WD 2007/ 121411PCT/ US2007/ 066728 GLUCAGON- LI KE PEPTI DE

1 (GP-1) PHARMACEUTI CAL FORMULATI ONS CROSS REFERENCE

TO .RELATED APPLI CATIONS [0001] This application is a
WOMOTRI& on-in-part of U S. Application SerP@&i/U§807/066728

10/ 632,878, filed July 22, 2003 and clains the

benefit under 35 U.S.C. 119(e) to U.S. Provisiona

Application No. 60/744,882, filed on April 14, 2006. .
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her eby i ncor por at ed by reference in its entirety.

FI ELD OF THE | NVENTI ON [ 0002] The present invention

relates to the fleld of pharnaceutlcal formul ati ons.

The pr esetiRy ' f gl

nulatlons conp}ls]ng dlket e}a2|né ( DK
[ﬂﬂﬂlbart iTe1s@gPlicqtiem 33, qqatﬂiﬂaﬁowrw l}éég%wi}%u@ %eéﬁ% Noel 04632878,

filed iu@— B211003 B8 RISHE Nhe | RUERT 1nQRr MBSUW.C! ist Yo@S 1R U.S. Provisional
phar maceutical formulation for treating dlseases such

Application] Neb §0644.88anitled on April bbe6 yEdnht off therubove-ineitiaadd priority
 oomick A B GhnML SBL el o, 0 Presen

for pul nonary delivery. BACKGROUND TO THE | NVENTI ON

[ 0003] G ucagon- | i jggase FeE INVENTION @s di scl osed in

the literature is a 30 or 3T amno acid incretin,
[0002] € eaBePrdst@nidiRioh NERRS itBahe SRMOSS pRRmbe@bdlSobhulations. The
response to fat, carbohydrate ingestion;, and protein
 present ripyAnEoRredisclosge cdret poyrcnf fopmplatiqne ptsqn@lé‘lsmgr sis@pipsrazine  (DKP)
i W
panlcléﬁﬂ%gmgglaﬁe +V{H1) ghﬁ%@lgl lﬂgé: p@ &é 1 ePE% | a'lllth grﬁ é%{erextl?n has utility
asa pltai’r&acbutﬁat flmntllatncﬁn foln Itlgatatgdh&%dw Bucmells dtabekeg lcslﬁfmeemd obesity but is
non- di,sease st P-1 is.secre
not. i i9 1ok fsedRion eI B feutti dSp GHashE FgHa goo ity as o
pharmbd3g@&l REmaMtish AR HEImdnRA deligéyar |y sugars),
stinulating neal -induced insulin release fromthe
pancreas, inhibiting glucagon release fromthe liver,
as wel |l as ot BACKGREMIND diQ) THE MNENTIONest i nal
tract, and brain. G.P-1 effect in the pancreas is
[0003]g| ucﬁggamﬁéqq:mﬁde ri(GLRi12 iap diselngedrin she bterature is a 30 or 31 amino
. al ufl.n en p e adn1n|s '
acid erﬁ%_%l réi? Eg& %rrogl rr% ee%tegﬁxl?a@ ¢ goc%ng ﬁL f('er%fsg N res%m%synf‘a%fe%air ohydrate
mgesumdmdl ipf'(ﬁtﬁh pmsd tosall Seastid: @f&hﬂs pg;ﬁtﬁhﬁlthbrrﬂdiﬁé i$ Bund walbe @aired in

: differentiation. The co
individifls a et labriEump Es et  aeGer o S orpios i teatment of this
and ot FALNIEA 808a8es. WO 2007/ 121411PCT/ US2007/ 066728 GLP-1
receptor signaling results in a reduction of -cel
[0004]2POPInOSE Son-WRESH sfatd, IS 1 BQBEEID WogStht QutbdtBAIERSEin response to
B-cel|l mass. [0005]In the gastrointestinal tract,

orally ingesterl mlﬁtmnEﬁ {rerteulastyt uparely Stipetingsmend-idusedmpyli elgpse from the

pancre®, inPpl u% (ﬁ dns PQBRE %r Hgéc 896, AN fleq! %%}?e?sef‘f&% on the
secretlo ucagon, y contributing t

gastroinigstinat iram, fmﬂ tghincGER- leefﬁaﬂt Bll tbe parCesas iaglucose dependent minimizing

nistration of GLP-1 has en.sho I bi t :
the risf G PSR ARE Pt oo AR G PHAEop &7 h iy prgmotes al
steps uli lsgias Bidsyatifesih afBirdétlyedinhifatef 6-e4t grofen Biddupvival ik SvellSs B-cell
easi bl e since it has been shown that C|rculat|ng
dlffere’@@riw& Ehgncombination of hepe eHe@hcsrles indnggrsed Brecl magsp Furthermore,
areas; nanely the subfornical organ and the area
postrema. These areas of the brain are known to be
involved in the regul ation of appetite and energy
honmeostasis. Interestingly, gastric distension
activates GLP-1 containing-ineurons in the cauda
nucl eus of the solitary tract, predicting a role for
centrally expressed GLP-1 as an appetite suppressant.
These hypot heses are supported by studi es enpl oying
the G.P-1 receptor antagonist, exendin (9-39) where
opposite effects were seen. In humans, adm nistered
GLP-1 has a satiating effect (Verdich a alL, 2001),




i ncreasing insulin secretion and normalizing both
fasting and postprandi al bl ood gl ucose when gi ven as
a continuous intravenous infusion (Nauck a aL, 1993).
WA 20d? ¥ on, infusion of GLP-1 has been showRCT/ES2007/066728
| ower glucose | evels in patients previously treated .
With non-insulin oral nedication and in patients
requiring insulin therapy after failure on
GLP-$ Wcbpoy bibh£ag tOeapya (Hasml #1B-Rl apdiSs, Wlﬁﬁi’\ﬁ&’tﬁér’ contributes to
the effects of a single subcutaneous i njection of
me%i¢ﬂ@de@$lded di sappointing results, as is noted in
he art and di scussed herei n bel ow, Although hi gh

E9905b| as rf theegsireintsptinahiigalo (B &ct inhibite (B motifiy engietrce thegpecretion of

insulih ﬂ?ﬂégﬂoﬁsét%%&tobé) Bnd BRIk heldUnETof Qu L6, rtﬁ@'&lgeé&lmbutmg to a
val ues and bl ood gl ucose concentrat| ns “were

reducimnr wfeghncm@@er(cmlsmk Cemtr'c’é ladmm%@)lon @lP-Mhenbreapbaye th inhibit food

intakey 11;1 fe &é{l@ nsﬁl%geig?g {r% I St g(ara egggr(g}bfpn,g tg};ag [Slf[}gcgt yvv%fect tlpze brain. This

is feadiblt GAVEN QLS bad Fhéki S ﬂfaﬁbﬁ@[hhh@\@l@kl &dn Rtess BIPO) receptors in certain
Cont i nuous_ subcut aneous admini stration for 6 weeks

brain geas: SRR hosyhdenatcal praar PigthaREF RSP anite s ebd brain are

knom?%%q{?\t/cﬂ@éd' iR R re@ﬁﬁldn%? JiRAIR eh&éf hSméAARACIntSlstsly, gastric
02). The short-lived e ?ectlvene s of single

dlsten@g@ cutreatesoUs Pt Injcomtinmgsnayfon@LiP- the wasdal eiuateeszl of gh¢ tselitary tract,

precio 38 Y el R Bt s b b O B . Theso hpotheses are

suppotted Bp futlize %bMyﬁﬂg&BéT@UPnI bﬂcéﬂt@" @mEohibabxdnden @ni%%ere opposite
was responsible f

di pepti dyl peptidase
effect KPS saeyr AdupieBh agwgﬁ ‘igﬁ}lé’rl bis 2 spiyyme cliego/erdrh f al., 2001,
and WB péhylﬁj Qn9Bidud sutRluBEdus $B066n Her FoRrckid o gﬁﬁa %B@tﬁ:s exhibited
the "denonstration that exogenous G.P- 1 is rapidly
a reduatmnrm appestitd, waichjediogtadednt mdustons ihbedst Weighir{dandeper &2, 2002).
i abetic subjects, many studi es have addressed the
[0006boss GBiPH] thgs @fsonbgsn pioami tegbe kEeqtive vinveptisatabwith ypeo? diabetes,

t
erea e e S OPRRER o, PO PR S5 ptucose when
given Fawp c@ﬁp&@l&tmmpmmanﬂussn I(ilﬂawk eeeh 1993)s Ue dddlﬂl@:n tlilﬁasmn of GLP-1
P-1 t hat
has b SRR B Fo? By AL B GPRGAPT BB eBiq p npggnslin orel

medlcstfons&@tie@paﬁeﬁts QEFNHE inflinkthér@yBafted RNV WulfollyMieY herapy (Nauck
radati on and enhance | evels of the intact,

et al. =b1 Pogiltanavy deg elffecth@bta single 58biyiamequsrnigiecign pf GLP-1 provided
ciserQBRRER i acld b s LSS0 HinREFRI S s
levels I 'Dﬁ: imrr@amr,e@ﬁtieg o(GLEA) werd 4@1@@@@ mSehrL/SRcreEbli tapidlyy returned to

pretsca B IARRY W bipdd Uhedst EbnhiacdolS kel 30 nirdholieR QRGO 1996)

Only th:mte(p%ted Elllb%{lﬁnedals paptihighHtioRe Pltedpsrhd wabith E:ﬂ‘éé’e on fasting
, Vildagliptin (Galvus) devel oped by Novarti

blood B&gce$e CaEHRA Fcaﬁasava%ls Jdiwiptzation; Eﬁki Bt Flh) 1996)."" Continuous
subcutgt%\ﬁﬁé QREH sRYHMEfof K woli L OHSA t§tr b@ Fazstullﬁ ?J ﬁﬁé@dﬁal glucose
hat inhibit the enzyne responsib for 1 hcre
wnceld@gmad and owenHbAAL dovelsrdendes ey 20@%ad’cbln sbort-dived cffectiveness of
single %%ggi’?aheoyg l@%céfggsg ofﬁgg : IPWE% e agegzt% f a(?%&'ltﬁ% 13%%1{% & ]It was shown
enptyi ng, and increased satiety) together withits
| ow propensity for hypoglycem a appear to give it
advant ages over currently avail abl e therapies.
[ 0008] [ However, despite these approaches/advances in
G.P-1 therapy, none of the_drugs currently avail able
for diabetes are able to achieve therapeutic targets
(HbAI c, fasting blood glucose, glucose excursions) in
all patients and none of them are w thout side
effects such as toxicity, hypoglycem a, weight gain,
nausea and stress fromvomting Therefore, there is
still a need in the art for stable GLP-1 fornul ations




conposition with an inproved G.P-1 pharmacoki netic
profile, conprising the steps of: providing a G.P-1

nol ecul e; providing a particle-formng _
"ﬂ?l%‘(‘é’t"%b‘l“b‘er azine in a solution; forning PCT/US2007/066728
di ket opi perazi ne particles; conbi ning said GLP-1

nol ecul e and said solution to forma co-sol ution;

and, renoving solvent from said co-solution by

that (APH- @)ﬂva@ rdedlibQl 6P pik@Ra RRWERS adM thbt B dnﬂ%ﬁ@\d&»@pﬁy? péptidase-TV
phar macoki netic profile, wherein said dr

powd
(DPPéMaﬁ rwapongiblerforthistiestadation dMspilen ap/cl#23). and a
ket opi Ewr azine. WD 2007/121411PCT/ US2007/ 066728 )
10007} 007 0F e 6F B1l0¢ P SR04 S0 Idib e FRsHB g fhepdqgronsiation that
exogeRERSENP- 1 fgvﬁﬁﬁlyo&nm@ tgﬁﬁnﬂf}v@e%{'ade@ QRR £da®By and type 2 diabetic
conprising a P-1 nol ecul € and a di ket opi perazi ne or

‘subjects, pmm@b@t hlacfalaldgvremd dipt apdsbilignlof mangndetifigitke in vivo stability of
GLP- Pas a 110\&;'ee§j roa ;;"i{, tﬁ%ggr(gagg:ﬁd h néﬁl\t/ goﬁith% t?leeag%er}{ o?gwgetes (Deacon ef al,

2004) GJvaﬂ.sd@j@ﬂaﬁ:Cd.ﬁpﬁ)aslﬁ:ls eﬁt«eﬂeefnrpzmdetuel)gh@ dpvetpathsb i zlﬁgldgﬁ of GLP-1
P-1 anal o

a native GQP-1, a met abo(l é)gL
that argynpt quserEfiplz4e P%maac a%@tﬁﬂpa 1 p E? gL gslpafive ppmphibitos to
preverﬁrzf?t)ﬁig td@;ga(gﬁen Ind Btk 1LvdTk HBGE Gntacd rbl(ﬁé@@ﬂlyrbcﬁ@e ﬁ-padés Long-
peptide anal og, or a biosynthetic GLP-1 anal og Ih
actingsGLPt! gealogs (rugr.t eagluidd diNove fordisk.t GepaphagsenDenmark)); exenatide

(exend Elg? t%@g I( he dirK a%%"‘%l?ggcegg%?d (fexe%u& ﬂRf{' Eﬁiﬂ%r, Indianapolis,
IN)) fBatSardl ﬂeﬁstmtadee@ra(ddﬁ@ﬁa manmb tinyre}ip infaretizd, BaveV\h&ﬁahﬁesﬂgated in
ol e FEASHAomATe A1 OUR Cons) ot Lng oL SUECVL i cioped by

Novaﬁlg‘ %agélysmﬂégl@ﬁd)%ﬁmlﬂa' (Qlﬂagﬁ rde$e§§pe§b Merck Whltehouse Station,
ket opi perazi ne salt In still yet anot Rer erbodi ment '

New J@fsey)ﬁ dhap niehsleththei angeme responsittie foar mfgetp?r dagratletiom argrajso under study |
0] el in
(Deacgrp V‘?%[ ol Eﬂ) %‘g ?%4%%? J g%j (ﬁ% %c g?]%g; % %ucréc'ased insulin

releas¢, QR IalEd lrestpic esptying, Avd midrened sutichd rtogedm eviphl mst &fw gropensity for
hwogfy%?w@%”e%toi@%%n%%@% irEanty v4BP & P sy i n
r0008] 05, BToHRkE. erPilafie Aap e s afyefet i LB L Bt g of the drugs

currentlP EvpilDEE R didbeRPltakOfble tih @bl eTSthplapMitid @skgats {HOAES Sfasting blood
for preparing a particle conprising a G.P-1 nol ecul e

glucosgnglugesgiRSEHPRP dt &Elm‘ée‘ﬁ%ﬁ%ﬁ P%Iien‘bf t18 agg whoyside effects such as
tox101t?r}g)f)'ogliy9f9m§ i ka0 hMisb P I LAY hrSth %mﬂm,g- Fi"h%:refore there is still a
providing a solution of a particle-forning
need Wi Wetapifrestaie (&bl farmsulstpansiagmgolonpdenn effedivediesa and optimal
ket o er d._co Lnn the GLP-1 sol ution
absorrfiol Fnph R REFOHs sAMTFRERA] Ui on or suspensi on. 1
ot her particul ar enbodi ments of the invention, the
process for. preg G g@r]tﬁll IVES m\sl ng a GLP-1
nol ecul e and a @ [ [Ner conpri ses
[0009]" ENDYLBE, Sehied fiLQEbi iR SRlpulit Oﬁ (QILPGHS PSRRI AB0PYor use as
| yophi l'i zation, filtration, or spray drying. In still
pharmgeepties frg rdteﬁ@ﬁntetﬁﬁb@ Affers, OVPK@HW%Q the (deBicigpeigshia the art, the present
0
vt o O B Y PO BN B bbb BIBRE) partites
as a pliaheadentwent i on, in the process for preparing a
particle having a GLP-1 nol ecul e and a
di ket opi perazine, there is provided a GLP-1 nol ecul e
sel ected fromthe group consisting of a native G.P-1,
a GP-1 analog, a G.P-1 deri.vative, a
di pepti dyl - pepti daselV (DPP-1V) protected G.P-1, a
GP-1 mnetic, an exendin, a G.P-1 peptide anal og, or
a biosynthetic G.P-1 anal og. |In another enbodi nent,
the process for preparing a particle having a WO
2007/ 121411PCT/ US2007/ 066728 G.P-1 nol ecul e and a
di ket opi perazi ne conprises a di ket opi perazine




process for preparing a particle conprising a G.P-1

nol ecul e and a di ket opi perazi ne, wherein the process

conprises adjusting the pH of the particle suspension

to about 4 or greater. In further enbodi nents of the

i nvention, the process for preparing a particle

conprises a GLP-1 nol ecul e and a di ket opi perazi ne,
[008Bgl ei n IheneGlspect, thekde proeided a dre poaden ednepoidion comprising a

par] Wt Pl oemPOhrp L MAREIR PRSI RRETR

[000DbR AN NinS lu@sthed Caspary, Derel 13t pravidod us prpeess for forming a particle,
subcut aneoqusly, orally, nas II%, guc aII{, rectallﬁ” h
whefersihRAdin SPRPTRss 1 (! Bec IS aRb e dielppiptZing catetising the
steps ﬁg‘)?o@m%@ GERY  mSIB&IETBE A Ta ARADNRPSAARD MG FFmDlected
u nary delivery. In still yeét another enbodiment .
frowf partidei fouming i ketortiprsazies, et afipeaninenpastiddes ggd a combination
conpri,ses,treati. ondi ti on.qr. ;ck I
RSy P R Y g R BSE tom or
co-k@ped, US@dreld St panjicle Y cortiprdslingdi eeim GIL.P-di alpd¢dube and said
. cardi onyopat hy, nyocardial infarction, acute coronary
dikglopipesrie o988y, cat aboli ¢ changes after surgery,

[o0o¥8er 9l YaefiRanoltef LiRB eheROWSIroSHANMRNR: of h pAKRIe comprising
neur odegener ati ve disorders, nenory and | earning

GLit+ sardddiketopiperane oethp mapufasiyreapita mpdicamnsge s trgatingea condition
t.her ap 18] 1.n, . odli 0 .
or PREERR et W, FRGh dPEi RN FPtcso bt mogfiped tsue
injﬁ‘&,ﬂbﬁﬁﬁ%ﬁmiﬁﬁ ﬂ&bhﬁtﬁ; qaﬂ:ﬁ(ﬁ'rhﬁipa’lth?‘/p lrrp?[&aztdna(ij) nfunetsaal, t &uien coronary
i mproved phar macoki netic -life an ..
SYDgFRRs aPeay | Gatapolis of alfpo e, BYRTgGays gimitable bowel
synfdWrh ) &froR2 Kbk rB 4 Rer@IRAALIIBRAS, Iﬂefmdrﬁ end @@ disorders, islet cell
invention, there is provided a nethod of preparing a
trampplanpanidegenetshipotierdPsn wi th an i nmproved ' ,
r macoki net | e, [ Si t of - d
00, o QLR s QTR S0 L AR EPRyBhi o
corpausitionl it i irmprgvell KBP-dppipenamkivetic pofikd, ngmpagitg theeteps of:
and conbining the A P-1 and the.di ket gpi, perazine; and.. .
o RIS PL e POREIF oo Ay LR GRPRpy T «ofuon
forﬁﬂgﬁiiﬁet@pigérﬁziﬁ@kﬂ@iﬁ_l’:]es;%ﬁfbﬁiiﬁ% 4@ GUPYl poltiee ahd@dgaid solution to
i npr oved phar macoki netic profile, The |nproved

forpirasonscdeicing and, cempe\ing padvens oM SEkcq-sivtoadu PRy rdrying feform
- | - -
o g Rich M O Gl RBKARHE Bt Yl T My powder
comytisa miicropartcled cuntpesing[((IP20 khda diketopipbdingent of t he
present invention, a dry powder conposition is
provi ded conprising a GLP-1 nol ecule and a
di ket opi perazi ne or a pharmaceutically acceptabl e
salt thereof. In another enbodi nent, the G.P-1
nol ecul e is selected fromthe group consisting of
native G.P- is, GP-1 netabolites, GP-1 anal ogs,
GLP-1 derivatives, dipeptidyl-peptidase-IV (DPP-1V)
protected G.P-1s, GP-1 mnetics, GP-1 peptide
anal ogs, or biosynthetic GP-1 anal ogs [0021]In an
enbodi mrent of the present invention, the
di ket opi perazine is a diketopi perazi ne having the
formul a 2, 5-di keto-3, 6-di (4-X-am nobutyl) pi perazi ne,
wherein X is selected fromthe group consisting of
succi nyl, glutatyl, maleyl,zjand fumaryl. |n another
WO 2007/ 121411PCT/ US2007/ 066728 enbodi nent, the
di ket opi perazine is a di ketopiperazine salt. In
anot her enbodi nent, the di ketopi perazine is
2, 5-di ket o- 3, 6-di (4-fumaryl - am nobut yl ) pi perazi ne
[0022] I n an enbodi nent of the present invention, the
GLP-1 nolecule is native GP-1. |In another
enbodi nent, the G.P-1 nolecule is an am dated GLP-1
nol ecul e. I n anot her enbodi nent, the am dated G.P-1
nol ecule is GLP-1(7-36) am de. [0023]1n one



particle conprising a GLP-1 nol ecule and a
diketopiperazine conprising the steps of: prOV|d|ng a
P-1 nol ecul e; providing a di ketopiperazine in
‘Vgﬁﬂngéﬁébted from particle-forning dlketop|B%PH§Wﬁ@mgns
di ket opi perazi ne particles, and conbi nations thereof;
and conbi ning the GLP1 nol ecul e and the
di ket opi perazine in'the formof a co-solution,
[o010pher efterdfdie, RADhitiehier CAMBEinEhRToft HR frefinl ménﬁ@;ul £ dry powder
and the dlketopl erazine is forned. 100241In one
COmPRAIY COHRBPRISIRE & ﬁgpﬂr awdasiile; et fikefopiperazipe ¢ e pharmaceutically
t de t
accep%lg!:essgﬁ rtl%e? S 1‘391736: phmlq:\éhﬂ%l egrhb%gllfxﬁ/ ?{A} g%:l n, Gc's%eq comgosmon of the
presetdriqugon Eomprives hé}Lféitmmdeqmﬁn&electdddixpaaﬂtel gtmp conmstmg of a native

