rﬁe Er{]opk (1993). The underlying rationale behind the

use of peptide mimetics is that the peptide backbone of proteins exists chiefly to orient amino
acid side chains in such a way as to facilitate molecular interactions. A peptide mimetic is

expected to permit molecular interactions similar to the natural molecule.
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acid side chains in such a way as to facilitate
nmol ecul ar interactions. A peptide mnetic is expected
w0 eoopaewiit nol ecul ar interactions simlar to tPEr/US2007/066728
natural nolecule.[0092] In further enbodinents it is
contenplated that the G.P-1 nol ecul es of the invention
wi Il have at |east one biological activity of native
h as .the abiLit

[0092] recéatﬁaﬂ hEMYemets g 1 ‘@H&qmﬂl?%‘a]staﬁcf% Gﬁpld’a% hglpeules of the

inventidreRH| fdvadit 1ddsi &%‘*Blbl%gfcﬁpﬁtﬁqt?%ﬁ“ 'n%(ﬁ\te)’GLP N fudhbbete ablhty to bind to
enbodi nents of the invention; P-1 nol ecul e may bé

the GLl%rlpecpﬂptcu‘and potiytp e@gmbtralymdottmnpaﬂavw wyylting mreinkajnotropic activity.
at.i ve, for nd t i ke, that
In furtdg ety B8 e Ben i oG eal St Py che & Beptide, polypeptide,

protein,N@falS A lrh ¥ C HEVaRYe, qsgfolrm @aBmbnt™ oK Bi&, TRU RSB at least one
incl ude the pharmaceuticaliy acceptable sal'ts and

biologigat adtivigys of aindatg@ﬂly@cglﬁrrmgeGdedr UdP-1 podlgerdesphmy also include the

hydr at es at ol.oqgi cal | ive fragnents,
pharmag e Bl e PPN i DaPBf og i St Slyriopphs. hydrates,
solvated) 3451&'16§ichbfy-ﬁ.§t%r frhfrediy! nﬁalo@daﬂ a%ﬁvé\'edahaﬁ§ AEONEBbisomers of the

m metic, and antagoni st variants of
naturallmaxc.mralmgyh.tmmuGLPfﬂg ah m@ﬂmsag@mst mhnetfcamldi )an‘@gomst variants of the

narural SRR el G0 Bl FERPUG o o CRY M Bfsmaipe 1 hgoueh 4 and

polypeﬁtiﬂ% bR hBRY . AASGLPN crhyl@sma ofl t&eiﬁtzérﬁ%h&ﬁdgt dlsaaRude M dlpeptldyl-
(DPP-1V) protected GLP-1 that prevents or inhibits t

peptidaghelif HARR-IY hprofec@dFGLP-1[th@gaveaisrr inhtbitseibe Idegraéaftlommf GLP 1.
present invention include peptides, polypeptides,
[0093] pr otCeLl?ré raplgculer P Hici vessnt heertdn tmhtdemptléﬂSnp@meﬂeS proteins
Tprove so

and deF%%t?VseFa 8%60% ti%’x e o™i hdf a%ﬂ’%’iﬂg%lo&én' &}EPTOE& ey lity, confer

resistan@é td BRIIBASE ihabisc! Blf)l@gicﬁl poteRdy), @k iifreasd AR 1ifSlifPclrculation. Thus,
nol ecul es as contenplated in t he present invention

GLP-1 @mmui@easmnmré@ﬁ@ 11 ghgspricsant iipyestionl epmpiigmamuo acid substitutions,

deletloti%ﬂo% Satgclil?l eer\%gli tlﬂ tﬁlﬁlgﬁ a{gll 1st3ﬁfecfje§i fs orq.ﬁé)g{ésegrlcfv%?lrﬂnown in the art.

The N-tg@rau !@i’mﬁhfl of e /Blceel Bay ko deSRodiHedrOGhinf Aehly S&4aiAS acetylation,
by acylation, acetylation, amdation, but is not .
amidatipi,jug et d)myt@éﬁo sy hug, Ao th@dﬁrme@ts@ﬁ@nquﬂwﬂﬁm angife acid" refers
to naturaﬁ rg arlfrllnno Hofl- naEural?r %cg it a%rlrjl{nal |c¥d 0G¢ . 'ill ngan%%o a01d analogs

on-nat uralfy "SEA Y g “am e 48 el T AsMA
and arnﬁfél i@ rameds andfuabiis0inng irrdlnﬁ%ﬂ"ﬁhﬁl@ﬁ tdk ﬁ@hraﬂyl Returéing laﬁuno acids.
a manner simlar to naturally occurring am no acids.
NaturalNagnseded gménecasddoararihn g0 gemarpnagrain Heid3(alepimgopr it @sparagine,
aspar‘uc‘r’lgcuij cyg% n%m Gt‘arnﬁr gélu{alrﬂﬁ% g?n%gﬁg%%gn ﬁis 18?1861{55 eﬁmﬁg lgtwlne lysine,
methloxhn@tpmbn?ﬁlann@olﬁ@nmdw a;enh@ Ut d@ine] y@pﬁg)haﬁemmﬁa Nghd valine) and
henyl al ani ne roline, serine, threonlne trypt ophan,
pyI‘OlyStIVragg|Sﬁl§n0Célﬁ'@H\¢a|Al’ﬁ]@)) agﬂ@%iggdpgﬁgq Wecog}p@unds that have the same basic
e enﬁ yste no acid anal o refers to
av

chernlc%slhsat]t*uc 2 tahlelatgra'ﬁm ULy ocCurting armind 4 dszt a&d lﬁyrcarlg nrrE'hoaltJ 1S %ound to a

mca

hydrogdigaWaddokyl §@ap) 4d NEind Broeh, a6H @n R rgﬁ)up, Althas cm&@s@nﬁ@ alorleucine,
Is bound to a hydrogen, a carboxyl group, an am no

norvaling, ggghloaﬁ)@ suhfoRidgy m@hlogm@ hmethyl ﬁdfmglgm g]érulhne hydroxyl glutamic

acid, hydo oxyprochne, and praline. Such analogs have modified R groups (such as norleucine),

but retain the same basic chemical structure as a naturally occurring amino acid. Amino acids
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norval i ne, nethioni ne sul foxi de, nethionine nethyl

sul fonium citrulline, hydroxyl glutam c acid,
whywroxmpr ol i ne, and praline. Such anal ogs havRCT/US2007/066728

nodi fied R groups (such as norleucine), but retain the

same basic chem cal structure as a naturally occurring

am no acid. Amno acidscontenplated in the present

contem%lgégqtgkﬁq]ngraeg%?dllgpq%%;}lojg glétk)) 11’?1 ]é(?po@ g}%{ugqf ﬁg\g%%g@%e Ss{rn alra‘}g ol-amino

acids in ﬁlra{ntl{k Sco%&qn An aﬁ{lﬁ %é/rhuﬁl%r emdny%%rbo Wet}éﬁﬁm%lé Ffﬁv@e@mn 9% -amino

WO car bon atons separ at e hese unc
acids tJJ@ _fcélfleh aborﬂgrb%@raa@ ititSe fMdBna ©REHI.f-emSlodgcig)alith a Gpeeific side
~exist as the or Sisoners at either the al pha (C2)
chain, qaardzish as thet ReorFetsameG3yt aithehia. alptiai (€2 @gldnonsoruthe heta (C3) carbon.

. | f f i bl
This regftyfo %ﬁoaa%lﬁ**{%&%ﬁﬁ?ﬁl@%@rﬁ%ﬁ%ﬁeﬁ? 0% 3gy & <P b 3 20" "
10094] { 12 PSS! St B (o0, SesH i wRlRb RYPRg G- proteins,

fusion PIHEGASYbitonds RAH BURINYRE, | RéthSlog@d gRHogyIRGor Hareaf variants, and
wherein the G.-P-1 nolecule retains at |east one

mutcinbihsesgi whtreit ity éfmﬂlﬁéulﬁ aFias sroes e, bieledical activity of the
ess hesi S

f
native ng[elﬂ‘ﬂgt & gi%{tﬁeerr e %flehsgl gl I;{grne u{i’ %’ynltthefsns n{anufacture thereof

includifgg airiod afhitddveg t ldesmipinstuGatHr qffb@m& frg@NENG, [omic DNA,
synthetic DNA or other form of nucleic acid),

synthetisy P&t orc othgn dfogranef awelcicatrigh mathiids . ange E@fiebjaptivation methods.

IS el nay [
Recomlg{}\bﬁtl : nnt%]e rgty IE Sweeé Sse tthgﬁ %31%11%% glflﬂl\}ﬁq%% ﬁﬁt 6{see Russell,
D.W., £ DM culér CRMGTA 0L sbokadiyaVlanad] CblSBpiing Hatobax.Y ., 2001.
N.Y., 2001. [0095] IIl. D ketopiperazines [0096]
[0095] Di Ket. opilmkeapipeazingy € wel | known in the art for their
ability to formmcroparticles that are useful for
[0096] dr udDittedopiperayinarchrs tvebliknbaatih el art fortthéir phigiset form microparticles
i nvention di ketopi perazines are enployed to facilitate

that aretqq‘@fubﬁgéimﬁ fAdiyenf and_yebilizasionc dn &@ RIpERE By cianqikgtapipgrazines are
: I S t
employ %gg%.?ﬂft g% :Eﬂéu%gér;gpﬂ% gfg‘ Ogi leél%ﬁéac@te H{erén% &§glgﬁ%ﬂae§rtée)ﬁ% formulation
that is relikedtapidpgudationes can be formed into particles that
i ncorporate G.P-1 nolecules, or particles onto which
[0097] GLP-Varivok ecthe®lopads hey B@Ismpb@dd whbiesn mkytolprpefdzms can be formed
m xi ng of the di ketopiperazine solutlons Wi th

into pa%lsheafh% Hsogorate S dnk ules, umprifclepanie whicd Glof- gpglgeules can be
adsorbeﬁy BfgE 'n[? d; gﬁxjo% %ﬂgm UQF G Cft(%ﬁﬁ&?ﬁlh@ nsoﬂftloﬂ?r\;fft ls%ﬁltlons or

nprisin | ket opl pefazi ne an Alternative
suspensﬁd”ns ofl i et-© pigpeudezi fokowahbibprepipéatiqn dralt ﬁﬁsdqﬂelit(fbﬂnatlon of particles
particl es and subseq%gntl m xed with a solution of

compm@_g;que%}p@&ﬂnétsand Lallsdi Aligrptysbindisrdik¢igpiperazine can be precipitated
to formbgéﬂ'gtzlgp'aﬁg rsﬂ%éegﬁ%tgﬁir higlewapd Ld&ida-br G %ﬁ&ile&llé:sanhAssomatlon

rrven renoval oOr a Specl C step,
betweeraﬁleaillpdtbfaﬁq:m&hﬁpﬁnn,clemd the GliRel tad&dulerdaorbetdoivdi iy Rglvemt removal
orgder to pronote
or a specific step, such as a pH adjustment, can be included prior to drying in order to promote

the association.

[0098] In a preferred embodiment, diketopiperazines of the present invention include but

are not limited 3,6-di(fumaryl-4 aminobutyl)-2,5-diketopiperazine also known as (E)-3,6-bis[4-
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the association. [0098] In a preferred enbodi nent,

di ket opi perazi nes of the present invention include but
wae@naiil i mted 3,6-di (fumaryl -4 PCT/US2007/066728

am nobutyl ) -2, 5-di ket opi perazi ne al so known as

(E) -3, 6-Dbi s[4-(N-carboxyl - 2- propenyl ) am dobutyl]-2,5-d

iketopiperazine (which nay also be referred to as

(N-carbmi}rgg éfﬂpﬁ@f et Oﬂo mxﬁéﬁ ﬁ%%bp@gﬁ%et h%tggg]égeglma{sso be referred to as

fmﬂmyﬂak§6ﬁ>gﬁth%¥F@§PyMthOUt limtation, derlvatlves of
P -an1nobuty|) 2, 5- dlketoplpera2|ne such as:

[0099] 3 6 (%&S HAGtIPY, erélzm@%d?@&ﬂlsmdea i# éledlbﬂéﬁetn@ RhR&iBA| iRlude, without
(al so referre herein as 3,6-bis
hmltatl@rardguxytpre@ Y |3),®ph(ﬂi@bung}dut3ﬂ) -8, delkqpplpeqaelmazsude as: 3,6-di(succinyl-4-

y i ket opi perazi.ne or P); 3,6- . .
aminob3 g fp Bk RSBt y 1§15, SRR opithor alfl @5 3.6:bisth
y r 3zl -
C O ey oLy BEL SOKP): 3.6
dl(malesl $~ad111(10mllt§d)’r9J5 diketapipergbney| ) - 2, 5- d|3k(edxﬂptrp@nat-|4fwnnobutyl) -2-5-
6- dl(oxa

diketonigpigfist P od PrdiC Brp o R S S ARRRE T a3 ¢ malony1-4-

amlnobﬁﬂyﬁ)sleﬂldlke‘%ﬁﬁgrhﬁﬂe conBeNPl XaB-4 ABindBRyDI2,5- dlketoplperazme and
i'Ket'opi perazi ne salts. Such salts may i'nclude, fo

derivatiggsa therdionanyin phhememeedineais| theapespt arme@tlslalcpntgmplatmthe use of

X NN N M T e —
salt suchuk YﬁeaNh e, L ']\&9% f@n ahBnign, drith&id2adioba -8Ry la@monium (as derived
pyri di nes, and T he l'ike) salts of dlketoplpera2|ne

from trigtylagzing, Warb@eadlmljﬁ@olamme, trle{drannian@@p, sapyridipgyghed the like) salts

| I d f
of dikefbfiEtashftl P @uy Re domefT HE! B gBlialt. JHigkerods salts are also

contemplaRd BONEikeGbHetzRdP in WRicAURER @HRGoRta@f mbRethan one acid group. In
Invention, a basic formof the agent may be m xed with

other aapn@ts af ﬂ@tl@mq@énaaz barec fonment dleg agest mey e anigediyyith dhq digetopiperazine

dlk Zi such t hat e.dru is he .
i onder R A SAPBTER feoBERebsrneh i s Bl Rgpsergpcion of he
diketopipeteic. A% &kOMpRMGIaabRds bot&hplatcd et Qﬁclhdbs&n a non-limiting manner
non-limting manner FDKP di Na. Drug delivery using DKP

FDKP dg\a.s Psug alghyeryi wsing DKPasadtnt isAgphtc 4t iloh. Metent Application No:
11210, élé %&coo?—éo]r%fgd Irhgrcegt{ 15’%?&%%5*}8@ cg%(taﬁ 6%&;@&51 agt'sle d
[00100]e' S%%‘é‘e&?cl&‘s%r €ifle B&% LRRE #he %2%%}1{ %ﬁ@t&% GIB! WHloys novel

novel asynmmetr]| ca anal ogs’o such as:

asyrnm&t}lcéi ( 4nacs6- 6f oxwEPer QDK]PSZ such as: (E)-3-(4-(3,6-dioxopiperazin-2-
but yl car banoyl )-acrylic ac

yl)butygéa@amsyk)@cwhﬁ. i p@)a%z(%(%woypl(amwlzmc%mamyl -§aglarypylacrylic
acid; I‘I:d3 l':;l?(-j!(-gﬁpidlsgpro&/f -3 g déoxd)p (Pegapzinb % ry@&butylﬁgllg‘/t)ﬁsn_o%la%cryhc 6C1d and

disclos@inayl saRfoyisiehadhtdnianpplitiadich eﬁtﬁtbdl " sUmmetiiad VDK POAAklogs for Use

Pat ent pllcatlon entitled "Asymmetrical FDKP Anal ogs
as Drug Helivary gerqyf'u@le nj Wyd% gerewtthfand ggcoypowiednhqgingn 1ts entirety

(AttyDgage‘?\N'ot. §13’m)dodoqqf)r porated herein in its entirety

[00101] Diketopiperazines can be formed by cyclodimerization of amino acid ester

derivatives, as described by Katchalski, et al, (J. Amer. Chem. Soc. 68:879-80; 1946), by

cyclization of dipeptide ester derivatives, or by thermal dehydration of amino acid derivatives in
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(Atty Docket No. 51300-00041) [00101]

Di ket opi perazi nes can be fornmed by cycl odi neri zation
wW@tooameraol aci d ester derivatives, as descri bedP@US2007/066728

Kat chal ski, et ah, (J. Aner. Chem Soc. 68:879-80;

1946), by cyclization of dipeptide ester derivatives,

or by thernal dehydration of am no acid derivatives

s e ST oA, R . v
teachin$dWGPhidk SreliRGRpRAALRRherei n. [00102] Methods for

synthesi s and preparation of di ketopi perazines are

[00102]WEI |M5t'HQéM‘fotr %ﬁ)ﬂﬂ@s@ﬁn& bf@p@ﬁﬁbfn %ﬁ‘ I Hetdlﬁ;petr%e%raﬁre AR 18%n to one
di scl osed in Pat ents 5, 35

of orditgyrp kil4@7the Gr381, Bt 8tisclosedan ‘IJ?S Ba:tdntly 5520kt £ 1503,852; 6,071,497,

6,331,3 ,;pékﬁf%%l %ﬂ*_{ﬁéé&agg@o?&%@ew ez%@p@i@&?ﬁg RG0St Patent No.

6,444,2D6 QM dig39, 95 CHQRARL ?Felpﬁﬁngoﬁn(gbfﬁ%d?ﬂg BBEBBAMER s b diketopiperazines
aqueous suspension to which a solution of active agent

in aquepes awddetsiamtoowhlish at wliondoft dntivaeentas addet int @rdehte bind the active

rticl < hese pat ) further de bes a methpd .of .
ssent PP SRR B Gy BT T £aEh R Beyd Bge medium by
lyophlhﬁhﬁ‘cﬁpﬂé%ﬁélki GhigRopaRITRYI DhipSisAR aAGCHVE a@@e MiteriAl HRY doM&nt conditions

the sol'vent conditions of such suspension to pronote

of suchbumnﬁgn of promwtabinding eigbaactive aghes tpdha pastideiistaughightU.S. Patent

Avpliceiips3s5ebe’ B7A SRt 1] b3S RBohGA o g eGP i ormlation

Based cﬁﬁﬁ@ﬁ:a@iﬂg tRe Ae@StNSF ABGy AR étﬂé ot OffysfiinkWai e BBFfaces”; and
ystalline Mcroparticle Surfaces and 11/532, 065

11/532 @6& pnmt@;di “Methnd @f d}rug)rﬁgpgmg]@hmm |B@§¢(bnn Bagreapingnthe Afﬁnlty of Active
he Aff
Agents RSN AR Sty Bl bt DR T b Baropy g 40463 and

U.S. patmt 8ppliatisnt Sddal Mo: 4#9214(530%"1%&0@ Ab@isem3, 2005 and U.S. Patent
pllcatlon Serial No: 11/210, 709 filed on August 23,

Ap
Applicapigns Nand! 268,089t entn AppE| e@tanéw, NG, it ppm@mpm han ‘the loaded
dlketopa)et‘(az%negfat ;gs;%f thieté)ai?ﬁe %gén r&% 4R nﬁfj bgzte n]%ﬂg&lﬁ\(} tsprap{mg drying as
disclosc i@, &t &dmble, & SERhad Aqull%@tﬁcﬁVS&ﬂal N/ 1 1N%H78948ifHed 86 Edbruary 22,
in, for exanple, U S. Patent l'ication Serial No.

2006 alldL/eet;r@ect)Aé cthed Ber h@mrpmgythg happawutie Prepartied efl Migroparticles
Comprl%sé Bﬂ@ %pl%eir ecgmag & h&ctf %arég?&em IEcacll?roofp ‘tel{etsé epc’atents and patent

ropar rrsing pl perazi ne and

applicatiisiiy ﬁlcﬁ@bﬁited b}EﬁHf&eﬁkfe Heﬁﬂﬁ CorPlt tBEY Sorddlfl r@@kdng diketopiperazines.
applications is incorporated by reference herein for

[00103]al ITV. heyTkeapaitic Faaaildiiows ¢ GEPAPDR® Paitiehs. [ 00103]
I V. Therapeutic Fornul ations of GLP-1/DKP Particles

[00104] O0TIO] prbsnpr @sentiod Nfigthct oprdviicsher @LPViI/BBKPa foldulbtion for
[ FDKP formulation for admnistration to a subject in

adminisyagen ¢¢ 2 pubigataRtnced of (iBjaEpentasAcBibiehEs oBEpkateén the present
inventid r%?g'% 'H’&\ﬁg%toicpﬁ?t%?%u Gn2 IH Q%Waeﬂ? %ﬁ%o@ﬂem&rtﬂ%ﬂneﬂt% for Type
certain

emnpo e trea
IT diabetes, obesity, cancer or any related diseases and/or conditions therefrorn Humans are

particularly preferred subjects.

[00105] Other diseases or conditions contemplated in the present invention include, but are
not limited to, irritable bowel syndrome, myocardial infarction, ischemia, reperfused tissue

injury, dyslipidemia, diabetic cardiomyopathy, acute coronary syndrome, metabolic syndrome,
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Il diabetes, obesity, cancer or any rel ated di seases

and/ or conditions therefrom Humans are particularly
wee@iaered subj ects. [00105] Ot her di seases orPCT/US2007/066728

conditions contenplated in the present invention

include, but are not |imted to, irritable bowel

syndrome, nyocar di al infarction i schem a, reperfused

ctor RSy B PR, e T R cvorders

islet ccPNBREDPnRTdn@r reSHE GBIV tHé?dé{yO de g?rﬂﬁ‘é at H¥Rr diiRAsdeSRyor conditions
menory and | earning disor islet cell transplant

contemplnwdrleqhﬂ eratitvievetimnapy inrlugte okeny dishex aiddeamedition related to

those h?’[ﬁg g qve thipgl ﬁﬁq ng%§$ bg nE]%l?Itgﬁin%gng gﬁ%-?fgﬁjﬁ%ry powder formulation

to a su‘tftf&@% ﬁée@l"‘[h&%biatﬂ% GEPllhmﬁPldr%bgadé}bBYrﬁultaﬁ&{ oﬁﬁ% p?@sent invention
reated by adninistering a GL dry powd

may alsbdrerampdoyednnttioe acambitedftindurtine of betheck differaﬁt@tlmlm human cells of
dr er formulation of the present invention
type-1l ﬂ’ﬁﬁe}% ?@y}ﬁféeﬁ%‘iegﬂ}%d in the treatnment of i nductl on of
beta cell ferentiati n human .cel |.s of
001065 FaeBY' o, it sEgi Fisshos 1y BETGRyTYorges o S Rmplse that the
subject AU B scIRfld pBEoRMBALN IncludYiR a0 Pabbith, Habnsters, guinea plgs gerbils,
contenpl ated that the subject may be a household pet
woodchyeksan¢atanl dogsnoherti, ngpatsat gs.r edybd, t kors¢sarmsoness apdi apes (including

erb|I odchucks, cats, dogs, sheep, goats,
d““maﬁ%g§gl anﬁ&@ﬁo ‘monkeys and apes (including

00107 T30 ARG 0 ARy RBIBHc! pehysions o

inventidrOéaMUb A dnfinSte@dd by Qaridid @Btk OO SBRinREaAGHTkAGWH & f&dsd¥ of ordinary
various routes of adm nistrati on known to persons of

skill in glhregarh am(y foglalinjcal er pdreclarieal @ﬁmofs@ﬂ( ”Elnq QqLeal/FBKP compositions of the
0SesS.

invendidl{ Bief b0 iRl BHEE OB iy, itfee S BidobRD wiOPRER bl-2gR60 a mucosal

membrdteQfQgiublct. TR ARGatid @IEbABY Yny rdli€ aBalidiAE WAt adeliffted to oral,
a subject. Adm nistration can be by any route,

nasal, buml,wptﬁ@l%mraﬁ@pup ilrm:cttl@@, Q@C@mgq:ousn@g]@mal mggtratlon via blood or

lymph Sélépn H}ref‘ctlgt %3%11?1:\2/1\/ ecg[u% Flte ee%tie{l g; n%ﬁ%c S%ll;)etgﬁ;’e n Opr?ferr & 8d1rnents of

the pres@fit ial érrioheslinginisea@én 6VGDNPHYFIDRPiceiposiEan . byl Iﬁllrnonary delivery.
preferred enbodi nents of the present invention,

[00108jad M Mhsit hidérh e eOfoutdsPofl AR 6P aBitt ingy UeSerbyloyed in the present
pul monary delivery. [00108] Ot her alternative routes

inventioyf neayitfileder aniredermpat infrayteil.emilapgaianeal dnelgsiansbnintracranial,

intraart cﬂ\é? ”tlhﬁiﬁgrgﬁé{u‘% nqlltlfj Gfe 1rL11nt rrﬁgal%ra%a 1H1!r£\§§53[ler nﬂJaVaglnal rectal,

raper onea 1'&si ona racran
1ntratunhcﬁﬁlr a@fdnnGublar, ,mﬂremeﬁla@lﬁﬂ shadok4lly, Ilﬂi’ttefpaﬁbe&dfambronchlal administration
|ntratracheal intravitreal, intravaginal, rectal,

local, uping ragrasa iRIFCtIqnn iFaTHAs cnERUOYSs Hnfusipes josalized, perfuswn bathing target
cells dl{ggﬁg,sx% laycatﬂe[&r\aig%rliasa@%r dinaJ:rerlng%qH (iﬁ @Lor@ﬁdﬁtmﬁt L gt Ilggsomes) or

sl hg aeroso cont
by othet Afeti®id@n any Oaﬁbinzﬁ(ﬁh prethe lﬂ@tb@(ﬁin@ at Wt Beatn@®in to one of ordinary skill
in the art (see, for example, Remington's Pharmaceutical Sciences, 1990, incorporated herein by

reference for all it contains regarding methods of administration).