0 nmol.ecul t he . R .
oL-ERRIES BBk d b haEes SuERb oG TR dopmidit-popidascty
(DPPJm) @ﬁﬁéd’t@f GRIPDIQC I 1 dhifRtiPakd le€dning QMETIPS] REptidi€analog, or a

P-1 nol ecul e and t he dlketoplpera2|ne is fornmed
blOSYlﬁhffﬁ&rGTe%l reBAeg Ay Stilheetfofurler cmbod gt b tha pgRelnvention, the dry
, P f5ar 23 6-di(4-X-
powdegr 2 og’gglg Icg{nl nsgegéa dﬂtefggl{plgl\%éﬁlng haﬁn?%ée gr%qlla ﬁgarﬁ;ﬂ%egf&g di(4-X
amino@uPL)piperering awloren X idsgbepid Gyth -the poupl asesidtivig (DRPeditgl, glutaryl,

rotected G.R-1 GP1 . mnmetic,,.a GLP-1 peptide .
maleyb ORIREY2 Th asaliey sabpeiiep b6 el mgder PRy comprises o
diketopipbedinggilt,, IntsHR yel fAotherBhBsdinentios tHepdskataalvdnfoh, MRere is provided

formof a solution conpr|3|ng a GLP-1 concentration
@ dryoPoupguLOmpRSTien whigethgite dikpiapippiatinR s eABulioERd;di(4-fumaryl-
LBz Jineol ecul e is provided in the foimof a
on conprising a GLP-1 concentration of about

[00110- 1”%8’%1’6‘3319& Qo RB(iH furthBr MRt LARRAIRRE cothtRitidhRitkrein the

nmol ecul e is provided in the formof "a sol ution

GLP-lcmpiseils ismptisic GLP-11 oe ameaiteicdtGldh! ofolesbleurhetsin hernytiddted GLP-1
Hwbchg%ggttq(ggg%ggr enbodi nent of the present invention,

et'opiperazine is provided in the formof a
[00 12]S usp ?rpﬁilpﬂ:t Qﬁotﬁjér Q%ﬂﬂap@rﬁ%uﬂ&t B@{h%'p%s@rf‘t i Jeﬁtl@rp Qﬁ%@ [s provided
enbodi nment , | ket opi perazine I's provi id
a prodesy rfmbmr@&a@tg lat paumclc owpxpmlngga parR-il cheleéwde mndga diketopiperazine

compnsalgethogt (% %1'0 hélli F%?)P%ﬁﬁl%lggﬁ%g g%ﬂ%[f rsnloﬂ:gule' providing a

solutlodlolf atp@nicp:e%ﬁﬂmg dﬂ(l@&ptpeﬁi]zﬁ& or h BuspaGIdaIT pefiRe bN® fketopiperazine;
Q&h%@roce s further conprises adding an agent .to said

and ¢ P %usgia'é'ﬁg o, thﬁﬂ%ﬂ@@ﬁ%@@aﬂ@bﬁm (08 S4PPRsQUedln other

rticuldr QEbb Bt cBts QO BheGRRSLSH, 1RGprBess ¥P riicl LP-

P O AR, A0 Cprdcss Mfprop DAL g D omprising a GLP-1

molecylorimd ® slifstopipssizinghfighero p@aplme@l rblwmg) pelsrpntaﬁmrListhc solution or

QR AT LU bR DR,

particlerof tae uiventadilds fdﬂﬁecﬁb}}(ﬁ:h@pﬁig&bﬁrznﬁtﬁ} iRfrhddrds tdfeniokidg solvent.
particle-form ng di ketopi perazine |In another

[0013]enbokii arenbhodirient af)thetinvenpion ie shet fracest ﬁinipkdpm;ing)a particle having a

nam cs. of the, GLP- an r
GLP- LR B HHE AP T BE U PGB F 47 b Y DO et fom the
group &Neisher oferbiad Gept] @fGltﬂﬂEalﬁil@éS@m}LPLPH&Nah@@a dlﬂ% tidyl-peptidase-
ri ses adjusting the

ocess further co
1 (DgPUE\B)eR@Fe@Wd&L%éJ eglé’nl mﬁleﬁﬁo%%@?en@ﬁbédi%r%htpep@%aqﬂhga or a
t o] r=Vele} r I
blosynﬂ%;o@ng:lna?glo%hIe GLE’HGH. mD (ﬂéllélg ﬁ@hﬁc%ss £k E?ft 7an gghg@cle having a
greater stability than native G.P-1. [00281|n anot her
enbodi nent, the co-solution conprises a G.P-1
concentration of about 1 ng/ml-50 ng/m . |n another
enbodi nent, the co-solution conprises a G.P-1
concentration of about 0.1 ng/nml-10 ng/nl I n anot her
enbodi nent, the co-solution conprises a G.P-1
concentration of about 0.25 nmg/m [0029]1n still yet
anot her enbodi nent of the present invention, the
process further conprises adding an agent to the

ammoEﬂ 1
SO



an effective anount of a G.P-1 nolecule to a subject

in need thereof the nmethod conprising providing to

the subject a particle conprising GLP-1 and

ViR K8Y/6P#er azi ne. | n anot her enbodi ment, thePCT/US2007/066728

providing is carried out intravenously,

subcut aneously, orally, nasally, buc,cally, rectally,

or by pulnonary delivery. In another enbodinment, the
GLP-PHBWC Gk R84 Ia%Mﬂsﬂze%& iRUWonB¥ishU BRABHerdghd El%%&ed a¥®suspension

2007/ 121411PCT/ US2007/ 066728 [ 0032]1n anot
of partigled dilmen furtheh emhedivienio thsr dlgetgplptrezm esaprewtiled of salution and the
procesggﬁ(gliléets %ﬁ_&ig%l%gd%l?e%gﬁfe lglfe-:lslgﬁlttlﬁrq td! gfgc%pqgtegtglSgg{a‘so%nperazme and form
particle$)j ury, dyslipidem a, diabetic cardlonyopathy, _
‘ myocardi al infarction, acute coronary syndrone,
[00i4pbesit wthecqlaaﬂimdleircemﬁcdhg@m af tthe isuenger yhe GLP-1 solution is at a

hype ana irritabl e bowel drone, stroke,
conceqfio G aie vl ShiSdrlard® Treftby SRe ¢ Sapfiy meml 1 ye
anothed E&@iﬁﬂ@f Snbddsh@i of @k ineh@dS BleaMtp- ARG LAGPR LS &nlcMBration of about
erapy. [0033]1n another enbodi ment, t he provi si on
025ﬂ§¢nkhe particle results in inmproved pharmacokinetic
alf-life and bioavailability of GLP-1 as conpared to
lﬂﬂlSlnat i {e aegtheriproqese for1piaping %ﬁ%ﬁllen%’ﬁtpﬂélﬂgt%@L rle@@h‘:ﬁule and a
ik degdy o}
o5 O e Kol S0 S50 n LT 002 0N i
agent p‘,ragfemeé fropo sgitsi snfmgtanihﬂosss apBsobfes, pllaotmphsrrgd dyﬁgpesl acid, base,
article-form

|
and - QIR chofenr oY ied 4bfned oBGhdief GRioRPR flegween the GLP-1 and the

diketoflipk@tiaP ppeatid zhd elsp afifrbeds e stglﬁmylaﬁdmgpﬁda@a&ad&ahncs ofthe GLP-1
nol ecul e and the solution to forma co-sol ution;

molecyle iy, sorep GBIAERENTY plcthe et &) agentana BYE 4GP 45-fut y?tri@*uted to,

sodiurh em&@aeﬂ Ialsrm%{nawgfa&d% Aggp{ﬁyﬁe FoRrabtant such as  but not limited to,
phar macoki neti c pr 035]1 n anot her enbodi nent,

Tween, F-Feltqnnplruwe@ ac@LFCIiABﬁ,aqetranldm eméthj PG SO Nenpiitic sgent may be

an 1011t oL e?a;:]rrrl azgcgaalg%?bali}m? lalfFPe !rq%ef%te bg?g%?gélyfeﬂgtagﬂmer? shich as, but

not li@fjetBlo tH)ex?zleﬁe—(ﬂljfml E{Hex-my)aﬁﬂahiﬂeﬂe HRaes, T’f&ﬂl)tethyﬁdﬁe glycol (PEG),
I npr.oved nacoklneflc roflle conpris

fnmeﬂ}ynp HRRIBY &P %Q}\&Rpibwv ofrdgrpline. o d e&ﬁsgfré%v g a chaotrope or

| 1yotm;;&agﬁcvleas% st 1R 6y, DESER!RIHAN OFiuht G DRANNGSum sulfue. The

1The foll ow ng ‘drawi ngs form part of the present
agent Q}@Echef d1c anganin sehynafes axpeplgd e@l aﬂqehtﬁlusfelldmd @@m:m@hmt €McOH),
f
ethanolf ﬁﬁ\;&gﬁb NifARRGSH O?LTél:ItE{j Cand h% g;?(ﬁ)%ﬁoqg%l

Ion may er un ers nce to
one o ;
OO B RS BRI b
procesp f(&‘gleqiaa'dg henxeicte. con@Bit}: kBl @sP- 1]rﬁel&c[ﬂle Stdr aidikeropiperazine, wherein

' anal ysi s. of P-1 S €O centrati opns 4,
tho préj3es sl st R pHEP B naf s PPt ol g groster. 1o
furtherOdmbadPnéntd bi ths tihah@6n, tth@brodssstiBEepepaRNY patible Romprises a GLP-1
i ncreases, the secondary structure of the peptide is

molecyle #ad foo AksIPPINCEWNS BSEEhihramLPy! drlsqulsc iy iﬂ@dparﬂcle has greater
stabiliggONformation to a helical confolwation. FIG 1B - The
hear-U CD illustrates that the tertiary structure ,
[0017]1 NCT BABRS BhibhplaRQl Radk LN ERBAHA! 1500 n@thoﬁe@lt h(ﬁﬁmlstermg an
suggesti ng thaP | LP-1 self-associates. FIG
effective apeust eba @@Pehﬁ@iﬂc@lﬁ top sehifst in geedvihereely gompﬂsmg providing to the
concentrations (pH 4, 20C) resulting fromtryptophan
excitation at 280 ran FIG 11) - Transm ssion FTIR of
GLP-1 WD 20071121411PCT1US2007/ 066728 at vari ous
concentrations (pH 4, 20C). The amide | band at 1656
cm1 indicates that GLP-1 has a a-helical structure
at concentrations 2 ng/nL ' ‘ -



[0038] FI Gs. 2A-2D. Structural analysis of |ow
concentration GLP-1 at varying ionic strength (pH 4,
20C). FIG 2A - The far-Uv CD of 1.0 ng/nL GLP-1
WPRYSH 4t les t hat i ncreasing the concentr ati oRCHYS2#]/466728
converts the unordered structure of G.P-1 into nore
ordered a-helical structures. FIG 28 - The near-UWV
CD of 1.0 ng/nL peptide denonstrates that increasing
subjedt eGR4l Q?)ﬁ%ﬁ{zﬁ@tﬂaﬁﬁleal BIR RARGNELAIntiNBteHRE 1ad ¥ intravenously,
structure of GLP-1 - Intrinsic fluoreScence
subcuganeensivopraby, r@s@lynguq@llﬂ@wﬂyam hyay@mmgiry\g@[very but is not limited to
. C . .
such. ef)%lc boﬁ n% é%gl}{eﬂmg%?%&m{%ﬁ’&&%ﬁ':l 8%120&%& cge{flivgp{s ’In still yet
anothéﬂmbﬁ&mmﬁmme&ﬁm the miettiog 08 hctrgdnﬁf&ﬁng bd)rﬁﬁﬁseﬁ fieding a condmon

| ower |l ength, which.is i ative
or disg¥|selggiee gﬂé YU ;90%%%%93#@ ctes, e\schma repreupgdaiypue i injury,
dyslipidetti£ ldthbakic ARBOMS tH}f m QcabBAiNhfafdiBn, ho@t cdhdy Rehdrome, obesity,
ionic strength (p O . The near-UVCDspec ra
catab@denoehergeat e hatsurgm*; eb@@tglmmms deitabhyt howelhanygdigme, stioke,

e Sk LR BB SRS, Ay AL i

regenéehtRethatpyari ous tenperatures (pH 4). FIG 3A - The
- near-UW CD illustrates that G.P-1 oligoners
[0018Hi ssdu lalattberwmbhdinmt eﬁ%lb lingetl@rp éxeamih@i ofld@ini3@ation of the GLP-
ructur aI /mi.GP var
7 dﬂ‘%&’h&%ﬂ?u}’ %?“26051 PY é‘i’s“g% ch §PIFYBX‘“tduP "Im&ﬁ‘&i"iéﬁ“ halflife and
bioavAlaBBit&gf GILP- GLP 1 at various tenperatures (pH 4). The
far-Uv CD illustrates that the peptide is insensitive
[0019f 0 t énirp;eﬂ ajatirae ﬁu[tlﬂf)étﬁitﬁhﬁs erbAdidBnt SF rihic totrsakt invention, -there is

provide A A eh P Y TEe Callpopsoy i) H s Phaghecokinetic

profild, ngﬁﬁimgsthb rs]fé £&8 9@)\11&% 4 sAERrAtGIOP-Baisideule; providing a particle-
preci pitates etvveen 3 and 7.6 but retains a

formingediketenipesasings fqrrrén%narqulpswsl eombining the GilFGl aggthe diketopiperazine,
o oA SITRSL P A0, 8 S48 B8 B e o
powd@f hash émprorak thaabdcokinatlec peede. ]Rh641’]ﬁp¥b€&d Pharmacokinetic profile

comprses HERFH] AL HERE TG T APAT By I GO G-I | he incrcased
half-1i GUTATLH- p{sggrmr%@qﬂle dabynnmﬁ@bati ng GLP-1 at pH
10.5 for days at 40 C. Oxidative conditions were
[0020pChi @vest dyboditethat thagprései-idvdntioR). aldryopblRA&: dodtpodtion is provided
hours at room tenperature. . 100421FI Gs.. 6A-6B. The
comprésmge%tGI&? 1 4pelecis apd ardikFiepiPERTNe PY ashharRacsrieally afﬂ@table salt
thereo@nijﬂ Qno%e%ﬁl'%&ngﬂp e GPPLIAholedlIE 1s%%t‘e&’\frogpth(eg%r&p &Aisting of

he fluorescence em ssion of GLP-1(FIG 6
natlveuCl‘rILH:éi, idtPel nistabolites Gldt-i ianglgess Gldek dmefabvesei@emdyl-peptldase-lV

e SRS LRy 3o Hok AT £ PERE Al dr sl upeic on-

analogagi tated for both 30 and 90 m n at roomtenperature
and the fluorescence em ssion spectra were coll ected
[0021}aftetn twmrdpddanetexof t dkei gmesant Zﬁﬁmtim, [tﬁm4®]sﬁb§iperazme is a

d]ketOPlg?rfL%lg? é}rgvgrggre {1}85 Eb? %]fiﬂf%ertoe-g%ldugl- -4, op%@tflge,lwherem X is
"+ selectddPfibit) the Nep- $Msishhd bF QueciRl, @A0En| 1@k@S GAAGEmMaryl.  In another

em ssion of GP-1 (gFIG 7%?:() %oth show?t hat the}ry

tertiary structure of the peptide does not notably

change due to nultiple freeze-thaw cycles. Sanples

-were frozen at -20 C and were defrosted at room

tenperature. Fluorescence &ri ssion spectra were

collected after tryptophan excitation at 280 nm

Sim |l ar experiments showing the effect of 11

freeze-thaw cycles on the secondary structure of 10

ng/ m. GLP-1 (pH 4) by far-Uv CD were conducted (FI G

7C). [0044] FI Gs. 8A-8B. Salt Studies. Loading curves

for GLP-1/FDK, P as a function of pH and NaCl



of pH and surfactant (FIG 9A). Loadi ng was perforned
at 5 rrg/m_ FDKP and 025 nmg/nL G.P-1. FIG 913 -
ts the anount of GLP-1 detected in the
W‘é&?ﬂ’ﬁ’gﬂﬂlut ed FDKP-free control sanples as aP$HH83PH56728
of pH and surfactant added. [0046] FI Gs. 10A-10D. lon~
St udi es. Loadi ng curves for G.P-1/FDKP as a function
- of pH and ions. Loading was perfornmed at 5 ng/nL FDKP
embodifi@n (RS dil@lopipetdirelis( &ld3eto J}lIEM’azﬂfédsalilc)In anBfer embodiment, the
concentratlons are indicated in the | egend (nMV)
d*ethileFﬁZlq%a% Hiketped difitamaryi H’@“’PE%DE@CI’%FQ 1M Nadl .

1011 and 10 ict the nt of GP-1
[00225 et edP Ay e Iﬁeﬂtrogalerm ﬁ}fl‘éf‘alﬂ%%%o ‘fﬁ%é r&c&%&uﬂeolﬁ native GLP-1. In

anoth§ABRbEEMES, ad WNPLI ARoeE Pk a'noﬁlﬁld%@ &M Nafdotecule. In another
0047]FI Gs. 11-11 OGsnol yte Studi es. Loadi ng curves

emboqglmenf&hpﬂwdﬂmdﬂd%-m@w@tis OhPolf(756} aaride.i n t he
Er esence of common stabilizers Engosmnl ytes; FIG 11A).
10023] o adilh gnaaFopERERr Hele RFCSS gy RO BKPoseH ip prosidgg) e forming a
1
partcf embrisht PO Erholco b s SRR bl th pteps of:providing
a GLBdnpiboksulgs pavidime ti dketopipgrkyiaa dn @Sfmtlny.‘se@ctedl\ﬁ@fh particle-forming

NSO SO RARATE e e

1 moi@il&cﬂnﬁ apatiyasfigpeis udheHrm bﬁad@@gm@@r VSrefnQhc particle comprising
P-1/ FDKP as a_ function of chaotrope or |yotrope

the GIcPcﬁééﬁLﬁcPlétapéﬁleéiﬂkeﬁﬂﬂl@f@l(ePF &rmed ) and pH 4.0 (FIG .