[00109] As a dry powder formulation, the GLP-1/DKP particles of the present invention can

be delivered by inhalation to specific areas of the respiratory system, depending on the particle
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cells directly, via a catheter, via a |lavage, in

crenes, in lipid conpositions (e.g., |iposones), or by
w@elen2wet hod or any conbi nation of the foregoP@yUsz07/066728
woul d be known to one of ordinary skill in the art

(see, for exanple, Rem ngton's Pharnmaceutica
Sci ences, 1990, incorporated herein by reference for

size. A?%ilﬁ?é% y(,: t(gt]g-?l{/ﬁ%_gar dl %ﬁﬂ,&}?%?al Sﬁma %rgnm?i 0%%% ation into an

intraverRAS tshﬁJeﬁﬁoﬁ’fdo&%@ fOmeS eot oﬂa[‘H@lWe&‘;p NhE piHiPRs €8 bY BlcBFhdPMed into a
i nhal ation to SpeCI fic areas of the respl ratory

SuSpenSWBttebﬁﬁtSdepeaMMftg oith¢ f@LB-dr‘IBKEI mmltloAdmambmdblhvgp;red from an
Q_P-1/ DKP icles can b for
inhalatipf it 6y ok | 5 AR SUCliin i B st Shater, end a

sprayerf orm For oral delivery, the particles can be
i ncorporated into a suspension, tablets or capsul es.
[00110]The 1R R RAABAS ] ddnQRisFRIDSE S dHRFied bR 38 2 GLP-1/DKP
I nhal ation device, such as a nebulizer, a netered-dose
formulatiohatber patientriy noetwdteredtni adoetempdﬁtcti a ngi’ dﬁ@tlve [a0@Lad]of a GLP-

PR O ———
the GLPAt dotifouhd, HRRKE RDHAAE nlihcGOBE BIEMEIRL Qdich/Will RITECH ¥ne extent

anount" of a GLP- 1/ DKP dry powder fornulation as
one or gudre eofpihat senritems lod the akissase, i aondiion oot digrdess beimgt tigated.  In one

anmount pf the GP-1,cC lLog or  pe
embodiER o et el o Py PRI 4R0 n e R Rl Grian, g be that
amount@TehOGL PO Bolebult e t84ARE arbetef by Hﬁréiki%g PPRmaGARMntERIK, reducing
or disorder being treated. In one enbodi nent, an

or lowerlergff@sﬂngv‘@logmuwpm tivels, @uPincr@KPZdrapciseiitl épta cell mass by at least

about 1 g’r ‘L?at ?ﬁgg\g& @e?g?sidg?% ?@0%523. ’n%s Hbg/%%%r%%ﬂr }DW 10 fimited to

such. In@@ler pidfeiéd BEb&dimeARE pRekchamibMibnbé@dnBhids @8eting obesity by
| evel s, and increasing pancreatic beta cell nmass by at

administermegt toaabmb]ecg_ n Qeedg)f snch geatglen'qa pgamgceq!@all}]_ sffe¢tiye ap®unt of the

ter but not
GLP-1 Jiplgct o B s imikrcrp G EhDarREh ot (PEETRKP ary powder

formuldﬂ@ﬁ%dl@ fﬂ)e&ﬁﬂt aﬁﬁmhl@to@'fehé Ge®L1 bl ERES fdr)’trééﬁng obesity by reducing or
adm nistering to a subject in need of such treatnent a

loweringhadyravsbght byt Ilﬂgﬂs‘eﬁboéléﬁi Wa 1§m3@m35 30, 3hetOG R 30%, or greater, but is
m)leculeEr d& suc stan "eff ec%]ve nount: of a,

not T 1 g at)® Gumsal PGP IR Ao s TPt! Seo TN i - cffetive

amountot)ftahma%ltp ﬂ?i p@w&l@ foAhulbti@afor REn@EIERE bitiddy, b hﬁ@:rlng to a
or lowering body weight by at |east about 5, 1

subject Z@negi{,of SEh tgemey a rmgm;glcqﬂy ffestive ﬂmog@tt ofi t@e rﬁj[@P 1 molecule.
In a non- 'hmtltl%ﬁn ?nesr' ut%g GL-lih‘le nPolgcu? nI @eve%erﬁ éxeﬁdln mg‘lgcule tsu,ch afs exendin-1 or

mni stering errective anoun

-4. In seblPinktdd68, dh Yefrele hmfoﬁﬁtmdifat(ﬁmlm @Wpdwdiérlfngnulatlon would be
satleh% lﬁ?adn1n|ster|ng to a subject in need of such
that amppefnaatGlP-pHaeleade that ceducys & ReEeplien sfdwageromdt fired intake (as

e ) n { e - |
rneasureca‘ﬁy e!)rccgazérgc cogﬁeng,xfgg) axa{rﬁ}ﬂ]e ]!Qf:gtl lggsg E@ ut aStS %9)7(% 10 11 12, 13,
14, 15,06, 17, 18, 19, 20, 21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 35, 40, 45, 50%, or greater, but
not limited to such. An "effective amount” of a GLP-1/DKP dry powder formulation may be
further defined as that amount sufficient to detectably and repeatedly ameliorate, reduce,

minimize or limit the extent of the disease or condition or symptoms thercof. Elimination,
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-4. I n such instances, an "effective anount” of a

GLP- 1/ DKP dry powder fornul ation would be that anount
wW@Roorhz14@P-1 nol ecul e that reduces the percepe@DOSN7/066728

hunger and food intake (as neasured by mass or caloric

content, for exanple) by at |east about 5, 6, 7, 8, 9,

10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22,

0
eradicaff of &fre” B¢ BiseHeb it SHCHHS ST, o1 00 QPP RBIET YAIzng an “effective
amount®BPHRtinyRtivafdaitaliocKP dry powder fornul ation nmay be

further defined as that anmount sufficient to

[0011113:et lqﬁfa_a&wst@mg 5 epeal epip @iﬁ?ﬂdsﬁfoﬁto@thé'ﬁg%éﬁ?inv&iltﬁh%7aesubject in

imt the extent of the disease or condition or
need thexenfttberectuhledeage afoimt ofathic aompositipe abh da dstermined @f the basis of
. the, di sease or. conditio al.so be.possi bl. .

physical 0 PARRE G REPBCH S B IHE Ot EHE O FORHEPYghe type of discase

being tie@eBUptiotd or cbRPELA thbRpadl Rttt &libRY 1@oFBy lof tiDKfRient and the
conposition of the present invention to a su%Ject in

route oheddinistetienf A sihbchaettival wdokhealloe detcofinggtual dosages based on
conp itign can be determ ned on the basis of physica

Oneof%ﬂﬁ<§ﬁV§FfF85Pcaq factors such as body weight,

[00112 ?;:JEI%E#L%{I@&%&@%? gf&?}%gﬁ?%ﬁﬁ%“ﬁ%@?’g%&%’f%@ % dfninistered once or

more tﬁaﬁto%eéf,%bismxs% tHeddiodaad BY cOdifidietoPBd ir8bd. ARAntiRiStr4tRIt & the GLP-
of adm nistration. A skilled artisan would be able to

1/DKP gutratationsambe pedvidhdsa dessubiast et interaherapgingmver minutdsebeurs, days,

factors. .[]00112] The P-1/ formul ation of th
weeks GrAGRRRE IRRE e R ‘DTHN A7 LUBEHTDAATER gyt rlated to the
half-lifd BRRhO TEER- 1 d@BREBEe NEHonh 8drHinS@ATEN OF InC AREHct | @ibodAndis, in treating
~ treated. Adm nistration of the GLP- 1/DKP fornulation
particulgimer ¢senpleodisgesds pocardétiansispelt os eancemferaxamyle, anminge desirable to

. .over . Jm . hour.s s, weeks or. months, In some "
aaminis(f 3 GRRIORP il o TS oSS BBl RO Mhonf g O oxcipient o
agent. Tredudh @6keh Qant d¥ienikidirhtidn Ife%in(ikfn thieb&HiCraked®) 86 phemieOitical excipient

admnistration. In further enbodinents, in treating
oragenparticul ar or conplex di seases or conditions such as
cancer, for exanple, it may be desirable to adm nister
a GP-1/DKP formulation of the present invention with
[00113]y phrar ndEXAMRIES exci pi ent or agent. In such cases, an
adm ni stration regimen nmay be dictated by t

y the .
[00114]ph 5 Theclollowing ceseanles wist inpludedy éhdempprgratapertpin pokpbippegts of the
. .10 T. QW . ' . .
imenid SO THE AL UEETPUGE PUE AMBMHE b ot
exampl&iartich bRicajapy epratedity tdchnigecsothas Kirckioh twdlhén éfet practice of the
that the technigues di scl osed in the exanpl es i ch

( wh :
present dnyratignt Slovsyrbdhore afiskal nelbr mrtgtheslds fafighiuplcthr Presga disclosure,
] ' t iLan: :
N S
still obtpinesléwtordirsitdrasuteyithout departing from the spirit and scope of the invention

Example 1
Biophysical and Analytical Analyses of the Structure of GLP-1

[00115] To analyze both the structure and behavior of GLP-1 a number of biophysical and
analytical techniques were employed. These techniques included far-ultraviolet circular

dichroism (far-UV CD), near-ultraviolet circular dichroism (near-UV CD), intrinsic
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appreci ate that many changes can be nade in the
specific enbodi nents that are disclosed and still
wo@Rioaizidal | i ke or simlar result w thout deparPCHESI0TMG6728
the spirit and scope of the invention Exanple 1
Bi ophysi cal and Anal ytical Analyses of the Structure
of GLP-1 [00115] To analyze both the structure and
ehavi or .of GP-1 a nu of bi ophysi and. .
fluorescgey (PUAR « SEATE e e IETOVER  fhOb:( Dishni Bgsure  liquid
chroma@%)ﬂp‘ﬁ?e(@leL@f) thd ﬁﬁ‘s@ %e%ﬁo&?ofa&‘ YMVAY), gl'l SRErAHisHAS R Wow to one of
, hear-ul'traviolet circular di'chroism (near-Uv CD),
ordinary skitliinshecdrt. udreslc emge, offcoudlnens Wmarmrﬁpioyndl tnfinwsegate the cffects of
re

t FTI R
concent&ﬁ?ognﬁli(gg é%?tur r esial’[llélﬁ e@&r gg]éeﬁgpn( ﬂg} muétllple freeze-

thaw cﬂflesv‘diﬂ iy @L? M@Eﬂtldfén aw 6f°wl‘ﬁ@§ a8 dNCBLORNY fekick [detal 6d36w. These
A w de range of conditions were enpl oyed to

analyses m@talsgaﬁr@lom tof fhactcserak th@nmgcntnoatqsmf degmdauon and to establish

..strength,. tenpperature tive st
condityreEaR PP Pl el Tal SyEt BSRGirve raripgatp-1DKP
formuldt@R$.i de; all of which are described in further det ai |
bel ow. These anal yses were al so enployed to

[00116)C harBgiepimdRal @ cbd@r routes of degradation and to
establ'ish conditions that mani pul ate peptide structure

[00117]of @iPpl1 WAy SUrelRfsed QitlRG @Y Ak&idaaimpRILunh e, CA% or AnaSpec
formul ations. [00116] Experinental Procedure 0011

(San Jog.[€-A), msrep@nedhlabedsee(Mmedf omparstionc Xalcpeipt ¢ 4e Aqueous GLP-1

sampley, S REHLR Skt RBFoBRTbOR pral Eing 80 i SpGRRREE e noreo)

Sarnpleﬁw%r @ﬂ%fﬂﬂyq%e 26d Frashy hiDweRNERBY Fath BB ,apﬁ&%bﬁat@rhﬂhl\flzf@‘ée g., salt,
4.0 and 2(I)C (unl ess ot herw se noted).

pH buffﬁérlgzc@eﬁer i 4ny).parepde edclf ¢>@1@hmmu ﬁmdwmchlﬁnW@rements of
GLP-1 alglaé Q?rloal%?lcogn? tltlotélls\elxgzgr% 8@%)6’8&% n%lllltp B%[RH and trans%tnssmn fourier

econdary

transfordt I frhiet akpdtaasdope MEMLIR) Of 16l RdditioMd@bthv @khOUY CD and intrinsic
conditions were collected with far-U/ CD and

fluoresqepem grers simpioyedutor analyzeathst tﬂﬂmry riftigfusdl of fekPrlodg opgnitoring the
environ Feill_{s S 1‘1round11‘ril dgs aroglatlc Fes‘i(p gne r?'a rgp? e&{aﬁ intrinsic

uorescence- wer e e tertiary

[001 18@t r L@&n%gﬁtr%m?deglzmpe\ﬁtt gglm&lﬁrek nthLli‘el environment s

ona resi dues nanel y trypt ophan

[00119]% 88%5%11 &Y Cﬁigltgm édlgﬂsrp&cga Qv(%%% (ﬁor gl?atlgzr i) Vs Q- he(ﬁa( andorn coil, B-
pleated @H&It,yﬁ—ﬁlrh@@n@ralﬂﬁd)ﬂl)&oﬂrtﬁdfiqw 6Odik la?ed 2y @ﬁ{&&u{-"ehﬁl@h as a protein or
b-turns and random coil that nmay be di'spl ayed by a

peptldendlnqmmﬂlceﬂ@u&h &¥ @D prast sicd todepapincdbe type qfasebowﬁstructure, for
examplgpp{j—:cq @PCE V\?glge%% eedtc ! 81 gr%%e%{sm Ti pepggest YBS tl?g 0‘51 ga da near-UV CD

was used to analyze the tertiary structures of a molecule. Thus, in order to examine the effect of

concentration on GLP-1 structures, far- and near- UV CD techniques were employed.

[00120] The far-UV CD in FIG. 1A demonstrated that GLP-1 forms two distinct structures
which include a-helices and random coils, over a wide range of concentrations (for example:
1.8,4.2,5.1, 6.1, 7.2 and 8.6 mg/mL). At low concentrations (< 2 mg/mL), GLP-1 is primarily

unstructured, as determined by the large single minima at 205 nm. As the concentration is
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exanpl e pure a-helix, b-sheet, etc., in proteins and

peptides. On the other hand, near-UV CD was used to
wW@ealAtzeit he tertiary structures of a nol ecul ePCITHS207/066728

in order to examne the effect of concentration on

GLP-1 structures, far- and near- UV CD techniques wer e

enpl oyed. [00120] The far-UV CDin FIG

dennnstr t hat fornms t di sti ct structures
increas i D APHER AP th oherTRLEs! SF HIBHPBERFG0Y Bipevodniige at 208 nm

4 fq oncentratlons (for exanple: 1.8, 4.2, 5.1,
and ﬁ?%ﬁy@ é%d 8.6 mg/m). At low concentrations (< 2

ny/ t

(001217 t'%)m[rgsgg&gaz a eyé%?g]lli Yot %E}’gé%ﬁ @&ceﬁ'ﬁatﬂﬁ FREDF GLP-1

are selﬁ‘sa};ﬂmaﬂbd abhfonmaSensc i ea&ﬂfgpntehg pBgpthi the otV (AN and fluorescence
a- helical structure, as detern1 d y the two mni

emlssmggigtarﬁqpmﬂgszlaymme@m d&h elppsltw? twieep 208 - y300 nrnnglt tenealr-UV
CD (Fl% M8 e);wvglll FARIT_$ Iﬁg%gﬁgf?&&%_?&a& heuu@ which mcreas g at higher

concentration structures are self-associate
concenteaivher ividre opesiffdallg, thead bapdsnardsgate fBat the tahemateraresidives@d the peptide

and f| orescence em ssi a support this
are largﬁl,vp} dlized a‘?ﬁé%%latw}ggﬁg}?&senﬁ’é?%@ﬁ 250 - 300 nmin
t he r-UW CD (FIG 1IB) reveal that G.P-1 has a
(001224 of ;@A By J}WT%SP?%&%IF%“% PE ﬁﬁi niraéé(%%usafowrgtr?éwns (pH 4.0,
20°C) SHOREE Tt Blel 28 ati MRERILS REHloph SR Hich BREIBpRABEtense bands in near-
in th

Icate that the aromatic residues o e ’peptide are
UV CD apgatay éxstobnld zedl-datohed xtegtary rstractwe; | theefatsnebown resulted from
envi ronnent, [0012 imlarly, the fluorescence
tryptoplany Sxiighon it é@s nm g%@aﬁ)ouéf hg éhl@é%ﬁ?%rsﬁgmemm%s nm for low

concen@ﬁ%@; 0%‘ IQ?DMEQ 155‘1@&6& Wt 3ho gfofahzﬁ? ient ¥ s@@ Qﬁﬂ] that there is no

so di splayed intense ban i n nea
mgmﬁcsmietetttlla@) stepchist.s Aitigh pepitide (detﬁcenafaitl(msr thleanzy(lmtl rdatmalsred in intensity

.the data sho resul t.ed. fr tr n ex0|tat|on at
and Shlé%ﬁtor?ﬁlp‘(vﬁmav%gt m%ca‘t}va é ﬁ%&ﬁ SCFHRY SHUCEHE: hm
for | ow,conc rations. of . GLP-| |nd|cated that the
00123} 1y Jp P& glfﬁhsr Jelsrmipe s dpdsriyng waeondapy grycgurp pf GLP-1 self-

associa®l S0h oA AN, FEIR 'ﬁél%&%ﬁ%&ﬁw&ed%& VAR BERILHEEons (gH 4.0, 20°C).

concentrations, the’ naxi decreased I n intensity
The ansitié flt behdt ot A65@wer’ wheady endichtes ithadi GaPHV daofa a-helical structure at

nor e- def i ned tertlaré structure. Igpe0123] In order to
concentfafionpet 20uedili(KEGt AR).unbierefpron $lsled oingampt Jeiny Preheat structures;

instead %fls gb @keﬁieh&?ﬁ%%%%géae %en%roatgs rﬂgﬁg{lb%ﬂdle b &P‘%nﬁgﬁ’?tjaéons

S concentratlo

[00124]?0091&@]%112“%%% e)ﬁ)%ﬂl Cg{allé%ﬁgw M tﬁ{;s%avar%uk Qfﬁuﬁﬁ‘&?%f GLP-1

truc ure at concentra

were no’t gendtpicdivia fahfple hdddlind heiletionefrordaRohcet@seditdck tution compared
sheet structures; instead it is nore Ilkely that the
to GLPp]e pfqp@@dg@h é}rgatt]gsdlasqlf@pg )‘ghebg@m}d§ 1atbu‘§feg tgenerated similar far UV CD,

near-U¢ €15 @04 1R %)fe??b%t:e %8%1% I8 itionally, it was

expéri nent a ese various structures of

1001255-7itle BREG oF 2nid SHERBHP ??&LEP _ganpl e handl i ng.

ions from & con entrated stock sol ution conpared
[00126] Studies were also conducted to determine the effect of ionic strength on GLP-1

peptide. FIG. 2A (far-UV-CD) illustrates that increasing the concentration of salt (from 100
mM to 1000 mM) converts the unordered structure of GLP-1 into a a—helical conformation, as

revealed by the minimas at 208 and 224 nm. Upon raising the NaCl concentration to 1M, much
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to GLP-1 prepared by directly dissolving the peptide

in buffer generated simlar far-uUv CD, near-UV CD, and
WO bwonzitence em ssion spectra. [00125] The EfPE€USNT/066728

lonic Strength on GLP-1 [00126] Studies were al so

conducted to determ ne the effect of ionic strength on

GLP-1 peptide. FIG 2A (far-UV-CD) illustrates that

of the PEDis (Y JCBAEIY BoT RS En R B et (e A &) ol xarbeies, this type of

prec1p1tht%t\9asash%wlﬂetlo'(ﬁﬁlolv%qg%ﬁ rdiflﬁhbﬁ’ RvitheRate BR @s@ablm(hﬂ&lﬁ €hat at high ionic
m ni mas at 208 and nm Upon raisSing the

strengtlcGhe elntandteiroversiblyl fvecipitasébf t he peptide (at 1.0 ng/ nl)
preci pitates out of solution (FIG 2A). Neverthel ess,
[00127} hi §aﬂtyxp® @$o grosqi foi geatwtonasl isl‘rpmm tho tettigiyodtmetuupohGLP-1. This

is exen}%lglﬁg tnFrIgh &Fan?’at UV-%;E)ES%]E@%%: I Sh &]}SQ 3t qhglit)lggslt gg signal in the

absence[ Q@ k2] palthivesa alise t%ﬁi%w s’érﬁctgfenﬁfa@tlﬁteﬁ’ﬁﬁeé W?ﬂloﬁl%reasmg ionic
he tertiary structure of GLP-1. This is exenplif

strength n TRt reBts( wemrcopisraB) wathethe fmwesngicnwn@x@en oﬁlls(bmgyBL GLP-1

(16 203 B3 fpectitcoipSTERat: it Lhorradblla fie titeiogd) fgiifon at 280
nm. Indr@QRInG 1§ﬁ1%es%f1£th chQAGhE %H}ets&n‘e@ &&xﬁﬁ{ﬂrﬁl' th R W fobvdf t3\/"5f‘1velengths
fl uorescence em ssion of 1.0 ngy/ GP-I (FIG

indicatigg that thy thsi@y soxtenof h |nag7im1(q:‘u]=l’4 19 bom@em}rafedlahé\mln@lced
tryptophan excitation at 280 nm Increasing ionic
[00128]st r e‘l:@hhormﬂus ¢cttisdyestfucork stdpde afald mgimio GIH-f tat t\arying ionic

strengthsﬁa:f&ﬁé.pm%%afeurs] tgglse’ﬁbt.ﬁf asfglecf gigl’glé{lqtfﬁp geéintg tkg (@igﬁb self-associated

conforn®Hoane £ido eﬁl@gé&ﬂvltlﬁ\%‘réaﬂs&f‘ﬁhicystrehgtht(FW}YZE} ructural
anal ysis of 10 mg/nl GLP-1 at varying ionic strength

[00129 pH FheQlat2@8fford %h%@s@%ﬁe& &Mc HPriie Ghd AdradRAPREbE@INAHe structure
that the G.P-1 self-associated conformation is al so
of GLPehheausiad the titotieimc bethstedassame (anuﬂehga;lmo@lti‘dr@atlﬁlﬁ))and associate into

The data therefore est.s that on| C
Ohgom%f r éwa H- HgEcasing Fl}ﬁfﬁmccst@m@a? g%‘H“?Ih EAUSEY &hlet%g@m@‘flzaﬂon of GLP-

1 to indfake lintiGRHSRS 1L PRecliRt& MHROSRubBn @SS WORIALt 350 ebh&Rtrations of

conformati on and associate into oligoners. Further,
the pepiide vdesd thgre isenlltlahy oo s¢rtiernygstiuctune, s vl with d:@hsmncttttmtlons of the
- 1 to increase until i

It
peptide by ERay §RblagouBlpHELsccoRy BOUETRABn B e ihierincigpsed ionic
strengtﬂ Of’éa&‘gsf‘c%}{xfeﬁk' ARstrnRiurtdeGRPPE | fifto ‘M%er(F h%f"@aLe ah& self-associated

no tertirary structure, as wel
conformmmnenﬂ\ﬂ(ﬁ’eom,sthefotismwep)etdttdecdphates&]ltsr aacbpmjuaea;bllea;o the affects of

i subst nt|aI secondary and t rtlary structure. Thus,

mcreas‘?%llerpél %é‘éflqe%‘ﬁ?tb) P@H@Ffﬁ’l‘?“@ dily converts unstructured
{o the a-helical and self- aisom at ed

mmm]conf%‘?"n% fF‘ESr?§TeEH’re§%ﬂ‘é? a“ill?g obSdhrLqg spectroscopl C
are rrpar ble to the affects of creased

[00131]pept§ e%}yﬁ@ $G- SQYy ﬁegﬁ%g‘ﬁegplgg tsheg,t ¢ se -assoclated conformation
of GLP-1 is sensitive to changes in either temperature or pH. FIG. 3A (near-UV-CD)

demonstrates that the tertiary structure of 10 mg/mL GLP-1 significantly dissociates as
temperature increases. On the other hand, temperature does not have an affect on low
concentrations (0.05 mg/mL) of GLP-1 at various temperatures and pH 4.0; see FIG. 3B and 3C
(far-UV-CD). The far-UV CD illustrates that the peptide is insensitive to temperature.

Therefore, increased molecular motion significantly hinders self-association of GLP-1.
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[00130] The Effect of Tenperature and pH on G.P-1

[00131] Studies were al so conducted to determ ne
wob@rhzrit he sel f-associ ated conformati on of QEFUS1087/066728

sensitive to changes in either tenperature or pH FIG

3A (near-UWV-CD) denobnstrates that the tertiary

structure of 10 ng/nL G.P-1 significantly dissociates

001321 LD e I st Fhaf ghp-Solubility of the -helical

GLP-1 9%@?&%{0&?& Sﬁgl ; ’l%é' '}%{Ha‘uéh 9{_5' %chge Ak bY %@/ﬁﬁSGLP-l is relatively

unifornd {/2t, -GM-CREmaihl éleflaﬂ) M\PICD 4 zhﬂdj‘sd:lds\al ﬁﬁnd piatipithigon occurs when the
ide is |nsenS|t| e to tenperat Theref ore

pH is raweaa dadisgr ﬁb@é@sv%% VSR R i P aYn@ §1ch pm g@pedered spectrum is

I o I
t A g‘é; b t haed 1&0mu
generd Cf sa U?/E h%déeﬁrtr)én t ?%ggéﬁuhgg tﬁée Sol ugﬁslﬁstaé ao];:k‘tﬁhgﬁﬁss soluble
GLP-1 zbehngl presdnt G Rh¢ sclonbor Eitis enorderqui-btaens tis \determhtekiomg fhe single

estructure of. 10 ng/ GAP-1 is relatively n|fo
mmlma(? sgrved @t BUP %%.Fﬁiﬁr%m(feﬁw -GP)ppihighys afHHL%e‘r In FIG. 4B
u
(near- Uﬁggrﬁ) %El@ gitkeh,teﬁgﬂ}l%nﬁgggt J\'}\%éér’]é@g E|f ?1% gr?(lj k&luﬁ?ﬂ gcﬁg)v&ﬁﬁ)g precipitation.
This pramlmtaﬂ]enemhyscpﬁuﬁ when ths pgﬂan;aaae(é dbovSahppkst WhdereGLP-1. However, as
preci tion oceur r gve less intensity as a result .
the pi S friled Somirenetil fo b E @Oi}roefé%Pchmt@i?efesﬂﬁﬁsakvegwndwaﬂng the
prempltlmnsls%{?{) (Gi8lee dTl?et I%Hﬁhﬂﬁ%uﬁ %llsg@lklgd: H}e@ﬁ‘oqjta&yfof @:@JPS% Q%ﬁ 11.7 would

m ni ma observed at 208 nmin FIG
cause thehdinodunit of peptidaen soleporc toedbcraasd-hr@ h@hBe (rfnhaae tlid\in’(ému}aanfdhe far-UV

B T T T AT
when 19}@@&&&&‘@&"1 @wdié'i"lsc‘ﬁg(e@%ﬂ?pﬁ B&ufer & a 151 R cBﬁ’crenﬁ;a-tE’oﬂ of GLP-1.

wever he pH was r ai sed from near neut ral

[00133]11 Ktah®iey oPGLIPOE Precipitate re-dissol ved, indi catl ng
he precipitation is reversible. The remaining

[00134]u n- ditRs QhiiGe, BE &It AdpeidE Oxffasgeﬁnlun@d pHiddrnfindRUtd resistance to

cause the ariount of peptide in solution to decrease
deamidatroh atmdrmcaialtled ucaddifien fortheelf¢dtyofofgitatien drat frédve-@mw cycles.
spectrum as observed in FIG 4A It was al so observed
[00135} hatGIAR-p-(1 mg/nd@tertmféllg) 5i meslindubetcdtiens [dppphi #0°cefdllowing which
mxed wth

reverse ghinsecHPP TG 1O By s {hoBTampPLUS) piefs Posforiii for deamidation
and ox1h9t%§é'ﬂalﬂ§@§ $ixaditibh tsvudfs RiB-allsoPeRdL&ed WASGEXAGaRphslY mg/mL)

determining its resistance to deam dati on and
incubatexk fod 2thours inthapkdsanicoaf .0 % HeO afsirgchath SIPLEgandayiSon and
freeze-thaw cycles. [00135] GP-1 ( 1 ng/nL) at pH
[00136110. F1Gaa8 dapecibdhe dstdtality5ot dylsP-dt uaddy Cdnditicowi g dmmidlation and

., ..reverses- e HPLC and. el ect ectro AP
oxidatiqreie TP EC TR fri ot B B ERREY IRE TGRSR me ana
that no Etfé%fa)dﬁﬁ‘&l pEds @bl O orStht HeQabeme @ndRioa9RAMGERM ARditionally, MS

sanples ( 1 ng/nL) incubated for 2 hours in the

analysepryedérice sonily. moss-D alksthegsabtes, BROT amel, Blicating that the mass is

unaltered. The data also illustrates that the peptide remains pure and intact when incubated
under various conditions. Thus, deamidation of GLP-1 was not observed. GLP-1 was also
shown to be stable to oxidative stress as observed in the presence of 0.1% H,0,, where the purity
and mass of GLP-1 remained intact, as determined by HPLC and MS respectively. Overall,

there were no changes in the retention times or the mass values and no degradation peaks
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[00136] FIG 5 depicts the stability of G.P-1 under

condi tions of deam dation and oxi dation. The HPLC
w@koostretdogr ans il lustrate that GLP-1 el ut es atP@HESHAT@66728

retention tinme and that no degradati on peaks result

for the destabilizing conditions anal yzed.

Additionally, M analyses yielded a simlar nmass for

ool RS ] AT 448 Bin

oxidatiept i de remmi ns pure and intact when incubated under
various conditions. Thus, deam dation of G.P-1 was not
[00137]0b_sefh‘é¢%ffegsp'o|f W@ﬁatﬁ”lns O WRsdcridPe ftakliBaw O cycles on various
oxi dative stress as observed in the presence of " 0.1% o
concentHRiORs ofkdPel wieee puhizey vathcheraty/ 6D, @udmtrizsemflioresbence. Agitation

intact, a rm ned by HPLC and, MS.respectively.
of 9.4 s5)lrs e/ AP R L BPENY Ry e AP REO PR aRE BRI frubserved by
near-U@ICI) REIGBER), udll YRSrRBhcR QM 0. 9B) Paakshep L tvRde agitated for
t hereby denbnstrating that GLP-1 peptide is resistance

30 and ©6 rhiot dt rdearteniperatme amdl thexflwhacsicomee §roiBiGY ppctire vedre eollected after
of aqgitatiaq nd cpnsecuti,ve freeze-thaw cycles on ..

tryptop ey B lIE R SR MoRGeRS e S i iy 2alTpy pntaining GLP-

1 (pH 418aF 1 ¥V5 Fland INAmMBMI WRRd Fodcnh@ LBS CUMAhavidl 4t 3bdrR Rer@ferature. The
9.4 and 1.5 ng/ GLP-1 produced no significant

effect odil10efreze-oimsv cycleshen pdpt-1 ders asndipget srelanmjyacd dy- ngar-OY CD (FIG.

ElG 6A), and.fl e n em ssion (FIG 6B). The
7A) angi gHB{eé%en\()“% FRISSION @ﬁ@dsﬁgr T r%srqancgoe. : ﬁorétspercg)aﬁzyere collected after
tryptophBNPRItaEH & 28Wnihepdth UARKSGEMR BFT BRI tBRiaBPaGidide WETtEe peptide
collected after tryptophan excitation at 280 nm In
does not noteplyreiienge ducde reHtiplafrestaitivescyclesl Ut $iomler expetinienisnie effect of

GPI H 4.0 t 1.6, 5.1 d 8. f t
11 frect b Qe R aedindinnsitiBtp el A PR i AT B OA G Ranalyzc
(FIG. fCreate thameyy afusbteSnn | th¥ascaanguahreirdtt BOdepE&ddocs not
by near-Uv CD (FIG 7A) and fluorescence eni ssion

change gigni§caimil) as Ftegwlt eSwuhipés Bedzsshancedect ra were
collected after tryptophan excitation at 280 nm Both
[00138]anal Qeedl], shobiophysical hralysss obtunedsrom thagbwveoexpdranents showed that

epti not.. nat abl y.ch e e tonmultiple. :

the P S/Fe RATPL R FRota IS S aeiPhg mpqtuign. s e
concent®tioh df GIMEEZEs MR EY U -B8li@NsthREurSEERARRMYorS HFdAGMEE In addition,

of 10 mg/mL G.P-1 (pH 4.0) was analyzed (FIG 7C). The
increasifig thaJoniCBtrichgth shhaiced, antan sarhecsecgmdtsd, striargtGicke 1 gfructures.

the peptide does not change significantly as a result

of multiple freeze-thaw cycles. [00138] Overall, the

bi ophysi cal anal yses obtExamplef2r om t he above

experinments sho tt} st ruct léred.of the GP-1I

peptide is stro = orpfon SIUAIEs hcentration in

[00 139]2? lh eﬁl{e@ﬁfcra&%ﬁpﬁ ?9? Sﬁgﬁ- Swgﬂlg%ietﬁgilpgltaﬁgg EP tp.sartlf%necsr irelas%gpdehsion was
evaluat@H8{ tcoRiuctin P GUSHABIN stublRs] OMMcCvartabREgh hdssipane efdicdRélplored the

in sone cases generated, tertiary GLP-1 structures. '
effects of electrostatics, hydrogen bonding, water structure, protein flexibility, and specific salt-

pairing interactions on the GLP-1/DKP interaction. In addition, several common protein

stabilizers were tested for interference with GLP-1 adsorption to DKP surfaces.

[00140] Using pre-formed DKP suspension particles (i.e., FDKP), conditions where GLP-1
adsorbs to the surfaces of preformed DKP particles were studied. A FDKP particle suspension,
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Exanpl e 2 G.P-1/ FDKP Adsorption Studies [00139] The

interaction of GLP-I w th diketopiperazine (DKP)
W@200riizl4es i n suspensi on was eval uated by condeCT/Usz07/066728

adsorption studies. The variables in adsorption

studi es explored the effects of electrostatics,

hydr ogen bondi ng, water structure, protein

i i BB ot B el 28 PR B SE LR Bx soltion
of an aHVS REPIB. nTﬁé BRI bEROR cWRERl GHAEP E@centration of 5,mg/ml and a
Interference wwth G.P-1 adsorption to DKP surfaces.

GLP-1 p@am@qtldmfr{gzimgzmbﬁ% o/ DKRUshompe €5 h ipére suplemstant was filtered

i.e.,. F , itio ere GLP bs to t
of the yysrezsih orhe FERI pirtelRer ke aregeia: GLREh gl ere dissolved
(I‘GCOHSF Q@a) Raht 100l BN MERB ARINPBichiBoMte ﬁﬂd Fiercl %(Eeﬂ?@e[té bt eﬁ%r aggregated
are pre-formed, was conmbined with 3X pH buffer and 3X

GLP-1 guiteini drhcofmamt afldiltH-Ven bothetheisppanatantTanel feconstituted fractions was

., SO yti ont ai ned .a FDKP concentr t|on of
quantit P YL G A R e SR B o B Trgp Ao 8T e Tty crployed
include@Be bf laBditi0& %&Bee[srbﬁtt@%rﬁé@tﬁnt@ 10&1@@5%&{4@5 tdh@otropes, organics, and
suspensi on. The FDKP particles with the associated

various Goreehtrpti@tseil 3 Mt e THE sesoltyadm(these shslidstant dadyribdd trelow.
100, mM anmmoni um bi carbonate and filtered to separate
[00141out Sty stadigs.egdhediiaitpaf] saran Gierbinding ofkddhi toff DEIPparticles was

observefrhy QbLe A e SR IRPP et R TATORE phaiehS o IRt o & 5 meymt

FDKP &RIN6IDS h@0mi nGMbi1Gh tﬁ@?l%éﬂc@%ff oenp| sy ado, 150l Y0E 009€n8f1500 mM
addi ti ves such as sal surfactants, ions, osnDIytes

NaCl (Hﬁ’ac&&)oﬂ&l@ amsugbef G5 P- ladrdeapert nnda@orxsbmtﬁeirﬁlblé?+fm¢s:0@frol samples as
t t
o funcrig b 4ot ol s 855 Bt G fof TR Ppfrh data sees

was cortfbRle®wWith 120 &M Fhdphatt20 R CcB@Ith&hgs. was observed by
HPLC anal ysi s. oadlng of the GLP-1/FDKP particles was

[00142Per Ay BBGradd i FBGMSAL KL optifhal: b%ﬁhr(r)g/(msor?a&j of rGth@ to FDKP
presence of 0, 25, 50, 100, 250, 50 1000 and 1500

particlepa@s strongby 1gﬂsgencqthby élm)pﬁitof dhe eyuspensiqiet Atead] ph4 and above about

o constituted E fre S a functi
320 o PR hNER STR BIARE Pl SR, B Qulgy Biec - oo
ratio 1n8ﬁ)1uuoﬂwvap H9%, Ry/Rot h@s@@ﬁan;s @bSadg@@u@@rufr@LPﬂdtov\FDKPapaﬁcles was
hosphat e/ 20 mM acetate m xture. [00142] As

eVldent@bgﬁrZV(bm thﬁ qusc;}ce@AO anp @S apli e, mtwsmﬁgpp%r@l@tdpfgﬁmg)wys observed
was_ str. 0

with 1n(irﬁaégg (f st{ei;]lg %Eﬁr tﬂ?l‘%%}ls %{on wa&_?bg? X 11{ P '1:‘15%&9 %ree antrols with

pens “above,

>1M NaboRIG. 3T hiQ aﬁ%ﬁé'ﬁt 1694k Bt N\ WCI@—{?relreiL@t dtRrsible precipitation

~ particles was observed where the GLP-1/FDKP ratio in
(saltinggmituef e GlaB-15%piidevat Egbdanicatkyztho Righorlpicooiolpof GLP-1 free of

GLP-1 tp FDKP.parti.c s evident at pH 2.0 in the. .
FDKP Firicisn oo s ERd e Ot REGe R U cofos s pirfes. Maicating that
GLP-1 hapstcRrappsd RABEFiH&d when the supernatant had been collected. Below 1M NaCl,

there was no evidence of GLP-1 precipitation in the absence of FDKP particles.

[00143] Surfactant studies. - The effect of surfactants on the binding of GLP-1 to FDKP
particles was observed by HPLC analysis. Loading was performed at 5 mg/ml FDKP and
0.25 mg/mL GLP-1 in the presence of a surfactant (FIG. 9A). The amount of GLP-1 detected in

reconstituted FDKP-free control samples as a function of pH and surfactant concentration was
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with increased ionic strength. GLP-1 precipitation was
observed in the FDKP-free controls with >1M NaC FI G
wW@B07/Ti4$1 appar ent | oading at >1M NaCl is the PEBEUS100D666728
reversible precipitation (salting out) of the G.P-1
peptide at high ionic strength. Hi gh-salt controls of
GLP-1 free of FDKP particles also exhibited high G.P-I

also assgq\éﬁl(%ﬁég9%2eﬁ5ecg€%%t eﬁp%gﬁéla%ﬁ%pgn d(lét%a\%/%:{n astcféscrlbed for the

above 1§h'1@esﬁ@ﬁ‘étﬁ%ucﬁladSQ?a%&n@soéﬂlﬁl%&&g in B8 oay MdNafel: BH9R &t 0.09 mM,
was no evi dence of P-1 precipitation in the absence

Tween 86 aF[DKFP paf,tTrabesX af OQMM Punohack Gthat @4 2didds H(€HIR®O,Na at 0.9

v, it G il UGN 880y BB B S Realp g presence of

each suﬁﬁétﬁlﬁraﬁr@gm@\tn a':_ie @/@ipﬁﬁ?@i@%a QurBomBfpilz. GLP-1 in the

presence of a surfactant (FIG 9A). The anmount of
[00144]CLP- Thed&tté? GRel tﬁeeﬁﬁna%lfsbrﬁﬁbﬁ @uﬁ@h(?oﬂc GE8- 0PPKIPObarticles were not
sanpl es as a function of and surfact ant
influeneedrivyetiie ratscoee Wasafastanasmes ted c(rfﬁca m@Bjle coheenphtiemCMC) - that
. the control sanple conditions .wer de c i bed f
i they el pBAE®; of APRSTRENG SPRGYHE shier etariao R nphiedinually no
aggregdté&/ﬁlﬁbﬁessﬁt’éddétéc'f&i' sl ehic ﬁ'hit] abb¥e @I’hlgl Qft aTM@@d?tl&Ql surfactant
1M Triton Xat 0.2 nM Pluronic Fo8 at O.
molecu}ms/[foml( Q2834 Nheptfor®, © infurthoHARSesied hadampf t@gstersunﬁadents could

t 0.9. gadi ng curves f.or the .pr n
be used3 oRiBiFFPIaES AP SRS R ibicr B gy Rt d&honstrated
above fhtetsh@RiuAl, PdradtBAA4ILPLhsvidAFBKP 1ctl&a\tva§ f@luenced by the pH of
pH—adsorptlon curves for G.P-1/FDKP particles were not
the suspiensibuenced by the presence of surfactants near their
critical mcelle concentration (CMC) - that is, the
[00145}s rra| Ton rstndjes- oForc thirc experiatchb igo seiercat iongtudies wetgiun to determine

w_wWhi ¢ rtual | es/ ge
the effe&gtog &?Igdo%ﬂbe lP]ﬁlglnlgl Qﬂgbﬁ%%ﬁﬁﬁ; Ral% afPetiPt@ udles Cl” was the
counter®diok icafighs sid NaChap tthéreb@ietids fdr Qb g I QAL S the GLP-1/FDKP
Therefore, it is further suggested that an%]of t hese
partlclesurraﬁa@tfaml@i @&)d@sarlb@i fpsebe ptﬁvaplsmmremmtab hptp,H aige comtrolled as
ki pet i cs

describ Sr]f!gn% t sacrinpl% ‘(é pa{ehdd Wl%cusgle]% d%l‘ o? elﬂ% |pac .0 03 n5 o4f0 or 5.0 in
the presehé® alnd.\/‘dbts@noE (IR0 r('&/hﬁ:h e%asWasd todtee E]SS@:Q; cﬁ.\lestd'f Ehlgﬂ‘[oﬁfc strength).

t he suspension. [00145] lon studies. For th
Additiogglpeny wermmcltlﬂmi laumdlé hltsanm#ﬁw el aves: Mleat r29n>rt260 mM, NH,Cl at
t of GLP- I
20 or 2§EHRL R %S%?p § fiflr 8l aPSO BN

[00146];2“2%?& kit Oxgrthec fa#slt sh@grp 41\%98{%%? lplfG %%égts% Lhe floadlng curves

for GLPEl/FOKPedsas fdlﬁ?eﬁ)hl bedHf aid tihe. pﬂﬁVﬂheuﬁ)s@X:EedSﬂ MROQ1,Sfluoride at a
The pH was control |l ed as descri bed supra. The s

concentjigjod qfreetb@rr%horv@i()rmb{l pronel ndlucesed dpniaaecd) Hdwmtlonrgatéow pH with
the Nalf1 a? 'a gornagt%tpatlto) c%fhfSOO frint S0fifbit dm%?ﬁlﬁaﬂ gﬁnclﬂg% Pgﬁrdl(e&hbf BH This

er assess cas
pattern S)tzetseﬁlgieh/)ed due to the fluoride in the solution, not the sodium, because sodium
bicarbonate did not have the same effects at 20 and 250 mM. Furthermore these effects were not
a result of the sodium in the sample because salt at similar concentration, as shown in FIG. 8, did

not show this effect. In the presence of 1M NaCl, all of the ions gave a high 'apparent' load. The
‘apparent’ load for the 1M NaCl samples resulted from the GLP-1 peptide salting out of solution
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Addi tional ions were included in individual sanples as

follows: Lid at 20 or 250 MM NH4CQ at 20 or 250 nM
wWONa®7a21420 or 250 mM and NaCH3COO at 20 or 25PCTHiB2007/066728

[00146] The data fromthe first ion study, as depicted

in FIG 10A, shows the |oading curves for G.P-1/ FDKP,

as a function of pH and ions. In the absence of Nad,

o e A B S TRSE AR LS Pl e v
GLP-1 W bRsidienNBE rédonitaRACENK Patde0fbnPh] %%pl@Nc@f&Qinmg INONaCl. The

maxi mal bi ndi ng regardl ess of pH This pattern was
amountoifseiPeld detaged dott thesd caral demipiest ineregwidufor dargemain ¢dmeentrations,

use, sodi um bj carbonate did not have the
becausestgﬁééa(gﬁfig%ﬁ? tqal BHICignsBan g s f‘isher nmore these

1001475 e $50F B apfirant (i ANET 4RGP B GPRR v Fe prepared

in the pFés@hcesof HE Ot orSTOWn A9 BE ARCAL- 20I d} ZtSb%ﬂplr RBEHEE0 8f 250 mM, or
all of the ions gave a high "apparent' I oad.

NaPOq EhéO oa@@@undﬂt Theodeda Sloyws thet N2 @M saivprals dﬁesaﬂetiédadlng in the

pesonc 160G ol S50 e 2 S5 Rt M s

(FIG. 10d)UsB4ali & thd aflont dOBLPWeRSHMNEhd RAbndukied FDXP-free control

present in the reconstituted FDKP-free control sanples
samplesc ehtOM rdndg I MVINY&T! conTérgratimou GFIGf 16DR- thesteaffettedefwdted from the

influengegilo B fR drofhe Gl deifs HEg Sl oot HaersRgh of g neptide with
FDKP §fi@pgt %dlﬂnyhﬁsﬁﬁ@irﬁssod{ugpibﬂﬂe dallsddN@®nReGARE R GLP-1 in the
experiment ( 10C) the GLP-1/FDKP sanpl es were

absenceppepdaCadd Additineallyr egedﬂzeleohelp@d t(atsolzbhm tl@sGIﬂi’M in the 1M NaCl

Sample%\%fﬁ% aéa%fgo‘%tf’f zgwrwzlggﬁﬁ% E{N%Iiléﬁ ! Vﬁ%ﬁt‘s" ‘%q’s%’ﬁd ﬂﬂvfhe OM NaCl
controummg@hmgﬁggpﬁa@%@ldh&ﬁ@é ng in the presence of I'MNaC
and both 250 mM phosphate and 250 nM gave a high

[00148] Gi‘gﬂ?ﬁgb‘l?te Sdsks Pk ofB&)of Basfe®Bnt e AAREDLF BLP-1 to FDKP

ected in the reconstituted FDKP-free control
particles avaplad alisciOrl HdHPIM Madlysisorddéntld At shoms thel@dineoeyryes for GLP-
hese af.fec ted fromthe influence of ns,.
1/FDK} of® ?E@C&B%O%P e‘BEQfF%BreP?“ﬁS © C%WHloﬂosfabg}?e{%@s@ﬂ{Yéer%c{?%‘Hng of the
GLP- 1/9D14m19ar9@1@§ Wl pWiférn RISRIch@ e dhfhe &@ﬂbm;@@ﬁﬁi@ﬁat Similarly, the
in

and sodi um i odi de caused sone sal ting-out
pH wasmetraltb@ewa@smbeﬁla@m Adi seimpteslvreys propiegd 20PE 3@ kipkh the presence

of 20, ﬁ%()\l]/\g(f |15§,p% ()h Aol ]g/la%n %gs%ﬁl,lgtﬂg qu?lflig?rgpll"ﬁggsrg? Q Wiy Elexylene-
Glycol QH%ﬁfGllgﬂ ttdhalod€ M@CPEQ]O”FN/INOS Whihito? 2 pYiRhiosphah@icates no
[001 Gs ol yte studi es. The effect of

osmolyigs rinlay&tl@slabwneﬁ@em, iblefi @tglcemtra@pp -of thposmrptedstebiligeadn the samples
was hetf 8l O BROBMY F BBV 30% Wit o of pb in

[00149]T_22 orneeS ef %?eh %fsmggftnégnpstafcbtﬂ?zbelrsl)l &&lidd (ha%rml &{rgr%g’%c impact on GLP-1
adsorption to FDKP surfaces either when the pH was held at pH 3.0 and the concentrations of
the osmolytes were varied (FIG. 11A; left hand curves) or when the osmolyte concentration was
held constant at 100 mM and pH was varied (FIG. 11A; right hand curves). No precipitation of
GLP-1 was detected in the reconstituted FDKP-free control samples (FIG. 11B). These

osmolytes may be utilized to optimize stability and/or pharmacokinetics.
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GLP-1/ FDKP particles was perfornmed as described for

the previous experinent. Simlarly, the pH was
w@owrnal4died as described supra. The sanpl es weP@&I/US2007/066728

prepared at pH 3.0 and in the presence of 20, 50, 100,

150, 200 or 300 nM of an osnolyte (stabilizer). The

osnol ytes were Fbxylene- d ycol (Hex-dy), trehal ose,

[00150]%Ly%lpﬂeﬂtmp§ aqq1 ootgp]r)rﬁa Ptgl:dﬁeglx &8?1|cnsrggcltlles ﬁlﬂ‘ba'\yfect tl?edlstt(':uactture of water
nd oS SREESRHON PR ITSE MER( REEN 8 e s
in GLP- crs@pBon do AFIDKP[ 0Deddihg Ndnthe dﬁLPH@DKﬁnlqudss was performed as

describ%ﬁﬁ%*%bl?: %ﬁe}fr({% elg(StBFégDUdl eg%t'sp ﬁ@@ ri}rl,? tﬁa g%{%ﬁtt olgea %(%Lati)e_slcribed supra.
The sarifibdwate Iﬁkba%e@at 3NRISRAREALIALE 876, ) SHNRISISRI00% 300 mM

were varied hand cur ves)
of the fodlnwiing ehaotmpww b/totrope&/\@{raslﬁiéi dCEIndiagid., &CHmN A, ¥edNO;, Na
r|g t ha

Citrate %?gﬁ@ag}lbét DA l(ﬂal: aé_eﬁgpi:ﬂ tcge?eglg% ; Veﬁ@e chaotrope or lyotrope in

the samfl)fe§ NS hbki%ﬁﬁaﬁ%'?@(ﬁrﬁﬁ@aﬂdqﬁé pAlvasidlPlo®s2.0 b S0, HB) .
hese osnol ytes may be utilized to optimze stability

[00151 ANA/FIG. P RB&RK e lda@ el AN&0Tor @GeplIVEpRP aRda lEYRELARS pH and
studi es. lonic species that affect the structure of

chaotrop@trd/on bd)trpp@t éitrlew(dh 48ty cpesficant vhyasione pe d)ading eccurred for the

differetﬁ ﬁﬂ%_t%%'ag g %ﬁﬁ tr %:%)Ece@w gLerLkg t?;[atgehcg)?lg?t{iia%t@%gsﬂgxlvgyer at pH 4,
this varidrigRvaaidtigbk&ScasIPernior nﬂﬂlsaﬁlegee§§eﬁ1|t§3%eﬁlofo I%IB@IO‘[G binding of

previ ous experinents. Simlarly, the pH was con
GLP-1 gsthgddIKP b)@dloépr%tamfm@eabé@meesofhéme hayeehttlcathpact giHhe hlgher pH

100 0
condiicfyn ity TP 0T I cHsolatbNBeT Bie FyuivieL FORP-fte control
sample an%at& Q%g theNRASEY Ve(r%ﬂs?‘ btddod MaBNOB0 Nadd td Ph@.to specific

1O . In a simlar experinment, the concentration
chaotropés afffiestiopdle sadpeg-ont (pyestipitasien) af - k@nptll@stmmonelddgrees (FIG.

12B am? 8’8‘??{“1%?}&* %O*%M%%Eﬂ%gé ?ﬁa@?ﬁ%ﬁw % NS BN g i

| FDKP
100152, eanic sEaies, AR Byn B bt RARGL EPRB BT R unstructured

peptide$ ®R0inB@aARE WyHRBA-BOndiRg stehdtB OOt &ARAIJIORESctermine the role that
anal yzed, especially at higher chaotrope

p
helical eanfiseatiomplapnis. GHBvieadeerption pHAK Pt Hiogdmpgoff g GhPwASDKP particles

was perg?rghe@t e({)ers?{ﬂ? ﬁ, ;oﬁhed%czlpug gﬁfeﬁlgleg%’(s Bgﬁﬂy’c hg ?vras tcontlrolled as

describéthfvQr aitcecffRwest dich alishoNdUE obédriddeati prpaQY, 336, 4.Meand 5.0. The
hi gher pH conditions that are favorabl e to Dbi ndi ng

alcoholyhasadat werer omethiaeolr ddbtd), t @théﬁolFEﬂElbOHD,eetﬂﬁ@ﬁltOﬁ&llanol (TFE), or
hexaﬂuglio h?osé)ago g@ﬁgl&)e ]%aﬁﬁ lcpre]t\%gsaeggCI e\cliaarf Iaatgrllct%nﬁrat(i)o%soefr §6/e d10A>, 15%,

C ropes
and 20%@ffecting the salting -out (preci p| tat| on) of GLP-1
peptide to various degrees (FIG 12B and 12D). This

[00153Mas F1a. 63 Af Showstth® i d @iV Fes GEPChFBK PNaSChnafiéh of pH for cach
alcohol’\all?ce]acoh f:honcentration. At pH 3.0, low concentration of HFIP (5%) results in a high
adsorption, as demonstrated by the mass ratio of GLP-1 to FDKP particles. Only the strongest
H-bond strengthening (helix-forming) alcohol, HFIP, had an effect on adsorption in the buffered

suspensions. At higher concentrations of HFIP (20%), GLP-1/FDKP adsorption was inhibited.
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[00152] Organic studies. Al cohols known to induce
helical conformation in unstructured peptides by

W0 p@rezaiihg hydrogen- bondi ng strength were evaPCUBUSHOT/@66728
determne the role that helical confirmation plays in
GLP-1 adsorption to FDKP. Loading of the GLP-1/ FDKP
particles was perfornmed as descri bed for the previous

periments, Simlarly, the pH was.coptrolled . as
ric. 18R Bt SLp0 ool Eppesafafst Mo it BfCRBICRZGon of GLP-1 was
noted iPS 8E6RGitRed P -Pree Boftrol 4aflple@nd 5. 0. The al cohol s
used were: nethanol (MeCH), ethanol (EtOH),

154 T fi Bk cénltbiRhationhl (it OURERY & h
T P e 2O L By nd he mumber

of FDK®fcomddctsltitsg cah 394 foemell) 2086 may a rple0d Bdjorpiidd. TiBAdsd ewpgests that H-

. the | oading curves for GLP-1/ s a functiopn of pH . .
bonding gy aff3h A6 GhGN T2} MESEH SLHLBALIGE PBTCeREgs 1Be gho Refgnditions.
Bascd diOM6 @afal atit Rt spdchRiddoit TeRYbIdind Serfed'h 98 dominant and a general

adsorption, as denonstrated by the mass ratio of G.P-I

force intEDEPKHLpdrinterkesns, Ooryandrosgerarfigestwdaddbae been expected.
strengt hening (helix-form ng) alcohol, HFIP, had an
[00155ff f dcancentratisnrspudiess i hhe hdsopptdnepieGLEuls peADKdhpartigle surfaces at

. hi gher conce tions. of HFI P 9,, P- 1/ FDKP
varying B TR ioR EGLT ANV PO Epted. F16. SHOEOVAAOLE S5ygs from GLP-
1/FDK 2L @hphctfRnseot pat E@HenttRiodl ANatibeaPHs.PIEICH-Pi dodbd@tifis were at

A.P-1 was noted in the reconstituted FDKP-free control

0.15, 0354 dk5. G DD 154 ] STRils 5 gyt tig/mhailhe ok ofitheinoples was at 2.5, 3.0,

flexihility of a drug (i.e., entropy and the nunber of
3'5’4'0FJb§l9ISc9nt acts that can be formed) may play a role in

dsoyption. Th S est at Hbondi ng, may pl
10015607 oA iftse ) eR RS Ko S Pt By A, Bre FoKP
concent@RMEwEPREH tdoARtant Has ath/an dlaehdatdp-1i donkdntfabibh Hdreased. Nearly
specul ated that if H bonding served as a dom nant and

20% GhPdestispration onddKR prbicies @ap-abs¢mved when itoneoncensragionred GLP-1 was

stro r effects uld have. bee xpect ed 5] ,.
10 mer@ SRR 471 PETndPee® SOHiPOEE B SRAGHTSE el fldne on FoKP
particleE DR RBEdVEd it SMEh aRSetativad YNGLPONCeMhisabbRhmtidh is probably
GLP-1 was investigated. FIG 14A shows | oadi ng curves

attributgbleta th pelf ayspOrPomel @LPUnato omulsi-la@P- | concentrati on
at various pHs. G.P-1 concentrations were at 0.15,
[00157]0. 25Anatysds 08 g npr®logy. of GLP5I/FRKP f@gnplatons 1y sagnntng clectron