2 Loadi_n Prformed at .5 /nth EDKP and Q. 25
l“““frg/ ! in ggesmpodingent of tho preseni myspsion, %@Wﬁ A FBRALSeg femoving
a solveh b 84i€ Cdot@lution tRE 1y ﬂﬁ&‘idnt l—ﬁlt%ho'ﬁD}SP sta?ed@ﬂl%t F@h another

sanples as a function © @B in the presence of "t
embodimentoths peHelscropesnaid GoPropelscule pgdahe dikdicpmrasingés formed by

oGRS 508 ARSI el i 9 2OTP Gyt

the dikeapipeta2int AF-kRedygrica td vmatvirgrthofolydit.and al cohol s.
Loadi ng was perforned at -5 ng/nL FDKP and 0.2 5ng/ nL.
[0025]G_P- In arther eaibodiheht, tonGBRtIrmolears isweleeted imuthe eofporonsisting

of o fREIGEPAPIL P ordlBl o KA1 DL wbebidrbpertigber v PP

protecféli GLPlB,B GLIPe phifike6c, ahGLRIDUptidchaltl, Ry 31 bRt eE&RAGERN analog. Tn
P[iltl t ut ed FDKP-f ee contro] sanples as a function
anoteg £ PpAEHfES A1 GhBH e /b‘le i QWE%eIiI“@é fie fpun of ARsolytignfopprising a

GLP-1f Joﬂgéngagorﬂ-éﬂ: R er @Orlﬁ%/hﬁ) n}nc’ éljfb%mggdﬁge Y%éfo‘)é"r_lg i rmolecule

Loadi ng was perf d at
18 pro‘adndoe iter fetrin ofi a anlatiyz eazinplsslﬂg sG@B li contdrgraferanf shoufd Gng/ml - 10

mg/mll,rd%t ?né)ﬁg?nm e = e%ﬁe w Ep% a{% g/%g@wn%%efgrm of a solution

comprmgmcmmbbmﬁmraeﬁloﬂaﬁoﬁblzstneg/xm of spherical and
rod-like G.P-1/ FDKP particle formulations. (Panel A)

[0026]0. /5 Ilgdnﬂthe&:ﬁbdddlmaﬁ oZ Sheamirbaeht JEE)tﬁHDn (tll?aﬂiﬁbtoﬁ’peﬁzﬁe is provided in
: GLP-1 an 0 .ng/ mL. FDKP; (Panel C) 05

the fomip r% aaﬁaspfe@%/qlﬂ PINCRZDE PHfFiSHdi fin BRIIGT j apbodipgpnt, - the

diketoﬁ%rgﬁﬁéisﬁ' U8t at eth@n%r%p SM P RSiSH u%t@{%’%@ HPaficle-forming

p .0; and (Panel D) 10 ng/nL G.P-1 and
diketolEparing the prdvessofirther chinprijide admtlmfwopﬁseﬁ ﬂm solution to form

avsBgELT Be2” LR SHLIMBRORE sy Pl By i

agent tmshitli spludoGoPsubp &R, fbemwin tht agas is sthetcl dganthe group consisting of
-indi cates the nass-to-nmass percentage of GLP-1 to
FDKP particles and the other conponents that were
present in solution, prior-to |yophilization. The
sanpl es were incubated for 10 days at 40C.
[0052] FI Gs. 16A-16C. Structure of GLP-1. FIG 16A -
Depi cts the glycine-extended formof GP-1 (SEQ ID
NO. 1) . and the amidated form (SEQ ID NO. 2). FIG 16B
- Inhibition of DPPWactivity by aprotinin. FIG 16C
- I nhi b|t|on of - DPPI'V act|V|ty by DPPI'V i nhi bltor

o o b o T e s



WO 2007/ 121411PCT/ US2007/ 066728 [ 0054] FI Gs. 18A- 18B.
Depicts the quantitation of GLP-1 in plasne. FIG 18A

shovvs uantitation in 1:2 dilution of plasna.

g\ﬂé‘ quantitation in 1:10 dilution of p %yﬁ.gzoemﬁmzs
[0055] FIGs 19A-19B. Effect of GLP-1 and G.P-1
anal ogs on cell survival. Effect of GP-1 on rat
pancreatic epithelial (ARIP) cell death (FIG 19A).

salts, ARG, ¥4ns lodinBiyRg, ERPir6ick AGd Iydilopdst hadk, hscaRRRIBSINS: solvents.
in the presence of GLP-1 and staurosporine

In an%thﬁgqr@wégmﬁ stheAgent Rroseies #raeqieion (efaen thyfs Pﬂq@l)olecule and the

dﬂcetog;gﬂst it rﬁ%ig%? Ioﬁéhe%ﬁa&epﬁ%&%%%e&%ecq f%gng’tthé 2 l:%&ment the

agent(igmrdyeartb‘t csgabéxpmtl phatmarpdyedrhicy ioibiht | G1P-1ARRCue! I §n anothor
cmbo er ﬂleeat 3‘1 dg 20 and 40 nM exendin 4 for
8’1 12 aRd 48 ﬂ%lm' 01-t 057]FIG 21. The effect of the

[0027 n::itllhq C?EC@F$ %1 ent %r g% C@% eg{]gl}vgm%()%t %f#@r gtso%g{ hﬁl@}g iompnses

ad}ustﬁ%nfpb eH ofehe sﬁpﬁﬂﬁﬁCbrtmhﬁoml Wh aﬁcitmrremﬁmdrm@g thOpH4s adjusted to

urs and re an with Ce Titer
aboutg RS CRFS a9t Eﬁy qn?enﬂf)mg&ﬁb? QEPM@%% Boleitipte pos areater
stabilidn@adtMavt efpds weeks. Control sanples, shown on the
right (Media, G.P-1, STAU, G.P+STAU), illustrate the

[0028V1 abith bdthe@bm6edinent, the WBdbRtibMEdrhRIsts £GPPL @hcentration of about 1
st aur opor| ne), with G.P-1, with stauropsorine and

ne/mlofOrAe/ell P 1 angiieer srdardisispt thneo-gaheion: copmeiser P hPtlegapntration of
about d@ﬁiﬁ\%} ﬁ%\l\%ﬁﬁﬂt oInt Ql?otffe?né lgc{[drf@ﬂp} %32 sd%tjlon Eoﬂiﬁ%es a GLP-1

are averages Fi’p TS,
concepi@MiioB pFient 0.22AsR2B. Phar macoki neti c st udi es
depicting single intravenous injection (1V;, FIG 22A)
[0029hnd B | stib gt yanbtheu fefribedimicon of 118 des@n lersgthnn theapsocess further
vari ous entra
conmrf 3} AE brtdEntTRAFF epeRioTrResals et elpeeddimm the srow
_consisiff @€ RhaY SuddctdkS-idns @sibiRs P alidotr6pe@ SanlioN ofrbiR:s, ac1ds bascs and
formul ations anal yzed. %70059 ] FI Gs. 23A-23B.. Decrea
organic folvepis.c dRranetbsr sbodarens dhe &L PRl %é?%at’@aé’éﬁvﬁﬁllttw GLP-1
lecfde Rad ek o AP e aHRNS R iheZpRAOUE-ForklH Gtikdaiper®fk. Gin anoth
ot omjnrls (eFI OJZ%E) Sg‘%‘t dose. I%)060] f% %e Anomet
embOdilhiamtn@c@eW mmvwmdwwiﬁ@@lmﬁﬂ@mﬁanmsmféheeﬁéﬂ Ivinglecule. In
a nsufflation i | e obese Zucker rats. The
anon G Sl BREN, R PR B o ement s ot 0, 16, 30,

s, ARt R (G E0D totrise ol HedP i of th co-

solutich dn mlm;mbadlmesﬂ; thrdy)chﬁ adiufted loFeDei? Ation gregtrer ed via -
pul monary insufflation in nale obese Zucker rats. The .
[0031dat alden attwdinrat 6f e brmsmwmtagnahocms Ti6vid @I adBjnistering

and 90 th .rI. alr. ar 1). and . .
an effefc%ive ety /@lﬂ}éf‘fﬁelg? ggﬂ? gc?, g% _]Eé)[.m %WS[ thefof HR mgthocp comprising
provid207d 12 4 RETd YarR0:r l&ﬁﬁflsﬁﬁg GLP-1 and diketopiperazine. In another
embodiment, the providing is carried out intravenously, subcutaneously, orally, nasally,
buccally, rectally, or by pulmonary delivery. In another embodiment, the providing is carried

out by pulmonary delivery.



[0062] FI G 26. Pharmacodynam c study of G.P-1/ FDKP
adm ni stered via pulnonary insufflation in nale obese
Zucker rats. The data depicts the insulin .
Weaifgthts at 0, 15, 30, 45, 60 and 90 ni nBEEESIPL66728
the control (air; group 1) and the G.P-1/FDKP treated
(group 2). [0063] FI G 27.Pharmacoki netic study of
GLP-1/FDKP with various G.P-1 concentrations
[0032d M Th $hewh&ntiodirh, ROAEM donphibdsltad ir@iimbm Jf aBhdition or disease
rats. The data depicts the GP-1 neasurenents at 0, ===
selectpd figm the) gropp comsting of disheteD isshediperspersiscd Hisue gy oflyslipidemia,

i P, P r , :
dishel B B i B e S Bl GlEBng, %) Caabolic
changle® Qfid] FlnGery?2 &y Rivalyoaaiok imieblec beveldyyndfon@l, Birdkd: BiKBrodegenerative

. ith vario GLP-1. caoncentrations . adni ni stered via
cisordgly gty SR AU Hot B S Rty ey
epiGgts_the F peasurements.at 0, 2 .10, 2 30, i
1003350 e Rl (E R P o 4 Ppidtipedle g mproved
pharnfabdXidotic BKIP-1if¢ aal tdchvgilonilts oR GLB-ladodpaddtoasiveGen-15%
10% and 15% GLP-1 respectively. [0065]FIG 29. :
[0034Phandaead endnilicnest oflvhegire@Pml AP inmethelini| poviddédsof forming a

-.adm ni st.ered GLP-1/F ntai ni ng. 15% -1 (0.3
powd OBty ST G PSRl 5 IRFBIAR R shriigiying e steps of
providifie BOGTPON nbl&ARS §esktiiiMe pysicleEbenidtdEkdedptizine in a solution;
. .average food consunption neasured at predose, 1, 2, 4~
forming, dikgfopigeirging patticktsseonitaring thednkd unelalgagdsthe solution to form a

_ I ' 0L G f 1GP-1/ i .

R S T T
an 1@ RAIGLP-1 dhampaGhleadtic pvofde.a singl e daily pul nonary

“insufflation (n=10) for 4 consecutive days. The data
[0035Hepi dt snatbesreadpedinedy teeinpeved €} ebpramcqkinetio peofild comprises an

. : S st doSg r 4. CHf 4 . ,
increafeq G B h 18 BB R ML 8L S RAREHEP oIS 5 grcater hen
or equIDRKEY snimetes, Nils nevtied efdbbdimbaf DRmprdred GIPAE flharmacokinetic profile
“admini-stration_qnce daily (for 30 m nute day) for ‘
COmPpIESCE PRRIRYSS %%@39”’&? Ogﬁbbb‘aﬁséoﬁ’@bﬁe@f@aﬁlﬁ‘éaﬁga}k pl asma
concentrations (C.) of GP-1 in males and fenal es.
Ani mal s recgjuel =Y slde , y/ kg FDKP
(group 2) o%. , 0 ‘“e'.'v.' B+ EDKP
- gro 5 re L J : :
0036 3o sy e S R Bt Bl ey ottt
furthet wlmbedtlate girtaomgepeetsi dethpepeiede ivet@nP-The invention may be better
foryul ati ons for use as romaceuti cs are.def.ici ent )
undergefpd e PP o g § e PEBERG RN LS op KPRy TERORpER fhe detailed
descrip@fit dfdpedifit éﬁbdairnéﬂts;'%&seﬁ&ﬂmeﬂéﬁﬁs tend to remain in-
sol ution under a nunber of conditions, and have a
[0037) el atFiiGel BA-$DOStrubtoraV bnadysizad fIGILH-1 et wiiets adioemiatder(gd 4, 20°C).
as a_solutjion formulation._ Further. . ‘ .
FIG. B selhts %VU-Vp@m '%ﬁ%ﬂﬂ% &by pf fﬁfzﬂt 1BeFresinb 99 teeppgpntration

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



IV (DPP-1V,) which is found to be present in various
bi ol ogi cal fluids such as the |ung and bl ood, greatly
reduces the biological half-life of GLP-1 mol ecul
QR0 HM e, the biological half-life of GLPP(iWSZW/%mS
has been shown to be 3 to 5 m nutes; see U S. Patent
No. 5,118,666. G.P-1 has al so been shomn to undergo
rapi d absorption in vivo foll ow ng parenteral

at varRd§bdbcsdtFa@bhQpH S0 8a MY am@d¥ 10anGhPres6 ¢m3andibass @at GLP-1 has
hal f-1ife of about 50 minutes when adnini stered

a a-hdighlstrueines et songentydionsd ongiml S, Patent No. 5,118, 666.

0069 The raE*d cl earance and short half-life of
[0038 Eonpy3k | SHycturl apdysy of ke seprentatigat (GleP-dnrtyvarying ionic
the eMy r isn\Vve o I; [ﬂ?HEr t
S‘rreng'tﬂ1 eI_Ilt t4l (?0 (?\'/ e?‘gé}ne% i Elte}tc d%t ?Jé/le e(%&%g;l q : fori 111ustmtes that
increaging Vheciongpnavationptfisait zadheriathewnpoBtied HirkDike of GIHJ?BI yllto more ordered

diketo er f.ormul at | ially suited, for
o-heliggy ﬁ%‘ﬁ‘gF‘{g - V?S*% PR (Bl 1 Qu i SpRES dempgirates tha
crcaﬁﬁgﬁl?éma@m!&i&&ﬂt%ﬁoﬂ A c@ﬁs?ncfeé) tﬂa%ﬁtatapﬁﬁmﬁﬁe 3 @At ve FIG. 2C -

GA.P-1 nol ecule that can elicit a response in
Intringj¢ \ﬂgoreweceotmweom ahtld) oie/mlatGhje1 @L paryingnNaGlc poncentrations (pH 4,
20°C)ffﬁﬁ5‘§u&n$ e Calnzesx%lltatchophgagﬁ n’&l ?‘%ﬁ ]%Eh %gs)pglz ]cl-{l)-ﬁ(\:/eglﬁ?tlﬁogl%%c maxima
decregpésOini idessifyoamildhaftd ons loofer @kal?ell:ngth], whiob inatdicativawf b well-defined

tertlarg:.?igg%uorpl ﬁ?? aépnte ’ﬁ%’%&?ﬁ@tﬁf t:l Gf%g @j]lﬂoar | C%IL?’rl at varying ionic

strcng{ho 143?0@3 L n BN GE8 sfa&ﬁra%oﬂb@ité Mak QRcrtRed ionic strength
ect. In further particul ar enbodi nents, the

enhan@L IDJ-leltﬁIDKW frgetrie eftseldnssoeisiep Gldel.f unar vl
I ket o |pera2|ne (FDKP), but_ are not limted to such,

l0039land E365-3cPBd Stye ey abksss Ay Gl aprapious fappmsfures (pH
C as

4. FRUEBATIhe near v, O illustrates that GLP-1 pligomers dissociate with increasing

tmnpe(aﬁDKPﬂGaﬁynﬁemtmabdnaUasis@tf o m@nhﬂmeis ai vaclousliengperness (pH 4)

fituted at. o on on on the P ri
FIG. o pSbteatts inaBi REWYs BRgbah} PPy @inietyes @y e fu-uv
CD ilthdtrafts K thePeptideul MscrRiRe {éﬁi@bﬁn@é the i nvention,
adm nistration of the G.P-1/FDKP fornmulation is by

[0040pul MPDGS. VAJEB] \Serfuyturd] GRalddid mf(denelaopar@glgtﬁﬁemp(eptm 4A - The

mu tio ' G@P-1 nole e ctural
U\E??Mct Pt @LPotf At PRIE a L&@ t % SR & Bypidy slfassocinted
GLP- 1byreegﬁtt&\/t>éweéﬁam %'Lasaﬁzr PBY.S reqﬁhs @rﬁetm%rl rdeir€ @t pH 1.5 and 11.7.
t echni ques whi ch included far-ultraviol et C|rcuP
FIG. # ciﬁn@rm (lcaspeeivurTB) pHrib@retehls tharitet sqcordarne gurwure of GLP-1 is
unordr%ctf e to(fnl?acronc% it qd dctag dnsic fluorescence,

ri er ranstorm i nirare spectroscopy (FTIR), high
[0041P ESFHEE 5! 'ﬂéé ghry ﬂﬁ pd?l!P ( HEL okt dg@(ﬁ?and oxidation as
spectroscopy echni que of C|rc
demomitl’ﬁhi bjr HRLC Cmamsiaaorpmmdrtfouh wb@dchws@daytmcmalhg/@EPtlm pH 10.5

for 5 QAP h b Ca RER TSR “BRGHTs a SARSARY PP i o 6 PO for

2hﬂmgﬁﬁn@ﬁﬂﬁﬁmﬁﬁmka| condi ti ons under which these
anal yses were conducted included: the effects of

[0042]cONCEBIGS. BA-6B., Thoeaffe:t sf ar@rragtnhon the mpédratstie@yre .5 and 9.4 mg/mL

e stress ti.on, multiple freeze
oLe- by 3ha peesdsy G046 Sda 754 ] feyecesmbﬁ%wflwé GappliG. m)
_ both ﬂmi%{%&tb qlﬁat tHRRErARINSE S BB IPET P&5tiae r&%é’s ﬁ& sfgﬂﬁt&ﬁﬂﬁ EhahSe due to
he maj or routé€s of degradati on as wel
establlsh condi tions that nmanipul ate the structure of
GLP-1 peptide in order to achieve preferred GLP-1/
DKP fornmul ati ons havi ng desirabl e pharmacoki netic
(PK) and pharmacodynanmic (PD) characteristics.
[007211t was observed that as the concentration of
G.P-1 increased, the secondary structure of the
pepti de was transforned from a predom nantly
unstructured confornatlon to a nore hellca



on the nol ecul e under certain formul ation conditions,
solubility and stability as a formulation, as well as
susceptibility to serine protease degradatlon and i
‘W?G%WE%%bﬁllty, all of which play a critical ?3F%WVWWGHS
generating a foinulation that can be readily absorbed
whi ch exhi bits an extended biological half-life.

[0075] The stability of G.P-1/FDKP formul ati ons

agitatPRl aisB@plc¥asert @staed Yo Bbtha3y ahl ety il a€ Bt t e@PSrature and the
both in vitro and in vivo. The stability of GP-1 was

ﬂuoreawapwé'@mysm@v%rﬁapwt@ aﬁrﬁﬁtrjﬁ:mhmb APy a§%nm| n

tion, stab was exam ned. in |lun

l0043|l avag%IGm WY mﬁhec?ff% ﬁf I ﬁgezsrﬂw gjcles op ’ﬂb\%&eﬂm wcfure of 16,
5.1 and @Rt Phe Rl gL N LY VD (id. ¥R) ﬁﬂd—ﬂ?u&es\ﬁ@rﬁe emission of GLP-1
concentration dependent in solution. [0076]In vitro
(FIG.dB)-totlp sltﬂvogxatthle taztttﬂryvstmyhm ofidihe peptitoaions sot wigiloykeage due to
-for. stu FDKP oad| (s} determ.n
multq%lrﬁ eg%cf-@lc YL, r ega;/][ ggn?frjla § s td Oed at room
tempékatifeh &rluardeeﬁdefen@_miomspeeﬂ‘ra hemdoﬂeaedhﬁ@mp&@hnm legdifacion at 280
met hods. _Further, based on_the fac tha GP-1 has
nm. YA SREWRCT DS MR the erd of Al ifrﬁ%%eeté@*f las 950 yes hagsstructure
of 10 Qﬁg/ﬂﬂﬂ B PLT (pROHARIRLGTI D wekd &H&&tédfaﬁlcﬂ Sreycel |

proliferation’and islet neogenesis, the prollferatlve

_ [0044Fnd FTGs: SAEB, 03ACSRALE NLdadkngQfured €orGRLA FDKP as a functlon of pl

ornul ati ons of the invention were exanm ned throu

and Ne@l onpepsratiorndd &y SAI Olberjrerves petiprencg e 8 rgrml KA fwgrQ 25 mg/mlL
r s is [

GLP- ﬁ Rl\ﬁbg @S_ﬂﬁg@ltalﬂm‘ 58 ggéh %% W&r foi@g}gge ¢ %g&%tg ;@l{aez"}{ﬁount of GLP-1

detectécFEKFi)Je tfeamm'edsﬂaﬁPefreanebmneBlsahpim at a diegried atfi ];ifﬂl and NaCl
0078] 11. GLP-1 Mol ecul es [0079] I n particul ar
%%Eﬂlnents of the present Invention there are

[oo4sgfov;ﬁ§d B 5l ETHER! | SR COIRL 15 B0 TR o unction

of pchnla%tlﬂwm BRE. WA)S UGdading was Rl & Stioghil eFRKP mad 0 25 mg/mL
f ﬁ% Such GLP-1/ FDKP faornul ati ons of the prese
GLP-1. 1y Jdfe i98n - drepicts g enand of daiked alstected nebg watlsﬂélﬁed FDKP-free

contro[l W&M%&E oﬁge%&@hﬁc&ﬁ%cd n the art and

oridginates fromt pr epr ogl ucagon pol ypepti de

[0046F Y Nt @&k ZAA110D! I'f[@n lstcids! SLdaBin r!:ﬁrv@é sdrabLp-h FWRP hsﬂa function of
the pancreas and in the brain Pl is a 30-31 anino

pH angdpns. Jepding evas patfomddsat $ meg/mlnBDKBI2ad §124rmg/ongLP-1-G8Gs. 10A
d r
ot 1390 08 Sl 0% 0P e 0L RELAPLART, OB v i dpis

resultdSidr- ﬂMNeﬁfﬁ) EIGe rldBdarfdo L#D ocDapist thei amoynt bf t]ié’ 1 detected in the
It has been shown in.th

rmﬂﬂrﬁ%ﬁ?efje%ﬁ@é’ Ate; 0041;@ QWFﬁ%fﬁE@@?Pm ! tAf t%@é%élnsf asnma
1004745 5 PGP MCHE o RS RS A asen'ss 57 @R TFRH e function

of pHp@/ldﬁm tﬁ@?&k&n& €of t@don @a’BﬂﬂzeﬁD{ogﬁbllBr%§ FBG. WsAY TLoading was
herein refers to GLP-1 proteins,

perforped ghepeirde EDKR M § mermirakP ds Fﬁ)@eﬂ%ﬁﬁ%@ the amount of GLP-
f: t I &
1 detcl o 18 o B O R e Ry SRpIeSls By (T g pH end osmolyte
“N/A’pofliygeptd ces [tEvRs p(e?ensﬂbtﬁ&lsm@l@ 1(7- 36)NH2) and
GLP-1 netabolites such as G.P-1(9-37). Thus, in
particul ar enbodi nents of the invention, G.P-1
nol ecul es include: a native GP-1, a G.P-1 analog, a
GLP-1 derivative, a dipeptidyl-peptidase-1V (DPP-1V)
protected GLP-1, a GLP-1 minetic, a GP-1 peptide
anal og, or a biosynthetic GiP-1 anal og. [0082] As used
herein, an "anal og" includes conmpounds havi ng
structural simlarity to another conpound. For
exanpl e, the anti-viral conpound acyclovir is a
nucl eosi de anal ogue and is structurally simlar to
t he nucl eosi de guanosi ne which is derived fromthe
base guani ne. Thus, acyclovir m mcs guanosine (is



naturally or synthetically, a parent conpound. A
derivative may be an anal og (see "anal og" supra) and

t hus may possess simlar chem cal or biologica

VER 20011 However, unlike an anal og, a deri VBT {e007/066728
does not necessarily have to mmc the biol ogical or
chem cal activity of the parent conpound. There are

no mni num or maxi hum nunbers of el enental or

[0048f UNCIHIGR.a12 AT A} RhabtReld @Bﬁld[ﬂ@qy,bi(ﬁﬁk élﬁ’véﬂlféll aﬂty 1ADKP as a
ound as a derivative. For exanp while t

ﬁmctl@mgP Hap@ppecipetard cgagsairaiianyatipsl %tO dEIG vla?ﬁ)\ﬂ@d@ﬁ 4.0 (FIG. 12C).
I r
:hmm§%¥%%§¥r g%?ﬁd$¥%ﬁhggﬁg%ﬁi§éﬁ ox?@%f%glca 12B and 12D -
Depicp ﬂm:pandsﬂnes)f tChiam 1 a:t?eye«:{ed\nnrthe Dedonwitiicd EDKI-fried @ontrol samples as a
.conpo WO 2007 1411PCT/ US2007/ 066728 di o)
f““"“?f}eggﬁ’ﬁn‘ﬁ’a € H’é‘?ﬁén‘@q‘?fl & \ageus chaolaRas or oy ORPEH ngﬁL Hfcaics no
chaotrdpd¥iok ﬁfoﬁ@ﬁés'%ré idre&!ﬁ@ﬁl eosmaied to t he| r parent
- conpounds. [0084] As used herein, a "netabolite" is

[0049RNY FIGE!13RC1 38, eARDhGI AGHIES. Dcfad{l‘@toah@ls E@"YIEH?ICH/FDKP as a function
i ncl udes both large and smal |l nol ecul es.

of pH a{ alcpholi dLepdiieev isHepnsdaAte, me/ml- BIRKP and p&rﬁﬂéﬂé@ﬁ @gP-1. Four

alcohdl %oi?c%hpatﬂin's LY e@ﬂgat?@?&”éjd f% dgﬁ&aﬁﬁ' h§BS 15% Qﬁdh BEYYviv (FIG.
iteis directly invo i n nor nal

"13A). dBieitofiweodthanah d 1 Bpiraadinairpisepropanpl. vﬂﬂg 15Bg—a]aep;ms thefamount of

GLP-Ifﬁegc—gcggcgf% Cr%cgggtﬁute%ﬁiﬁ{l’; nmgcrr&ry‘i %%é}l)l sn%sg%/ %gﬁﬁon OP pH and alcohol

(20%)ecol ogi cal . function (e.g., an antibiotic). [0085]As
used herein, the tern1"biosynthetic" refers to any
[005(}]p r oditGs.olAci4l doedihg dtonc GIIW@UEBI@ycoacénimﬁmg stud1es (FIG 14A).