. The f .t he at 2.5 3.0 3.5 4, 4,5 .
microsch 5 (BEVY NS AT PP BR ey o BroslngMenllptsr plae tke
structurB@vhichlcas fdlﬂﬁaggb@@ltéé%mi}’ﬂigm tofiendrOEn a8 CHIF- 1 #DKINp sl es (FIG.

hel d constant at 5 ng/ and the GLP-1 concentration

14B). Thesedageelatiousaréry ppaysd B lyoalidising 4 seluden Fam@ning: (Panel A) 0.5

i,cl e S | whe oncent ion of \GP-| .
gt (b cRE 2R KPR, B DURE' CEPLP e g Ty Pk
(Panel @JS@5 P/ QLIELPadd l10agpmal. FDIEPKE 20 mM sodium chloride, 20 mM
potassium acetate and 20 mM potassium phosphate, pH 4.0; and (Panel D) 10 mg/mL GLP-1 and
50 mg/mL FDKP in 20 mM sodium chloride, 20 mM potassium acetate and 20 mM potassium

phosphate at pH 4.0.
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particles was observed at high concentrations of
GLP-1. This observation is probably attributable to
W@ b@78244i1 associ ation of GLP-1 into a nulti-| ap&r/US2007/066728

[00157] Anal ysis of the norphol ogy of G.P-1/FDKP

formul ati ons by scanning el ectron m croscopy (SEM

shows that G.P-1/FDKP particles are present as

crystal | |ne Iatellke structures which can form
[00158]aggr t§| ng of nore than one G.P- 1/ FDKP

001595 1 ﬁf‘ F RS P CBRUEICFICHRS O KA Ry BTGP paricles

showedr@émLﬁ-lpblndﬁqg tlge @@éﬁgﬁcﬁ%?facéspﬁ‘in@ HBae/an@en'[r%dﬁier with high
P-1 and 10 ng/ Q)

Panel
adsorptfo@ aﬂgHm_oﬂ:aMPe i Ahe @dsmmtgmd)fm]i: hito Dlﬁépar‘aalersmfaces was found to be

most st @néﬁ} 32%8{” Ei% t g ha%gerﬁ:ﬁ l%o %atparst?é{ﬁ%] @—g?ﬁ%}lﬁ,}_w i[1i1teraction
at pH >29 0TMAS QU & IAgoeﬁl"n{j &nd QoM M?ﬁhﬁt@d%&%ﬁn ap %V@ QH. Other
mM pot assi um phosphate at pH 4.0.]00158] Su ry of
additivdRessith s@rfdpinid ahd Quanainl staltilerabsbogdy iaoshight effkot onahe ddserption of
i n]%ﬁ]r@c“ on of GLP-1 with FDKP particles showed that
GLP- 1@_ BRHEE 966 DKP particle surfaces in a
[00160]ab o&epe{%ﬂg&gd n&%m\{\%g I&&E@%P’ fgfc’s%kpl nr(lqeéh dhe Llrres%rlts of these
experlmce‘ﬂf afRSH M@ Fiof QF' g pL P whS fIRRE toS’JereQ%Ql:M aﬂﬁfsﬁﬁ)trf%%gblﬁ tRdbthere was
essentially no adsorption at pH 2.0
no Satuwbstcafmdsaﬂptlommé)lsmtd omhial vas attribu@d TASGbBSleBelédssocmtlon at high

concentgq%ﬂ%lngl r@}ﬁd%ﬁgﬁg%}%&ﬂ;gﬁ ?ﬁ@nrangfggng%dlscgé fogg K ?or the possible
coatlng Sc;f @KP 'p%ﬁ'[c?esh@gh Qﬁﬁlb{]tﬂ% 18dr@BF tlf‘ef Gesty g%btfdle Qh@}g§§9 bRIh@Thg higher

particle surfaces.
percentakdrddtofoth,e GhB lprpeptedetl ékhi fsurBiriRinig sdl%msbcmmﬂﬂ lqemlugdproves to be

t resul ts of Xperiments. or
beneficty) Hiny DS P OBB ARG SHOa A MOTspr | GG ey fgfassociated
conforndeh & &SP n%%iaﬁéjﬁﬁé k@ s@in FARYPE] QihrARSBH Y@ GIOOM'PH%ever it is
was attri but to GLP-1 self-association at hig
noted thasn@entmat bortskenThbes evdrkiagseth assosrmtaf GEPPL Isnmt: thiigkensitive to
‘ oncen%@tlﬁn, allows for the possible coating of DKP
emperaiure and th nultiple layers of the GLP-1 peptide
t hereby pronoting hi gher percent |oad of the G.P-I

peptide. This surprising.self-association quality
proves to be benefici al gﬂE—ﬁzﬂ'BP-légiri ng stable GLP-I

Integrityd AnRivSis 'oR GIOM 1 AV KP -For il ieinsBh R onehé rassoebAltBexperiments in
conformation of (LP-1 nmay be able to | essen or del a

Examplies & agé gr iskateh o GLE- bfqmld atippykareng thictchprgctansteny desratbed in Table 1
were se ec{e f&'f’l &te cbff yia %klet Ia%sgy a% éllrlisﬁg reltnh NS E%haetfgrrwq‘tlons contained

ure an
GRAS ("generally recogmzed as safe") excipients, but some were selected to allow the

relationship between stability and adsorption to be studied.

Table 1. Selected GLP-1/FDKP Formulations for Integrity Phase Analysis.

Modifier Amount (mM) No Buffer pH 3.0 pH 4.0 pH 5.0
None X X X X
NaCl 1000 X X

NaCl 20 X
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Exanple 3 Integrity Analysis of G.P-1/ FDKP
Fornul ati ons Based on the results fromthe experinents

WO pooEszmpl es 1 and 2, a series of GP-I1 fornmul BET/OR07/066728

Tween

havi ng the characteristics described in Table 1 were
selected for the cell viability assay as di scussed
herein. Mst of the formulations contained GRAS

re sel®¥ed to allow the relationshi X between

HepSuBt abi | i toyosnd adsorption to be studi edx Table 1.

“Brij 78

“Setreet GCB @f’ "I FDRPFoOrmutattons ™ forTRregrity Phase™

------------------ Anal.ysi-s. - Nbdi-fi-erAmpunt{ni-M-No..Buf. erpH30pH
F- 4.0 pH 52.50 None X X X X NaC 1000 X X Nad 20 XTween

F—
L1+

80 0. 01%,% HepSulf 9(90%x Brij 78 0.09% X F- 250 X F-
=20 XKttt 20X XX Phosphat-e—250—-X-X-Phosphat-e—20—X-X%~
X_LoidizdPe 250, X _Mhnitol. 20X d.ycin& 20, X M3l HC

Phosplaf? X Ci t2sate 50 X An2SO4 50 XxC O 4 50XX Et OH 20% X

= PhOSphélb{l': aiz E}ZL)% Luggéjpi {:g r tlng}d gas}gdsgf i tegg(e; E§ g:r Lﬁ -at-+-eRs-—
Imidizole 250 X
Mannitol 20 X
Glycine 20 X
Me;NeHCI 50 X
Citrate 50 X
Am,S0, 50 X
ClO, 50 X
EtOH 20% X
TFE 20% X
[00162] Further, based on the results obtained in Examples 1 and 2, a series of formulations

were also selected for phase II integrity studies of GLP-1/FDKP. Table 2 below shows the six

GLP-1

formulations chosen for phase II integrity. After the powders were prepared, they were

blended with blank FDKP to yield similar masses of both the GLP-1 peptide and FDKP in each

formulation.

Table 2.

GLP-1/FDKP formulations chosen for phase II integrity. The formulation made from

10 mg/ml GLP-1 in 20mM NaCl and pH 4.0 buffer is desribed as the salt-associated formulation.

GLP-1 Concentration Mass ratio Water 20mM NaCl +
(GLP/FDKP) (no pH 4.0 buffer
buffer)
0.5 mg/mL 0.05 X X
3.0 mg/mL 0.10 X X
10 mg/mL 0.20 X X

[00163]

The effect of stress on the GLP-1/FDKP formulations in Table 2 was analyzed by

HPLC (FIG. 15). The samples containing 5%, 10% or 20% GLP-1/FDKP loaded in H,O; or
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were al so selected for phase Il integrity studies of
GLP- 1/ FDKP. Table 2 bel ow shows the six G.P-I

WO oot ti ons chosen for phase Il integrity. APCEDSI0NE066728
powders were prepared, they were bl ended wi th bl ank
FDKP to yield simlar masses of both the GLP-1 peptide
and FDKP in each formulation. Table 2. GLP-l/FDKP

5%, or § Bk B AR PGSR FeNAch i 10 Rt “EIR IoRehRieele st 40°C

The HP@d AirOmBeLEes de%ldiiﬁﬁ’étb bed uasclha iHe @RBQG! @ﬁeesqtrne retention time

formulation. [00163] The effect of stress on the
and tha&@ddgrmﬁbnfp@akﬂﬂraprasm iFurthatphoge, Mbasalysal yelded bylrmlar mass for

i 0
ot e S5 B, T SBTRL SR TS, PR 200 .
The dath @1@&@ thel MadNabdmats Potb Gt fie FDIMBI'S&U&I@§&M@ ditfeP Eorﬁ nents that
days at 400C. The HPLC chronat ograns denonstrate tha
were prickat GLBolutipe giriod do dyaphdszation.t Kycsdlther 6LBnlFIOK Pt forrpulations were
and that n degradatlon peaks are present.
Sho“miﬁﬂ¥%#ﬂ§%ﬁ8§ SNB anal yses yielded a sinilar nass for
all the sanples 3297 g/ nol, indicating that the mass

is uniformfor all the 2€E§Ief‘@nalyzed The data show

the mass-to-nmass ratio to FDKP particles and
the OthefSﬁﬂﬁﬁﬂﬂﬂﬂﬁﬁPIﬁﬂkuM@%ﬂ1ﬂ1ﬁ%§ﬂkuhgeFﬁhwtlOn
prior to [yophilization. Overall, the GL
[00164]f Or NMiHcakthBilisy WeIE@LBHOMN btocpoga@l Sfi@ld Suétd astin@s Fluid and blood was
Exanple 4 Stability of GLP-1 Incubated in Lung Lavage
analyzegt| given thed dewptidshacticase 1LVt (PRIF-1\G. Hound i biploigesgl Eaiids, cleaves and
such as lung fluid and bl ood was anal yzed gi ven
lnmmvﬁig%gglpeptldyl peptldase IV (DPP-1V), found in

[00165]?58'{%%}%@ fglpéi c%§? S?IYS éfz 1%\/ 1?%%&11 '%@;u%?r %E brane bound serine

proteas@Xdxpaeedd oH eie Siﬁiiffztbé’ afl@ed@ﬁul ndll Sgfdsnix perrahﬁasem T-cells. DPP-1V is
expressed on the surface of several cell ty in

also foyyk tsi blapdrandrung flukds| | BPP¥phasybges @n@@aﬂeeuﬁdhﬁ: §0bqr<alo@|f glucose
metaboﬁlglq lb&%agsef llf:ls' g&bStIQF E {n\égl?i? tﬂ%e%]su 1H81.Jr$p‘§? qmbﬂ? & P 1 which is
cose e i Sm because I ra

1nact1vdt¢tbbjd éand e of l‘tS lvb MNDtIT @t ah@ﬂidmcﬁ&s @eP-F IGWhb AN IDBP IV cleaves the
i nacti vated by renoval of its two erm nal _amn

Ala-Glpbongsof SieemppGeirgdaiingpfopm| of @%@bPﬂh@GMH (@iﬁ)htﬂh@smg the N-
termlna?%wég%)l I3, e%% %g Ue%c%[té Rﬁle %f\%‘a lg\g&?rég g&fc)oge &1%_4 {)/y degrading
by

GLP-1 8X€ldwerihgBOnictetia oFREES bal otfthapdierss di sposal
degradlng GLP-1 thus lowering the incretin effect on b

[001661cel IStudibs War: QadaEe@se dERRABE]intSbiidh &F G¥EF-& degnduGdth rat blood
to determine inhibition of GLP-1 degradation In rat '
and lunpg|flyadin the presence of aprotinin or DPP-IV inhibitor. Aprotinin, a naturally occurring

serine protease inhibitor, which is known in the art to inhibit protein degradation was added to
the samples post collection at 1, 2, 3, 4 and 5 TIU/ml. DPP-IV activity was then measured by
detecting the cleavage of a luminescent substrate containing the DPP-IV recognized Gly-Pro
sequence. Bronchial lung lavage fluid was incubated with proluminescent substrate for 30 min

and cleavage product was detected by luminescence.

[00167] The data showed an increase in inhibition of DPP-IV activity, as detected by the

inhibition of peptide degradation in various biological fluids (as discussed herein) with
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and lung fluid in the presence of aprotinin or DPP-1V

inhibitor. Aprotinin, a naturally occurring serine
w@e@razel i nhi bitor, which is known in the artP@DUS2007/066728

inhibit protein degradati on was added to the sanpl es

post collection at 1, 2, 3, 4 and 5 TIUmM. DPP-1V

activity was then neasured by detecting the cleavage

of a lum nescent .su a contai.ning the DPP-|
increas Pl GRTIR AOCHGOPHE SElGQNER)  BIGHENTHI B5G Phirkse with DPP-IV
I u escent t
inhibitd ald%&h 8% ch gwagstaggstmoglgﬁcg é\t/a gbgeggc?e éébﬁ)ﬁ}a 3RUE QFIG. 160).
Additiohuofi nésiciens eos{-@0dfhd |collbiotatléovediofadmar: iabarreasevalvation of the
inhibition of DPP-1V activity, as detected by the
SamPeﬁnhlbltlon of peptide degradation in various

bIO|OgIC flupds (as dlscussed her.ei n) t hi ncr easi ng
[00168], 5 gklentt 1Etynefe€tlr1’a% Vot glpe eranigay in dypg Waa@g? g@aﬂe {uging % capture

i

ELISA YRS DRSSP CRER YLD 650 AEERSHI o e i

(LLF) fot 2,8, 20RhG30k6iay.. TAddicubaivnadonditibhbivers: $ opdtugs@mph of LLF and 1
collection allowed for nore accurate eval uati on of the

or 10 8 &y B P 00Ictie Bt No/GoP-iGue foesd a it slone. Withth
comoin AL R W 10 LR85 APPSR g en o o1

comparhts16 Wb ali £ b fi GLIP-U ﬂﬂoﬂea\ﬁﬂﬁ&atlfn@ thet GLRF) 1sfsft>Jble? ,OVer tlﬁ{% ﬂﬂ thng lavage
30 mins. The incubation conditions were;: or

fluid (Kly. v¢)7)oStabL1rty &b UP-drinjgdatytedwiung loyape |ﬂlaé vn?e_sm@tﬁémeqi A similar
Wth the

= cted in ne.
studies; at ml%‘t‘t O'?FJ/D"L(IEIF Hpelgi I%Ot?fia(]rq Fode 8 tol%)ncéht rations

her ect onparab e to
[00169]o f &&V@lth Orr]ldég sta??gltg a%fl ﬁgP?]hal% rap,lals SV g}g}mlne%vhl?lasma was
obtained iIffitn viAolsuRg (a3Viadieattd lll):yCPI(tdﬂleﬁl alla)Plasﬁl@Qllhlthy figlire legend) and
GP-1 in undiluted lung [avage fluid was confirned in

diluted {2ndr| lat0 61 0diQs; migtogzgm ef RiktPeb wao addxgbtall Pl plasmegr PBp. Samples
169] ..l ddi t th
were ind Y GROGEAY 30 R AINBr ad . RGo Bt RBbEd 4 iskapd 01U of

aprotmmafsaso}ah@d naf JakDRNATH BB chtchtrit®sh MTLBatiAaG haRliR$IORs 1:2 and
1 and Plasma 2 in the frgure |legend) and diluted 1:2

1:10 over ali tlll@p@m/tmested)@l(ﬁs chldg il 8iB). COPerallnhs datidiadicats thet GLP-1 is
bat at 370C fo
surprisigely RIS Gt i 1o FETHES PERBetdit MALTEE el Biethe DPP-IV is

found. and 0. 1U of aprotinin was added. The data shows a high
concentration of GLP-1 in plasma dilutions 1:2 and
1: 10 over all tinepoints tested (FIGs. 18A and 18B).
Overal |, the data indi caggarhpRts GLP-1 is surprisingly

stable in both |ung | avage ui d and plasna i n which
t he S & s 9.s _‘.I"‘ 0 l""‘i\‘l'.:.” S|ON ABOPLASIS ._m'y_' |_.! l‘.“l atlon

[00170] To examine whether GLP-1 inhibits apoptosis a screening assay was conducted to
determine the effect of GLP-1 on inhibition of B-cell death. Rat pancreatic epithelial (ARIP)
cells (used as a pancreatic -cell model; purchased from ATCC, Manassas, VA) were pretreated
with GLP-1 at 0, 2, 5, 10, 15 or 20 nM concentration for 10 minutes. The cells were then left
untreated or were treated with 5 uM staurosporine (an apoptosis inducer) for 4.5 hours. Cell

viability was evaluated using Cell Titer-Glo™ (Promega, Madison, WI). A decrease in the
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Ef fect of GLP-1 Ml ecul es on Apoptosis and Cell
Proliferation [00170] To exam ne whet her GLP-I

WO piv7h24$1 apopt 0Si S a screeni ng assay was condeCT/Es2000066728
determ ne the effect of GLP-1 on inhibition of b-cell
death. Rat pancreatic epithelial (ARIP) cells (used as
a pancreati c b-cell nodel; purchased from ATCC,

nassas retreated with GLP-1 at. O,
percent 3 Lol 4gh Wiy N LB HB @Rt LI n RUVP GOR AL DA 0710 nM in the

stauros&ﬁldestre‘é%ﬁ%eﬂ@ﬁfld gop)untreated or were treated with 5
MM st aur ospori ne (an apopt osi s inducer) for 4.5 hours.

[00171]Ce| IFuWh@Peia&ﬁlMatmsofem@'eg@&%q* 8P DnBoptobistves- @t&ﬁﬁmd by FACS
Promega, Madison, W). A decrease in thepercent of
analysm:&:hhg dembhnWéstamungd Aginthingy sianong ase ulsa:qu_olél ln detecting apoptotic

f t.he
N P T -
allows ‘i’(gr H%ear%fbts%cbf Qhafdeb-ih PRLSPRAIAS (ISS)V\@s%nﬁlﬁétl%f Bbﬂ%?éj n¥phological

CS analysis using Annexin V staini'ng. Annéxin
changessaﬁpﬂmg with apergesisibctunsid dnd bﬁé@reanemgraap@lpbmtws dedt] sThus, the

offect G NEFRb B SRAORT 0 SGOTHECLAT | CHABFAFHD idh 1 5vimy GEP-1
staurosﬂd?ﬁle%fe‘h )ﬁﬂbslluor s&ﬂﬁ)@%ﬁ‘g} |-D 18 @i ¢l Bf gec‘ltl{eP @auros%or\llaetthor GLP-1

symetry e nor 0gl Ca anges assocl ate
(experlmemp)lt @aitrd])0 A [daecshaws tHae GoIPel maﬂafearsauircrspegﬁé influéesl apoptosis by

0s Thus, the effect of GLP-1 on apoptosis was
about 49 (ElG A2B)-i n cells treat ed with 15 nm GLP-1, | M
st aurosporine far. 4 hrs, nmM st aur ospori ne b 15 nm

[00172k3LP Simgar pesutth of lgliuhuwas?fomqp@smWeapbqer‘(eélxwg geEBt! analog,
cxnsi PSS GEGETRIRRL s Gk AL GE) v o v

treated ®AB)5 ui0Qdutddpotindiid eic pregutd 6f @flOl DO b0 indM codndin for 16, 24, or 48
apoptosi s were observed using a &P-1 anal 0g,

hours respeqityichy- 47 hevd@it?cGF Iﬁi ﬁﬂ)sShO@fStth%é aglPnM, cxenein wes pempletely ineffective
at 1nh1t§{11ﬁ%ﬂa§?pto T rthglre was IPP]%ACE\QIF dga?thl AtV gncil é%a@gdexenggl inhibited

aur ospor I'ne reseénce of 0
apoptosiMoesend tiégrf:@ thGaboaﬂ50%rmﬁﬁnttmluat848 BSREGH tepsentB®F 40 nM of
data (FIG 20) shows that at 10 nM exendin was
exendinghnpl etel y i neffective at inhibiting apoptosis as
there was 100% cell death. At 20 and 40 nM exendin

i nhi bited apoptosis to some degree with about 50%
i nhibition at 48 hours iEﬁ_fa@'_%&esence of 40 nM of

exendi ‘Pfeﬁtot'-:éﬁfﬁi FDIP Fufildia 'l'SeaEPKP

For mufa 3]
wer t e [ f
[00173 eceﬁgttﬁ‘%g%sg& sg ‘g?%cl%glsl&e%%daqu ags)é[séj tgg- %{t}z Dliﬁp GLP-1/FDKP
forrnulaalbﬁy ahs dtsOloBﬂhlrbiEkamp]Iel 3, dEdidn 1 a'Bbes)e tdSibit cell death. These GLP-

1/FDKP particle formulations were either in a suspension or lyophilized. The formulations were
analyzed for their ability to inhibit staurosporine-induced cell death in ARIP cells. ARIP cells
pre-treated with GLP-1 samples were exposed to 5 uM staurosporine for 4 hours and were

analyzed with Cell Titer-Glo™ (Promega, Madison, WI) to determine cell viability.

[00174] Samples of the various GLP-1/FDKP formulations were either left unstressed or
were stressed at 4° or 40°C for 4 weeks. Each GLP-1/FDKP sample was used at 45 nM in a cell-

based assay to detemine their ability to inhibit stauorosporine induced cell death. Control
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1/ FDKP particle formul ations were either in a

suspensi on or |yophilized. The fornul ati ons were
wa@pagzed for their ability to inhibit PCT/US2007/066728

staurosporine-induced cell death in ARIP cells. ARIP

cells pre-treated with G.P-1 sanples were exposed to 5

nM st aurosporine for 4 hours and were analyzed W th

samplesggktil)w{}r :O'QEF{: %gg tl]{l%@’(il t?lneérgaﬁ)blftg?q]d:feﬂ% an]\?glral aggl‘[geetv&%trhn.bﬂﬁ-l alone,

with std@eS¥pdfifO83nt 06l t‘ﬁE 'p%%né’é’e(;febcﬁh tdgs1 86 tstéﬁﬁ%bBﬁ§§ 8ftO the graph
wer e stressed at or 400C for 4 weeks.

legend @GbeB-1bt BRKP te alrmctcmtmhsamnslesj Eacmlfﬁrnhpmwnas a:sdﬁatmsed)hcate) All of
h UESS@% to detem ne. their ability to inhibit
the resulis 3 %%rﬁm%eﬁ #&ﬂelé%ﬁt%@anﬁ death. Cont rol sampl es.
ho on . th illustr iabil ls . . ..
001755 " nBha Gk o Bovis T o bt G B St Rowuliao B et inbibited
staurosﬁﬂrﬁf%ﬁndﬁed'c@ll td@@thRF?@e@P)e H&w% hedildgath #R€not 1nh1b1ted by many of
staurosporine (note: the graph |egend does not apply
the GLR-0/RINeP swipensadn Samplagens. Each bar represents a separate
triplicate). Al of the results shown are averages of
triplicate runs. [00175] The data shows that al
stressed GLP-1/FDKP IyopE&aﬂuﬂgi'fornulatlons i nhi bited
d

Staurosporl o
2ol | dent h EALD leSy p- 1/ FDKP

12 I { ’ A
nsi on f Iat
100176 Y Pt B e f?lﬁ?éwi'qi. /i’?p'f%%‘iafaa CPpCRYHipT OLP-!
were esfaﬁﬁttdﬂnﬁrfﬁﬁ@@@ﬁ@%de@a\ﬂ%y @A FadhkBicd prigs W@ious formulations of GLP-
concentrations of G.P- were evaluated in female
1/FDKISpledginevcnaw @jectionssorguminpnay érsaéflagionh Iy did prgkminary studies, GLP-1
at approx?rrngt%'yﬁ%d/ﬁ)a rn? ll%?]/os ?‘ ]f{tg%ép Vi/?PIIﬂ; raarr :glnmcfﬁlil}li}g]tjis%n%:}xlza%nu%ed Rats
were rﬁdBrﬂlze@t i P20 bEs e vith 48oapsl 116806 (vdnd) 10f rbéi®ing GLP-1 solution
GLP- 1/ FDKP particle, fornulatlons was used. Rats were
adminiteipdiyiti deonsy diqpd gwbligionvgrtlly giestips. Liroups 2 afdand 11 received

GLP- I/FB lltna%s?%T%D F {o%uwtlog Qefa &ilgél&e%it Sr”lea%@/i(}a a&%&@%@& %la pulmonary

I NS Ion or I'nj ectlon

1nsufﬂaﬂ6ﬂ 01:11\1' egiettiord Gibugd BDKPIs am redSisedt itied EfLPf DFDK RAshleassociated
(as disclosed in Table 2), adm nistered via pul nona é
blended fosmptatign jadmingptered vigpabaengry, ingridlapen 9r 1‘6’ m@cthnz The GLP-1/DKP

formula{n%ﬁe\lv?se q §a|i]t %‘cpatg'é '?P#%E gt%n a@%ﬁﬁ%kﬂﬁa@g ?]]Sgcél To achleve an

ation a nlstere Vi a nar

approxihidtd #cclohd,ohe lﬁh’(efdﬂnlaialllomsﬂﬂéﬂfdwabitlo ﬂDKﬂapaI&cles ina 3 1 mixture.
salt-associated fornulation at ag%rOX|nately 16% | oad . .
Pulmonggy wewiflstien ah Infppeegisraicationvap ad - oe2-26u8 PoPATICES| (d§% or 4%

GLP-1 JR3 @%ﬁ‘e@ﬁ?&p H& A?{ﬁIGE?rltdo‘éé BobRnf 3:1 mxture.

on or |n ravenous |nJect|on was at

[00177]?e§ggg \ I Qra{%gg ?{(13}‘2 8?5{1 Hgﬁallﬁe%é?ﬁo/ 7- gﬁ)§ %ﬁng[r%g)ln%% repeated on Day

2. Groups 1, 4, 7, and 10 were administered 80 ng of a GLP-1 solution. Groups 2, 5, 8, and 11
were administered a GLP-1/DKP salt-associated formulation (~16% GLP-1 load). Groups 3, 6,
9, 12 received the GLP-1/DKP salt-associated blended formulation (~4% GLP-1 load).