Lo R B 50 K i PR Rt L0 e

X-axis nirld:l BB OKcHRNMOEREPoT WatroRop Q@ﬂﬂ? |11ﬁag§éfs off%mqslg GLP-1/FDKP
solid particles, usually in a ¥ uid medi um

formuletensepi HIPOB% npiamﬁp@tmé degiefs @busre;s @C@@mrs:awr@rmé hke GLP-1/FDKP
it
pric LG0T LS gk, DAPOF S 43 BEL D, onct 1) 03

mg/mlt SlgPer atdurleme/mli BDKPe(PaapbCP0.5asgmiLaGLR-y /208 10 hadil yFDKP in 20

osure.to the condjtion(s result in, for
M sl ior b AT o BoTe ST bR PRt BhSabEGF 4.0; and
(Pane08MOMAIONT BUGRd 5hAoARL IR P £ 8 thl boikfEGiore, 20 mM potassium -
preC|p|tat|on reactlon is one exanple of a

acﬁmﬁﬁ%mﬂp@ﬂéPp@ﬁﬁwn@h@m@ﬁﬁﬁﬂi$@87lAs used herein,
o-solution" .is any nedi um conprised of at Ieast t wo

[00511chenﬂ%+ 15. pPeniery thezFosel BiesHPbEYHPlet]-B-1dHER forgulations. The

: legendFQﬁ:tht)éQWHé Tnasé tcpﬂlascsogépc ikeTBY d1%-1 Q5 rﬁﬁ(ﬁ%aﬁ&@' dnﬂle other
I'i'quird conprising east one chem cal, "bi ol ogi cal

compoactd.il that bieesyredehieini solugion, prjorvp thyophiligatidng H@m@mpkas wgraincubated

hem bi ol ogi cal and/or biosynthetic entity. In
for 10 ﬁ@g%%?bexanple a co-sol ution may be forned by

: .
TSR G SOTDEL PO 55 BRI v
form olf ICﬁlH’I—IZI(SHQTID INGD. Q) and theewniidadéd fohh({SEQIIDZNOaIDdFIIE 16B - Inhibition

of DPPSXTBE Rt b@ﬂﬂeﬁ%?" Seh WSP@ acrlggfsw RERIY inhibior.
005315 7 £ 177 DeRar ot SLRY ket lind iySE il g, ngl e

solution. [0088] Native G.P-1, as contenplated in'the
present invention, is a polypeptide havi ng t he am no
acid sequence of SEQID NO 1 or SEQID NO 2. Native
GLP-1 peptide undergoes rappd cl eavage and

i nactivation within mnutes in vivo. WO

2007/ 121411PCT/ US2007/ 066728 [ 00891G.P-1 anal ogs of
the present invention may include the exendins, which
are peptides found to be G.P-1 receptor agonists;
such anal ogs may further include exendins 1 to 4.
Exendlns are found |n t he venon1of the G Ia nonst er




nol ecul e, and fragnents 3-39 through 9-39 have been
reported to be potent and sel ective antagoni sts of

G.P-1 (CGoke et at, 1993; Raufman et at, 1991; Schepp

VEQ 2007/1214994:  MontroseRaf i zadeh et at, 1996) . PEHgS2007/066728
literature has al so denopnstrated that exendin[9-39]

bl ocks endogenous G.P-1 in vivo, resulting in reduced
insulin secretion (Wang et at, 1995; D Alessio et at,

[0054]1996)FIGEX1381{1'18‘B4 i@lhle)ﬁu@ﬂtﬁé’fﬁmtcﬁ &P in "RGRRAL PIG. P shows
I nsulin-secretin -TCl1 cells, to dispersed acinar

quantigasion én §:2 difvipenrdimesssia. Bked 188 slpwa appiitatéeal ind - ¥rddkiion of plasma.
stomach. Exendi n-4 peptide also plays a role in

[0055]5t| s M- 8Ratfdlrbel GLPd|adSd-Fahanalogh o eqlingrvival. Effect of

i GGELE WS ELERRPAD (GLALREAAIIRETIN Ry g acicins

inhibiged d)@pbptams fretbe pd:semce bf GhB-1cind medm@cﬁ’ini (Bteueptsongle agents and in

exendj.n- eporte an
combiFHEelGe 1RUp: T EeUraRE ALBLa9) 5 LMahY s gapigaaton of
stauroB@r@ABiAgeni st, i.e., it blocks t he stlrnﬂ atory
actions of exendin-4 and GLP-1. exendin has al so been
[0056f OUNKIGO2MEEFES oS HANGLE-0 2686¢ attatiinoNon [ADIIHAROLANEIP cells were
enbodi nent the present invention contenplates the use

treateyyithy Bkl a%aﬂ‘iﬁWﬁé%ndﬂP‘é&f léae?%ﬂﬁéﬁ rh@,'érs as are know ,
th Ki || rt )

1005747 o1 G3cal JPreArE Aok Walcgkteh b IS Ko HoRRe urosporine-

inducddly EQKI 'dQeﬁﬁ’ AR %@Ilsrsrg{:ésf}éa%e%thvd}ﬂpqessd lleso‘gvgx%r exposed to 5 uM

i onol ecul es, and may antagoni ze, sti
stauros;tolmae \mrsfb hmrsi ahdwerec dmiyphymtb ()i Titk-Gha't toi deyermﬂletdab viability.

nat u nds C speci a
samp SRt G B SR S R BB SR o Y igh Media,
GLP-EtSBAU, GE@@SMBJ) TurBrdd med vesility B Be@ E@Hh@mmma GLP-1 or
PHARMACY, Pezzufo et at, Eds., Chapman and Hall, New
stauroRegie), (¢ SILP- frnwithSieropsaring Hdt Vih&ild- band wviaeerpsenoto: the
graph ‘Pé;geﬁ? R&ds At té A éoﬁtr&l%gfe@)e RERFIufe A6 §H&W§ affaverages of
teins exists chiefly to ori'ent am no aci
ﬂnﬂmﬁhanns in such a way as to facilitate nol ecul ar
interactions. A peptide mnetic is expected to permt
[0058np| e&lf>ar22An2éBackhiagnacokingiiq atudicy demiehngagingle intravenous injection

0v; FRG PRy pellinal OO G G BT R e PRER Y Begpuaions

of GLHHVHEKJP éannfativhe Thykptridernditatd thhaves-at-mhesastceonge of GLP-1 to
-FDKPb'OI a% cti V|t of nﬁﬁlve G.P-1 such as the
ach 1 FWHMF Sﬁﬂ@y@LP 1 receptor and initiate a

10059 3 I G R RGHE: o PBTORE y e PG PV i dn s dosed wit

GLP-IMBK P forentations at@ HouR-(EIQDI3ag uhe6 heuts DRIG) 2BBPhdstose.
pol ypepti de, protein, analog, mnetic, derivative,

[0060] sof BTG 24.r a’gﬁmﬁoodmldmimﬁudly ke GwmaEDKEtammStaﬁedlmgmmonary '
one biolo tivity of a_ natural occurrin

imsutigg 1 iy SRR ARG be LRI ORY e e fifstdoidats at 0, 15, 30,

45, 60 @H@%@ﬁ&ﬁk@s'f&%é Yorfot Bt gi%luﬁ 1$@ldttBe @00 1PFISEP Uased BRShp 2).

salts of the prodrugs, polynorphs, hydrates,

[0061]SOl VEIGS2S. blmhﬁwc@%)nhﬁﬁmaﬁadwef G[[BQMEDKB,adEhﬂht@&dGﬁd b¥lmonary -
active varjants and stereoi soners of _th

e
insufflptign jip 4pals obrse GUFK S gathy hs it penicts ghe@l-P-14ueagysmpngs at 0, 15, 30,
[
5 B B s PO LP P rgted (wroup 2.
exendi ns including exendins 1 through 4, and
pol ypepti de fusions thereof. A GP-1 nDIecuIe of the
invention may al so includeia di peptidyl pepti dase-1V
(DPP-1V) protected G.P-1 that prevents or inhibits
the degradation of G.P-1. 100931G.P-1 nol ecul es of
the present invention include peptides, polypeptides,
proteins and derivatives thereof that contain am no
acid substitutions, inprove solubility, confer
resi stance -to oxidation, increase biological potency,



[0098] I n a preferred enbodi nent, di ket opi perazi nes of
the present invention include but are not limted
3,6-di (fumaryl-4 am nobutyl)-2, 5-di ket opi perazi-ne
WOSHTHABN as (E)-3,6-bis[4- WO PCT/US2007/066728
2007/ 121411PCT/ US2007/ 066728
(N-car boxyl - 2- pr openypam dobut yl ] - 2, 5- di ket opi per azi n
e (which may al so be referred to as funaryl
[00622I ketﬁ@ P! aﬁl!la?ﬁag)r g%%g)smd%qg%ﬂ%@ administered via pulmonary
i ket opi'per azi nes ¢ ed 1 n the present
insufflative mt ek dbesd Oakker wis hﬂwt datd depictsathe orsulig erchsuagriangssat 0, 15, 30,

45, 6(2&:1 GI%I%iii‘l f4 g)gibgé qrg]?gt%% ﬁu‘ group 1)%'115 ﬁlte%iip ?)’E%&lﬁ trea%eléc(group 2).
(0063} NORL YD z Eﬁ%@&k&%&%@%ﬁ@ n&r (GLES/HRE" Wafl Qious GLP-1
ereln as

conceﬂaﬁﬂlmxw,dﬁmpgtbr):amlzd phittoydry 2inSlitioat iopicpelcaaisneThe data depicts the

GLP-F e oot o0y 02 6ol REPBISS SaBp o g zroup 1) and

GLP- qiﬁFmdli tte%fea@/&lpézaﬂhﬁmbmmﬂﬂste%a%% diokednan SPPGEPAZLDBEtively.
, 6-di (glutaryl-4 am nobutyl)-2,5-di ket opi perazi ne;

006413 6- ctrIGratzsnyleamamm@laut ythbly 206-Gli. ke op{PewaRi Redous GLP-1
3, 6-di (oxal y1-4-am nobutyl) 5-di ket opj per azj ne and
conceawmsaatariwgst%rﬁfé i %lmontraf latlﬁﬂ%hoarﬂaofamﬁ%rﬁas {pgedata depicts the

FDKIp{nE%%H:tmchﬂVa@ i) ) 09118044 8 PRS0 ABukS $orOthe control (air rgroup 1) and

et opi perazine’salts. Such salts may incl ude,
GLP- X B t@ﬂ‘cedrgyoqph ar hautemdrmaisteyedéé/a dpVadnidd 5§’aGLP§ucﬂpeG9fely
the Na, K, Li, My, Ca, ammonium or nono-, di- or

[0065 ri - £I@|2Qm1ﬁhﬂrwqdﬁgaf@é rstuge ot G bl (H ket hnylfgmlﬁ @ats administered
GLP- P/% %ﬁé%%mﬁ t AE= iﬁ]‘;}%ﬁ}if’—llgkﬁ?ﬁﬁ@ lglglf)rﬁegy 1rtsufﬂat10n

(n—lOTlft& Is@htccoiwe dags. aThodute: depitits gveoige ﬁ:lo)d@dnsmimmn kfiegduesd at predose,

or salts re_al so contenpl ated for
L2 ‘b‘tngedlt?ﬂﬂsét—?? PRI 4 QNSEATEE BFe R groups cont ain nore

[90665 Esgr}%&gg cl ldlbagé;a) I o%uh‘i?'h 4% enzﬁ) emale racfs administered

GLP-WFDIRPt d@ﬁtaﬁiﬁ@li’,{al(ﬂﬁf a70.Rend GLPI1Yea 4 sinélé) ﬂmit)aptdmugary insufflation’
salt of the djketo erazi ne, such t hat . t he dru%
(n=10 s AoueEiveckint obofat iy REFERIOREY Wrighbeggyred at prodose, 1,2,

4 and%m{ﬂglp%stqgs@fo§@%ns%§1tﬁr9%}ﬁnpl ated herein, includes in
a non-l'irmting manner di Na. Drug- dellvery usi ng

[0067PKP a:qld 311 STé-astetic stidySof ERPAMDIP i B&KePN adBinistered GLP-
0, 710, incorporated herein by reference for al
I/FDKR W?@sﬁsadﬂé@awmgmm@a@a(f%% MO0 ) dpist ceywagntive days.

rhe 4B SEEECE RSk ey LOERABBRIC YR L L BhB0 RIS, vl
receivgdEperBrof i} 3rop di) xogikgdilidR (r@p 2) or 0.3, 1.0, or 2.0 mg/kg GLP-1/FDKP

I Qut |carb o )-acrylic acid;
(gnw%%g-g% é‘?%w Y xopiperazin-2-y|)propy|-carbannyl)ac
rylic acid; and
gf)b(ﬁn ' 9k X PREREFAGHD ERINO IR ©
{ooasEf oV 's@db@ena Innigtie n%su&lé%hu&@t b&ﬁhd‘é nii Ed}]ﬁ‘il %M@ﬁdﬁb Cf?ak use as
Anal ogs for Use as l'ivery Agents filed
phammcﬁu@vearedhﬁetettanéhﬁ et s 1sni@l@rt6p redngebiverdi GLE-A peptde in vivo.
GLP—Fnt | Lot é t&Ac{ {o%em il 11? Eolt'}l@on un]dg lgl%oeﬂ %} cq[t)ldmons and have a relatively
oplI'perazi nes can
short ﬁy@dodﬁlﬂflﬁl& whai adlﬁmj:sierﬁiﬁsracsoaﬂ:md f@sination.e Findak dgptidgpeptidase
descri bed by Katchal ski, et at, (J. Arer. Chem Soc.
68:.879-80; 1946), by cycllzatlon of di peptide ester
derivatives, or by thermal _dehydration of am no acid
derivatives in WD 2007/121411PCT/ US2007/ 066728
hi gh-boi l i ng sol vents, as descri bed by Kopple, et
al., (.1 Og. Chem 33:862-64;1968) he teachings of
whi ch are incorporated herein. [00102] Met hods for
synthesis and preparation of di ketopiperazines are
wel | knomn to one of ordlnary skill |n the art and




[00103] 1V. Therapeutic Fornul ati ons of G.P-1/DKP
Particles [00104] The present invention further

provi des a GLP-1/FDKP formnul ation for administration
W74t lect in need of treatment. A subj ectP@EUS2007/066728
contenplated in the present invention nay be a
househol d pet or human. In certain enbodi nents, the
treatment is for Type Il diabetes, obesity, cancer or

v (Iﬁ"P’W £lilcads dipgas s ROLhOM RO BﬂoRm@fcaI he#efsh@Mis the lung and
Humans are particularly preferred subjects.

blood] geathsieddre hediidlegisd dadihile @f]ﬁLPﬂdﬁ%lC@Jé%t divp Caanade.ithe biological
I I

half- h%f@gf Biﬁﬁgﬁ@ X %@%d B w16 r;u%dseﬁ)y 53}3%1} aféé fga?%{%ﬁ@g{) 5,118,666.

GLP- 1 slelkents@, bete paof sed uhdsgu aapid)| absmptmiyshl piaefoilawing parenteral

di aheti c_.cardi onyopa , te cor,onar drome, .
it | | SUC GHEC Ol Ba) st A THRaH Ro0r oBspaptes when
admirkRraP Qlobstatdangase atd B S FUIALNY. 5, BWcadegener at i ve -

di sorders, menory and |earning disorders, islet cel

[0069 I ansIpkatid ARErah QOMIAShA# INdE-[{fH 6f GDY- 1o¢oanoamk@g inGhbef present a
di seases_and/ or conditions contenplated inthe.
deficippicys it th%\ﬁé‘?f?’ilto T R R e, prgemes the

i
deﬁc:l%xf&efbgtlﬁe glg %1)’} bg JRndin % gehr ?ﬂ%%ﬁged ﬂa%fz@?]lfﬁ qg‘tﬁr{f}; hgo mﬁ‘?}iﬂ(@%plperazme)

fortmrﬁabipmksmiaﬂm snmﬁdafos Lpb]lmtam d\elwele'd Imhéh@afﬁmtﬂihe aspects, the present
1nvent1%1\perﬂ¥1 th%g S %rg ; or(?%ﬂ) 2 Jralss ecu ehthztithc%e g[lcf' ﬁ?}tLgfl response in

Vivo. U@@lblﬁtah@ﬁts ef ndmeé areel in sdtif fmﬁaﬁonaﬁs O8v dontehipimal. cel | s
of type-1 diabetes and hyperglycem a. [00106]In stil
[6070R fu r‘Itoh:efercembttiIéi dvénienaés ihhba q:n: dsgntschinuesntion proviides ifgmulations

of GLg’oln ?&aegmt\y:? giiﬂ%eh epﬂ% 111er tpglbtlcl,?grrgli? ﬁg I&?l rﬁ%o&lunents of

the mpér@ﬁm gerdi- $/Dm0ﬁﬁﬁimaﬁlsﬁs a:@ﬁﬁréwdéiloﬂ)‘ﬁ ,adﬁlﬁ]ﬁﬁﬁnoﬂ Q@tass-ub]ect In
gs, cows, horses, nonkeys and _apes (|nclud|ng

ﬁmheéhumﬁaﬁhﬂéesembgﬂlweﬁs H&@f forowlagipps ¢ cpgprise  fumaryl

dlketo{pg)r DR (ﬁ]?ﬁf’)eﬂ?tl a?%]ﬁ(q 1&51&:‘6 td Qtﬁh,% ckh Eﬂ?@%e BiHef bRlpE (asg/rmmetr_ical

) at'i on e invention can be m ni st er ed
DKPsy axDKPs) r cuttes aef thdiketcsi, 6ah(|4€sncdxrmbmmmod)uigbpwa51nef (SDKP),

Rl B Pt e Bl S tiom gt PP ring

%ﬂ%wea?ﬁma&%wgféﬁmgfﬁss ey
(for eiaﬁ@)ld THY:€ BitnhedM aEhYEzs RE F 2 Jing DA Feghl i Omddiler tpaft@ela éinbodiments of
bi ol ogi_cal nenbranepgg erably a mucqgsal nenbrane of
T

the inyentior, jpdministiation of the BhETIHPER Aorgwlaggn &rh)f udpengry delivery.

including but not limte oral,.n
0071k y st Ly @Vﬁﬁt’aﬂgv&%&?@%] et s b gk e gLeeaes ' the structurl
chara&é%ﬁh@gﬂ af AP0] M SHILAbLE QRr icdalPdiP By Umdioymh M@' Biophysical and
~directly to an affected site or even gﬂ topi cal

analytipela peshmifwespwbick ripdudesihBadiltravinle grcutan @K@gmnéfar-UV CD), near-
e ARV EIUUE AUy 50, O, AT Ee RS G

spectrogoopye €F TR ), abigh mirasburat liquid tch]mtnangyaphg (HI?DCQymﬂ masst fpectroscopy
|nv ntion i nt r.ader ma