[00178] The experiment was performed twice using the same formulations, with dosing and
blood collection on two consecutive days. Blood samples were taken on the day of dosing for

cach group at pre-dose (time 0), and at 2, 5, 10, 20, 30, 60 and 120 minutes post dose. At each
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[00177] In a separate group of animals (G oups 7-12),
adm ni stration was repeated on Day 2. Goups 1, 4, 7,
w@rw7ai4ner e adm ni stered 80 ng of a GLP-1 sol BET/082007/066728
Goups 2, 5 8, and 11 were adm nistered a G.P-1/DKP
salt-associated formulation (-16% G.P-1 |oad). G oups
3, 6, 9, 12 received the G.P-1/DKP salt-associ at ed
- 0
tlme-pogtl;ggggg(?’g@%%%r 2 éléf]_? W&lﬁ’éd/ lf%ﬁ!igézglé'ls{fg g%}eq %g'gl}seaslage?al tail vein into a
C
o AR A5, LSS, 10 v
on ice. (Blod@satﬁgei akreeanlttifypaligt 4000 ppe-ahdse (ItdNMtastha, W@éﬂpip&ted into 96-
5, /10, 20, 30, 60 and 120 m nutes post dose.
well pl@a&:mhnqheww siored b pR QK ﬁﬁtﬂlewlwecb fe GhRol @V@lSob»dEM%A following
e r aid [
manufa?tglk)és 1%%(2 m %{?&ﬁ%}o&lg gplﬁlgé ?{ﬁg%ar H; Sé C\L{]feﬂﬁg Mér)g t ;ﬁn\%#’ get%{fnﬁhed that the
optimalQcod@etichy Averd Wie t}edase@dbﬁlf@rm @DhPiIci@. tthﬁHSdnc&aijJeﬁﬁn (5% FBS)
were centrifuged at 4000 rpmand 40 m of plasma was
alone argﬂmwee into 96- well plates which were st or ed at

-800C until analyzed for G.P-I levels by E
100179k of T8tk o RardraEsiviar Gospiefdad éhsanéu%é@ewed various GLP-

rl t t

l/FDKIRFOSIﬁﬁ{a]cfllacon di ?ﬂgnlsﬁ)\?\l}et}oe ra\!'etn{)ﬁ@yc’ gﬁ@a@ Igiu??g E%%upts% and 6 were

adrmmﬁrE’d 11518% tGHeP-prRENEP @ad gfrowsr Limahd IR FB&GE aﬂ:lnﬁﬁste&mi allitﬁher dose of
trix. [00179] Intravenous Adm nistration: G ou 5,

15.8% @LP:tUFD ahd QUSPRENF Y grErPoll Wep . mimstgr@ﬁ GLB1 Slution as

conv 1B 5 ORI G-t L OGO HEDBYE L1\ 1020 400

80, IOOGIaﬁ’d 126-ikRs.anld cgsups pholdd andttctZableinercaskrim GEPer pthsma levels after
anot her dose of  15.8% G.P-1/ FDKP on_a consecutive day;
intravengus ML StRION s Hith A&t BRk eoNeeRTgtions ohsqrasd afs? MiREEY P‘Eﬂt treatment.

Plasma T%I%}]sfog%g 0 EE: lo%ﬁ%ﬁog)&%ﬁéjgﬁﬁ%%?ag g? t2§ glﬁ)l’ﬁﬁjtg%g %E%Etment for all
groups. n'NstlgIAﬁd:ang didtpencs hoasabsarvae fre ticddin@ick o€ theas eariousGRalations of

|lasma | evel s after intravenous adm nistration, with
GLP-1/hRkPrand %%ééﬁf‘ 139.%%% agpanptored bytnavenawy ;BICCHeRt It was noted that

plasma JV%EtMP 1RL@ t%%\a’tfelhﬁe Py e G 19805 nukes tp%‘éﬂ'ﬁd@?% F&R reated via
ackground eve m nutes post treatnment for a

1ntrave1g1u@myngaactlbms sumﬁmg; aprlnymdlofgfoelr ekt cwva$. e o beben &3 Do af h@LP-l was
Ki net.i ce of. these various fornmul ations of G.P-1/FDKP

ehmlna?ﬁd"@@ P nigpy i on when admi ni stered by int ravenous

injectio tedthat | as \Y; of
[00180]r eJt Lﬁ? ?'fsey?)@é @|4 NSEGETS roarwnﬁé’- fﬁ ﬁugé‘ d;%’oqls?t reggjyed various
t
GLP- 1/1:%481:?%?88'[@1@21%@% i p-1 951@&9%% &a?fﬁﬂsﬁﬁﬁp%ﬁ@?é %gs) Group 1

netics out 95 % GP-1
was adrﬁimmrﬂaﬁé digvéftenGRPLOcomitins by p[lﬁﬁ)dl&@}} h&juldghﬁlllatlon (LIS); group 2 was
uf fl ation Adm ni stration

3, 7, 8 d
admmw@ﬁrict lp e iQidy INFAND by mm&wmwfﬁem% (1905 SQEP ok W£ Eldmlmstered
3.8% GEBLUEDRD RYp AL AR AR ARH (S RLIQR A FhGdtaRleredR YR of a GLP-1

control by pulmonary liquid instillation (LIS); group 8 was administered 15.8% GLP-1/FDKP by
pulmonary insufflation (IS); and group 9 was administered 3.8% GLP-1/FDKP by pulmonary
insufflation (IS). The concentration of GLP-1/FDKP was measured at time points of 0, 2, 5, 10,
20, 40, 60, 80, 100, and 120 mins.
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was adm nistered 80 ng of a GLP-1 control by pul nonary
liquid instillation (LIS); group 2 was adm ni stered

WA 20089 @LP- 1/ FDKP by pul monary insufflation (1B T/US0OUR6728
3 was admi ni stered 3.8% GLP-1/ FDKP by pul nonary
insufflation (IS); group 7 was adm ni stered 80 ng of a
GLP-1 control by pulnonary liquid instillation (LIS);

group 8 was admipistered 15.8% GLP-1/F by pul nonary .
1001815 ¢ by i3 ahipyes s dges FdBﬁeégev%é’l%f“&}ﬁDéEgt1e?£k961§?aé1%1 following
pulmonédyPad i Ea Y. puMéEfgﬁg_r%f F%E%Hyé&fcbﬁfht{ohsbf &bB-1 varied with the

concentration of was neasured at tine
formulagiohfeomposition ud. Group 2 ap0 8 showedMaxddiyl pkBRta leveds IfAQLP-1 at 10-20

minuteqn;ﬂ)%g fr%%o 11? L S ﬁliillc%tga g)g ﬁﬁer mq?lgl gggliﬁes :%a?rgi!vf h%ss?gnelﬁcant levels

of activ@@T P11 $f 520 RiRuteVEAITHHIR| 125187 GRNGCEH held 1BPidAhd @absibnt increase
varied with the formil ati on/ conposition used. G oups 2

in plasran bt vels st evied GBRi ImaPlaphafvelsiofwelie GLPGLRiUrnedt tollrcR@round levels

m nut es post treatnent .,as jndjgcated by the AUC, [
by 60 iy B8 ReRlnGt SREER: 23l P ST gbp! b and rpafed Backeround
levels bA28-thindfes Podk ek es, and groups 1 and 7 showed a

hore rapid and transient increase in plasma | evels of

[00182ACt i BiBhtEaRomolaP tﬁma%&‘é@ 18 beferGbion§ il Fabeti@labiB8d; the GLP-1
to background | evels by 60 m nutes post treatnent in
dose wayrédyps(3200-Fold Zrauat tian thhrdpertgd offipsciduadabe Y, plasena&ldP-1 levels were

background | evel s by 20 m nutes past treatnent.
10-fold[g§@af%r2])v1t%%lﬁpo% Yy VEFsys |2 d 10{1&?%@111{%1 et al., 2005) at 30

i b 8% OB tHebiGvd[1ARBE &F G- 17D deli B uid insufflati
i 5040819516, 000 P R 148, nsiion
was 71%8f fihcactosulss atose)her pépmsted 1GLEbIE 4 teley.sPlasme 1<y@isfadl @GLP-1 returned

reater w pul monary del i.very versus 3 hr infusion
to base@ltﬂ@wlmﬁb-giﬂ mminties osy doke 1B Gn el Seaghete HYgIenadeVery. Al
rats shdwd 43 9@Naid Rblhdrhy cHeeleiohk ISP el ke R v¥ids administration or
pul monary 1 nsufflation was 71% These results are
pulmonhyrinkdflattepaintaedus OLPaFEK2 fhehdwtions] esept foeVeitsn gfoup 2.
GLP-1 returned to baseline Ievels at 30-60 m nutes
[00183]postCatosaidnn Arddtererat svasr @atodd vin dhgppharoneskingalsiprefilgs of GLP-

| rat howed increase.in plasnma concentratj
1/FDKE forggufiion demeer GO BT s T iy e e of (b ak yere more
sustaindd"BUfafsdl @@L PTHuMBSHaBH sns(ERtibh PG PLITEDRID Rf3Swlations relative to
except for 1 rat in group 2. [00183] Conclusion: A

those tigiafeflewihceLivdssabisaer. vetll ianimde shhaedraic ploignssive slecrease in plasma

rofil - 1/ FDKP, rmul ati ons, co red t P- 1 .
concen®iRins o T SEnEe-B kM FETBHE. B BoR: | TRSF 8o arowed relative
consistegh!é?‘inaﬂ RSk rinibnt Pl S fomB@bed cBXsceiiviaky insufflation

with G.P-1/FDKP fornul ations relative to those treated

Table 4WBidav&RaBillty 90 GUIPL DRDKA Forafildihs showed a progressive
decrease in plasnma concentrations of G.P-1 between 20

and 60 m nyt @g pgst| dose.| These results showgg iy
Group @%lﬁgaltél a\éﬁn\(si:‘ns %%eencyR}nllqtez eT(loper ! "Iha;m 5 Dant orpr(r)gt doosg 2 f U.C
(IJ-@? M (min) | (min) | (pM) (~pM) (pM*min/mL)
1 GLP-1 80/24 LIS 1.0 5 1933 0 29350
2 FDKP-GLP-1 80/24 IS 9.9 10 3154 1000 145082
3  [FDKP-GLP-1* 80/24 IS 7.7 10 2776 400 60171

* Blended 3:1 with FDKP particles
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Table 4. Bioavailability of G.P-1/FDKP Formul ati ons

Bl ended 3:1 with FDKP particl esExanple 8 G.P-1/ FDKP
woewagzg1fFood I ntake in Rats [00184] GLP-1 is BCHUS2007/066728

known in the art to work in the brain to trigger a

feeling of satiety and reduce food intake. Based on

this role of GLP-1 in satiety and reduction of food

i nt ake, experinents were_conducted to determ ne
whet her GLP- 1/ FDKP fornug%ﬁﬂuﬁﬁi of the present

i nvention wegq Rf Ik b\ dite 060U Mthi mSRMce feeding

and t hereby have potentia or controlfing obesity.
[00184][ 003@151} 1 E9R1s9 kR8PS i1Pthe fafTB MR ISR @Y %?alp@d/\lr@éelr @fe%llﬁ\F%Kﬁsatlety and
dosed with either a control (air)
reduce flgrdnidtakd. omastd andhsag)ée of QL]?FQ/ adasatiety. 3l mgiuctlon of food intake,

expenn&pgu%/e%g%{dgcg‘%@ F%Bf({r?qr%%y rgggtﬂ l&}?{%@ﬁp@ 1}1}5{01% of the present

1nvent1cﬁp@§1‘eséf%€lt19é as ngrﬁﬁiosredg&cﬂeﬂlﬁg aﬁ@%h&é&yhéjs%dpd%ﬂtﬁl for controlling
singl e dose for consecutive days and ‘the food intake

Ohwﬂyneasured 2 and 6 hours follow ng each dose. The body
ght of each rat was collected daily. [00186] The
[00185]pr eITvm gaups dafeanaghSmmeuchRewley ra&ts avede dosied wvith epthst a control (air) or

15.8% GEBSERRBUREPRaHOT 1 % Rore b2 Guedy (i ek &Y pulmonary
insufflafioh. MithatdoRts] fiolFond$tAd dRdive 3B -andNBe 4aE gﬁﬂ@eco\ﬂ@@ted of ten rats.

nore pronounced at day 4 at 2 hours post dosin
Each raf p2@ p@)dedAvitiea hioglesdosh éordecrmseaiéivomlsy nardethp rf@domta@e dneasured 2

and 6 h@%ﬁ Sﬂﬁﬂﬁxiﬁ% R0 dost, T E S B A ) RS ARG e e g

1001863, 5 it G, eR Rl P88 R S btud et &k Biers ey an overal

decreasPli®fHe! @nﬁﬁatﬁe%bd /c%nﬁfn‘bﬁ fin AR fakPdRec@IANGEP A DRP Formulations
wer e conducted. Fourteen day study in rats and a

(FIGs. 2@dnand éwhtThﬁa@ecma@@lyNasrtnm@nlkrey@unna@ apaley ot aed.hogrsPpest dosing

o005 B 48R RSl b8 B AHE T hle wosno

cffect oR FORPEInkMApn 4t79 RAEIWIsBdoMe! | be sacrificed
|nned|ately after the dosing regi nen while other

animals will be allowed up to a one nonth recovery
period prior to sacrificExarfiple9animals will be

eval uated for clinical signs, various physiol ogica
paraneters i ncl udi ng GLexigity §tudiesse i nsulin, organ

hts, and cl i nical pathology and hlstopathology of
[00187]\, ar ﬂ%ﬁp@ atgfage Frxicity studies to evaluafc the potential toxic effects and toxicokinetic

profile of GLP-1/DKP after multiple administrations were conducted. Fourteen day study in rats
and a twenty-eight day study in monkeys was performed. GLP-1/DKP will be dosed daily, via
the inhalation route. In studies where animals were dosed for 28 days, a proportion of the
animals will be sacrificed immediately after the dosing regimen while other animals will be
allowed up to a one month recovery period prior to sacrifice. All animals will be evaluated for
clinical signs, various physiological parameters including GLP-1, glucose, insulin, organ

weights, and clinical pathology and histopathology of various organs.

[00188] A series of GLP mutagenicity studies were performed to evaluate the mutagenic

potential of diketopiperazine particles. These studies included the in vitro Ames and
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[00188] A series of GLP nutagenicity studies were
perfornmed to eval uate the nutagenic potential of
walploetiagiper azi ne particles. These studi es i nchPCiEs20ies6728

in vitro Ames andChronosomal aberration assays, both

which are well known to those of skill in the art. In

addition, an in vivo nouse m cronucl eus assay, as is

kno o the skilled artisan, s. al so conduct.ed. Th
ChromaSERAT sRAEAIE] Dt BNBETIERAT PHHDY S By Rl Tpfbe art. Tn

additioR e L Rb hOliscMMIRARRIGS ksl @SN RhSEn tOXhE kkiYlcMattkan, was also
i ket opi perazine particles. "[00189] Studies were al so
conducedndbie genbteocigs das shavhethet theretwasfnodividen opo fpetartiah®r mutagenicity
articles. on reproductive.toxicity. These studies
OrgmwﬁﬁEVﬂH%HW¥%g*?@%ﬂ??”&ﬁﬁ??Hi?%taI devel opnent and
postnat.al devel opnent studies in rats apd.rabbits. .
1001895y TP 5 v Bt S Sam (e T real giks opperszine partcles on
reproduSHRC HxE3ROUBcdc it HE AR IEIRE Foftiity, | dRRYS-ftr ddvbiobheRl and postnatal
i mpl antation in rats and there i's no evidence of
developnamnat ssgding cint yratis nandat mbbits. r albbketepipBiakiat opanpieleaz adreinistered  via
arti.cles did not .adversel.y affect fertility d earl .
subeutes BieF Rorial b BRYT TSy i Bhva i Mg b cvidence

of teratBE@N@yain @fs Gaabhial abikdepalcePiRNpartitied 4RObotAdveRely Nafect fertility
a nunber of pharmaceuticals have been renpved fromthe

and eadyi ainbalonrardeetlopmentt cenitiigo r fotal o gevedanmyent,o ot aprseathlQpr  postnatal
syndronme (acquired LQTS or Long QT syndronme is an
deVdOH“%P?equent, hereditary di sorder of the heart's
el ectric rhyt hm t hat .can occur, in otherw seheal.t h .
[00190]p e Ogﬁlgin ghath%ﬁéng}gg R}aggn%%%lgas}% (ylai/% bg%ﬁ,?rﬁgvet trony the clinical
market BR@FIER pREpensity & RtOPQIEyAdion: @additcdl [R3TS bh Eoﬁg@ syndrome

assay was utilized given that the vast majority o

is an infrayamhdetaditenl diserdet ofcthe dearti glgririeal thgyhe thet san pgeur in otherwise-

bl ocki h her - a-.00- go. d h . .
ey BS55EL IR ERE MR L0 83585010, EDFApAED o DE i

particle§. € PcHER@dsHy Rbs LBzadepitEh et dhe Gadtdh@6riBCHT Phrmaceuticals that
potential. Results fromthe hERG assay indicated an

cause 40g8ged- LGATHvr 6p i Kdedkingpdradiumanpether-eego Takted gene (hERG)

poras P o5 PR P S0 G115 Ml e s

potentidlNt ReMAs fréMethReRGr &by eRiitR6d @d 10T, i>ner Yl Joragiketopiperazine

~_prolongation was not observed in the dog (9-nonth or

particles afreaddityina resaltie frogynanghivicalsagties with dikgthipgsyazinfhmriecles showed no
wer.e effects of diketopiperazi articles en,.

offect 3 1, ARGt e e e PG RN T P v rlifepon was not

observeﬁ)ﬁﬁttﬁéfﬂog‘éx%%fﬂ?% baFe f@aﬁawﬂa(fiypm&whﬁgmqfé&ﬁ There were no
battery. anple 10 Effect of P-1 on b-cell Mass '

cffects pi0DEGepipGlaRnE paickosowhen ainpnistesecinghyenonglpson GNSreg ghidrpvascular

systemsbelvgﬁgépetdqg MSs a?e%j pgallrﬁlea(c%llo gy gérle r‘tr)la{lteartye

Example 10
Effect of GLP-1 on B-cell Mass

[00191] GLP-1 is known to promote all steps in insulin biosynthesis and directly stimulate
3-cell growth and survival as well as B-cell differentiation. The combination of these effects

results in increased B-cell mass. Furthermore, GLP-1 receptor signaling results in a reduction of
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b-cell growmh and survival as well as b-cel
differentiation. The conbi nation of these effects

WO e®alize1i n i ncreased b-cell mass. Furt her nor ePCTAIF2007/066728
receptor signaling results in a reduction ofb-cel
apoptosis, which further contributes to increased
b-cell mass. GP-1 is known to nodul ate b-cell mass by

t hree. potenti.al path enhance b- cel .
Bcell PR e AT b T B 51 %iﬁ?@?ﬁt ILmpSeeble:1 infnown o
fof ene t % C a
mOdula%IpIBt%ﬁ %dr%g 1%38 31]1_1%%] qi%t?ﬁ 1 a};[g\%\/?}?t e&l &%?Eegk? gu&'ﬂ rohferatlon
inhibitiem df- g@tosixass B-atik) 3n&\ﬁf1ffeﬂeﬁ&a&tcﬁ,ﬁdoﬁtpudﬁye Isterd @hid i the ductal
with GLP-1 /FDKP and conpared to untreated cells.
epﬂhﬂﬂﬂ%ﬂ nistration of active GLP-1 increased b-cell mass
to 2-fold as suggested in the literature (Sturis

[00192]et alJl?p dgpgsirate| the atfgett ofdalPdxemBregtlimwssoeclisecre fifcated at day 1, 3

f R
and 5 Qi BORIHRAT ot SFEAR Rl B e aPyPlgn af sgsve GL-
increas Y11 ARENTIET6 S0 OLfoR! A0KGSRLED AfindlIABRLAS(SLAOLEEL, 2003).

he effects 'of GP-1/FDKP on b cell proliferation,
addltlon, resaiminptiandfghecfse ofevagioas Sdd5ededaptaralGd-PZUR k egonists on diabetes

demon#%%ﬁ%@ﬂ%yé%gﬁﬁre&%% Gfﬁf“ 3 »Eﬂ% e PR iRp 07 dfibetes.

0019320 heni ks B4 aPh<TaTRP St 8 ol mediseioe RRHRE fstideose were
assesseé[‘@t? nfaRNAHGLE @1@6&90 @aﬁ?@b%mlﬁ% MR G= Q%lg(létgﬁt KBint ¢ ref%wed either

pl asma G.P-1 and gl ucose anal ysis pre- , and at
control 80r) 043, m@ GLXAHFPEK Pheomtrtiesg p 6%t (Odfome) GPEnlcdalytfor3 consecutive days.
ti ssues t ed for i nsulin secretio b ce
An intry 0 P B s P Shal o PR BPb BRI S ey collctod
for plashRQIOA] A8 diRoH HERR 415@1&5@'391§ at £5B0(456hhnd Bb@mnaﬂ% post-dose.
was conducted on day dosi ng. After 'an overni ght
Pancreaftlasttssu&snwdaycoﬂﬁctadl iforainsulire serated, § ogll unos earabhpiptosisaanalysis via
ntra@erltoneal injection followed inmediately by
ln“numﬂﬁﬁ?? MULY. 1) or GLP- 1/ FDKP adminstration via

100194F e 51 5 Bisorrislor s dos PG T IR 788 e FopbIESTody ¢ gf dosing
After ary Qvé'ﬁl@lﬂ B3t RSda d?%ﬁlma‘ﬁ re%glvgh QLQI s@ 95&5 @%ﬁtrag%r?gﬂea% injection

showed a 47A)|n réase I n glucose I's conpare
followegrimdedmtah by ealstr((B(GJUXDrZ}IQKSIlFFI]KF @Hﬁﬁ)ns&hltumeda authidtary insufflation.

i ncrease .in. se | eve conpared to predose val ues
Blood g4 cllegicf avie go e gﬁu%qsa chil |CEHAERY 3 WHBRSAEIGELISPY 1o D0 minutes
post d0§é RPY ﬁﬁtﬁltésSJokP%s@ gGH?lg l%hH%ﬁ% 4t7% ﬁlrc?éa t tgéso]sé [bv}%f_@l%ompared

treat'ed versus contr ol ni mal s p<
to pred(bsewdieseas@mulaas(ﬁ}lﬂeblﬁl)ﬁ@ sbowcthy lE%orhcm@Rl 1ngh(d§lsﬁevels compared
The oncentra |on of plasma G P- | #?
to pred(i)qﬁ; ‘@h&ﬁp %ngrepwg 1ca]_1§ le?f @gro&g tlgg:ggmts ollowing the

glucoselt9R 16l tésﬁnacggirEdtQJ‘verth{rﬂl Aﬂmﬂs%pwm measured at
various tinmepoints on day 3 along W

[00195] GLP-1 levels were also measured on day 3 of dosing (FIG. 25). The maximum

concentration of plasma GLP-1 levels in Group 2 was 10,643 pM at 15 minutes post-dose.

[00196] In addition, insulin levels were measured at various timepoints on day 3 along with
glucose measurements followng the IP glucose tolerance test. Both control (air) Group 1 and

Group 2 (GLP-/DKP) demonstrated an initial decrease in insulin concentration from pre-dose
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gl ucose neasurenents followng the I P glucose tol erance
test. Both control (air) Goup 1 and G oup 2
W@ 30PA2BKP) denonstrated an initial decrease iPCT/HS207/066728
concentration from pre-dosel evel s, 46% and 30%
respectively, by 15 m nutes post-dose (FIG 26).
However, at 30 ninutes post -dose, insulin levels in
geturned el i ne wher ea n.levels .
levels, g%&ﬁdioé HPREabt & dacrints rog dasy BREIG Hpgever ot 3 minutes
post- doyeallﬁﬁﬁm 1eQerl rlﬁ%ﬁ)%p@'r&ﬁhr%d tb"SMeIE hB¥RhS ihilifFFevels in Group 1
mnutes, 60 mnutes, and 90 m nutes were near pre-dose
continued|to@Bcrisch tal 64¥abf @nfsd@sfe Vadsss. t hanrchtc8%nipdB] §hlin levels at 45
. Slides were prepared for insulin, immnostaining and
minutes;00, REWES; SRR oo TG BB Sor o (OBalBR ghless than
1.5%. quantitative assessment of insulin expression by light
m croscopy, there was a treatnent-related increase in
[00197] NSWIidRs SXRE ‘?ﬁ%ﬂa@é’&i Yﬁrt Rkdid MBmRAGLIRRS 4fd ﬂ%r@sog% evaluation of
rats that was dose-rel ated, although Statistical
insulin expyedsfanc ddrsed wasjuamitatastet @memelqtpr OnQéin)expesside b dighthaitroscopy,

erc e of b.islet cells ex sing ins
there widp oSTRRG G T EREr eyl g ERaySn ABHETR pBri Wil ZDF ras
that waf 86Kelr8RtddC afihctEH &ta®ifti APkigh Alcn cEX8CKdt AR RBY (RAREN, fRQictermined
pancreas cells were eval Uated by the TUNEL assay

by the pefw@ntugs of plidetReRs egiresaing, ind®@5) . Appr oxi mat el y 10, 000
cells in the pancreas (exocrine and endocrine) were
[00198]s c orAgehptdvis tindlyNELw g0 8isb | aomdoetd somwetree pmmmticnéssua'mfr &DF rats.

.were no djifferences_ .in apo i nde
EXOC”“F@@EFE@W’@F@G&“EW Hywe %‘f?l}? df@ot%@?ﬂﬁﬁ auay ‘HH“SCEPIO D.R. et
al., 199%?}'0 :(Aé)?ﬁgéulngf%[}ﬁi(') 060 WaS BvaL ?@ﬁ&gas' @x&&ﬁw%‘&%n%@@rl&f) were scored.

Di abet’i c 'obese rats dosed once daily for days
Most T\I\lNEL-pomtlve)Icel(sawm)e ovocGh&- | TheRDidRrev ha dpffiérameeariy apopt051s labeling
nsu%£flat|on Sl i des were prepared for

mdexnbtseat YN A BRI Ul 1 n ' K 67 (a prollferatl on

r usin i st ochem s rosco
[00199lev ﬁdﬁswnog Cemomhﬁ&}twflewt ?V&Ms‘éismcf@ﬁaﬁe‘f 8¢ aﬁ {Askst Diabetic
obese ﬂaﬁs%éea %' 4&11%efdrsi Rla§s Ieh Otk ﬁﬁ%%rd}ﬂ? IPROKPEFA pulmonary

In a 7 ZDF r ts Base quantitative
msulfﬂames §ﬂ1[dm wate pedplargdr falri doeloatlizanon tdfemneulinened Ka67 (a proliferation

reatnent-rel.ated effects on cel.l rolifera
marker)t st e B oRMATET,  SKGKITARIC cSpfuatin ¢ é‘@@ aweﬁ E%Uon was
conducﬂteﬁ WiRLig n%gﬁn I@)%Elﬁve (992904 i erpﬂ%r é;lolcnnérrgénccréats U t%ﬂt‘PW? 17 ZDF rats.

at GLP-1 m ni st
Based oni (alaptllatmcl assyssmw‘ubif ¢cdlt prohfekasiner ‘Ehdrebslvmdloqfaa(mem related effects on

el prolifgistaeyhi it 91 5?%52%%%1&%‘% Fahe é?fsaiﬁanale ZDF rats,

[00200]: 2|Cr VGI‘%E éﬁ%%@r&igpows tha Gﬁﬁ’ul/bgla)ecd’ e&l{spe%e({: a?tlé or O 3 mg GLP-1
via pulmonary insufflation lowered blood glucose levels in diabetic fatty rats (model for Type 2
diabetes) following a glucose tolerance test and increased the number of insulin secreting cells

per islet.

Example 11
Preparation of GLP-1/FDKP particle formulations
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Preparati on of G.P-1/FDKP particle fornul ati ons[ 00201]

An alternative nethodol ogy for preparing G.P-1 /FDKP
w@aooriizi4el f or mul ati ons was al so enpl oyed. The PCT/US2007/066728

formul ati ons were prepared as follows: A 10 wt % G.P-1

stock solution was prepared by adding 1 part GLP-1 (by

weight) to 9 parts deionized water and adding a smal |

[00201]2{;}) %1} aﬁern llng %gtlbogﬁggé a5 :qg%‘%n%,:%ﬁk-a]ﬁ]glpﬁpé}aggcle formulations was
also en?%@ﬂoxﬁﬂg%ﬁhﬂlaﬁ&ls%e/ﬁe%éﬁdr&i s ol MRS dAVI'Od\%% IGLR] stock solution

hree portions. An appropriate anount of G.P-1 stock
was prepaiedtbiycddingsl pattl&dl.Pt b(tyaetighisp@ psitodeiboizpd puicdend adding a small

t et .conposi.tions of 5 and 15 wt P-1 in the ' .
amount, 3 eyl AP RO LB g Gt Dt & NP bTsien (R partcles
(approx%a&@l@%%%ﬁh@l@@ WAS dRRRUMKIRE&! YorBors. AR€appropriate amount of

suspensi ons were then adjusted to approxi nmately pH

GLP-1 4todk 4olgtiompviae pddudi tolrathh suspospant mnwdmftrgetp@lnhmsltlped of 5 and 15

wh GG B BRI B8 (S ASTR SRS 88 ot of e
suspens‘fthﬂr\ﬁ@st &fg&@ﬁﬁhatery tar n?heoius?&fsﬁin% ahlre tﬁe&ﬁ&féﬁs@é&i @)naﬂp'réxllmately pH
(RF Based on Fil he percentage f
4.4-45, aftet mdaighetbp smsavbnseorrsamge pabetivatl iz bqulﬂyntrmnqtuérhyqnh;hz@ﬂ to remove
powder in the cartridge, which was determ ned as
follows: five cartridges were nanually filled with 5

[00202]rrg d%ﬁga%m(g%wﬁg}g 8 L[}?egigog%%?sg]éffﬂfr‘ﬁ%g%lé\@lﬂq?% ofs respirable fraction on

fill (RFAPRE sﬁtpﬂgnz bbthewr&%gé %@ ofﬁ)@&a&&h tf[@te%FHﬁﬂ@ @ﬂ@h @@¥malized by

pr oduced formulati on wt good RF on
the quapmmfrpmdleh usthm stadme, | whieks waiéaigwr@meétas zf@ll@N%fW/efqartrldges were

M A R g

(descrifeifn U/ S:%EénWA&)bhéé@lrohwbs 166B5)158pncent rati ons [ 00204]
To assess the pharmacoki netic properties of GLP-1/FDKP

[00203]WI t hnﬁ@ﬁﬂetmaol@gﬁ pRuuEed A eittuRitioWith a %&kﬁm o mill erm! @wder with
ue Daw ey rats wei ghi ng between 192.3 grans to 2

5 Wt% ?g’raérme%@reé i 48 % &R/ fitl oviib thet povedensantaing) peproximately 15
0 nt rol oup 1, n=3); G.P- 1/FDKP formnul ations
Wt Glaesl Svis 32?_02’1{!1:&1? /group). Aninals received one of the
followng test articles: cant (air) via pul nonary
instillation; 2.42 ny = cont ai ni ng 5% G.P- |

(Oglln%rg(ﬂ_g %ﬁe‘tfcl of éﬁﬁ i 1%@@3"@1 5%p 3ei%iﬂnﬂ9e€t9a%ions

the ice.

77)

[00204]0023?4 &s ]ql{gBGgﬁ) d‘l'na‘(:cg{lﬁ tic ggg %) éﬁ} aG Vgﬁﬁi’y w1th various

|on Iecte assay
concenti@fons ®f M}DH:D,@glﬂe@h wnﬁﬁé‘fﬂpl@gﬁ’e Dalvédsetass @él@ﬂﬁ@&)ew&nal% 3 grams

to 211.5 grams were divided into four treatment groups: Control GLP-1 (Group 1, n=3); GLP-

I/FDKP formulations (Groups 2-4, n=5/group). Animals received one of the following test
articles: control (air) via pulmonary instillation; 2.42 mg GLP-1/FDKP containing 5% GLP-1
(0.12 mg GLP-1); 1.85 mg GLP-1/FDKP containing 10% GLP-1 (0.19 mg GLP-1), or 2.46 mg
GLP-1/FDKP containing 15% GLP-1 (0.37 mg GLP-1) via pulmonary insufflation. Blood
samples were collected and assayed for serum FDKP and plasma GLP-1 levels predose and at

various timepoints (2, 5, 10, 20, 30, 40 and 60 minutes) post dose.
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various tinmepoints (2, 5, 10, 20, 30, 40 and 60

m nut es) post dose.[00205] The maxi num pl asma G.P- |
wa@ooncamdtat i ons (Cnax) foll owi ng the adm ni st rB€T/082001/066728

GLP- 1/ FDKP (5% fornul ati on) were 2321 pMat a Trmax of

5 m nutes post dose; 4,887 pMat a Tnmax of 10 m nutes

post dose (10% f or mul ati on); and 10,207 pMat a Tnax

[00205]|Of r?n%#}ngls gsfsrfl% 150%’11&@10 rpélnuplg %%}opcgllawgng ﬁ;le mlgp]élg(:t e(sjtratlon of

GLP- I/PBEP @05 ?ori’iﬁ%atf%9§ Wei’eeﬁzl-gﬁl\ﬁl Rl Ch, UBHS Imihites gb’srt\d%se(ﬁ% pM at a
levels for GLP-1"were 10 57101, 92606, 227873

Tmax of| pilormnnmte‘sqrostiiwdé 0% ﬂa;rmnbslpn);tand di0y207 s iatrmt Belx of 10 minutes post

dose (1%2%0}10@}‘153‘1101}% 6?16'6 d%f}asﬁdgg?g?%@ﬁ#éﬁ%ﬁ%%&t t% %%n?iglutes post

dose wﬁ@ébMd’z@*ﬁ% é‘r@@%ﬁ&]&rr%'&ﬁ% Y§U@) defepy fGrnGEPIIOwJ%% $o622, 57101,
nm. (Goup 2 oup 3) and ng/

g/ .
92606, G &3pM fminofor 1G1@u1!SL1P4,1veFI®K@v¢1w rﬁstlmtaiedrhslfdtfe BV&ELI’G%NaS 10 min
% Q. P | o er The tinme to maxi mum

for GL&E&P&%{Pﬁaﬂgligﬁﬁﬂ &-10 minutes. This data shows

100206}y S i 17 28, RSB P e R s pmined o be .5

/mL | enk Rf/niihectddp- & R@d7 PN tih Cefor the GLP-1/FDKP
He [(OO ?Q/erg% , ?he t u)olf}1 shovvre:hc%t t haf@l;0 g r?a CrJ_P-eI
formuldtieus hisS%erl@%ck&tdelﬂ% G1R-1 siegmictivadantTheerad mfak'mmum concentrations

singl e .dose m ni st at| / P VI
(Tmax) Wi Mlgv%n ?‘H @;5? 3 %&W%@%a?‘é 5% ety e%ml ar dbsorption
kinctics S GRSBS ahﬁuﬂﬂsacffnﬁ)ﬁnp dre! V&GS \{‘tﬁfeg cRRAELY A Wﬂ’hl load on the
maxl mum concentrati ons achi eved at approxi nately
particlesi n post dose and with observable GP-1 |evels at 40
m nutes post dose. All animals survived until the
[00207]comﬂ)‘eirzitlbrthofstudyeshswgdiyhatﬁawamm eLP31 H\atsnwemdeyan@md: at significant

Pr oper P-1/F er.ed |a Pul. nonary .
levels oG SRpIcufin rgEseRIonTy GLLaKEDRRCY Al HEEBhRuR o in Sprague
DawleyPfa@Pe3ds€ $cl8fc d GhbieddE KR 1ashBTBIL®- SRLRBUK c18Wh 8 cl Al Rh maximum
were divided into 2 treatnent groups. Animals received
concentgdtione aclugvﬁdrablappmp(nnatdyap rom [Dshapsclakd wwhm@ervable GLP-1 levels at
cont ai ni n Vi a |l e daily

40 mingfey pesh oy AP e(dmni"% ergpriet e e days.

[ 00209] Food consunption was neasured duri ng the dark
cycl e at predose, 1, 2, £4 ana g% hours post dose for 4
consecutive days (FIG m consunption was

Phari2@d9 st Propeptiss of, GEPANED R PA d RiiniSkai-dd/vis IPidinen 88 Shsufflation

adm ni stration of GLP-1/FDKP via pul nonary

[00208] nsufd |a§§eb§)r’ché rbHahﬁadd’d?ﬁdrﬁﬂ 9@6&1@ SOTP-SUDKP,t ignale Sprague
cont r ol Qr&e group (p<0.05) here were statisticall
OF

Dawleystiatgny e eiamd Qa%léféétmeﬁt g@@ﬁs conBugtpriceryed sithegrfioptpls(air; n=5) or
2 mg GEP lhﬁ)kﬁecaotn alnlggrg Ot43, VETp- lis(d: PNLL (&LI( zilj Vla (a)lnsn?qg (i'lally pulmonary

insufflation (n=10) for 4 consecutive days.

[00209] Food consumption was measured during the dark cycle at predose, 1, 2, 4 and 6
hours post dose for 4 consecutive days (FIG. 29). Food consumption was decreased on Days 1,
2 and 3 after daily single dose administration of GLP-1/FDKP via pulmonary insufflation in the

treated animals compared to the control (air) group (p<0.05). There were statistically significant
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the 1 hour and 6 hour tinepoint and on Day 2 at the 4
hour, 6 hour and at predose on Day 3. [00210] Body
wowrioghte1{ FI G 30) were neasured daily at predpGEUS2907/d66728
consecutive days. Body weights at the initiation of
dosi ng ranged from about 180 to 209 grans. Although
statistical significance between treated and contr ol
et it e e e R RS e B Lol G Day 1

the 1 hot® ARAEMBE: BRESdift 8 onXRPAGEe 3 hoar, &GiolLa]CR LB &S Day 3.
(TK) Studies [00211] Exanples 14 to 16 bel ow di scl ose

[00210] epQ?Jd'yd&?@i%hfsql)WGj. BY) MetdhRasREl b2y Bdpledodeafo? LB hsecutive days.
nonkeyS to evaluate the potential toxic effects and

Body waoglits giti thetingiapowfdfl dosofg GuRed fraDkdounH&Datbi 20P grams. Although

. . powder.. Th ata indi cates no arent. toxicit i .
satstcB B ISR DP Ao S BoUIER! LD dBBe sevariaehrdy body weigh
were loBeghafeatddamihos R 1IMARAS S¢hvTyRH uatil fhe@llcd/SRrifice.

Additionally, there appeared to be no differences

bet ween the male and female animals within each

speci es. Exanple 14 Taxiagaedrilge of G.P- 1/ FDKP

Admi ni stered for 5 days via Pulnonary Insufflation in

Monkeys [00212] Stlexieokinetics (KK Stadies| t o det er mi ne

the toxicity and toxicokinetic profile of GLP- 1/ FDKP.
[00211)j a Evepwdesald tadfibeloyt diselosmrepedialostoirdiedtuigrensrformed in rats and

t herapeutic,route of .adm ni.stration). t.o the cynonpl
monkesho 8 BOSHE ik PGB (BT B IBisood i pfoXGBR' GEB-1/PDKP

inhalatibh Po¥ves. Theldyth ihditatds CONFREME kosgeitlayih GDPONEBKIP inhalation powder
adm ni stration invol ved the nonkeys weari ng a mask

at dosespseaeral frddl higheithan dinge neppeseshigr g}i@g@lmsgg Adddiopaldy, there appeared to
roulation for 1 ne. [ 00 Fourt ee rior to
be no d{RA-EherRBi e aofs Bl reriehCmtk ran it SRR SRR e et 1o
the restraint and dosing procedures. At the start of
treatment (Day 1), nal e @niff g4ere between 30 nont hs
and 56 nonths old and r weight from2.3 to 4.0
Toxikekinéuswf €. v/ D KEt AddiniGededfon Shikvanih Pélnivmai- $nsufiflation in
ranged in weight from1l.6 to 3.4 kg. Ten (5 nale and 5
f emal e) nonnai ve cynonol deukg¥skeys were assigned to 5

groups (2 animals per group) as depicted in tables 5
[00212]3n,q SHudis B epﬁéu%it%g?teﬂén%m@é%wgy éng Erdekinghic pgpisle of GLP-

1/FDKPR &%ﬁﬁﬁiﬁﬂihﬁHﬁﬂi%n Qg& ﬁtéﬁ%g? thnﬁlafl %ﬁﬂ%dvegl{lg ?l e Bﬁg@finistration) to

t est ed. wever, the ormul at'i ons ort
the cydomoggusanwnieye (Mot expgoiced/dri)bender dsignt(foor 3haviau@nya day) for 5
ef fect on_the nkeys duri.ng the dosing experjnents )
consccuyivg éfaage&rﬁeﬁ%fgdmmtwg ipglued, the WORESYSIWRasing)a mask over their

mouth 4F/Ho%e g%e&ﬁin%'tﬁe {D RfmP—GH- R 3hsmih: O

[00213] Fourteen days prior to the start of treatment, the animals were acclimated to the

restraint and dosing procedures. At the start of treatment (Day 1), male animals were between
30 months and 56 months old and ranged in weight from 2.3 to 4.0 kg; females were between 31
months and 64 months and ranged in weight from 1.6 to 3.4 kg. Ten (5 male and 5 female) non-
naive cynomolgus monkeys were assigned to 5 groups (2 animals per group) as depicted in
tables 5 and 6 below. The non-naive monkeys are colony animals who have previously received

the formulations to be tested. However, these formulations have short half lives and are not
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(0.13 nmg &GP-1), or 2.0 (0.26 ng G.P-1) ng/kg

GLP- 1/ FDKP. Table 5: Targeted and esti mated achi eved
wore@m/12lase | evel s (determ ned by gravimetric PCT/US2007/066728

anal ysis*): Gavinetric analysis is performed by

wei ghing the filter papers in the inhal ati on chanmber

both before, during and after dosing to calculate the

rosol concentration ip the harrb r an rmne .
expectedilo B matrBnCoetbatng Tort Aa<Ba TR Ke: AL aRelE b Speriments
disclosdCh@bih. @hirdal® rg&wea c%ﬁ%g(&'j Qtﬁg‘g/l_%%@@ﬁ[e% lpady. e hGhEEP-1), 1.0

(average for male and fenul e e targeted and

(0.13 mgdhiRyv g obr dds@.A6ewe (B Pglichglig 454Dt t he proportion
of GLP- 1 in the generated atnosphere is 13% The

Table Seeigntat ianth cgimated adhidvet atced ddeslevels &letathind@lds gravimetric
I gposition wWthin the respiratory tract. Table 6 :
analysistli get ed and achi eved nean aerosol concentrations
(determ ned by gravinetric analysis*): Gavinetric

anarysts 15 [performed bypWRl N BW: LRRI (ol fflayPaPErS 1N
Groupt he iGieal at i jon cn@ﬂggn bot T bef org,p. p?url ng randggb 4 Fbxp
Numbertp PRI e AT PHEATY AMF BT PRk YRAINER Tkl [ Rehieved”
1 .l: IdAH%OQﬁ"E)Ilu to Cl (S]] III IU;‘ II | ratyt Uil 0) [OLVNY] I(bg. ] LJIII&
8 Ig?%ﬁ an aZUbC cu USUI UHLCHL!aLIUHb 1 Utlcu
a:sur&e & jat |t he pr gpor |on. of P- 1 ith the generat ez 10
atr 1o 0011 re—+s—313% the St arof—totatr+inhated
3 glodowliose ° d2e | O3 L bﬂoh’mn +¢L|Of ,m.niditm” 0.35
Y 5 0 A N 48 o el
5 S n':Eh%*ﬁQﬁgr JoI\‘ { Dahs 251’ :hn n\M 2’1&1, |nrn2 13

ad
Gravi analysi e d by avei filter papegin the h oth before,
durlngn:lggjilF %lgo;?lslggf{(:a‘ tei %Veo%gs;}ggmg%%ﬁ? ]éld% Q:I grlrﬁber a%? to determme the
dura“"n\PéH?S&%ﬁct ur from t he fermr al vein. Blood sanples were
Basedali"ﬂ‘}}?ﬁ%‘ﬂnqd %"ﬁel £&: one for | asma GLP-1 anal ysis
- Based @@thsrq?ﬁsyre&ﬁadst W@glaf ﬁl&ra ecf%mﬂﬁ fglinalg}sr um FDKP
* The takgeiad flg’lc 1@/(%1 dﬁﬁealg}zﬁ; gyoped) assppng T§1§t the proportign qf GLP-1 in the generated
atmosphereri biSpnThe qsfmatgat ot fbalgd é@ﬁegswd\%%?y dprsiten wighip He gespiratory
tract. 1 3 pL EDTA tubes (0.1% EDTA). DPP-1V inhibitor
(MIllipore - Billerica, MA) was added (10 nL/niL of
bl ood) to the tubes approxi mtely 5-10 seconds after
Table @l doetedl hwt tachevéd/inadadi agrosol camcenttatians ddetofmiDBIP-HyV gravimetric
analysigf. 100 mM). Tubes were inverted several tines and
i mredi ately placed onto wet ice. Wole bl ood sanpl es

WET € mai ntained on Wet 1 CRMIIdonGahlon (MBey, (2- 8C0)
GrOl;Pa A099uR pm For appRexi Matef y L0GpRUL €S, L0 Bf UGSk
Numbetp aBerEnafinas MBrarget | Achieved | Target | Achieved | Target | Achieved
1 Air Control 0 0 0 0 0 0
2 Vehicle 0.160 0.189 0 0 0.160 0.189
Control

3 Low Dose 0.021 0.027 0.003 0.004 0.024 0.031

4 Mid Dose 0.070 0.073 0.010 0.011 0.080 0.084

5 High Dose 0.139 0.142 0.021 0.021 0.160 0.163

"Gravimetric analysis is performed by weighing the filter papers in the inhalation chamber both before,
during and after dosing to calculate the aerosol concentration in the chamber and to determine the
duration of dosing.

! The targeted and achieved aerosol concentrations quoted assume that the proportion of GLP-1 in the
generated atmosphere is 13%. The estimation of total inhaled dose assumed 100% deposition within the
respiratory tract.
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sanples were transferred into appropriate vials and
mai ntained on dry ice prior to storage in a freezer at

WO Z®7(x40) OC. Pl asma concentrations (Cmax), TRPERUSAVD)66728
and T 2 were determined for GLP-1. [00215] After
i nhal ati on adm ni stration of G.P-1/FDKP for four
consecutive days, detectable |levels of GLP-1 were

l00214l[>?§3&aoleoﬁe%%§@feér@ ‘f é@izf%&}? S [ﬁgh WRET 8b§ae%ﬁe%3>ay 5 at the

followu‘{‘g tifle HoARPT PXI. &@Eei()’ 319045“ éwt)@slj(f)ﬂnlnﬁl\ﬂésnﬁlddp%rs post-dose. Blood
adm ni'stration (Fl [00216] Dose rel ated

was collentede asaesenlpm@uﬁ’e Ifrcﬁimib(e iﬂdorAU@:mst Blardesammetewetendivided into 2
conce tlon curve fromiinme, zero . to e 1l of

atiquors e 3% o P S LB hetmorse et (b fretd & Srum PO

analy515t |F%r Ef&%a ‘M‘LrPel Qﬁﬁ%lyeﬁ chéh BAbRbiARbR whsle fo%ﬁ'(@ SWHEj(@JX? collected
Over dose range studied, |ess than dose

into 1 E;mdpEDTPémldiem(ﬂdP/eMA) nDEPAV inkilgicrsMilerose otRillened MA) was

added én)(z CEIF/ ?%i%ﬂdg stg ot?e sf“ | gﬁﬂ%&’i{@ﬁ{?& %%S f%e%rpr]g Fm&‘tl)(lg&; collection

(vieldinsOh @ohé&%ﬁ&? oT n)pkaw &1 000 Q). t TuBed Wi Koty s%oérm times and
resulted in a 2.9 fold increase in AUCl ast in nmal es

immediately plated onth Mmt rle@s%’hph: blgct asmpies Wercah@mtalpﬁt)mT}VGt ice until
.~ Th gak .con trati.on of GLP- erag ed 17.

centrlfugﬁqej (g % S tré& nrq%lf%rsapé)ﬁ%fm&)@te%y ?é tgﬁ,dtosggoguc&gplﬁima Plasma

sarnpled {ﬂzefeet@ﬁls%ire\dhﬁﬁ) %ﬁ)’l’@ﬁi‘iaﬁﬁé €ffa%dan@—rﬁaﬂifa'ﬁ@ﬂpo@8ryd@§ Pribf¥btdrage in a

. . day respectively. Plasma
freezer a‘ev79| (g;l@,)f CG_]?.iasm@{ g@nqen‘@@thna,ﬁ(}galxy Tadads A[gbpmdélhb were determined for
GLP_lellmnatlon hal f-1ives ranging from4 mnutes to 24
m nut es. [ 00218] The AUC val ues for G.P-1 were 21.6,

[00215]105 qr ?%a?aéwﬂr Eén%éet%ngg erSf] @{Jg- 12%[)%82%17 g cg{slsecutlve days,

detectaﬂ@%els@f@ﬁ’ Pfwebe Found iPalRPek-dose siEplkgbA BNy 5. On Da dy 5, peak plasma
respectlvggyﬁhL00219 There were no apparent gender

concentgitfone (ene Tikwprgraghisyed within @proyimgishet ¥ adnuies falewing dose
| evel . However, mal e nonkeys displ ayed
admlnlsérgﬁ'glil g]{lg'%?ﬁ?/ - -

hi gher AUC ast values than fenal e nnnkeys
at ed

1002167 1586 TR PR ErUchier ant NG ko RS concentration-
time cuPRNKEH Jins QG € TRARHE abihe lbsﬁﬁﬁﬁhﬁlfﬁbl@@dﬁcéntraﬁbhﬁasn@ﬂlnctlon of the
have been caused by the contanination of the air

dose wergloibastcdin batk mal¢ ard fneple mopkewpvan Bard. Oyrsdkudescgnnge studied,

less thann(g)a(? glpq%g onfteglc%eﬁgqstlh% (E)) Algg}gilfrlgzae{re s%rkve iv%l(t)hsle &reiaﬁmg doses in

both mélifah@r fefialer MOAKCYS, OeidéFt fd: Andie SRRt 1 ﬁagvpgid doR! Bvel. A 6.7 fold
[00220] Since the biological half-life of P-1 is

increas¢ & dosehipm1G3 9 Rl ex/ky/diy onlp-resulied in tahd9 fold increase in AUC,s in

males and 1.1 fold increase in AUC\ys in females.

[00217] The peak concentration of GLP-1 averaged 17.2, 93.1 and 214 pg/mL in males and
19.3, 67.9 and 82.8 pg/mL in females when administered GLP-1/FDKP at dose levels of 0.3, 1.0
and 2.0 mg/kg/day respectively. Plasma levels of GLP-1 declined rapidly with apparent

elimination half-lives ranging from 4 minutes to 24 minutes.
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adm ni stration of G.P-1/ FDKP shoul d be conpletely
elimnated within 24 hours. Therefore, endogenous

wo eooehzi4of GLP-1 were the |ikely explanation fRET/US2007/066728
consistently quantifiable levels of GP-1 in tine zero
sanples collected on Day 5 in all G.P-1/FDKP treated
ani mal s. Subtracting the tinme zero values fromthe

obs e oncent of sin oul d
100218} of Fﬁagpﬁ valhGRig é By %ﬂr@e 10 apﬁe&%dﬁg*ﬁf/rgp igmges and 33.4
23.7 an8f3SQ—F> Qﬂ/ﬁ@"ﬁ fehﬁ%zﬂﬂenﬁi%fmlﬁﬁfe‘ﬂéﬁ G%Fﬁ/ﬁﬁﬂPy&' dose i?évels of 0.3, 1.0

each trnepoint, the whole blood .6 nm.) was collected
andzonmybg@mbesp@MMMalnlng no antlcoagulant al l owed to

clot at roomtenperature for a mnimumof 30 m nutes
[00219]and Bepawatcew dppasengendeuddidrames o OKtmaramgens winGIFDKBDbserved at

e o 5 G RSO R R e EUUC vl
than feﬁ‘l‘aI@ RlofkdyRtdt Me Hhid Aefd- HoF AR fioveld %st?@%e%%ﬁevﬁmples from the
days, detectable levels of FDKP were found in all

vehicle postroldwdecostinb(ags nmnlkﬁjﬁys@wed)m@ayraﬁle lp*e@lkof)(}égﬁ}a This may have

been caﬁgegir o %%%)1'&%31? 0{1 (9)%%[5: %H{ H@?@g%&ﬁ? achi Es TILEN have been a measure

of endo6BuRIGIIF-atih Hdse [)%@313} mbARER. Weshol RSEotéEINat Eshtrol animals were
I'ncrease in FDKP AUC (area under the concentrationtine

eXposectlmrdlﬁelfeanpmsm@tlmeGbPéiﬁDIébmeatﬁédnmls he infinite
time), as a function of the dose, observed in both
[00220}val Singecthe bredd@catdakidifs ob lbay iGlesdwe & miniigs ftbergilds1 from the

acmint Y07 oF R BL5 Tt ShH B Patette eSS el Therefore,

endogeRRUVIBRIs &f &NP- 2 wesd K@/ [faYy ctpladtibnifBs taiGemtYNRERIRDle levels of
i ncrease was observed, it was | ess than dose

GLP-1 priopereiosamples Aoléecredmﬂ Bay hdn eth6d.B- WEBEEtreateshargmalst Gubtracting
the tlmeA%Or%ﬁ eg/ T It Sbé%%;%g clﬁrqcfeg]]trzﬁ?lhsc% g%% qclaoesia%i{lla should reflect the
change Ii£GRPESducTBehPLRKinBaBCENST GLPaMKSkeX) of FDKP averaged

200, 451 and 339 ng/niL in males and 134, 161 and 485

[002211n9/ Hori feri@NEDEP AN, St €2l tisaholit, PP vaol ddS®dd (0.6 mL) was
levels 0.3, 1.0 and 2.0 ng/kg/day respectively. The

collecteAugto Vi eoontagring DRFankispeEUBOT, albivgcda i clotL 7t ot/ tﬁmpeliaﬁlre for a

minimEk3 98250 SR RUE T ARLNPL  oBTBLS? i gyt an

serum %o&eﬁﬁéﬂf(g{sd o7, LESPRE! ML Y andUE, ) afdreOmRicringel S Afler inhalation
animal s adm ni stered FDKP only at a dose of 2.1

admlmsft@pk@ rHalPeIFBEE foy fans censstutivigelayy Westestaliterlevwils of FDKP were found

in all p%—% &ge/ %gﬂj)}e%\?ﬁntaﬁé}fnﬁ‘e%nrﬁélp Vﬂeag P%{%a]c/ﬁﬁ%aaé (t)nsz(SC];ng’x) of FDKP were

exc

achicved labgiokInyattlonoas 38tmidkcs ﬁ)ll%ﬁ/ulig desc@dmidbtraonng dose
adm ni stration. [00223] Overall, G.P-1/ FDKP was wel |

[00222]t 0| errtedayviatdosd ecletkd im@adse 3h FIK DA RS geles uabder@d Yoncentration-
hts, food consunption, clinical pathol ogy
time cuﬁ@r ttgpeszerprﬁé‘qr@%@gql to the ipfigifcomp)iag a function of the dose, observed

in both male and female monkeys on Day 5. However, in females there was no difference in
FDKP AUCwx, between 0.3 and 1.0 mg/kg/day but a dose related increase was noted between 1
and 2 mg/kg/day. In all instances where an increase was observed, it was less than dose
proportional. A 6.7 fold increase in dose from 0.3 to 2.0 mg/kg/day resulted in a 2.7 fold

increase in AUC),q in males and 3.0 fold increase in AUCw in females. The peak concentration
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eval uations. It is also noted that inhalation

adm ni stration of G.P-1/ FDKP to cynonol gus nonkeys at
we@sao7iemsed achi eved doses of up to 2.13 ng/ kg/ BEBUS2007/066728

(corresponding to a dose of 0.26 ny/kg/day GLP-1)

adm nistered for 30 mnutes a day for 5 days is not

associated with any dose |limting toxicity Exanpl e 15

(o) o EDRE RS 2Rt i 5 Ep i et Soowaa ol bl nent in

femaleseéﬁ%lﬂﬁfe%a G- IRADRPLA Absd Q)&élg oty 19 addPo Mma}afe%ﬁéctwely The

l'y admnistration via pul monary insufflation f
AUC» oohse(fot K Rayese 3Bat §7% eoeididdngbmily oh njaés jnd 2@&P235 and 810

ng b 38 egpeley ingyiertq. GERRRPY digy Bobie: Aottt 1] meneiday

respect1@@1'y| y ARt PORar ¢, L NSWHLS htah@hi§ Q8miflsteRASESKPI My d@¥%Sdose of 2.1
24/sex/group7 Ani mal s were observed daily for

rng/kg/dﬂyl (Gireat 2)swemf dhie samei areryof rmgmytudeaggmmatsdecfemug GLP-1/FDKP at

2,13 mg RN R VB bt m P dovet oy 0u B g minutes

followidPddBe At @S sthlonow ng dose adntnlstratlon in all dose
groups. Peak concentrations of G.P-1 at 10 ng/kg/ day

[00223]G—P VKR v rrasienl vang Léel Bidk 2 d QvilhOAdTE Bl Bbhs bor&ffdcts on body
979 and 5834 pg/nL on Day 14 in nmales and fenal es,
Welghtss efodc t:onselhsptloml asineal gudicdogyf r@rMmdterde ghiqregomict pr microscopic

evaluatltogg arti 13, 61 ro Sno él#t? nE%ﬁf‘té%F eglftsrt%t? n&v\éﬁg r?él%gl%P Btf%ll"J ?r‘ynornolgus

monkeysat ré?tﬁrﬁ&e@ﬁéhlgqe@%o@,w & 1y [gltd‘ EMRhes ?Ha}l (terbipnemnt 8as®se of 0.26
f 10 nop/ kg/day GLP-1/F M ni mal orno accunulation

0
mg/kg/dsfy (EELPID adasnigbrse foiet) minitestreday fne b alayisisgwn desociated with any dose
llrnltlndlfforences in Crax, half-life and Tmax- AUC val ues of

LY vier e slightly higher in female rats than in nmale

rats across all doses. The No Observabl e Adverse

Ef fect Level (NOAEL) N a1 & gtnlstered GLP- 1/ FDKP

for 14 consecutive days-vréﬁﬁuinonary insufflation was

ToxicbRintiick 9f G- GEPKP Aldshinisierod 18y kpdshaywisPRirhdnarfyda&ihtion in
Approxi mately 24 hours after the final dose, aninals
(12/ sex/ group) were sacri fRatd: clinical pathology,

macr oscopi ¢ and m croscopic evaluatlons wer
[00224lperfmmﬂudyrhé%lw%omenétqteéltleeraoXscatVe|qfu tCeLPaMFA%KJ% after daily

[ L
aminisfi S BUIRRA "G SERREL 1 LB R ot s RELREY purrol (ai
FDKP garticled ai Dhngdds er 1a0ilonsg IGHPat pd (06H5Ghe-GI/HKPor Ther.& mg GLP-1)
were no differences_in body weights or in food
mglkg cGhEBPKEN #et huedail %o@pmnaashdntwﬂat@a 407 méf s copgecyfgve  days

(n=24/sex/group). Animals were observed daily for clinical signs of toxicity; body weight and

food consumption were also recorded.