1), B DB R, ORISR o e e s

changbdBif EloRM @dder VR IRakbérEHEl, cohditib@SE #eil known in the art. The
' intrapleural, intratracheal, intravitrea

experigieh gongitieas undesrcwhich these aplysesreare cppiucipfhisdudess the effects of
e L

conce: tfhttlh@h%ﬁl]ccs I}fl t%?%?%éﬁ%ﬁé o Ef?ﬁés{ﬁlﬁgsaagﬁ%is(’)n1 and multiple freeze
I njection, infusion, continuous infusion, | ocal i zed
per fusi on bat hi ng target cells directly, via a
catheter, via a lavage, inierenes, in lipid
conpositions (e.g., liposones), or by other nethod or
any conbi nati on of the foregoing as would be known to
one of ordinary skill in the art (see, for exanple,
Rem ngt on' s Pharmaceuti cal Sciences, 1990,
i ncorporated herein by reference for all it contains
regardi ng nmet hods of administration). [00109]As a



size. Additionally, the GLP-1/DKP particles can be

made smal | enough for incorporation into an

i ntravenous suspensi on dosage form For ora
HePeGaII t he particles can be incorporated PREBSA07/066728
suspensi on, tablets or capsules. The G.P-1/DKP
conposition may be delivered froman inhal ation

devi ce, such as a nebulizer, a netered-dose inhaler,

thaw @yc‘#ésyorp MO P NNBL&L. . TAAE AaBRday&e- de&@l%ﬁltgldhﬁmctenze the major
her enbodi nents, adm nistration of an "effective :

routewﬁftegtadamn 2 wlPasiioKRbESY eantiions hat ma@pﬁaﬁtbmﬁucﬁlre of GLP-1
e n t f
repilie% BE PR RGBT, 3000, DK AP, s

phannammﬂimCmPIe;mdtphhmn@mmd(@m kharbaeristied armunt of t he
GLP-1 conpound, anal og or peptide mnetic or the
[0072] i ke It whis cdbsenived thag| dsethe doncentmrBorexf e(ﬁitP@n'Ecr@ﬁse&Dﬂe secondary

sruf % RTBL G2 oS S5 o LRafr Rk Bhn o
more mwanbonisﬁnaaloﬁl Andb A G Viomioweesigth o Rollié eﬁls&m tHedstructure of
be that amount of the G.P-1 nol ecule for _treati

GLP-foapgtcass Wil 1%?%%}@#37@%@%% Theskreiencq el Increabed the tertary
structﬁr@ HEIrRO QF is! QWRh B0ad RSELAGn %t@&%ﬁ Ve URORGr 1S B8R as depicted in
increasing pancreatic beta cell nass by at |east
FIG. Ebomhls Decu@s 3 fer, th6 10v690n¢g—;nt81t10@s ofthe pepSide abere2Bere 8010 evidence

of sl oo r R P HETBOLT A “PRE s BEp R St die the a-

helicaf Rﬁﬁlﬁi@’ﬂieﬁfc%& btg.rrtﬁcafdr(ﬂg RBAS ARSI E¥NSE &id MYnkO(AG. 2A) and
ubj ect 1 n need of such treatnent a pharnaceutlcally

sclf-aspqitted FAROTRHORR SSEDICiFe beth: fyHiGME GRessiop hidis dplower wavelongth
f

i KISEORAE M FLACS NP [P, 2B n L PR gt

the confmlnamdne of GLPtT difftieniy obibsat thy ubyrderedistoichige of GLBvlewdsmyt altered

by ei bOd %se ]%gmeg%%abg Itheg(ﬁltéeé?%]?cy }betﬁelfgtgs‘.or%?edl cl()ﬂqopjé%iop 6’9 GLP-1 was

foundscuﬁélsena’ ¢ PriegHal dondviedioh afid A SOutERRaRPIvalEesH as deplcted in FIG.
adm ni stering_an "effective anount” of a G.P-1/DK

4A ang AB Wik shovrsdr kil depids rursibmriegritatsideten oF 0 3ﬂ;ﬁ at a peptide

conceﬂpfﬁ'oﬂ |9k t @h@avm RBhfotatas &f QfLEﬁP %r@ ?(ﬁlﬁ& Rt generally
harmaceuticalTy effective anmount of

stable rtnl ag(ia,tﬁcm aridnmaltipbn fre¢zgithavn gyeten né{eﬁhetrh@a@_d@hgn nor oxidation was

, obsewnﬁforﬂ]f can be an exendin m)I ecul e such as exendi n-1
§ ﬁ such |nstances an "effective anount" of a

iof I u t
o, MRS X N A0 YL, B P o
condlt[unl gﬂ]iclﬁﬁﬂluﬁexb damambakﬁ p&ﬁmasmn&dtrhmmmds othe concentration of

vanougal aé:tgnt.cs:,g gglggg_ons;% ac%%)apng glllggtr%s ﬁ_tgghie%sb o%tgl glfel? 1s.  The
absorp% n 0B GLI2B to BPKPIRuticlS, w%@ouﬁ’@ to BOaffihd s%r%xﬁlﬂ'%y @8, specifically,

50% or greater, but not limted to such _
binding epquared jal eboxhpfd ﬁt() or greager cOther FpRPeRp Jersdeto have a limited effect

ontheagéoﬂ;ﬂ(ﬁtdfﬁt[ff? tect g%l Lber defined as that anount

lent to y and repeatedly areliorate,
[0074f €duge de\}adgﬁr@ H#E Alp-1/DRp fotnlﬁﬁlaﬁeﬂse(ﬁtthgf)retsé}@ u%ﬁﬁ‘(ﬁﬁ @ number of
or condition or synptons thereof Elimnation,
- param@te That 2opdd HETL USHUGE! 06 6AD8rabHdyd rehelisorption it vive vs@fe evaluated.
Such pat'rarﬁle%rg :;’]Iﬂ: udI;c]&) rfg? ?}pagll%p e gﬁea{n]mgfém%é P %;hke) %ﬂﬁp? i/él(% the surface charges
fornulatlon.. [00111]In adm nistering a G.P- 1/FDKP
conposition of the present invention to a subject in
need t hereof, the actual dagsage anmount of the
conposition can be determ ned on the basis of
physi cal and physi ol ogi cal factors such as body
wei ght, severity of condition, the type of disease
bei ng treated, previous or concurrent therapeutic
i nterventions, idiopathy of the patient and the route
of adm nistration. A skilled artisan would be able to



WD 20071121411PCT/ US2007/ 066728 fl uorescence,
fourier transforminfrared spectroscopy (FTIR), high
‘gressure | iquid chromat ography (HPLC), and nass
Betrigdtopy (MS); all of which are.mell"knoR¢FH$EHQMGns
of ordinary skill in the art. A wi de range of
conditions were enployed to investigate the effects
of concentration, ionic strength, tenperature, pH,
on th®MbRatlé Vfies LRSS formalblid doabitord) Solibilityl RlRtblRLZer fohaWation, as
cycles on the GLP-1 pepti de; al'l of which are
well gesiseeptlility o setine petcagedegradagian evdl 77 W stahibiay; pdleef which play a
01?1‘510&3?51 a5 é gt Iff%%%{g%an le{tlgn glg?E Cl%e?:ﬁécﬁc%ngagkﬁ %%Rl e)QrH{)l?ssan extended
1@d0$anh¢ﬂhﬁie peptide structure of GLP-1 in order to :
achi eve certain G.P-1/DKP fornul ati ons.
[0075] 001%1]6 Eiabdity ne il &H1/FPKE doumdat{ong mhtzﬂnal F:uas_ tasted under a variety of
condl%)&s cb z%%zt%ptec eu% ggf% 0 he St i Et'x)o? dgﬁ’pf *I‘rvgsg ataly: e ;XP\'/E%EQ analysis and
cell-bidvl rasééysld IrC@cﬂcﬁ@(i@tstabﬂLty ‘da Gemci aas CAYmindAl ULehig 143¢taPe Huid (which
sanmpl e of varying concentration, were anal zed at )
contaigy Dol Anglt 2w flsmiTed Beine wablith of dufive S| ags gopgentration
" depend&AS! @lonPrepared fresh and were mxed with the
appropriate additive (e.g., salt, pH buffer, H202

[0076Bt C. .t WitrcBOYP-1 m&slb@i&alta@nﬁ@cau(ﬁe@%ﬂemt emﬁ@feariﬁawmcs of GLP-
structural neasurenents of GP-1 under various .

1/FDRR deidinizorsad isteamingng tst effomiin vipar Tbn emiegdoontributed to further

ldennﬁ%ﬁﬁﬁﬁmﬁa @%ﬁP ‘?Et@!l:.‘)iéﬁrfo%{ﬁégﬁy%glge?ﬂfd f% %f&rl{ 1?]12 ‘%a%%at GLP-1

has bdeh lshn*vesmqﬂqea vode e mm;ehm@ﬁ-cbld)s mnmlbymhlbinm;g Tampt(bmsastymulatmg B-
ucture_ of GAP-1 noni r|n e envi ronnent

cell p@hf Highdnd égl‘?tt“seo%‘%n fhecprpil géncp ﬁghﬂﬂvwftwmea}sﬂaﬁ the GLP-

1/FDRIORAAShGRRGE e iR chBbh Q%%Hﬁﬁﬁi&d SBdudfh e RDaRfl a@a&}’ 1
[00119] Circul ar dichroism (CD) spectra was used

[0077?“ al yizgs, tthe paesb@l in¥entiod NEOPIEL bptimiked fnRddREs %B@l@hsmg native
3-turns and random coil that nmay be displayed

h“maWchluW@%Fé‘h““ﬁé fumgsyiigstopiprrazisotike) th aﬁeaﬁtﬁli’lé @% Fesistant to
degradaiba UV CD was used to determine the type of secondary
structure, for exanple pure a-helix, fl-sheet, etc.
[0078] N BI.Ot eGRP-ANBIRGREI des. On the ot her hand, near- w
CD was used to analyze the tertiary structures. of a

{0079]mol et barticiliismbodimentsl of theopeeamimentidiethefd ﬁ@tpr&flded optimized
concentration on GLP-1 structures, far- and near-
formulafipnse eopRTERiRgEs Nt ham slpseRonflte1pwlitne (GRE-UY cembmed with a
- r i
diketofp b RRTR R A B A SRl W DA Hrmutaons of
‘mepﬁwmémmaandﬂemdmgembﬁmmmnﬁedbya@ﬁmns (for exanpl e.
1.8, 2, 5.1, 6.1, 7.2 and 86 ng/nL) At |ow
00801concéfﬁm|aat(ildhé ig avell Imgmiin, theap- and; erighrateselrem he preproglucagon

polyp%ﬂ&é #éﬁ:te?i&%g% tRSL %g[igﬁl J;&gtgﬁg éJHt:l {hgégr?crec‘d' Q%% the brain. GLP-

11saﬂD&Fmﬁﬁméhﬂﬁﬁﬁﬁ¢ﬁmﬂﬂ%hﬂﬁﬁfﬁ8numﬁnhaﬁﬂﬂw Ih@mﬁh@ﬁ?dﬁﬂlmﬁ736

o P e RS e bR BT B e Hicpar37)
extende® @lAldcd@E tladfly irSthe UCdelk. att NAOBIN ShSwiS HOUE &k $hak, NAthel MRed state,
hi gh concentration structures of GP-1 are

sel f-associ ated conformations ('Le., oligoners). Both
the near-UV CD and fl uorescence enission dat a support
this hypothesis. The positive bands between 250 - 300
nmin the near-U CD (FIG 113) reveal that G.P-1 has
a defined tertiary structune which increases at

hi gher concentrations. Mire specifically, these bands
indicate that the aromatic residues of the peptide
are largely imobilized and exist in a well-defined
environnent. [00122]Simlarly, the fluorescence

em ssion of GP-1 at various concentrations (pH 4.0,
20C) showed that the aromatic residue tryptophan



[00124]) Additionally, it was experinentally shown that
these various structures of GLP-1 were not generated
via sanple handling. Dilutions froma concentrated
WO 3MR1EANut i on conmpared to GLP-1 prepared byPelPeéeyoper2s
di ssolving the peptide in buffer generated simlar
far-Uv CD, near-UV CD, and fluorescence em ssion
‘spectra. [00125] The Effect of lonic Strength on
plasm@idel dr ¢ P2Oiretbeiien porfile At Q nsa) A PL EPlabRa BOtIS Edgidl? mcrease
the effect of ionic strength on GLP-1 peptide. FI
to abopnSQ-1&YPENVLCD) il lustrates that increasing the

concentration of salt (from 100 mMto 1000 rtiM | )
0081} oy e Setith eGLRdr Beleeest dsuesedihercay refirpta Gldt b prpteins, peptides,

polyp%itﬁ@é,iaﬁab CARERGERIIARtivES iERNER| %‘Q%Qé’m& B MRS s@th GLP-1
08 and 254 nm Upon raising the NaCl concentration
moleculss Ty malude n@ra§OF¢cu2ing1GPET/ MEABOHAR6EA L1 (@3 7P, GLP-1(7-

sonSA Oy LIS ISR 458, Bty P L g oo

invent$sdhQ WL D ndbil@ 81k iecluteo 8 mdiitGILeA, Wl GIhP-Wadnelog, 4 IBIP-1 derivative, a
) e%\ﬁ,abl i shi r{zg that at high jonic strength G.P-1 can be
dipeptirrgpriidateyl Vpftddi-pY k rapleeitd hd1l pAdA-{ mistic adelisd ggpfide analog,
or a blo@rARme APe] At Nprove the tertiary structure of
GP-1. This is exenplified in FIG 2B (near-UV-CD)
[o0s2pher eslyuQd MRfdM; aflBndlogh aRlvAYS cdi\ﬁflxﬁlhﬂﬁ ahvih® strid@ural similarity to
absence of salt, but exhibits a clear tertiary )
anothegrqoppeide Foratxammice i Fitiedrahicompeund rassdpvig is phARdeoside analogue

and iShERANY sl B3 A RIS Bl GoR Wbl TR Py pasq guanine.
Thus, \agyojoyigmNaci guamsest (iabiowgsallp kisdogus 20M) ahd|ihtosemsg with DNA
tryptophan excitation at,.280 nm lIncreasing ionic . . . '
synthegisy nEfBﬂ'w 1125 GOTREE) T Raree FEdrmIR ' ‘0 fpelgig acid and
prevelt® Wakhis| Wad@hergphisn. TR, ¢ahbaedt hating Beudt@sl kidilirity to another (a -
structure of 1.0 ng/nL G.P-1 is both generated and .
parenteorpReRdt). thitopinge i bictagisakey shemied priaily oft theppighlapompound are
-analo%.nalf}{éfle Saré)fnolglirﬂ,&{xm-o{ bfaxihndd e NG LIeRESaS b §Btitha group
pH 4.0, 20C) using near-W CD spectra, denonstrate
substitutiens teheire@LP-duabifl 4 campopidatsenh vehRormetled thei mamise capable of
imic %gg%gsfe)%ﬁ\é\ﬁe%gatnl’é ?&t%h@r%;?el% }e 1 gﬁ%&g@:@%#ﬁ%&ggﬁ %rzcl:cpmpetitively, with
the bislbgiedl @i thbhagalopropaiet dfohe biest coripotulte Bhilugd tnebeDhind often are,
. @P-1, causing the protein both to assunme an
derivativaseph dis) PEBHI GPTHRRYNG (3 d IFERBYT al &) ntPeles it scompounds
disclof hERS may EE 8534118ssEM e ot QR sctﬁﬁtgmttﬁw ParSR bbb QR ds.
~causes the oligonerization of GLP1 to increase unti ]
[0083] t T eNeEsSl BERinDE CQédRIatidd BF o chRipSurRICHsC! B Corl &rived from), either
evi dent at | ow concentrations of the peptide, where
naturally, F aynitheticplish, jaap4rgnt rempeynd: afydesivitinet e be 48 apelpg (see “analog”
; ; . 2.7 .' : y
s 8 0050 RONSETHB AEAT Pl 0RO, W L9 s
a derivihius dods mot ems®drilydnive tstimain gichbinlegidall oy chemicelrdcsvity of the parent
unﬁ?t r@gt.ur ed GP-1 into the a-heljcal a[1d | ot ol
compoypf- TREEGUP PP TIHFOY EET BHE: “RBPEOIEF IR Shdurtans! srow
substitGRABIrEQECARb Guile Ul dosnpalul §PREBfRENE For thepdf (@it she antiviral
of increased peptide concentration shown previously.
compoupd g8wloTHds e tivef FakisairagticlovaAgs pHifrenaspeetrum of anti-viral

- . - . o - o
sctivity A Ak S SR LR R LRI ED, DRRSETLE (e, compounds

sensitive to changes in either tenperature or pH.
FIG 3A (near-UWV-CD) denonstrates that the tertiary
structure of 10 ng/nL GLP-issignificantly dissociates
as tenperature increases. On the other hand,
tenperature does not have an affect on | ow

~concentrations (0.05 ng/nL) of GAP-1 at various-
tenperatures and pH 4.0; see FIG 313 and 3C
(far-Uv-CD). The far-UV CD illustrates that the
peptide is insensitive to tenperature. Therefore,



WO 2007/ 121411PCT/ US2007/ 066728 [ 001321Conver sel vy,
FIG 4A (far-UV-CD) denonstrates that the solubility
of the a-helical GP-1 confoimation is pH sensitive.
VORMGM1IE he structure of 10 nmg/m .- GLP-1 i sPCT/US2007/066728
relatively uniform(i.e., GP-1 remains helical) at
pH 4.4 and bel ow, sone precipitation occurs when the
~ pHis raised to near or at neutral (between pH 6.3
discl &phezeig }na %Qv@é&;l&i[‘&%@ %!:e%g:r SP&Lh KLY Bnlify Q&W?(P-%th%ﬁi compared to their
anmpl es ere preclipitation occurred have less
parent egposidsy as a result of | ess soluble GLP-1 being

4$resent in the solution. This unordered structure is
[0084¢iet erdr wed hiowein, ae radtehgliee” i mhyrantewdietead piedw@os! metabplism and

o] Qo LT Dol A S0 0Ty 960 SHEE o,

definides ifgdise toobotliChRmaryl andssetatidignmétabdlibest @gprimary metabolite is directly

. reci pitation hi reci pitati on.may.occur when the
- imvonsfy i byl op il dsTophiy b o Gicig o g oradpiie A sccondary
metabdfitel 1 oP HiVAS MAbISQ&H I (R PRRAEsEE Buf @hichi®y hds ifmpob@St ccological
of the precipitate re-dissolved, indicating the
functipp geeg-pintaatibighc)i s reversi bl e. The remai ni ng
un-di ssol ved precipitate for GLP-1 at pH 11.7 woul d _
[0085F qus et wwd distsiht the ferpe peipgyatheic’s Bfers itd Y Prefiistigngk a chemical
comp@Rd bYENEE SIS, the intensity of the far-Uv CD
spectrum "as observed in FIG 4A It was also
-[0086FbserAvsedusteﬂ athefdul- I'phSicRXbFAME! Y rdfB5 01D BeREN  biosynthetic, or
~ lyophilized GLP-1 powder is mxed with pH 9 buffer fo . .
biologicah pigiics oneenrauads Gat gr capgblelof foooing 398t avtitles yselly in a liquid
. P : st abi | 2 i .
medi ot SR SR R Y Sre P L REREL Gt say g oosed.
to a arteincoondiabin@nsich @dfhirt éxampteochidngeseinf gt smpEraaug, tradibtore, and/or

and, freeze-thaw cycl es. [00135 P-1 (1 / at pH .. ..
osmolSESGRES: 1 REBSEor B SRR HO T FovPh s tblcn bindine,
coalesc@B! ShmHass ide BRldaLQL biBSRLRY pAfEsE i§ FeEet O pkdtipitation
. .(M5) were perforned for deam dation and oxi dation
reactigpnig by exemplafdpartsk-Srogesseiter e al so conduct ed on

GLP-1 sanples (1 ng/nlL) incubated for 2 hours in the i
(0087} o b ficnging Sor PHRIORS i oL BERPFRERRAR RisH [oast two chomical,
biologh@P 3P tiddynReHeRHELS Hd@xShAR! d dolsblfion GeF b LR by combining

~conditions” of deamidation and oxidation. “The HPLC" _

a liquish caomprisogr atnisast loneisheraicel, tivdegicl pnd/oe binspathetic ¢ty with a solid

comp 2303 RO RGBT A0 08 ST LA, BERER o cootion

may WA Hirhed &l doyhbidvy aniaduyd esmytidhgled lasiSomd bleinitms siofagical and/or
) 'l the sanples, 3297 g/nol,.indicating.that th SS )
bwsmaﬂgeﬂaﬁﬂfyew& 2nqther fiaid Qpgsing |auf§1€%ce€3ﬂ?1ﬂ%efalt or biosynthetic
entity P&PE ifiehef GRRMIIS PL-Eo1@RG ﬂ%‘} 86 TortR@ by | Jaambal RAstURdeolids, each
various condi'tions. Thus, deam dation of GP-1 was )
comprifing b besetrope ghengp, tolagisalandor bissynhatio chidty sintis dnglesolution.
oxi dative stress as observed in the presence of 0.1%

[0088}p 02 NafirreBEF tlhes utannateth thaBssf ingeipion, sarnmehmsptide having the

amino! @itéi?@gﬁlfe’ﬁ@e? A PITNESY &%ﬁgﬁiﬁkéﬂﬁ NavE %ﬁ@‘@?# pl8k Mnder%oes rapid |

ere were no c ges In the retentron tinmne
cleavage andipagrims®onveithie siimnes ingivegr adat i on peaks WO
2007/ 121411PCT/ US2007/ 066728 resul ted, thereby
denonstrating that GLP-1 peptide is resistance to
bot h deam dati on and oxidation. [00137] The effects of
agitation and consecutive freeze-thaw cycles on
various concentrations of G.P-1 were analyzed with
near-UV CD, and intrinsic fibuorescence. Agitation of
9.4 and 1.5 ng/nL G.P-1 produced no significant
alterations in the peptide as observed by near-Uv CD
(FIG 6A), and fluorescence emssion (FIG 6B). The
sanpl es were agitated for 30 and 90 mn at room
tenperature and the fluorescence em ssion spectra
were collected after tryptophan excitation at 280 nut



GLP- 1/ FDKP Adsorption Studies [00139] The interaction
~of GLP-1 with diketopi perazine (DKP) particles in
suspensi on was eval uated by conducti ng adsorlpti on
WO g7 dZ41The vari abl es in adsorption studi estPEXPBI28Y7080728
the effects of electrostatics, hydrogen bondi ng,
wat er structure, protein flexibility, and specific
salt-pairing interactions on the G.P-1/DKP
[0089] Nt erAGE i Ofalob RARE tprQBnt HOURIA! mEP WPRRIePOtKemtlins, which are
- _stabilizers were tested for interference with GLP-1
peptidgs e t¢ bhGLB-1DREPEY peesss sughomileg) wey Agthst Bchudo exeadins 1 to 4.

o s SHARETRbEDCRFEL L0y oo EOURL P Py

with pantalidneGLRdr Exsidih dsh hAveFDKParpiainding kfinsty Spetiei GI-1 receptor.