[00225] On Days 1 and 14, GLP-1 Cpnax was achieved within approximately 10 to 15 minutes
following dose administration in all dose groups. Peak concentrations of GLP-1 at 10 mg/kg/day
GLP-1/FDKP averaged 6714 and 6270 pg/mL on Day 1 and 2979 and 5834 pg/mL on Day 14 in
males and females, respectively. Plasma levels of GLP-1 declined with apparent elimination
half-lives ranging from 0.7 hours to 4.4 hours. Mean AUC levels of GLP-1 were 2187 pM*h in
males and 2703 pM*h in females at the highest dose of 10 mg/kg/day GLP-1/FDKP. Minimal or
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ng/ kg GLP-1/FDKP in females only, liver weights and

liver to body weight ratios were significantly | ower
w@owparkdi to the control (air) group. [00227] AGEDS2007/066728

were no clear differences noted fromthe results for

hemat ol ogy, coagul ation, chem stry, urinalysis, or

urine chemstry between rats adm ni stered vehicle and

ai r cont Ther.e were ross or higst t hol ogi cal
no acoufpdfoigy G e RISeR e aKE: Berermesiil SRRHERvEs B Com, halFlif

and T OA@@ {Iﬁﬁest %EP tlng‘é%h%ﬁ’tlﬁﬁfgh@ﬂ #i feAlhlctsOhan in rnale rats across all
GLP- anpl e oXl coki netics of G.P-1/ FDKP

doses. lﬁlmh*er @b@ﬁ@bld Advage Eﬁ“yet Mival BNOrddiariy rhtssdffinisteiodnGLR-1/FDKP
Mon 00228 Th st ud al uat ed t oxi it a

for 14 t08;z§eeﬁw%é*e¥% HPUEIQRARY phsuB alin fas  r g lasé?{%yy ?ﬂiPéI/FDKP (1.5

me/kg/d@ pihon for at |east 4 weeks. To assess the
réeversibility, persistence or del ayed occurrence of

[00226]any dfr@ﬁhﬁtel bensuatchd TRElosE SRAMAS Y1 PRKIR8up) were sacrificed;

s recei ved one of the follow ng
chmcaltpaé@iqwnn@cm@:qmcpam magsetcppic e(va}uat)lqns@@ju petformal. @Tie toxicokinetic

(TK) aggé ngr%%g (%Pﬁ(zahtﬁ]})ﬁ%%%a%gcr&g% o) Da@%ggg{gsﬂg f%.ﬂ\ér the final blood

collectlﬂﬁl/ M@@%re%d@a’tfs%':’clﬁl%aﬂ- ShR-kGibHaYe £ Prd GLPL1/BKPURhEre were no
6 ng/ kg/ day G.P-1/ FDKP (0.39 ng/kg/day G.P-1).

dlfferenlcm nythdwoN@glnt@mnmg o draonkeyitionebaswelinv¢aneig! pmd egted animals. At 10

mg/kg gﬁ?;%gllﬂﬁ bl} %%( q%n& lise/rzx%{gﬂ{.?o UIP(P é@gﬁ IBor %(:08ver¥1gﬁt ratios were

mgmﬁc@ﬁﬁ“b@der @@e@tothgaﬁﬁrdl thir 61‘519/ day) Goup 3: 0.3
kg/ day P- 1/ FDKP (| ow dose Goup 4: .0

[00227]”9/ Kieetay e felifr dédr e rc Aded n@&ﬁeﬂom @Ol for Kerﬁatology, coagulation,
nmg/ kg/ day GLP-1/ FDKP(hi gh dose). As is typically,
chemistipp nikenalystsu dir agingnghgnmisiey hetglecn gate aaindm@@rﬂdr mlsclmmé air controls.

There \Ee/er% Crgoafgg?dsrs at {%R%tS?Eélglc{apgéﬁ dtlg%rrl btlS&P?S ﬁ\fa { ave,crle dle J[’eém%ned to have

potenum&@c@addeyto aa@nmtfuﬂlbﬁs)fmgti/@m@ for abnor malities
and signs of toxicity. Body weight data was col |l ected

weekly and qualitative food consunption was assessed
daily. Blood was col | ectiaeinipdé 16 oxi coki netics on Days

1, 28, and 56 Three ani mal s/ sex/ group were
Toxicglinetics of GLE-1/ED mlnwmgﬁw_cﬁw_m Ruhpenayydnsufflation in

on Day 29. The renalnlnggiﬁgggis in Goups 1, 2 and 5
(n=2/ sex/ group) were ane ed, wei ghed,
r
[00228]§el :ﬂ?y%tﬂg)? gxgarl]%ﬁ%trogﬁ W(el%ﬁﬁ 'tcg(q elP% olf:’ %ELP /nggeagﬁa%rstered daily

via inhatgtidnefot etdle&md weks.ely eshessﬁdhle réweeﬁbllﬁSy, fresistaae br delbyal occurrence

wer e exam ned m croscopi cal,
of any effects, there was a 4-week recovery period.

[00229] Animals received one of the following treatments: Group 1: control (air); Group 2:
3.67 mg/kg/day FDKP particles; Group 3: 0.3 mg/kg/day GLP-1/FDKP (0.045mg/kg/day GLP-
1); Group 4: 1 mg/kg/day GLP-1/FDKP (0.15mg/kg/day GLP-1) or Group 5: 2.6 mg/kg/day
GLP-1/FDKP (0.39 mg/kg/day GLP-1). Forty-two cynomolgus monkeys were divided into 2
groups: main study (n = 3/sex/group) and recovery (n= 2/sex/group) in groups 1, 2, and 5. Group
1: air control Group 2: FDKP (~4 mg/kg/day); Group 3: 0.3 mg/kg/day GLP-1/FDKP (low
dose); Group 4: .0 mg/kg/day GLP-1/FDKP (mid dose); Group 5: 2.6 mg/kg/day GLP-1/FDKP
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[00231] There were occasional fluctuations in body
wei ght across all groups; however, there was no
wo e@atizient rel ated effect on body wei ght. GeneP@il/U§2007/066728
all animals mai ntai ned or gained m nor anmounts of
wei ght over the course of the study. Hi gher incidence
and frequency of Ioose or liquid feces was observed at

h, doses. .There n nific cha oted in
(high dGRed A R Ay Ve HeiP ko> ST MieuEh o SoRlgmS Mgy e luated at
recoveryO b€ treatnment-related with the exception of a
hoderate increase in | actate dehydrogenase (LDH) and
[00230]aSp@(ﬂ1§fafs FEHsERBS IRIRSRIGAST ndrfAlif) By %?@dlftﬁﬁﬁél &P least once
9 (the end of treatient); seé Tab
daily, 30evmhlgesop03_4ﬁlelsw;/eﬁoe abhemaligey asd |sggmslgf toaicgtgd Body nmediglg. data was

Thes had resol ved hy the end qf, th ecover
collecteflar gl AR SPOD BRIt s STy ot Beplopf s chllcted for
tox1cokfﬂeﬂgd BASDAYY {hes ldndese. Thee GRARAS séxPerOR] Vb&yeahésthalzwewelghed

hi gh dose femal e group was primarily due to one out of

exsangtihated,i sl aedropdigl ofaBhye 29. : lebamm%nmﬁglmwlm iAIGFoupsST, 2 and 5

00232] ., There wa o evi dence,o n .
e T e T S S R
necrops? séj&ﬁ&i bE¥A! SeHPwERhed Bnd KA ABYsuEd-Rote EdTIKRd afdt Ifg’)‘lréserved All

FDKP was wel | tolerated with no significant clinical
tissues &o@rﬁgclwmefaf wetessxominsddyicwscehealy. f ood consunpti on,
hemat ol ogy, urinalysis, insulin analysis,
[00231bphtﬂarws1®myasm@aﬂu¢m@trm dopddy weight agressadlgreups; however, there

was nog%“%?‘éﬂﬁg&%ov dtI 0 dgﬁrg\%ﬁlé%_k?qn)era%nﬁgrgﬁqgg maintained or gained
minor a @y cﬁtv{?@ght%epfhe%ﬁe%tf tRNst8&. IHBh&dnaabiceviad sy of loose

of up to 3.67 nop/kg/day for 28 days for up to 30
or liquigi fisersewas obspyveasast hikk olosest Thseowicest el signt h:aahyhanges noted in any

clinical ﬁ%%ags%ar%%egerg%t [v)vo?’ee %nsg?eﬁ}ﬂt&l?nect%e%gl?slg% gg%te\%évrvléh N exceptlon of
a modc@RS icr&Me i 1Redth d@W&o@dﬁ@sJ QM e aA® BiRYIE OB adsferase (AST) in

Over the dose range studied, |ess than
high dogo&emalesopdday 3% &he icad oé arsaendny); eePTableAathe taveliorf LDH were also

very shAhL%Sreraésneg\Ae n5al %b%ﬁés\ékcglar\{s\é% Elaﬁ)ggsrogvgﬁlb@%hdoscgﬂ %tr?co%velal n]%erlod and
were né@fcodeRtdd @t ard: ﬁldﬁ@ﬂcléﬁl/cdaﬁh@sﬁn]thgm anerchgeet SAST levels in the
pg/m. in nmales and 164 pg/nmL in femal es. Plasma | evels
high doeﬁ feaaibt grode giap pamhaiifyt duedp iont artfdhe Aug animalses varyi ng
mO0.6 to 2.5 hours. Mean AUC values for G.P-1 were

Table 715@%@{*?#%&9111 ALhafed aaddDId4 pg*hr/nl in femal es at
the high dose. Fenmle nonkeys di splayed higher AUC and

H— P o-G

Omax val ues at theé | ow d¥yschapgmipdMeed Velye nal es. | Peak

Group concentraEngs of F@KE(thZJQAgghygi azDﬁyBﬂ;/—DKP
o oo [ o0534] LETERACLue on L ohalatron

1. Contmdimi ni stration of |GLP-2/ FDKP t o Seynonpl gu® nonkeys at
2. 3.67 mg/kg/day FKDP -13 -34 -53

3. 0.3 mg/kg/day GLP-1/FKDP -1 53 -14

4. 1.0 mg/kg/day GLP-1/FKDP -15 9 -11

5. 2.6 mg/kg/day GLP-1/FKDP 32 422 117

Males
1. Control -16 -42 -62
2. 3.67 mg/kg/day FKDP 14 60 -6
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esti mated achi eved doses of up to 2.6 ny/kg/day

GLP- 1/ FDKP or 0.39 ng/kg/day G.P-1 adm nistered for 28
wa@l20p3/121311 up to 30 m nutes a day was clini cal | pCIEE1007/066728

tol erated. The NOAEL was 2.6 ny/kg/day G.P-1/FDKP

(0.39 ng/ kg/day GP-1). As described in Exanple 19

beI ow t he maxi me human dose in the Phase | study

ha 1 E 171 EPKDP ner nlﬁ\l nr N _N21 Ny k
L7 1T JINI P "y | Ul U. UL L IIH g

3. 03“&@@”?&@5@@%‘& 70 Kg Human). AMR tidnal @t udibs will

4. 1.0 nfigRIay GLB- 0FKDP GLP- 1/ FKP per day or |-0.042 nglkg

P 17 [Prepafati on of, Exendi n/ FDKP
> 2'6m.‘gorg./fja}?’gﬁ?‘ﬂ 0235] Ex'gé‘.di A4/ FORP wals prgparej b

conbi ni ng an acidi c exendi n-4 peptide (SEQ ID No. 3)
sol ution wth a FDKP partl cl e suspension. The acidic

00232}y 0 pr Fhgee W 2a PEACIRE ST TOWAreRimgyt- r@fatiﬁelawra@omcggéma}%gmﬁl changes
at dosezlé%@lgql o 9%' ﬂ%/&yb?w':%ﬁ? r_l%@@g n@lL@,n /ﬁBﬁPakwﬁ?qxxell tolerated with no

proxi mat el'y artlc The aci di
mgmﬁcﬂﬂ@:ﬂlﬁhda} dighept tffiectsol tddyoweighss, ﬁdﬁlaﬂ)ntsmpﬂit&l IHE)IﬁE’tology, urinalysis,

) particle suspension as it gent|ly m xed.
msuhn anadyvi» 9Pk CoRY e %Osgpawqy rl@lﬁqu%&pé@ C%ﬂgﬁs gbssrupd in doses

t
o 10 28TRRLA,PO PP B30T YU 6 i or oK
at an cstineat&d Rbspicd aibhﬁeanlam B@ﬁ rogrkgidhy f(ér%:ﬂzdm fbt bip Yo 30 minutes a day

contents f<£ ? 15% Exendi n- 4/ FDKP powder was 36%
was alsqnetpssoqupe wit a@:}aFQXﬂ‘PB/ge Enptying of 99% A 15%

GLP- 1/ FDKP ovvder ed a lar s e shoyed .a
100233h e RpperEplaiedapsieesst & g;i%3ﬂ%& Rﬁﬁi’ gm@é‘% @ﬁ?&l@aa}star iﬂlﬁl@%on of dose
were o‘t%@theM'ng)oﬂf maRO0%d XA gnﬂ%s%ﬁab%qoﬁveleme (iofsé’frange studied, less

Exendi n/ FDKP Adm ni stered vi‘a Pul nonary | nsufflation
than dof&pRPaitidRebmatcastasie (plLRili Gi.pdnyndtoX Uik yest oliceedtwith increasing

doses {55 LR oCCymarhc and phar ekl LS o Gy 26
mg/kg/&fr‘%r@gl:c’ NP d@g 1J/80 iRtnaY@ ndUB4 ‘f)gnﬁl?m felal QMPlasma levels

ter rrultlp nistrations via ul nonary
of GLPrlodd¢adined B/lﬂlmhpnngm@sbalf [1'68238]ind fwent §.6 ¢o @fﬁt hcday Mean AUC values
erfor

udi e n rats and nkey .
for GLIL]HE 1P B B 3o Sttt o9 Rl vl Res e 81 high fse. Fomale
monkeysNdigf IR M AT @RBLIRT S, JLRHAB L IR RS UBMParcd to males. Peak
proportion of the animal's are sacrificed i mmedi at el y
concentadtiops of HDKIB sit 126 megkgreay WP FDKHe pvamgadal 8)0angmL i males and

to a one nonth recovery period prior to
1900 p@@i l\ﬁ??%ées animals are

[00234] In conclusion, inhalation administration of GLP-1/FDKP to cynomolgus monkeys at
estimated achieved doses of up to 2.6 mg/kg/day GLP-1/FDKP or 0.39 mg/kg/day GLP-1
administered for 28 days for up to 30 minutes a day was clinically well tolerated. The NOAEL
was 2.6 mg/kg/day GLP-1/FDKP (0.39 mg/kg/day GLP-1). As described in Example 19 below,
the maximum human dose in the Phase I study will be 1.5 mg GLP-1/FDKP per day or ~0.021
mg/kg GLP-1 (assuming 70 Kg human). Additional studies will dose to 3.0 mg GLP-1/FDKP per
day or ~0.042 mg/kg GLP-1.

Example 17
Preparation of Exendin/FDKP Formulations
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eval uated for clinical signs of toxicity; various
physi ol ogi cal paraneters including blood |evels of
weE@nd2ad, gl ucose, and insulin; organ wei ght BCT/HNH07/066728

clinical pathology and histopathol ogy of various

organs. [00239] The intial study groups consisted of

five animals per group with two control groups: air

and endi ni stered, intrayenousl There were si
[00235]pu| gfhy @E@%ﬁ\y%&prswr ﬁﬁg g an cagllc\;éandln 4pept1de (SEQ ID
No. 3) %@tﬁfo@% iRh @b\KIanQTlQE sHGRAS P! TH %18!{0'1/651%3 sc@ﬁtlo';}l/{ivaslﬂ%% (w/w) of
15% 20% and 25% and 30% Exendi n | oad

peptide bihssokﬂ’ed\/asz%cﬂcbtm:acedl Tbe FBﬂ@’(ﬂilsgdnsmnamﬂ:d@ppmmmately 10% (w/w)

FDKP 5%1?15 En,g”hl Oa%?_(}uguetgﬁt 111—2128?8ptp u%)lﬁtgqq}e Oiagitd'eli Otgzt%ce)] FSE% particle
suspens‘ij(ﬁmﬁt e%ﬂ& riﬁlx%@ aTh@é)@é?ﬂhﬂA@@f@ bRk @b @Hﬁvlgeh;f}/%[t:e[c)iK vPvith a 25%

conpar abl e” or better pharnacokinetics than G
ammoniax apiptien 10 PpHat.fl.coRhaenixteeofvaGtenl prDKEd Adiei hijsidengmgen and
voohili via Pulmonary Insufflation in Rats [00241] To
YOPhERt-er mi ne whether different DKPs may i nfl uence the

phar, 9 net.i of .| e of -1/ FDKP. f or mul at j. ons .
100236 0 e ek B R b o e et HAGEP B loEh BEhgExendin-
4/FDKP stde% wiy 9§95 hWvanal Pg’@éxﬁr@ar&%a%le'ﬁ%ﬁ\ﬁtyﬁg $tygot | @d 159 GLP-1/FDKP
"Asymmetrical FDKP Anal ogs for Use as Drug Delivery
powdergreducst dtid sichilon sealershowtd anloR&wWd Hilhdntents arf pt’at wigh a Percent
.herein.in i ntirety (Atty Docket No. 51300-00041).
Camld%%%‘?ﬁg']mgs‘fﬂdi?lﬁg’g were conducted in rats divided into 6
treatment groups consisting of five animals per group.
The control group (n=3) cej Y§ gl GP-1 via liquid
instillation. GLP-1/FDK G.P-1), adm nistered

FbarBilcoRMNRLIYS dMBLhliEFDKE AMaEnRlced YBEPulafnars BidMation
control. Each of the GP-1/xDKP treated groups

[00237] ecqie\fpe@k &R fleKRIRr{ Ql‘)ﬁUityﬂtshQilﬂé‘s A0 axdiheaA@mpharmacodynamic and
insufflation at ~2. O doses of xDKP | oaded W|th GLP-1
pharmagekingiws aradila ghgxendm-4 kPylsenglogagkin(an exendin-4/FDKP formulation at

Variouszzéoglglglﬁia(t%Fg_ %E(gfégtglz%uléﬁ N fndishRHEN GA 91%”8%{1'130'11%{;{ Yblte are in
progres§.ar boxybr opill ) am dobut yl - 2, 5- di ket opi perazi ne), and
((E)-3, 6-bis(4-(Carboxy-2-
[00238]or 0pBMHty-aightl dbytsyldies2inSrati ked apinReysaiengerfbiredi Bxéndin/FDKP is
salt) | oads. Whol e bl ood was coll ected for eval uation
dosed plyGvin thee ghakition diobisns arstuslies) pherpoanigels s, degd Hrg 28 days, 2
proportl%lﬂn&f E&D%@gﬁﬁtq%%n Qa%ﬂglc?c? %iscen la‘? ?Qhéb‘ Qlﬁ? é%ﬁeg while other

animalsSafeedly)v@ﬂdupTﬁi arafei mohth Ecowdry qferlal.@rib/r ROKBCrifdal alli efimals arc

Powder in Healt h%/ Adult Ml e Sub{ ects
evaluated for clinical signs of foxicity; various physiological parameters including blood levels

of Exendin-4, glucose, and insulin; organ weights, and clinical pathology and histopathology of

various organs.

[00239] The intial study groups consisted of five animals per group with two control groups:
air and Exendin administered intravenously. There were six pulmonary insufflation groups
which received approximately 2.0 mg doses of Exendin/FDKP at 5%, 10%, 15%, 20% and 25%,
and 30% Exendin load (w/w). Whole blood was collected for blood glucose and Exendin

concentrations out to an 8 hour time point.
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[00243] G.P-1 has been shown to control elevated bl ood
gl ucose in humans when given by intravenous (iv) or
waueazmneous (sc) infusions or by nultiple  PCT/US2007/066728
subcut aneous injections. Because of the extrenely
short half-life of the hornone, continuous
subcutaneous infusion or nmultiple daily subcutaneous
ui.red. er, of these

b
00240} ¢ Sﬁ*&c fxo&l/b Bl chped o ekt demonsisepay ifnpndinFDKP
formula!tlﬁnﬁﬂé%%loﬁlpﬁfhgl’@(q Hehat paRcoidRrits ﬁ’@ﬁ GELq’nl /DR Eer ed by

i nhal ation, therapeutic |evels coul
achi eved. [00244] Several of the actlons of GP-I
i ncluding reduction in gaahfgl€1¢nptyi ng, increased
satlety, and suppreSS|on oT |nappropr|ate gl ucagon
A O gtics( /xD ,! ' : Pubmprarvansafflation in Rats
released as neals begi n. By supplenentlng this early
[00241]s ur gko daterglife Wheihehdi@erent DKFBKRaY miflakee the pbam@e@klaetlc profile of

am c resp betlc ani mal
GLP-1 BPRERERSMARR, GafiSROACP Tl B BrEl fut R 20 @iigped in Us.
Prowsul,ﬂan kednt Rpﬁl[&fl@@%ﬁﬂlddn%?hﬁl&ﬁ&ﬂ ebmnAﬁaa DR MsEIa6 Rbg Delivery
post prandial adm nistration of GLP-I %FDKP
Agents'| ﬁlmil et Pomn paadercwifho@ry Bicomaeat®h herein ingit Pithictya{Atty Docket No.
513m)¢&f? of GLP-1/ FDKP inhal ati on powder is designed to
‘t he safety and tolerability of sel ected doses of

nhal ed c con r t|c roduct
00242, ST Ry TR A By Gkt LSRRG, SFEH Sonslelle of five
animalsyse® geupt hrﬁe B@df’ap @ﬁ{@)(nkmﬁ@babecdelpcma Piq@id iastsilafion. GLP-1/FDKP
tested. The primary intent of this clinical trial is
(0.3mg tQ)L]?-dénqdmlylsg:redahggpu&mom ansuffhatiom, pras glgoprsrd as a second control.
Each of r‘?abi:P f/ rgate(P )éro% | 1RO Y Gﬂpa]T/ {(ggfro‘ﬁgalltatlg ns-via pulmonary

era be used ni ca

insufflatibh at 2 tomge@dsab bf ibl@/lodaap &itaf GEPS1i faQy, ang 1S athg.xDKPs used
The doses sel ected for the Fhase la clinical trial are

were  halek3-thr(hhidintopingraainy 2vbbutyicgranaylsivled i ni egild), (3,6-bis(4-
carboxyé)gdé)\a}le)%g%flob% 21§ Id%qr% If]aazll BL):)PHE?%%F r [ ggzgg?-emlﬁ(?y(_Carboxy-}

propeny&)a)ﬁm(i&ﬁl)tylwm @ﬁét@pl@bﬁzﬁﬂérdiiddﬁdn Is#itt)0oadsC Wilé Bloaa kv a\llected for
up to 4 eval uabl e subgects i n each of cohorts 1 and 2
evaluatign @f (1-R-b cenceptiptipns kS shidp L &ctls 49 1P Ocdripdp 90 drsrics past dese.