W0, 2007/ 121411PCT/ US2007/ 066728 j n, whi ch .t he FDKP
Exendicd g SOk & Ve P el SR ShUP B P P Ry lase release
from, ?aﬁ&@&io ABRaBtLS QMdthbRR eOF/, AYoRARliFnME o041, @902 HiRdt e al., 1994).

he final solution contained a FDKP concentration of

The use wh/eranditng sad qrradind oclarlinglrordie agenb. 5, they framesiogfl diabetes
mellitﬁé%a}’l‘aiit%e e ARG %g’lﬁ)grglﬁﬁgﬁlg%kﬂ%tj%g{p?% 2 (U’.‘ﬁ%{ehﬁg&f-s?@,zz;é)_

| uspensi _ _ swtht
[0990}5‘330%%%?1 {ErRndl Ploflefis br RS E AL ¥&Mdin[9-39], a carboxyamidated
(reconstituted) wth 100, M ammoni um bi car bonate an
molectiie] ted éugments Sp3ft dreughu®-38avadyere gepoded @ e lpotent and selective

£ Ot el Ry o mount Qf, G Pz1 | ot byt per. t
e B 5 B )5 ol k0t SRR A o
Rafizaflcls @it i @S DIOGRX RS iln@tiuk: Wy alpodahiaiseted nthaheehdin{9-39] blocks

condi tions enpl oyed i.ncl uded use of addijives su , )
endogenqup QLPsﬂFw&&?aéF&__ ngiip ,ucgﬁmﬁ%}w%f&?w%‘&m%ﬁ sgbfﬁ Alessio
et al., QQ%ané}dh@@ ‘Bo%ﬁ)ﬂ}l' Oigs gyoﬁﬁﬁ-ritrre kd?d'Sn %%gﬁg%cﬂeﬁng %QTCI cells, to

resul romthese. studies are descri el ow.
disperfe@Cibzhat Salstiropt praticeess, and Thparestdl eclts fofm statnaclo Exeibn-4 peptide also
. binding of .G P-1 to FDKP particles was observed.
plays EpoC AR SO gt A T 8 BB "HRPY Lioggiodstomachs
(GokeWa s/ Pens osdiesh atqa/ 5190 HlssdtOKR7anN. 1dZcilvgdnitectell Rith the cloned
in the presence of 0, 25, 50, 100,.250, 500, 1000 and

| [ / .
GLP-lynsoptopnFAaEn-4 israportedly an pehlsintrrit ingicases pANPy aiile pxradinl9-39]
is iderfichi 28 %Smggﬁgg rz;.gPKthlBE]&ethE ARk Rlors ABRIS DFdRelin-4 and GLP-1.

‘ function of &laCl concentration was al so
cxendindweglsebesif@d t8 By resifhiot odepmdgonh data sets was
controlled with a 20 nM phosphat e/ 20 mM acet at e

[0091]ni xt édwethel Gobadinmst dbs aresent inveriq cgpemplaes ofhe i wagl of peptide
. i.Nngj . ti.0 B .0 F par.ti.cl . :
i ! BURRE. 0% il T ot e AR U2 i btosicus

mimicpddtiof déteandaab ou ehoralig) cdoldfest engloautubd®stdy, vitisey ovfother bio-

P-1 to FDKP parti.cl was observe ere the . ..
molecilgs o ERRETHON G YW R REe BAHAG e bRl g getivity of
the nafiRalaBsdPt PRIO Imifdelicsl ateOedhbiEIP adckill ChegrupaRvayhH@nt See, for

at pH 2.0 in the presence of 0 and 25 nM NaCl , but
exampley Aehnserh i dnt PapsideliTag. Mimetsy's Br RS EGHOLAEYANDPHARMACY,

o ; ci i Lakion : _
rom Q20 3, R, B L GRS RSB g i
nse of pep@deemimdtioad thet tt pietlde hagklidne of eadibs efists elvells iddrgent amino

., precipitation (salting out) of. the GP- eptide.at . . .
acid sfff Ghefy i i S 0 Reghiele Poiebif Porasiah: Capptft mmerc is
expectd tofgkdit pddcuat BEeradtivhs dmklibio ttlethahirdndBdtel | evel s in
' the reconstituted sanples, indicating that G.P-1 had

been trapped in the filters when the supernatant had
been col |l ected. Bel ow 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 anal ysis. Loadi ng was perforned
at 5 ng/ml FDKP and 0.25 ng/nL GLP-1 in the presence
of a surfactant (FIG 9A). The anount of GP-1
detected in reconstituted FDKP-free control sanples



[00144] The data show that the pH adsorption curves
for GLP-1/ FDKP particles were not influenced by the
presence of surfactants near their critical mcelle
WOAMEATIHHL i on (CMC) - that is, the small ranBel/gF007/066728
concentrations separating the limt bel ow which
virtually no aggregates/mcelles are detected and the
limt above which virtually all additional surfactant
[oogzljml eal! BnLOLRLARBERIAL 68 - coRREHBAQ Ghat ithe IGLI-WI hiBREules of the
suggested that any of these surfactants coul d be used
mventien wpt have 2eleast abe Kaoioglcahwﬂ@ﬁy pheativa 310 hetdhas thepjlity do bind to
: cus
the ng,{)—j g§ee§§>ﬂ fugcf anig[ %éja(f’ @%ﬁﬁéﬁ%ﬁﬁ%@%&&uftﬁ P} Eﬁ%ltrgpw act1v1ty
In fuithek leodpdietnisyoft 1he 11|D\Hnﬂéﬁn thELBus peitsulo rmaj{ [39] Jl41&bt1dm polypept1de
studi es. For thi.s exper two dif

n
prote e TG (G G CBP BT FRHE B (6 LK gttt least one
biolodibi® a@hﬂf}' 592 MR- declu@ing RKEP-par GLP-lleﬁlole'oﬁle@%aRlaalso include the

studi es, a was the counterion for cations and + was
pharmapeutiee yncesnitable Sadfs anthprof=Izs, @@é@@lﬁgvf e nradrugy, polympps hydrates,
r [, d d t
solvatgﬁp%élﬁé%e%wg&ﬁ% gfa%ﬁ {\;/\% Sblggy %flagtgv%a\égr%g%s Ql% ﬁ%r@éﬁ'scgﬂ&s of the
namnmyﬂmannm@emmaanESImemeupmeganednmnbhcamphmh@bﬂ@umenm;ofﬂm
res

| “at““gl% HEEE%IFMR@C@EP Whi ﬂ?:%gWé‘é’ ‘15%8“% IB@{‘ih g eé s1 Bfough 4, and

polyp&RI8 Sustins Mheddf QDGEPSH&@IB@H@MthA@WehﬁMhy hIOH SncWRE @ & 0pept1dyl—
included in individual sanples as follows: LiCl at 2

a
peptidgye- %@RMV)WM%GLEG tbfrf PeBonti Ry nkgbis Hie degraggtiongd GLP-1.
mVv] and. NaCH3COO0 20 or 250 nM, 146] The data
[0093} | o mGlIfhe! molegptes @ﬁt@tmaw wEenfiopiing e‘gc PSR ﬁ?Sepolmﬂdcs proteins
and cﬁh@éﬁﬁr&& nﬁer&ﬁaq{ap gcoﬁfé{nv GiidcP acidl Ribdida R, ﬁl%roade solubility, confer
_ function of pH ions. In the absence
resisténra by ddation, alcm@ﬁ'c@niogmli mtertw e tnh@ﬁsezlwl%lnfezs@lrmﬂon Thus,

GLP-I\?’MIriogec?]ﬁé/ a%\gc];lnltuerlgt%g CL)I% ?12 n;?r nvgﬂ?ogzcgvh'tpgjrﬁ no ac%(P substitutions,

deletioB ok Baditidais Rehicrigh the gatisl ®%6is eéle@éﬂ frofitosp as tne WEIM;@BWII in the art.

observed due. to the fluoride in t sol uti t
The Ns 9y ﬁfﬂ%&%@% H%?ﬂl(fn%f 859 Bb ﬁ&dﬂ%&. ot by a@gat%% acetylation,

am1daﬁ§ffr%u§its fscCissitdt to2Bc1ATHuL APthEMesEM iARAAM KR b€ SMnino acid" refers
effects were not a resul't of the 'sodi um’i n t he sanpl e
to natiyellngewtnd mdatonstanthlli oQUNERMMIA 2eids. asvehemipg acid analogs
[
and aljﬁ:} ﬂ?l\ala% Ei(ti]](}gl Hj%at ?Lﬁlg%% E‘lsé? 5121%69 %[rﬁ?aé' Eo !ng%g%agl g)?]:?ﬂ-ﬁﬁ%g ino acids.
'Naturéﬂjreencmamﬁm ac1ﬂ$)até tho 20 themblahafd asdnilapmer aguiutee dsparagme
fromthe GLP-1 e salting aut of. solutj

i d
aspartis iR h FRIH D0 BTRORG 798 FRCHAKEGe Rk e rgine: tysine

methldrﬁ’&' Cph%ﬁflﬁﬁkﬁﬁ@ préihe sefind, Uthfet?]ﬁﬂhe' b propaal @ﬁoélﬁh Fhn@. valine) and
which shows that GLP-1 resent in

PYT°1YI5’§@ @ﬁ%@qlqneﬁjew@@mnp@eld@ehlp%@ e1g é@rmre@ueéh@aﬁ hswe gre pame basic
e, A d for th C £EO
cmmgﬁg@%@l Het ease fo?ﬁﬁ%n% aqghggdtﬁ%ééﬁcgﬁt ?ffg %{ iPbound 10 2
hydroélﬁpahlﬁrboi)m gybu@;jsiednine gtrdnq; twed ad Ri @ois sﬁdhreenmﬂmosleﬁnd, lherleucine,
npl es. 7 n e second. i on experime
norvalmc}mfmen@ % SBK h%}ﬂlapeém‘%erl SulPupmy éaﬂﬁn'm ﬁ@dci‘oxﬂ glutamic
acid ﬁn@fanéﬁ 1idk. 2HciPhn WAl mofiRH &2 a eucin
ARG 20 or 250 I rofih 20 Bupelsudulorleucine),
but retgiv thtrhen@ b@sa: @meﬂ shraaturgas 23tuidlly ercdaing|santfearidadeyno acids
| oading in the presence of 1M NaCl and both 250 nmV
phosphate and 250 naM gave a high 'apparent' | oad
(FIG 10C). Based on the anmount of GLP-1 detected in
the reconstituted FDKP-freeicontrol sanples at OM and
1M NaCd concentrations (FIG 10D), these affects
resulted fromthe .influence of the ions on the GLP-1
peptide itself and not on the interaction of the
peptide with FDKP particles. Sodi um phosphate and
sodi um i odi de caused sone salting-out of GLP-1 in the
absence of NaG Addltlonally, i m dazol e hel ped to




' cul at ed, t hat
-ooora SH&Q@@ NEPaTUck 67 8 &H iRt §ap Op alp

[00151) FIG 12A shows the | oading curves for
GLP- 1/ FDKP as a function of pH and chaotrope and/or
| yotrope. At low pH (< 3) significant variations in
- Woauviay4tccurred for the different chaotropeBCT/US2007/066723
anal yzed, especially at higher chaotrope
concentrations. However at pH 4, this variation was
not observed (FIG 12C). Thus, these agents appear to
[ R I
conteﬁﬁg{gggls él%l ﬁg%eggm%xgénngl E.)Si]) 11&6"1:%&\?3?31@@5' gfa? n'ix%%cglta?i sﬁhlﬁw to o-amino
acids v glaethepdoatamdin iroms tédratusaimd o eviaxableemings.bitodichg, in B-amino
The data fromthe reconstituted FDKP-free contro
acids &EonsHRen &9gyesPEE Hhgse dimetiperl drgy Bramirg Hds, gpliet fsgific side
chain aryan Qk'is‘gasothlesﬁ gug 1§oﬁlepsa£tte1til the %&)lﬁ‘i t@z Qﬁ?o%hr ?ngl})jeta (C3) carbon.
fecting the salting-out preC|p|tat|on
This Ip@p‘-s incketotab of/fani passibelpstem1spRe, forldhg gared siti2 OhaiiThi s
was noted for strong chaotropes such as NaSCN and
[0094Na C1 64-P- [ wleml]e@p@ﬁtmpéesgm dieaton My alio inslude dylrid @LP-1 proteins,
£an t { '
fusmnlb @%‘den %, O %)%Jshygr Iglgl{etﬁ\?% dglgnln%d?o @5‘ %lgfoﬁﬁ L&Sh BStPerﬁ 4Biants, and
muteiey thertaf, echdron died &1AP-Nemblheuls (Dd:tanit Iaatea:heiﬂed;ad)logwal activity of the
confirmtio Iays i GLP- adsorption to. FDKP
native BEFHe it e %3 etk %% NaLhesis gromamfaciyre thereof
includg®s Gt Bed1ik@ed tib ere@éxﬁtﬁh&u%@m@f broaMded - fréth NADNA | Eenomlc DNA,
t he was controll ed as described supra. The effects
synthasie @E@h og| etboforma gt awsleicy eridatsypthetic, cand3 ggne  actiyatieg anethods.

Rccon?n@?aél’_ﬁiﬁ} ?{.{ PJ?JS oéyzet egw'gé@%te %?B%na%ﬂm et 4}?&% Russell,

D.W.,rexia el erubir $dpriag anbibof by BfanubaChlddipaog Hhrbag N.Y ., 2001,
eval uated at a concentration of 5% 10% 15% and 20%

- [0095),/ v 1)} 00 D#SY¢HHERradides shows t he -1 oadi ng curves for
_ G.P-1/ FDKP as a function of pH for each alcohol at

10096k 5 c h Délsrdiprrazencs.ome wall ke impthe agviorceie ebifityatoiferm aficroparticles

( a
that aﬁg‘h@#&?ﬁ“& ?%l'tl;\lr &"\? ﬁ1lé$s&%)§f;iag§1% : (ﬂ;ﬁg% Bltalz_egp Tv@[ﬁl@,g&%ﬁtoplperazmes are
emplopal toifadidsic t@}dt@sotphen sf GbRgestlctdidsoactstpreviginp arstably formulation
elix-formn al cohol, HFIP, had an effect on

AﬂMIw&W 8V$F)@%F%Wﬁ&%e buffered suspensi ons. At hi gher

onc at | f . HFI P- 1/.FDKP adsorption
009720 S G p oo s Ty A< el B R RED SR be formed
into pa‘.?h@es tha8nigorste Chat-1 ﬁioleZﬁl% ak paticiks @oaneaihGIE-D holddoles can be
|gn|chant_pr cipitatio P 1l was noted in_the
adsorbegdc o h818| PRY dBVRTSKIBFINg e Hm HISFOBRABFES Soflﬁe% Aithn pfutions or
susperﬁiégg §GEP11hAdleGRAT oM VRl ngrlﬁ‘éclﬁﬂaﬁﬁﬂl Bid dub¥eqRint ?orgfaﬂ& of particles
(i.e., entropy and the nunber of FDKP-contacts t hat
comprising dikectdripansie andyGlgt-dy Adermetiecly, ﬁhfa@k@mppq:r@me Finebe prempltated
S I
to forfl TR RO B By 02 SO BY 4 s Rdocion
betweantthel liketopiperabias gartiols anll éhedal R nidleduk datiibt eiven by solvent removal
f .H-bondi ng ser ﬁ as a dom nant and
<§e REPT Bri&ymgdh ardghp promote
the assotihpger effects woul d have been expect ed.
[00155] Concentration studies. - The adsorption of

[0098]GLP- Th 4 grefidakehd dﬁﬂioﬁhﬁdr@ cﬁk&t&;ﬂp‘&&I@s of @liiey bridgent mventlon include but
concentrations of P-1 was I nvestigated, FIG 14A

are nok hygiked PSAlTwgerelit @@@@P@Hr?@i ﬁ#@mmé@e alsp lReVT g (K 3.6-bis[4-
GLP-1 concentration at various pHs. G.P-1
concentrations were at 0.15, 0.25, 0.4, 0.5, 0.75,
1.0, 1.5, 2.0, 5.0, or 10 ng/nL. The pH of the
sanples was at 2.5, 3.0, 322, 4.0, 4.5 or 5.0.
[ 00156] An increase in GLP-1 | oading on FDKP particles
was observed when the FDKP concentration was held
constant at 5 ng/nL and the G.P-1 concentration
i ncreased. Nearly 20% GLP-1 adsorption on FDKP
particles was observed when the concentration of
GLP-1 was 10 ng/nL at pH 4. Surprisingly, no



[ 00158] Sunmary of Results 10015910verall, the

adsorption studies on the interaction of GLP-1 with

FDKP particles showed that GLP-1 binds to the DKP

Wartrdtdlisur f aces in a pH dependent manner, WTHS2497q0728

adsorption at pH 4 or above. The adsorption of G.P-1

to DKP particle surfaces was found to be npst

strongly affected by pH wth essentially no
(N- caﬁfémtﬁf,ﬂogihy@amm&yﬁ ﬁﬁ@k%ﬁ@gﬁ%é Fvhicht BEAGIHOBE Alferred (o as
_ bserved, Sodi um and fluoride ions
1ﬁmw§hhhﬁmeﬁﬂa@yunﬂﬁﬂﬁm at low pH. Other additives such

surfactants, and conmon stabilizers had only a slight
- [0099k £ f o thandikpiepipersanst mﬁer@flat@km 1he presprAngRtion dpdide, without

Inmtaﬁéd:[ f 91&%7?% Qp}g%d(h{%ﬁ?e}g(?de?uft ,3-di ISR LRELL B8 d§f3 @dl%u%cmyl—ét-

uence ese_experi nments.
a.mmo‘ﬁhislbi’gﬁadwkempl];@faz@eP 1(sles f omfeded o be at yipieal amd  3,6-bis(4-

carbo SRR R B Bid o S st B0 HiiShaReraig pr SOKPY 36

dl(maﬁzs?l 4 2R&RBGty B, Slﬂlkatbpf@b@ﬂn§ oncent r at 3 eAKcitrh&hyl-4-aminobutyl)-2-5-
sel f -assocl ati on of P-1 at h|%h concentration

dﬂmame@meaf or %%él(@a@ﬁlﬁr@@@%wlha oHkebIEDeEEARG; ¢ | e&OufiEplonyl-4-
205 ﬁlkkr@%ﬁg%ﬁzﬂg t h@ 6%1F g@@%h%nﬁ%u é[“)ﬁi_ §kaM<etotp1p§razme and

ting er percent pep
derlva’rlimssthsmﬁpm sImngIebmbmws,athe oreseiitalnidngiop costemplates Bhe use of
henef i ci

d
diketopRfein€ ity 1 S FRE R IRR A% Tkt B AR BHRD acceptable

salt such Bs themay Kp&i,aNb eCd, Qndnmﬁﬁﬂ odincdel, dy drtrs-atkeBhatatiine (as derived
i.n.bl ood. However, is noted that care myst be
from tFigElampfce utyEmIICn @evmq%aralélgdep@ﬂ%ﬁar@ep 0 pEfidiaes, pid the like) salts

of dﬁ@?@b&kﬂ@ e LAMRGYL 3k lérlﬁmﬁﬂddlh' GiREl s a6 Ghder salts are also
egrity Analysis of GLP-17 FDKP Formul ati onsBased on

contemlﬂeted é(stﬂllte@pﬁmrteh & ehigh thalk gtamps cpr@m m&hm opghati@group. In
' ] on . .
ot SpBELTEy Bleh. Sund RV Rl 0 wih g thpopiperine
in ordéras fdrhea drag kalvofahd dhkétyp@slﬁa;ae ascldhsiohks s i@ emmter catlo'n of the
Most of the fo Iat ons contal ed GRA enera
dlketoP@E‘&élﬁF ZERCEFEIP é“gﬁ‘ f é&‘&“&%ﬂ% hgsgip, 1@ H’&PS f gon- 1m1tmg manner

FDKPS ﬁh\eaCt qﬂmg Odeﬁk;&?%&ﬁge DIEP akitoN$§ nmfghb% vesn MeﬁblAﬁpwauon No:

and adsorption fo be studied. Table I. Selected

11/21Qim mearpprardbsraiubearcieoense feyrall 1h@@@ﬁﬂitﬂtr9gav¢mg &KP salts.
ysi s, ModifierAnount ( No BufferpH 3.0pH 4. OpH.
[0010@ o ﬁénéxwdm@wb%xkﬂma Xpresgt m\‘f@t@E}O?}/SQZEIMIPYS novel

asymn}l:) géaps%gglgéso GQ?Z%DKP, xDKPs such as: (£)-3-(4-(3,6-dioxopiperazin-2-
yl)butylcarbémbyl)—acrylic acid; (E)—3—(3—(3,6-diox0piperazih—2—yl)pr0pyl—carbamoyl)aérylic
acid; and (£)-3-(4-(5-isopropyl-3,6-dioxopiperazin-2-yl)-butylcarbamoyl)acrylic acid and -
aisclosed in U.S. Provisional Patent Application entitled "Asymmetrical FDKP Analogs for Use
as Drug Delivery Agents” filed on even date herewith énd incorporated hergin in its entirety

(Atty Docket No. 51300-00041)

[00101] Diketopiperazines can be formed by cyclodimerization of amino acid ester
derivatives, as described by Katchalski, ef al., (J. Amer. Chem. Soc. 68:879-80; 1946), by

~ cyclization of dipeptide ester derivatives, or by thérmal dehydration of amino acid derivatives in
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high-boiling solvents, as descﬁbed by Kopple, et al., (J. Org. Chem. 33:862-64;1968), the

teachings of which are incorporated herein. -

t00102] Methods for synthesis and preparaﬁon of diketopiperazines are well known to one
of otdinary skill in the art and are disclosed in U.S. Patents 5,352,461; 5,503,852; 6,071,497,
6,331,318; 6,428,771 and U.S. Patent Application No. 20060040953. United States Patent. No.
6,444,226 and 6,652,885, describe preparing and providing microparticles of diketopiperazines
.in aqueous suspension to which a solution of active agent i_s added in order to bind the active
agent to the particle. These pafents further describes a method of removing a liquid medium by
Iyophilization to yicld microparticles comprising an active agent, altering the solvent conditions
of such suspension to promote binding of the active agent to the particle is taught in U.S. Patent
Application Serial No: 60/717,524 and 11/532,063 both entitied "Method of Drug Formulation.
Based on Increasing the Affinity of Active Agents for Crystalline Micfoparticlé Surfaces"; and
11/532,065 entitled “Method of Drug Formulation Based on Increasing the Affinity of Active
Agents for Crystalline Microparticle Surfaces.” See also United States Patent No. 6,440,463 and
lU.S. Patent Application. Serial No: 11/210,709 filed on August 23, 2005 and U.S. Patent
Application No. 11/208,087). In some instances, it is contemplated that the loaded
diketopiperazine particles of the present invention are dried by a method of spraying drying as
disclosed in, for example, U.S. Patenf_ Application Serial No. 11/678,046 filed on February 22,
2006 and entitied "A Method For Improving the Pharmaceutic Propertiesr of Microparticles
Comprising Diketopiperazine and an Active Agent.” TFach of these patents and patent

applications is incorporated by reference herein for all they contain regarding diketopiperazines.
[00103] IV. Therapeutic Formulations of GLP-1/DKP Particles

[00104] The present invention further provides a GLP-1I/FDKP formulation for
administration to a subject in need of treatment. A subject as contemplated in the present
invention may be a household pet or human. In certain embodiments, the treatment is for Type
II diabetes, obesity, cancer or any related diseases and/or conditions therefrom. Humans are

particularly preferred subjects.

[00105] QOther 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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catabolic changes after su:fger'y, neurodegenerative disorders, memory and learning disorders,
islet cell transplant and regeneratife therapy or stroke. Other diseases and/or conditions
contemplated in the present invention are inclusive of any disease and/or condition related to
those listed above that may be treated by administering a GLP-1/FDKP dry powder formulation
to a subject in need thereof. The GLP-1/FDKP dry powder formulation of the present invention
may also be employed in the treatment of induction of beta cell differentiation in human cells of

“typé-I1 diabetes and hyperglycemia.

[00106] In still a further embodiment of the present invention, it is contemplated that the
subject may be a household pet or animal, including rats, rabbits, hamsters, guinea pigs, gerbils,
woodchucks, cats, dogs, sheep, goats, pigs, cows, horses, monkeys and apes (including

- chimpanzees, gibbons, and baboons).
[00107] It is further contemplated that the GLP-1/FDKP particle formulations of the

invention can be administered by various routes of administration known to persons of ordinary
skill in the art and for clinical or non-clinical purposes. The GLP-1/FDKP compositions of the
invention may be administered to any targeted biological membrane, preferably a muéosal
membrane of a subject. Administration can be by aiy route, including but not limited to oral,
nasal, buccal, systemic infravenous injcction, subcutancous, regional administration via blood or
lymph supply, directly to an affected site or even by topical means. Ih preferred embodiments of

the present invention, administration of GLP-1/FDKP composition is by pulmonary delivery.

[00108] Other altemative routes of administration that may be employed m the present
invention may include: intradermal, .intraarterial, intraperitoneal, inﬁalesional, intracranial,
intraarticular, intraprostatic, intrapleural, intratracheal, intravitreal, intravaginal, rectal,
intratumoral, intramuscular, intravesicular, mucosally, intrapericardial, bronchial administration
local, using aerosol, injection, infusion, continuous infusion, localized perfusion bathing target
~ cells directly, via a catheter, via a lavage, in cremes, in lipid compositions {¢.g., liposomes), or
by other method or any combination of thé foregoing as would be known to one of ordinary skill
in the art (see, for example, Renﬁngton‘s Pharmaceutical Sciences, 1990, incorporated herein by

reference for all it contains fegarding methods of administration).

- [00109] Asadry pbwder' 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 parficle
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size. Additionally, the GLP-1/DKP particles can be made small enough for incofporation into an
intravenous suspension dosage form. For oral delivery, the particles can be incorporated into a
suspension, tablets or capsules. The GLP-1/DKP composition may be delivered from an
inhalation device, such as a nébulizer, a metered-dose inhaler, a dry powder inhaler, and a
sprayer. |

[60110] In further embodirents, administration of an "effective amount" of a GLP-1/DKP
formulation to a patient in need thereof is contemplated. An "effective amoﬁ:n " of a GLP-
1/DKP ciry powder formulation as contemplated in the present invention refers to that amount of
the GLP-1 compound, analog or peptide mimetic or the like, which will relieve to some extent
one or more of the symptoms of the disease, condition or disorder being treated. In one
embodiment, an "effective amount" of a GLP-1/DKP dry powder formulation would be that
amount of the GLP-1 molecule for treating diabetes by increasing piasma insulin levels, reducing
or lowering fasting blood glucose levels, and increasing pancreatic beta cell mass by at least
about 1,2, 3,4,5,6,7,8,9, 10, 15, 20, 25, 30, 35, 40, 45, 50%, or greater, but not limited to
such, In an_othér preferred embodiment the present invention contemplates treating obesity byr
adminjstéring to a subject in need of such freatment a pharmaceutically effective amount of the
GLP-1 molecule. In such instances an "effective amount” of a GLP-1/DKP dry powder
formulation would be that amount of the GLP-1 molecule for treating obesity by reducing or
lowering body weight by at least about 5, 10, 15, 20, 25, 30, 35, 40, 45, 50%, or greater, but is
not limited to ‘such. The present invention also contemplates administering an "effective
amount” of a GLP-1/DKP dry powder formulation for controlling satiety, by administering to a
subject in need of such treatment a pharmaceutically effective amount of the GLP-1 molecule.
In a non-limiting manner, the GLP-1 molecule can be an exendin molecule such as exendin-1 or
-4. In such instances, an "effective amount” of a GLP-1/DKP dry powder formulation woﬁld be
that amount of the GLP-1 molecule that reduces the perception of hunger and food intake (as
measure;q by mass or caloric content, for example) by at least about 5, 6, 7, §, 9, 10, 11, 12, 13,
14,15, 16, 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 1I/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 thereof. FElinination,
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eradication or cure of the disease or condition may also be possible utilizing an “effective

amount” of the inventive formulation..

[00111] In administering a GLP-1/FDKP composition of the present invention to a subject in
need thereof, the actual dosage amount of the composition can be determined on the basis of
physical and physiological factors such as body weight, severity of condition, the type of disease
being treated, previous or concurrent therapeutic interventions, idiopathy of the patient and the
route of administration. A skﬂled artisan would be able to determine actual dosages based on

one or more of these factors.

[00112] The GLP-1/DKP formulation of the present invention can be administered once or
more than once, dependi;lg the disease or condition to be treated. Admiﬁistration of the GLP-
1/DKP formulation can be provided to the subject at intervals ranging over minutes, hours, days,
weeks or months. In some instances, timing .of the therapeutic regimen may be related to the
half—life of the GLP-1 molecule upon administration. In further embodiments, in treating
particplar or complex discases or conditions such as cancer, for example, it may be desirable to
administer a GLP-1/DKP formulation of the present invention with a pharmaceutical excipient or
agent. In such cases, an administration regimen may be dictated by the pharmaceutical excipient

or agent.

[00113] V. EXAMPLES

[00114] The following examples are included to demonstrate certain embodiments of the
iﬁvention. It should be appreciated by those of skill in the art that the techniques disclosed in the
examples, which elucidate representative techniques that function well in the practice of the
present invention. However, those of skill in the art should, in light of the present disclosure,
apprec-iéte that many changes can be rhade in the specific embodiments that are disclosed and

still obtain a like or similar result without 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 D), intrinsic
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fluorescence, | fourier transform infrared spectroscopy (FTIR), high pressure liquid
chromatography (HPLC), and mass spectroscopy (MS); all of which are well know to one of
ordinary skill in the art. A wide range of conditions were employed to investigate the effects of
<ConCentré,tion, ionic strength, temperature, pH, oxidative stress, agitation, and multiple freeze-
thaw cycles on the GLP-1 peptide; all of which_are described in further detail below. These
analyses Were also employed to-charactenize the major routes of degradation and to establish
conditions that manipulate peptide structure of GLP-1 in order to achieve certain GLP-1/DKP

formulations.
[60116] Experime_ntal Procedure

[00117) GLP-1 was purchased either from American Peptide (Sunnyvale, CA) or AnaSpec
(San Jose, CA),_or prepared in house (MannKind Corporation, Valencia, CA). Aqueous GLP-1
samples, of varying concentration, were analyzed at pH 4.0 and 20°C (unless otherwise noted).
Samples were generally prepared fresh and were mixed with the appropriate additive {(e.g., salt,
pH buffer, H;0, efc., if any), prior to each experiment. Secondary structural measurements of
GLP-1 under various conditions were collected with far-UV CD and transmission fourier
transform infrared spectroscopy (FTIR). In addition, both near-UV CD and intrinsic
fluorescence were employed to analyze the tcrtlary sttucture of GLP-1 by monitoring the

environments surrounding its aromatic residues, namely tryptophan.
[00118] " Concentration-dependent Structures of GLP-1

“ [00119] . Circular dichroism (CD) spectra was used to analyze the o-helix, random coil, B-
pleated sheet, B-turns and random coil that may be displayed by a molecule such as a protein or
peptide. In particular, far-UV CD was used to determine the type of secondary structure, for
example pure c-helix, B-sheet, efc., in proteins and peptides. On the other hand, 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:
1.8,42,51,6.1,7.2 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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are s z]tlslfs%tla % e FDKP)noy\és\a Eﬁgzr l?gogl%% c?lilf_zhe nealr\l?J% and uorescence
emission data support this hypothesis. The positive bands between 250 — 300 nm in the near—UV
CD (FIG. 1B) reveal that GLP-1 has a defined tertiary structure which increases at higher
concentrations. More speciﬁcaliy,' these bands indicate that the aromatic residues of the peptide

are largély immobilized and exist in a well-defined environment.

[08122] Similarly, the fluorescence emission of GLP-1 at various concentrations (pH 4.0,
20°C) showed that the aromaﬁc residue tryptophan (which also displayed intense bands in near-
UV CD spectra) exists in a well-defined tertiary structure; the data shown resulted from
tryptophan excitation at 280 nm (FIG. 1C). The fluorescence maximum at 355 nm for low
concentrations of GLP-1 indicatcd that the tryptophan is solvent exposed and that there is no -
significant tertiary structure. . At high peptide concentrations, the maxima decreased in intensity

and shifted to a lower wavelength, indicative of a more-defined tertiary structure.

[00123]  In order to further determine the underlying secondary structure of GLP-1 self-
associated confonnatioﬁ, FTIR analysis was performed at various conéentraﬁons (pH 4.0, 20°C).
" The amide I band at 1656 cm™ clearly indicates that GLP-1 has a a-helical structul:e at
concentrations > 2 mg/mL (FIG 1D). Therefore, GLP-1 does not form B-sheet structures;

instead it is more likely that the peptide generates a helix bundle at high concentrations.

[00124] Additionally, it was experimentally shown that these various structures of GLP-1
were not generated via sample handling. Dilutions from a concentrated stock solution compared
to GLP-1 prepared by directly dissolving the peptide in buffer generated similar far-UV CD,

near-UV CD, and fluorescence emission spectra.

[00125] The Effect of Tonic Strength on GLP-1

[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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the peptide, where there is initially no tertiary structure, as well with high concentrations of the
peptide that alrcady display substantial secondary and tertiary structure. Thus, increased ionic
strength readily converts unstructured GLP-1 into -the o-helical and self-associated
conformations. Morcover, the observed spectroscopic results are comparable to the affects of

increased peptide concentration shown previously.
[00130] The Effect of Temperature and pH on GLP-1

[00131] Studies were also conducted to determine whether the self-associated conformation
of GLP-1 is sensitive to chaﬁges 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, mcreased molecular motion signiﬁcaﬁtly hinders self-association of GLP-1.
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ability to inhibit stauorosporine induced cell death.
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femal e Sprague Dawl ey rats adm nistered with various
formul ati ons of GLP1/FDKP via intravenous injections
or pul monary insufflation.stn the prelimnary
studies, GLP-1 at approximately 4% and 16% (w w) of
the GLP-1/FDKP particle formul ati ons was used. Rats
were random zed into 12 groups with groups 1, 4, 7
and 10 receiving GLP-1 solution adninistered via

pul monary liquid instillation or IV injection. G oups
2, 5, 8, and 11 received GP-1/FDKP salt-associ at ed




[00177]In a separate group of animals (G oups 7-12),
adm ni stration was repeated on Day 2. Goups 1, 4, 7,
and 10 were adninistered 80 gg of a GLP-1 sol ution.

WP aWpe21211 5 8, and 11 were admi ni stered a QAHRMKIO66728
salt-associated fornulation (-16% G.P-1 | oad). G oups

3, 6, 9, 12 received the GLP-1/DKP salt-associ at ed

bl ended foinulation (-4% GP-1 | oad). [00178] The

in whRXRES FIRPhLaMRR:s REY rg-rf&ﬁgd,t %Qscc%n%ﬁﬁzieﬂ it X BAWRfrer andt 3\/\}% solution
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(reconfyateriypih 4 DO FrogieFFn Peesbensis R t gparate out any agerogatod
GLP—?%H)ttéﬁ.nhﬁg aﬁgﬁrﬁq_’?fi @iﬁi—?liﬂ béﬂl%ygup@ﬁ'éﬁﬁﬂ MdreBdittiQted Soactions was
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there vgas 1P everdievd lPal prcigit@ion-n tepkentorffilMal putiglenr
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GL 22B).
[00143 oupunfagiant sudieh st ol jurgctants an dupbindiag of ﬁﬂf)-b;o FDKP
. S e S : ‘
pui BLARBRL LSRRI B pel i 4 9Bt ric s
0.25 nighslifGLIPat incthe pieSinpe gf DspladanaFB1G AN Bk enednid &hHP-1 detected in

recons%lged;%@%?@? Bépgtgclnlggr%ﬁ% a%? %gr{cggngolig@ da%{ljrss fa%{p? %gnczentraﬁon was
pul monary liquid instillation (US); group 8 was
adm ni stered 15.8% G.P-1/ FDKP by pul nonary
insufflation (1S); and groyp 9 was admi ni stered 3. 8%
GLP-1/ FDKP by pul monary insufflation (1S). The
concentration of GLP-1/FDKP was neasured at tine
points of 0, 2, 5, 10, 20, 40, 60, 80, 100, and 120
mns. WD 2007/ 121411PCT/ US2007/ 066728 1001811Al |
groups showed a detectable increase in plasma GLP-1
concentrati-on follow ng pul nonary adm ni strati on.



1/ FDKP formul ati ons conpared to GLP-1 sol ution.
Pl asma concentrations of GLP-1 were nore sustained in
rats treated by pul nonary insufflation with .

. VERReoTABEBKP formul ations relative to those trBet/es2007/066728
with GLP-1 solution. Al animals showed a progressive
decrease in plasnma concentrations of G.P-1 between 20
and. 60 m nutes post dose. These results showed

r.el ati cansi-ste P02 erjnent s . perfaune
lso SRR R RSl Pt e o R R RERe AURSH ot for e
aboveGohic kirEAYP sindy MSuAhdtans elaplovi@l mahizusheallyiiocisdsd Bril 79as .09 mM,

Twceéh%ﬁ )%'82’5/' r@@éjégto?;%at h@g'n% ,@i@ﬂ# :ﬁ@% HRPE H(’('\:/f{z)%)oma at 0.9

mM, CHAPS at 0.9 mM, Cetrimide at 0.9 mM. Loading curves for GLP-1 in the presence of
cach surfactant are shown are for GLP-1/FDKP as a function of pH.

[00144]  The data show that the pH-adsorption curves for GLP-1/FDKP particles were not
influenced By the 'presénce of surfactants near fheir critical micelle concentrétion {CMC) - that
is, the small range of concentrations separating the limit below which virtually no
aggregates/micelles afe detected and the imit above which virtually all additional surfactant
molecules form agglfegates. Therefore, it is further suggested that any of these surfactants could
be used to opﬁmize stability and/or pharmacokinetics (PK) as discussed below. As demonstrated
above for the salt study, interaction of GLP-1 with FDKP particles was influenced by the pH of

the suspension.

© [00145] Ton studies. For this experiment, two different ion studies were run t¢ determine
the effect of ions on the binding of GLP-1 to FDKP particles. In both studies, Cl” was the
counterion for cations and Na' was the counterion for anions. Loading of the GLP-1/FDKP
particles was peiformed as described for the previous experiments. The pH was controlled as
described supra. The samples were prepared with a pIl buffer of either pH 3.0, 3.5, 4.0, or 5.0 in
the presence and absence of NaCl (which was used to better assess cases of high ionic strength).
Additional ions were included in individual samples as follows: LiCl at 20 or 250 mM, NH4CI at
20 or 250 mM, NaF at 20 or 250 mM, and NaCH;COO at 20 or 250 mM.

[00146] The data from the first ion study, as depicted in FIG. 10A, shows the loading curves
for GLP-1/FDKP, as a function of pH and ions. In the absence of NaCl, fluoride at a
concentration of either 20 or 250 mM strongly influenced (enhanced) adsorption at low pH with
- the NaF at a concentration of 250 mM exhibiting maximal binding regardless of pH. This
pattern was observed du¢ to the fluoride in the solution, not the sodium, because sodium
bicarbonate did not have the same ef;fects at 20 and 250 mM. F urthermorc these effects were not
a result of the sodium in the sample because salt at similar goncentraﬁon, as shown in ?IG. 8, did
not show this effect. In the presence of ™ 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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in the presence of high ionic strength. This is further illustrated in FIG. 19B, which shows that
GLP-1 is present in the reconstituted FDKP-free control samples containing 1M NaCl. The
amount of GLP-1 detected for these control samples increased for larger ion concentrations,

because they added to the total ionic strength in the samplés_. _

[00147] In the second ion experiment (FEG. 10C) the GLP-1/FDKP samples were prepared
in the presence of KCI at 20 or 250 mM, imidiazole at 20 or 250 mM, Nal at 20 or 250 mM, or
NaPQy at 20 or 250 mM. The data shows that at 250 mM imidazole decreased loading in the
presence of lM‘ NaCl and both 250 mM phosphate and 250 mM gave a high ‘apparent' load
(FIG. 10C). Basced on the amount of GLP-1 detected in the reconstituted FDKP-free control
samples at OM and IM NaCl concentrations (FIG. I-OD),' these affects resulted from the
influence of the ions on the GLP-1 peptide itself and not on the interaction of the peptide with
FDKP particles. Sodium phosﬁhate and sodium iodide caused some salting-out of GLP-1 in the
absence of NaCl. Additionally, imidazole helped to solublize the GLP-1 in the 1M NaCl
samples and so gave lower 'apparent' loading. Precipitation was also observed in the OM NaCl

controls with 250 mM phosphate and iodide.

- [06148] Osmolyte stadies. The effect of osmolytes on the binding of GLP-1 to FDKP
particles was also observed by HPLC analysis. FIG. 11A shows the loading curves for GLP-
I/FDKP as a function of pH in the presence of common stabilizers (osmolytes). Loading of the
GLP-1/FDKP -particles was performed as described for the previous experiment. Similarly, the
pH was controlled as described supra. The samples were prepared at pH 3.0 and in the presence
of 20, 50, 100, 150, 200 or 300 mM of an osmolyte (stabilizer). The osmolytes were Hexylene-
Glycol (Hex-Gly), trehalose, glycine, PEG, TMAO, mamnitol or proline; N/A indicates no
osmolyte. In a similar experiment, the concentration of the osmolyte (stabilizer) in the samples

was held constant at 100 mM and the pH varied from 2.0 to 4.0.