5 who neet eligibility criteria and conplete the

clinical trial. Each subject is dosed once with

G ucagon- Li ke Peptlde- EE@EHEQEQ as GLP- 1/ FDKP
A hgde '

L 1 | X 1 S 11 Rt %S(P?bferablhtv
c dl’m)zrltof GLP-]/EISKBdnhmHtloﬂ ﬂ’amtdeB in HlaaEhvné;dcnlt Mlal%-Sub]ects
Dropouts will not be replaced. These dosages assune a

[00243bodyGInitg shag beatDshHogvn tB&bﬁtB@]Sele)\fat@Tbibmﬂgl)ucsdei 1h|hu'm”an$ hfhen given by

art n detern1ne i onal dosage Ievels based
intraveroys (’§$ Q8 ﬁ@%?uﬁ’ing@is e or g@ G?gt?!’ cPHRCWH) kY WQ%IOB? Because
of the é lothel h rt ﬁél?}l?é)ofjﬁ{e cﬁqn%ﬁe LRGSR b8 REheous infusion or multiple
tol er Ity of ascending

daily subcutaneous injections would be required. Neither of these routes is practical for
prolonged clinical use. Experiments in animals showed that when GLP-1 was administered by

inhalation, therapeutic levels could be achieved.
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doses of GLP-1/FDKP inhal ati on powder in healthy adult

mal e subjects. The tolerability of ascendi ng doses of
W@R2M712HBDKP i nhal ati on powder as determ ned byPCT/US2007/066728

noni tori ng pharmacol ogi cal or adverse effects on

vari abl es, including reported adverse events (AE),

vital signs, physical exam nati ons clinical

| abor at o ests an tro rarrs ECG be
(00244 SeXpralOF %@ﬁﬁ@}s %h@iﬁ }1@&4 s lﬁgntpaymg, increased
satiety, A& IsHEEs SRR in @ RbpiSAL gt&aWs&%Bm‘f)ﬁgerStb'ekaed to the burst of

paraneters. These iInclude additional safety
GLP-1 pdeaaakbemsals bsgiexBy esgeembytingtbisi aadydelrgeen @ﬂpﬁjll wothaGl.P-1/FDKP

1nhalat181ég)a§(tg%eaz/p %%a?on §g$123e1%§§9é1|)3g gﬂb}lja tnart%[ gnima Eegfll S\Rlllﬁllffﬁd In addition,

the latePRBETRCRIHVRRE -1 (1RH:d RG [ AFEL8A %sgfln RE@SHSh GiPbd nfkked by post-
serum fumaryl di ket opi perazine (FDKP) foll ow ng dosi ng

prandialvdrinGtion pFOKP-1/INPKPanhabatiopgpedielcr. as neasured vi a
AUCo-i 20(nmm) plasma G.P-1 and AUCo-4so nm serum FDKP;
[00245jand TBedihabo hatlireéal pagl aréildt- &/ FOK BhinhglatioGhewileriin désighed to test the

t maxpl asma P-1, xpl asm P-1; and G P-]|. .
safety SdPITILT BRe BEPLABEETY DRoY dPAA-ERP N contiel thefpggutic product
for the ﬁﬁs’f HﬁieEﬁ)*ﬁEfmaf;@?fbﬁ&@ U friktiatio thak¥u R Wi MM Pone® Inhaler device,
[00249] Trial Endpoints are based on a conparison of

previouslygested. [Thaipnignaph anterd ob Hog clorikal and is &f eytifyar angt ef doses for GLP-

eDREREIRTRP FouRs by Rubterdy SPFGh oRER TS WerdPie, T8l Yon be edin
further 3ARREISLRAILRS 8HaBh tRRIhEE bHTFTRCRRAd SBIBY. I'the @ses selected for the
orted AEs, including cough and dyspneéa, nausea

phase laﬁgnml tyighare |bﬁ@3d asanyebl sagay edsaliy &emfromrslmdgad arilngl GhP-1/FDKP
vital

inhatatigh bia o 4 A RaR pa hTR TR Dao: | Pk
[00246]dI Splg %]&I M %) Isu%gats Wn%%ﬂdnﬁoerégén Lljlr%['%K d&é@%p tzo 4 evaluable

subJectﬁﬂldéaEh @R abhdris pﬁf&mﬁ@% tdb epitl iEotd i JATR% RS to 5 who
P-1, Cmax plasma GLP pl asrm P-1; additional

meet eh’glbldﬁy agriseres andf cazepleim FhDKFiH(ICT%Jrat%la!;eE@ﬁh sOKFst Grdgsed once with
Glucag?n L"'kmjﬁ rl)s% fluﬁ(gﬁ?P-qg%ltste ]?Ig-e}/FFgégf’ eI%lMaIQ i \t)vg 6[2%] fo]llﬂwmg dose

levels: E8mdsel : 10205 @gn@ihartdzos)etstrﬁg 3dohbﬂ<30 Iomsrrag ehaf 4 1.05 mg and cohort 5:
open- | abel ascendlng dose structure and desi gn
¢

1.5 mg Qf EﬂtPebPItomaws ivgllaoh sqpé%wdwTﬁlhsedeEa@sRsm a bpdimass of 70 kg.
Persons X &é%l%hfa%lggc% Iﬁl%ee r;c] gé)na ﬁ&ﬁ SI gcrilgélll%ﬁc{;o%?%e le@ls %9%6glon the studies
disclosctrdvaks (1 CH-E8) to determ ne the safety and

tolerability of the investigational mnedicinal product

[00247]( | MA)he (ﬂﬁ’&Z&é&] oﬂ_ﬂhﬁi t@ﬂal picaaldetciinitle the kdfelgamgli tSIerabﬁht? of ascending
clinic visits screening visit (Visit 1)

doses Oé@LPTIEaI?IﬁBrmha}atsqq p@W@u bpgalt arﬁdlu@)méﬁesubﬁmsowhaﬁolerablhty of
ascendlxéSIste(sv Sﬁ tGﬁﬁ-l%ﬁPdﬂﬁalaﬁfoﬁlapo\é/&“ a€ determined by monitoring

pharmacological or adverse effects on variables, including reported adverse events (AE), vital
signs, physical examinations, clinical laboratory tests and electrocardiograms (ECG) will be

evaluated.

[00248] The secondary objectives are to evaluate additional safety and pharmacokinetic

parameters. These include additional safety parameters, as expressed by the incidence of
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Adm ni stration of a single dose of G.P-1 /FDKP

i nhal ation powder will occur at Visit 2 . [00252] This
w@bkiniizaht trial will eval uate safety paramet er BCT/HSBATI66728

cohort. The cohort scheduled to receive the next dose

concentration will not b e dosed until a review of al

safety and tolerability data for the first or prior

doses, i duc e t he princi I nvesti or ). .
pulmoniSi ik #1Ber A %gwi @9%‘% s 11 Rumgnery g 1?%?%@%%@ 1 {§ening) and
Visit 3 t{?BM@\@ le?uﬁlia@ﬁl‘é@olélﬂbtl%a(@"?()%%&tefs%@ﬁﬁ%@ Gk 861d serum fumaryl

saf et dose may b e or nore subjects
dlketopmetdzmﬂ: (Ellliﬂioﬁotlpwmgp@su@wehstvléﬂéFDIéElsldmlaamd/puwder as measured

via AU{D&Q(%{ Cﬁ_ﬁ’ Efa%{i]e XJsangg]%tgl%]S %P:Kj’e asag,gltl&nal Pl% parameters of
plasma @L@ ﬂ-'fﬂ%@iﬁp im!llﬂﬁllsfﬁﬁ ICATP- P%Q;?ﬂlas(r& Qbp-10 aﬂdsTl/z%la%ﬁla d—LlQ-EI Additional

and 1.5 ng of 1) wi be assessed. To acconmpdate
PK parahbted;ogfeserumolFIaKPamalddGLPmueﬁDKFFmKPl Che serure iDWIR lind Ty, serum
FDKP. FDKP i nhal ati on powder. Single-dose cartridges

containing 10 ng dry powder consisting of GLP-1/ FDKP

[00249]I nhgllrna%%agl\ﬂ}l\d tq%éesd?grbv‘"%g mpélpém]\geﬂtﬁﬁt foﬁLP 1 FDKP)acoqoglcal and

safety pdﬂﬁﬁ&@ﬁs' &Eﬂerﬁﬁﬂ@?[n VMe' ﬂnat’@ulﬁ@&dpc;p@lla@i@h aPﬁmtag}E eﬁ(ﬁﬁﬁﬂt@ @vill include:
dose of GLP-I nd

Safety G.DdsomgS)wﬂl e, asmeed lpa;sgg op thednelﬁtsn@ca@é sl:vafméy Qf WPIDITGCbéEs including
cough d uartle L e g}jr 1t‘13 a W eCtSneaC 0 ital signs,
ug aFﬁ ap eci‘o&%“ﬁ %\?‘8 O WPt a8 e dt SHmEw I@osr%ere{lglgdfl Brat sie

chmcalsutabﬁm 8@¢ ind ERIBRiaH Rik@Ginavibhd. SRERANE @Ab¥ink AM$Enclude: PK
at of the 5 dose levels to be assessed. |In addition

dispositiqn @ﬁ p@@n@%l fand squm FDKé’c&AI\IGO gAchit Pesnd GiAdl EmKAUCo0-480 min

serum FPRPYEARE PRV o i SR P hath R8T 8ok s plasma

GLP-1 My nﬁaﬁﬁas qigter mgﬁﬁlahaxepabﬁﬁaeﬁ&ﬂ%eﬁm POKENt Bna@Bdum FDKP, Crnax
Erlnted publlcatlons t hroughout this specification.
serum

ond adrbtiensd vafetyinaeangters épwmenary dwertionitete@t Ts)) and ECG.
ubli cations are individually incorporated herein b
[00250]r ef erherfthasq ha, tsmwdwttmlemyorppl@cﬁz%]wwl@@é agedmdmgi dpse structure
and desllgrlnd IFt%a E:%Igit‘ha? 18 co&ggretn{ Ssﬁég 12 Eﬁisg Erzb lctgogoutg ihigal IQrﬁ%tlce Consolidated

Guldanéee@cﬂ B6) fndé Gufisice M Gich&ral Obhididaigtshs ifer cnﬁcal Trials (ICH-ES) to
specification and clains are to be understood as being

determipg gicfsatetly a1l talarabiligrod Heciavenyigatienal eedicingbpipduet (IMP).
Accordingly, unless indicated to the contrary, the
[00251]hy ne?hec%hm%é trigherilraonsist off Helipiciviasitshé) Pap ISERRFIGS visit (Visit 1); 2)

fi t{a [ n
One tre?lﬁﬁ%ﬂt n\g§ ?3;7?59 %)Q%élﬁ é)ngﬁg ggﬁ&t@-ﬁlgs\alet%\ﬁsgp gfoplém? 5}% Sfter Visit 2.
Administ@atpatortaGiddte @ik aif KE®P- bY DIKPeinpiles&Npow dur &¥tlicdsur aAthE.
very least, and not as an attenpt to limt the

[00252]appl THatdiattabridln@ild astkiaRe safttye pathmaleen s dach tdoBort. The cohort
scope of the clains, each nunerical parameter shoul d
schedulgg tq regaive B@ I@éh@qSﬁ geeecniationywill et bereseilimbidp reyiew of all safety and

tolerablilgﬁc?%é ?oq tfd qﬁt%}tdog%sgﬂs %ﬁ?@{& g%r it ?{1%{ 18%1 %e‘lhgﬁ&y (PI). A half-

|ng
hour ddingelapCizthe IWiH %Slmplernented between subJects in each cohort to ensure subject

safety. The dose may be halted if 3 or more subjects within a cohort, experience severe nausea

and/or vomiting or when the maximum dose is reached, or at the discretion of the PI.
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and paraneters setting forth the broad scope of the
i nvention are approxi mations, the nunerical val ues set
WO ororh2i4mt t he specific exanples are reported aBCT/US2007/066728
preci sely as possible. Any nunerical val ue, however,
i nherently contains certain errors necessarily
resulting fromthe standard deviation found in their

1002530, oo e oL PR PREG il atepaaraer . 08 T 1 B ond. me of
GLP- 1)%999& ARBlEd ang MRehhidaid ANGokaNoRfuARASGLE-IHSKP will be mixed

i nvention di sclosed herein, wthout departing fromthe
with F¥<Bipdalation ppivddrt Sioiletdose icaired el omnthiROR5) mAsinupewlder consisting of

t he use  of e word "a". or "an" used i n
GLp-1EBKE Beebln Breatas wrant ootieften BN iRER ot 36 iked with the
appropr"imgéﬁﬁuﬁtllﬁ ﬁﬂ@ﬁinﬁhlﬁﬁ&ﬁ ﬁé\vﬁ@%ﬁlﬂ%msed’fbeobtalﬁ%e diésnb@ dose of GLP-1
al so consistent with the neaning of "one or nore," "at
(0.05 mgedsts mge):75ang ! @ﬁeng)andnbéemghaﬂl Bhe fi Tst[Z)D)X@Gq doste lizwels will be

cont ated.t ha ny neth 0 on de
evaluatgiD i £ IohaHS BE i 8%%%%%&11&?%5%@%@? SRS E F R¥luated in 3
cohorts ra%téh@% Rfs &@H@&htswféad@ﬁpfelcae@l oRBr PUdse dt QOc;’fSt% 5Td¥Re levels to be
use of "the term"or"™ in the clains is used to nean

assessed. almdacbhﬁomm éb.o@dedrpw dott GJPr hdaatiat eadt total)edgl FD&EP measurements,

| t t th | t
oS! bty bl kot e
u V | . .
100254% 7o Ry BRR eSS T2 odt ighds 5P prlf S pified' Bibtications

throughBt s ReimatiePiEaveds kR ARNeCHdecfbRAcMkadidepridted dGllcations are
O her objects, features and advantages of the present

1nd1v1dmahlvemqrmratmIhlerehiebjorﬁéeramﬁanélﬁmr ¢ntgetyt he preceedi ng
description and exanples as well as the clains. It
[00255]shodﬂldeﬁl§e otlimmscstmd@ateﬁowéveumbmha@xmmm@eﬂaﬁmﬂé@s of ingredients,
escr

properte SR i ReRBE rfibe SRETieh, SnFLRER ol Rub ot in thspecification

and cla@iny eie RY wmn@é‘rstbbdi uSt behd @oddMéd in SilINGRtYBES BYSthe term "about."
changes and nodifications within the spirit and scope

Accordigglyt, balebnindispicd o iid dontreyoths raipjsaicelmararacters @gtefogh i th@cfollowmg
h f hi I REFE

spemﬁc[aﬁ {08 atﬁ%:ge# 8l|mr}15 hid a%gltreq%érngtgogdgﬁé"tt o8 t%aor? éix?enrqi ng 1H)0tn§he desired

propertieb %MuglftQMl%eolﬁéﬁgwwrﬂﬁe pregaduivahtied. Athee vadet 8abts and not as an
ppl enentary to those set forth herein, are

attemptstpétfmt |tla,€aﬂm3hcmmb@i)ﬁ}eamam@et?fe@qunﬁ%f%ﬁhé r$e‘@pe pDtheedyims, cach

numerl(%f %lgllralénzlep I.S E ula {)/ns?rrl]lﬁc? g f %lll f ofg I %u egtl fs’éﬁgl%gcp significant
digits ah&Bd hﬁ[ﬂylngﬁﬂdlg@@trbUMﬁ@chhﬂnqgesl H\Idtﬂfﬁtﬁstapi’dﬁlg tHAP @i Mlmerical ranges

Regul . Inte
and parameters setting f%rth the broad scope of the invention are approximations, the numerical

values set forth in the specific examples are reported as precisely as possible. Any numerical
value, however, inherently contains certain errors necessarily resulting from the standard

deviation found in their respective testing measurements.

[00256] It is readily apparent to one skilled in the art that various embodiments and
modifications can be made to the invention disclosed herein, without departing from the scope

and spirit of the invention.
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apparenl UFdrR Gh& Y&k dif Ide@&mn Slde BRI &Y ROglycamie @hiddiP It should be
erinents in healt volunteers. J Cin Endocrinol
understw@cf e:%d
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di ket opi perazi ne particles, and conbi nations thereof;
and conbi ning said G.P-1 nol ecul e and sai d
waledetnapiper azine in the formof a co-sol uti onPCTAB2087/666728
said particle conprising said GP-1 nolecule and said
diketopiperazine is formed. 10. The process of claim
9, further conpr|5|ng removing a solvent from said

i zation, f||trat|on
[00284]dry%33r1 ?‘hél pé/fgeg g 657¢¢ ICQPWF]_Oé glygagons 1he g%{[?tgfealyon glycaemic
control, pﬁ‘i@ﬁl‘n? K& sHRART lafd Q)Qtasélldﬁ@e!a orl i@ RCH| Barpd: %ﬁ%a%llel group study.
ket opi perazine is formed by renbving said sol vent
Lmumt32981he8ﬁbd@éés of claim 10, wherein said particle
conprising said G.P-1 nol ecule and said
di ket opi perazine is forned prior to renoving said
sol vent. 13. The process of claim9, wherein said
G.P-1 nolecule is selected fromthe group consisting
of a native G.P-1, a GP-1 analog, a GP-I derivative,
a di peptidyl -peptidase-1V (DPP-1V) protected GP-1, a
GP-I mnetic, a GP-1 peptide analog, or a
bi osynthetic G.P-1 anal og. 14. The process of claim?9,
wherein said G.P-1 nolecule is provided in the form of
a solution conprising a GLP-1 concentration of about |
mg/m -50 ng/mM . 15. The process of claim9, wherein
said GLP-1 nolecule is provided in the formof a
solution conprising a GLP-1 concentrati on of about
Olmgy/mM - 10 nmg/m . 16. The process of claim?9,
wherein said GLP-1 nolecule is provided in the form of
a solution conprising a GLP-1 concentration of about
0.25 mg/mM . 17. The process of claim9, wherein said
di ket opi perazine is provided in the formof a
suspensi on of di ketopi perazine particles. 18. The
process of claim9, wherein said diketopiperazine is
provided in the formof a solution conprising
particle-form ng di ketopi perazine, the process further
conprising adjusting the pH of said solution to form
di ket opi perazi ne particles. 19. The process of claim
17 or claim 18, further conprising adding an agent to
sai d solution or suspension, wherein the agent is
sel ected fromthe group consisting of salts,
surfactants, ions, osnolytes, chaotropes and
| yotropes, acids, bases, and organic solvents. 20. The
process of claim 19 wherein said agent pronotes
associ ation between said GP-I
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nol ecul e and sai d di ket opi perazine particles or said
particle-form ng diketopiperazine. 21. The process of
web@rmel® wherei n said agent inproves the stabPCT/U§2007/066728
phar macodynam cs of said GP-1 nolecule. 22. The
process of claim 19, wherein said agent is sodium
chloride.23. The process of claim 17 or claim18,
i sing adjusting the pH of said suspension
VVHAJ%&géESEWﬁﬁﬂ?§24 The process of claim23, wherein the
pH is adjusted to about 4 or greater 25. The process
of claim9, wherein said G.P-1_nolecule in sa
L. pdy fiycrevdessompesifien compksing @;)GL% maiggulp age @é%kqﬁ?plperazme or a

h oM eb it sRkdsco-sol ution conprises a GLP-I
P mnwg%%%e Fat o%%oglﬁﬁggk mg/m -50 mg/m . 27. The

2. gr'f&g?fp&txd&lc% mﬂ"ﬂ??lﬁingo @h% %Os ?(P EI)'lo of%gl;l'frghlé Sfcted from

concentration o
the gro@8conbiseinprodcesse GiLPelsaiGhP9] md‘nzﬂfoéitels &aiPel am)a:lsgsL GiliPeh derivatives,

es a QP-1 concentr tlon about 2
dlpept@@pen@ssﬁc(??@ 100 reptgetef LIkt Iel? lcla%?t}% agn%a?m@e analogs,
Orbmmigﬁéﬁgeng ?gngggﬂ co- solutlon wherein the agent is

ecte rom the group consisting of salts,

3. S%Eaﬁlé/agfo%def OfPnp o3Ri3R! ¥F €§ainf hlaoWhgfé?nc' s%ﬁfj dlkeéco 1perrﬁzme is a

| yot rope aci ds, bases and organi c sol vents .
diketopmewﬁfesha@fngcﬂhalfmnﬁﬂa \'Mﬁeahketn 3s®cdd4égemﬂmqbugﬂr)pumazme wherein X is

socj ati on between sai d | e S
Selecteeﬁ‘is%ttﬁf‘pgrﬁap a%%a%mg&f Sl ditegligs Qr 0@4“ o g
di keto er azi ne. ocess. of |n129 mher
i dageﬁwéqrﬁﬁ%%ew ol qeeflir qomnylsw.g CARETACAS M ks
of .saijd GP-I nDIecuIe he, proce f claim. 29,
5. obR S PORAe ceRits ol P%P}nd%a?f gketopiiEragi, s S-diketo-

36dl(@ﬁms:irﬁLJﬁn%obﬁtyr)lslberazﬁemorI Si ng adj usting the pH of
co-solution. 34. The process of claim 33, wherein

. t Ime RE pSw@dicHmbE8tibPo PR 1 AviRircid sERLGIP- 1%501%%1@1%@39% GLP-1.
of adm nistering an effective anount of a GLP-I

7. Mahe G BotBerdcobtRlsRioh ofRlanged wHiedigQhid 3L rl | BéIBAHe is an amidated
conprising providing to said subject a particle

GLP- le@hpnkslng GLP-1 and di ket opi perazi ne. 36. The method

of claim 35, wherein said providing is carried out
. i e alvjepw@qr)pomposmon of claim 7 wherein the amidated GLP-1 molecule is GLP-

1(7-36) amide.
9. A process for forming a particle comprising a GLP-1 molecule and a diketopiperazine
comprising the steps of:
providing a GLP-1 molecule;

providing a diketopiperazine in a form selected from particle-forming diketopiperazine,

diketopiperazine particles, and combinations thereof; and

combining said GLP-1 molecule and said diketopiperazine in the form of a co-solution,
wherein said particle comprising said GLP-1 molecule and said diketopiperazine is

formed.

10. The process of claim 9, further comprising removing a solvent from said co-solution by

lyophilization, filtration, or spray drying.
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subcut aneously, orally, nasally, buccally, rectally,

or by pul nonary delivery. 37. The nethod of claim 35,
wab@ratrisai d providing is carried out by pul nBEED§2007/066728

delivery. 38. The nethod of claim 35, wherein said need

conprises the treatnent of a condition or disease

selected fromthe group consisting of di abetes,

hem a, ed t|ssue sl.i
1. o ¥eare e aF BRhy Doy Ao cRr ot iRsPE s e Lhd glecule and
smdd&%&@ﬁﬁ%ﬁ%ﬁ%!@ﬂh%ﬁ%wr&Q@%h&de%@R@RP"C changes after
surgery, hyperglyCema, rrritable bowel syndrone,
12. StiheKRocRE BE ABASINE KAkl sQH%‘E@&é LomPEIRS Béalﬁr@LP 1 molecule and
| earning disorders, islet cell transplant and
said diketogaveszatd 1vé0mt¢érpa1py.to Boovifigssardetohedt.of cl ai m 35,

wherein said provision of said particle results in
13.j rﬁhr: aveckspdrd@ooRi mareian ivaidf GLPf ke neodetubd savaédtedifiont yhe group

consis S EATP G 0B Yo b e L R e v
(DPP-TPNBfoRREQKGNRL, & GATIRA inhighetie ONOILIPST PéhtidBanSlbERS Dbiosynthetic GLP-1
provi ding a P-1 nol ecul € providing a
analog.particl e-form ng di ket opi perazine in a sol ution;
form ng di ket opi perazine particles; conbining sald
14. G_’Iﬁ;mprqqﬂs%@mc@uanﬁej \g]ae;r@[mss(gpdjﬁléﬁ’nl tn@plwyulqrisaprowded in the form of a

| ut
Solutw%%@%}s“ma' %ﬁLBﬁl %dﬁ‘F PoeRees PR SO RREL wien an
%?p\ésﬁsﬁg %%%hs%fw Lgrﬁol(lj!_cglq frslprowd%d n tﬂe (iiorrn of a

luti Ipmﬁ ikd GEPLIC d%@ﬁtirdt% PRt DEMA] L N6 hRAsed CLP- |
SOTUHO alﬁgﬁlfe 42. %he net%gd of clal&?41 wherein said

16. | NheqAS&As Gk Rtdimhal Whdréihesaid GIPephfIledulaly PlovRBHah th® form of a
7.5 minutes. 43. The met hod of cl ai m 40, erein said

solutior] epmpyiséns LPPt! grhgenteatiokiohebdut Op¥5ang/md. conpri ses

roved bioavailability of GLP-1 as conpared to
17. ndihe ywoggspof claim 9, wherein said diketopiperazine 1s provided in the form of a

suspension of diketopiperazine particles.

18. The process of claim 9, wherein said diketopiperazine is provided in the form of a
solution comprising particle-forming diketopiperazine, the process further comprising adjusting

the pH of said solution to form diketopiperazine particles.

19. The process of claim 17 or claim 18, further comprising adding an agent to said
solution or suspension, wherein the agent is selected from the group consisting of salts,

surfactants, ions, osmolytes, chaotropes and lyotropes, acids, bases, and organic solvents.

20. The process of claim 19 wherein said agent promotes association between said GLP-1

molecule and said diketopiperazine particles or said particle-forming diketopiperazine.

21. The process of claim 19 wherein said agent improves the stability or

pharmacodynamics of said GLP-1 molecule.

22. The process of claim 19, wherein said agent is sodium chloride.
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23. The process of claim 17 or claim 18, further comprising adjusting the pH of said

suspension or solution.

24. The process of claim 23, wherein the pH is adjusted to about 4 or greater.

25. The process of claim 9, wherein said GLP-1 molecule in said particle has greater
stability.

26. The process of claim 9, wherein said co-solution comprises a GLP-1 concentration of
about 1pg/ml -50 mg/ml.

27. The process of claim 9, wherein said co-solution comprises a GLP-1 concentration of

about 0.1mg/ml - 10 mg/ml.

28. The process of claim 9, wherein said co-solution comprises a GLP-1 concentration of

about 0.25 mg/ml.

29. The process of claim 9, further comprising adding an agent to said co-solution, wherein
the agent is selected from the group consisting of salts, surfactants, ions, osmolytes, chaotropes

and lyotropes, acids, bases, and organic solvents.

30. The process of claim 29 wherein said agent promotes association between said GLP-1

molecule and said diketopiperazine particles or said particle-forming diketopiperazine.

31. The process of claim 29 wherein said agent improves the stability or

pharmacodynamics of said GLP-1 molecule.
32. The process of claim 29, wherein said agent is sodium chloride.
33. The process of claim 9, further comprising adjusting the pH of said co-solution.
34. The process of claim 33, wherein the pH is adjusted to about 4 or greater.

35. A method of administering an effective amount of a GLP-1 molecule to a subject in
need thereof said method comprising providing to said subject a particle comprising GLP-1 and

diketopiperazine.

36. The method of claim 35, wherein said providing is carried out intravenously,

subcutaneously, orally, nasally, buccally, rectally, or by pulmonary delivery.

37. The method of claim 35, wherein said providing is carried out by pulmonary delivery.
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38. The method of claim 35, wherein said need comprises the treatment of a condition or
disease selected from the group consisting of diabetes, ischemia, reperfused tissue injury,
dyslipidemia, diabetic cardiomyopathy, myocardial infarction, acute coronary syndrome, obesity,
catabolic changes after surgery, hyperglycemia, irritable bowel syndrome, stroke,
neurodegenerative disorders, memory and learning disorders, islet cell transplant and

regenerative therapy.

39. The method of claim 35, wherein said provision of said particle results in improved

pharmacokinetic half-life and bioavailability of GLP-1 as compared to native GLP-1.

40. A method of forming a powder composition with an improved GLP-1 pharmacokinetic

profile, comprising the steps of:

providing a GLP-1 molecule;

providing a particle-forming diketopiperazine in a solution;

forming diketopiperazine particles;

combining said GLP-1 molecule and said solution to form a co-solution; and,

removing solvent from said co-solution by spray-drying to form a powder with an

improved GLP-1 pharmacokinetic profile.

41. The method of claim 40, wherein said improved GLP-1 pharmacokinetic profile

comprises an increased GLP-1 half-life.

42. The method of claim 41, wherein said increased GLP-1 half-life is greater than or equal

to 7.5 minutes.

43. The method of claim 40, wherein said improved GLP-1 pharmacokinetic profile

comprises improved bioavailability of GLP-1 as compared to native GLP-1.
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