100149] None of the osmolytes (stabilizers) studied had a dramatic impact on GLP-1
adsdrptio'n to FDKP surfaces cither when the pIl 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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2007/ 121411PCT/ US2007/ 066728 Exanple 8 G.P-1/FDI CP
Veaweéasl4Hood I ntake in Rats [00184] GLP-1 i sPEI/ERR007/066728
known in the art to work in the brain to trigger a
feeling of satiety and reduce food intake. Based on
this role of GP-1in satiety and reduction of food
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descrid@B 85t thé D&ﬁvﬁhﬁ BeferithehiR! ntgiﬁilargaltﬁé pl rwas%%n@&ﬁed as descnbed supra.
G.P-1/ FDKP formul ati on at a dosage of ng/ da

The sypapley werg perpawyl abptl g apdrimihe HT‘FWqu & 2Qa 0, hfwe)l/@(b RPY elr 300 mM
of theHoRbRir Oégébtf&p%g oPlydiby&. Nakenardct e, 65t (GIRNRICE, NesNOs, Na

consi s ten rats. Each rat was Pprovi
Citratslang Il\élCdbs eInfmmﬂampmmt; the caraysiraiod of te: dhaaitbpe or Iyotrope in

the spRls G RET b 8 CORMer R Qe Padeag: 1)
[OOISL]OO]'%}ETH?A d% §ws ?oaﬁm%atu?v% %M%L&’%Dﬁb £ rﬁgncgon of pH and

ours pos e S an "overal
chaotrope and/or lyotrope. At low pH (< 3) 51gn1ﬁcant variations in loading occurred for the

different chaotropes analyzed, especially at higher chaotrope concentrations. However at pH 4,
this variation was not observed (FIG. 12C). Thus, these agents appear to promote binding of
GLP-1 to the FDKP particles at unfavorable lower pH, but have little imapact at the higher pH
conditions that are favdrable to binding. The data from the reconstituted FDKP-free control
samples suggests that the loading variations robserved at pt 3.0 is due in part to specific
chaotropes affecting the salting-out (precipitation) of GLP-1 peptide to various degrees (FIG.
12B.and 12D). This was noted for strong chaotropes such as NaSCN and NaClQ,.

[00152] Organic studies. Alcohols known to induce helical conformation in unstructured
peptides by' increasing hydrogen-bonding strength were evaluated to determine the role that
helical confirmation plays in GLP-1 adsorption to FDKP. Loading of the GLP-1/FDKP parti'cles
was performed as described for the previous experiments. Similarly, the pH was controlled as
described supra. The effects of cach alcohol was obscrved at pH 2.0, 3.0, 4.0, and 5.0. The
alcoho.ls used were: methanol (MeOH), ethanol (EtOH), trifluorocthanol (TFE), or
hexaﬂuoroisopfopanol (HF1P). Each alcohol was evaluated at a concentration of 5%, 10%, 15%,

and 20% v/v.

[00153]  FIG. 13A shows the loading curves for GLP-1/FDKP as a function of pH for each
alcohol at each concentration. 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) dlcohol, HFIP, had an effect on adsorption in the buffered
suspensions. At higher concentrations of HFIP (20%), GLP-1/FDKP adsorption was inhibited.

~36w



decrease in the cunul ative food consunption in the
rats dosed with GLP-1/FDKP formul ati ons (Fl Gs. 23A
and 23B). The decrease was nore pronounced at day 4
VE@ 2@7mydrls post dosing (p=0.01). At 6 hours RGUS2007/066728
decrease was nore pronounced at days 1 and 2
(p<0.02). There was no effect on food consunption at
24 hours post dose. Exanple 9 Toxicity Studies
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whi ch further contributes to increased B-cell nass.
G.P-1 is known to nodulate P-cell mass by three
Woereitiziall pat hways: enhancenent of 3-cell PCT/US2007/066728
proliferation; inhibition of apoptosis of 13-cells;

and differentiation of putative stemcells in the

ductal epithelium [00192] To denonstrate the effect

[001591‘ Glg?mgrg &ﬁeﬁﬁépmass cells were treated at day

1/ FDKP and conpared to untreated
[001592' I %veémmmy s?&s&@hbﬁ) RiuBfes datthy entéphdtioh dfNGLRASHith FDKP particles
mass by up to 2-fold as suggested in the
showdd 1theirr @Lﬂflebl(l®t farthe LIEP purticleGog)ces ih 2 adbilencadent manner, with high

adsor[?c@g'_t ﬁ’%;ﬂrl ‘%&8‘%{% :Iglg gﬁgo%ﬁﬁ%e ?];Qsﬁaf Io q%%? ?zrriac% {;ﬁ&%&’kﬁg found to be

most HoRglyRifagahbspl, witlevsattiaby ndedayption eLpH 2eed substantial interaction

progressi on of di abete [00193] The effects of
at PHc%ﬁ%i/#bRbses‘f? dy sy pr fpr o ron FBRnosdnadpipHom Aglow pH. Other

add1t19€!s%8§%)es 2 azﬁb?l%%ﬁ%lﬂ SRR ]%H%Efyra @igﬁp@ﬁféc@ on the adsorption of

Fatty/ rats (n=8/group). Animals received
GLP-thtHiHﬁPp@nclﬁelkrfc(cw r)y or 2 ng GLP- 1/ FDKP cont ai ni ng
15% (0.3 ng) G.P-1 daily for 3 consecutive days. An
[00160]nt r dperdditone dhe- (rmyeriggsuebsGLE-d| dschindelucaeed \W&S results of these
uG I e
expen&%ﬁg ]th‘ég) @%g%&'gﬁg’ngl@{/gg Ifcgﬁlg\ﬁg 'Bg 8@@ Jchi &g\%g{pfn%ég ng gﬁmere was
no sathfitiof @f adsbr@idnnotsetved ‘phlsh waie sigribiPath ar 68+ Icsdf-mseregion at h1gh

I ted f
conceliEiong ophESPESsARFYAT & DLR-§ RrbiR0 PR PuRan TRy o the possibi

coatink OF 19} HartibiBs GhUCASIEPIAhREABC B IETL 1 pbHIE kherBlyGoroddling higher
was conducted on dagﬁa4 of dosing. After an overnight
perceritglopd ofrihgi4yL P31 nenfideal sThieswpyEne selfpiesisiongryly virgyes to be
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contro al or G.P-1/FDKP agm nstration via
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ar i ous

notedt a? lre#ﬁ%fb CP g . en wor %g vag ?ﬁs?ﬁﬁ %i Cﬂ%p f S](%% ét 1s sen.sntwe io
tempe@hﬁblﬂncﬂh@mpwed a 47%| ncr ease in glucose |levels
conpared to predose whereas G oup 2 (GLP-1/FDKP)
showed a 17%increase in glucose |evels conpared to
predose val ues. Q ucose M_s__were significantly
[.ower acr al. | l&,o %f
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relatiops i begiveeogabilite asdiadsoeptivs tof lod dbeligdg t he | F gl ucose
tolerance test. Both control (air) Goup 1 and G oup
.2 (GLP-/DKP) denonstrated an initial decrease in
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NaCli n Groug®® continued to decredse to 64% of pre-dose
NaClval ues. Im treated animals, insulin levels at 45
m AUt es, 60 mnut es, and 90 i Nut s~ Wer e near
pre-dose values with deviations of less than 1.5%
[00197] Sli des were preparedgsgfor insulin
i mrunost ai ni ng and mi croscopi ¢ eval uation of insulin
expression. Based on quantitative assessnment of
i nsulin expression by |light mcroscopy, there was a
treatment-related increase in insulin expression
~within the pancreas of nmale ZDF rats that was
dose-rel at ed aI t hough stati stl cal significance was




[ 00198] Apopt osi s anal ysis was al so conducted on the
pancreatic tissue of ZDF rats. Exocrine and endocrine
pancreas cells were evaluated by the TUNEL assay ,
Wogsaiageiiol o D.R et al., 1995). Approxi mat ePGI/USLODBH6728
cells in the pancreas (exocrine and endocrine) were
scored. Mpst TUNEL-positive cells were exocrine.

There were no differences in apoptosis Iabellng |ndex

.Hepﬁbrif Zucker09DfV<abet| c obese rats dosed on?ée dai | y for 3

Brij hays W thyantrol (air) or G.P-1/FDKP yia pul nonary
rnsut : I Sl““r“deswm"e“pr“epm“ed“f“o%”““"_mff“fww

F- marker) u2?ng i munoki st ochenmistry. MXroscopic
Lﬁ-evaluatlogoof cel | pxollferatupn was conducted w thin
u||n FtTveTTstetrsand T T e exXogT T e pancreas
Phosphate ‘a-t-ot gg_&» of--17.ZDF--r-at-S. uBagced on. mqgfgamm»am Y7 —
Phospletsessmen0 of cel | proliferat®n, ther® were nd
hmd&@@atnenusmelated effects on cell proliferation
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Ct[‘a%l uuuse I giEI ST UI abetTT TaIIy rats E% rmodet—for lype

Amy§hcr eased>® he nunber of insulin secret¥ng cells per
ckhlslet Example 11 Preparation of G.P-y/ FDKP partlcle
Urnuiatrg' - V%)2®07f121411PCTfUSZOG?£666728"“““““
logy—f.or-prepari-ng
TFE GLP- 1/ FDKP%parti cl e foil Mati ons was. al®o0 _enpl oyed.
The formulations were prepared as follows: A 10 wt %
GLP-1 stock solution was prepared by adding 1 part
(001621 P- Fufthsr, besbdybui Jhetresuls phainsd deExomptadl atX p send of formulations

were it s a1 e SomiaeyasedkeStsie DEBIER T 2 bprsgpores e sin

GLP- pﬂfrﬁhﬁh@&s dh3 R BX phBt @ Mtekﬁty\/\ﬁ ﬂ(ﬁﬁ&ﬁé &\ @89 wéRSprepared, they were
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blendd with bl ERKE 6p cid bmileis ashasol ook Bt b e 2o FDIRP i each

igyi de target conpositions of 5 and 15 wt% G.P-1 in

e dried powder. After addition of the protein
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10 mgabb%w i 2emyl Ml 4nd pH 45) buffer o detibsies ﬂmag@@pemed@@manon
were pelletized in liquid nitrogen and |yophilized to

- repove the ice [00202].The aerodynam
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URF/fill. Exanple 12 Pharmacol dnetics of GLP-1/FDI CP
wi th Various GLP-1 Concentrsgti ons 1002041To assess
t he pharnmacokinetic properties of GLP-1/FDKP with
vari ous




concentrations of G.P-1, eighteen femal e Sprague

Dawl ey rats wei ghi ng between 192.3 grans to 211.5

grans were divided into four treatnent groups:

WOt arI4QLP-1 (G oup 1, n=3); G.P1/ FDKP f or nBCHU$S25#7066728
(Goups 2-4, n=5/group). Aninmals received one of the
followng test articles: control (air) via pul nonary
instillation; 2.42 nmg G.P-1/ FDKP contai ning 5% GLP-1

5%, o&?ﬂ%%ﬂﬁl@ﬂ?{ﬂioadéd ﬁ)@la@ +(§ﬁ°4 E-)/bE%P “ﬁ‘em’&m@dﬂa{eﬁ%llfb/&ays at 40°C.
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- admnlstratlo FDKP (5% f'ornul ation) were
showip@be stslledo stzesT. of 5 mi nutes post dose; 4,887 pMat a
Tmax of 10 m nutes post dose (10% fornmul ation); and
- 10,207 pMat a Tmax of 10 minutes post dose (15%
formul ation). As depict d&sampleds 27 sjgnificant
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observed. The area under the curve (Al |eve|s for
[001640-P- Trhweyisilk)ed2G1PALR] bio b flukid 7868 a@Mﬁﬁ%“ﬂihdc hd blood was
G oups 1-4, respectively. timated half-1i

analyzgd FElVPHWh%t dipenidyl-epdase BV mPMW)afoun@% biologBgd Epps, jcleaves and
0206] As depicted in FIG 28, naxi mum FDKP
macu{f:age%f:be% ?atl ons were determned to be 8.5 pg/nL (G oup
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Ala—G‘ﬁI bt the G ckr%m%@ fabth &F 18BRIR PIPFELP-1 (7-36)) releasing the N-

adm ni stration of GLP-1/FDKP via pul nonary
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the saRpRP 6t ic8BecBbn @ P-2LAFPKRY stRBhE 159P.20 Ue B SVihéPhsasured by
were divided into 2 treatnent groups. Animals
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eSS by o By o Shl by i 30 i
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control (air) group (p<0.05). There were
statistically significant O
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decreases in food consunption for animals in the
treated group versus control (air) on Day 1 at the 1
hour and 6 hour tinepoint and on Day 2 at the 4 hour,
WoRaaH21dand at predose on Day 3. [00210] Body Wi G$poer/666728
(FIG 30) were neasured daily at predose for 4
consecutive days. Body weights at the initiation of
dosi ng ranged from about 180 to 209 grams. Although
increa(ifugtd)p%dn&ak robidlibh i@el&iﬁt “@@@m} &@sﬂh@%?@ﬂbé&%ﬁ%ﬁh DPP-IV
a ani mal'’s Was no reached ody wel ght were
inhibitat dddehtoethe apinpil DostAbdllcaivnnml 125 llrswsvad andt20 u/mt (FIG. 16C).
schedul ed sacrifice. npl es. 14- 16 Toxi coki netj
Add1t(0=p| Qf) mgfb&tg;segost—[;@@ﬁg 1(]%%@ | dlowed for mEe SEPBHE evaiuatmn of the
sampldd.SCl ose repeat-dose toxicity studies performed in
rats and nonkeys to evaluate the potential toxic

[00168f f eaths saubdity QX IGIOK] RRsI AsoPERbiihe® @f lufk PrvhbEBISR using a capture
i nhal ati on powder. The data indi cates no apparent

ELISA &é‘tﬁhﬁwwgﬂﬁerﬁwﬂ/ o asidhaPaldn! pewenbaigd igdengslavage fluid
(LLF)%S%’?,%%%% ona ??{Er@gat{gggglgdrmg Q%?egq dr90 1 & WAVFS LLE and 1

or 10 di (f-anarces ab@ép\i\&ﬁﬂmtlflﬂ el &loatich-1 @ﬂi&ldeteaedi HEILISF alone. With the
nmpl e 14 Toxi cokinetics

w t hin _each speci es. of
combiggtpomgf FIEBVEPQ%(E% sqtérﬁlé%}mfoepwsﬂ%wé Rera Wt gghedojection of GLP-1
compdri¥td At beaLpn M@Hcﬁcaﬂhg%aL§t HEl @5H19E8Rr time, in lung lavage

conducted to determne the toxicity and toxi coki net tic
fluid @6k 17k %ﬁbﬂ@ R GLIFDKP widduted dmmsiavawdfﬂmdn@tsr@mﬁumd in similar -

th | nt t.her eutl
sudie gl ol G B PEP RS st Rl o aca
C f.0 t
ey i A
obtaingd dronpmdciops raie firsi m@waated!hs Rlwar ] arth]asrrm dtikh therdigmedegend) and
thing.the. test f rnulatlo for
dﬂutef? bgé’iéjlgéw} GRETHR obPLPd Y é?dafptl%dlfl n](aﬁ@af’h%lﬁﬁ Samples

were hb\HaRBialBy°e WES 1286 ok IBLERS. U thel AR 1ER Hab @t’oﬂ%)ec?dﬂjlce and 0.1U of
dosi ng procedures. At the start of treatnen 1),

aprotipin [vas addedalks dota sh()bs@tavtegm c@Qemtiothef §hB-158 pﬂﬁsmahislumm 1:2 and

1:10 qget?alf ?mg%pcijntls A S ansd Ig % n{%ﬁ% Cﬂfg%}lgﬁrgeg h]%ngﬁﬂtt GLP-1 is
surprifitighyrsthbl6 ih botB .hﬁagdgvag'Eeﬂmc( bodglh@naaindvibed ’Ehmlﬂn@r)e protease DPP-IV is
non- nai ve cynonol gus nonkeys were assigned to 5

found.yr oups (2 animal's per group) as depicted in tables 5
and 6 bel ow. - The non-naive nonkeys are col ony aninmals

who have previously rec%t ﬁﬂlége formul ati ons to be

tested. However, these i ons have short half
| i ves Bfiectaf eIJI?OI MolfouRS @ni /Alpdpdokis Rod/CH¥ O Yifed hfof’ 8
expected to be present or have any effect on the
[00170fonk &y s:xalvine mdrethee GALBST mgibétx pporitosnd screlinsey @sgdwas conducted to

dete heer Ien ffe %’ﬁlhg recel it 101}0%63 1d§(&ﬁ’9 %‘[Fpaj_lgg{ngc? eétlaé?al (ARIP)

celis (&s@d %@a ?E‘cha{: c )ceﬂ%dﬁgl %ﬁh&s’e& Bk ATebl ﬁlaﬁassa-tgavgstw%ge pretreated

ted achi eved nean dose | evels (detern ned
with Cﬂ_)P gaiaQuQnét iq, dSméaWs:bylcen@tmmF{or 10 nnnutes The cells were then left

untreated or were treated with 5 uM staurosporine (an apoptosis inducer) for 4.5 hours. Cell

viability was evaluated vsing Cell Titer-Glo™ (Promega, Madison, WI). A decrease in the
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percent of cell death was noted with an increase in GLP-1 concentration of up to 10 nM in the

staurdsporine treated cells (FIG. 19A).

[00171] Further examination of the effect of GLP-1 on apoptosis was determined by FACS
analysis using Annexin V staining. Annexin V -s‘taining is a useful tool in detecting apoptotic
cells and is well known to those of skill in the art. Binding of Annexin V to the cell membrane,
allows for the analysis of changes in phospholipids (PS) asymmetry before morphological
changes associated with apoptosis occurred and before membrane integrity is lost. Thus, the
effect of GLP-1 on apoptosis was determined in cells treated with 15 nm GLP—I, 1uM
staurosporine for 4 hrs, 1uM staurosporine + 15 nm GLP-1 or neither staurosporine nor GLP-1
(experimental control). The data shows that GLP-1 inhibited staurosporine induced apoptosis by
about 40% (FIG. 19B).
[00172] Similar results of ihjlibition of apoptosis were observed using a GILP-1 analog,
exendin-4, which binds to the GLP-1 receptor in a similar manner to GLP-1. ARIP cells were
treated with 5 uM staurosporine in the presence of 0, 10, 20-01’ 40 nM exendin for 16, 24, or 48
~ hours respectively.- The data (FIG. 20) shows that at 10 oM, éxendin was completely ineffective
at inhibiting apoptosis as there was 100% cell death. At 20 and 40 oM exendin inﬁibited
apoptosis to some degree with about 50% inhibition at 48 hours in the presence of 40 nM of
exendin-4.

Example 6
Effect of Candidate GLP-1/ FDKP Formulations on Cell Death

[00173] Cell-based assays were conduct_ed to assess the ability of GLP-1/FDKP
formulations, (as disclosed in Example 3, Table 1 above), to inhibit cell death. These GLP-
1/FDKP particle formulations were either in a suspension or lyophilized. The formulations were
analyzed for their ability to inhibit stauresporine-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™ (Promcgé, Madison, WI) to dctermine cell -viability. '

[60174] S-amples of the various GLP-1/FDKP fo@ulatiom 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-

Baséd aésay to detemine their ability to inhibit stauorosporine induced cell death. 'C()ntroi
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3 Low Dose 0.26 0.31

- W0 2007/121411 ' PCT/US2007/066728

samples, shown on the right, illustrate the viability of cells in media alone, Wlth GLP-1 alone,
with staurosporinc alone, or in the presence of both GLP-I and staurosporine (notc: the graph
legend does not apply to the control samples. Each bar represents a separate triplicate). All of
the r;esults shown are averages of triplicate runs. o '

[00175] The data shows that all stressed GLP-1/FDKP lyophilized fommlations inhibited
staurosporine-induced cell death (FIG. 21). Hochcr, cell death was not inhibited by many of
the GLP-1/FDKP suspension formulations.

Example 7
Pulmonai'v Insuffiation of GLP-1/DKP Particles

[00176] To examine the'phanna'chinetics of GLP-1/FDKP, plasma concentrations of GLP-1
were evaluated in female Sprague Dawley rats administered with various formulations of GLP-
1/FDKP via intravenous injections or pulmonary insufflation. In the preliminary studies, GLP-1
at approximately 4% and 16% (w/w) of the GLP-1/FDKP particle formulations was used. Rats
“were ran.domize_d into 12 groups with groups 1, 4, 7 and iO receiving GLP-1 solution
administered via pulmonary liquid instillation or IV injection. Groups 2, 5, 8, and 11 received
GLP-1/FDKP salt-associated formulation (as disclosed in Table 2), administered via pulmonary
msufflation or IV injection. Groups 3, 6, 9, 12 received the GLP-1/FDKP salt-associated
blended formulation administered via pulmonary insufflation or IV injection. The GLP—I/DKP
formulation was a salt-associated formulation at épproximately 16% load. To achieve an
approximate 4% load, the 16% formulation was blended with DKP particles in a -3:1 mixture,
Pulmonary insufflation or intravenous injection was at 0.5 or 2.0 mg of particles (16% or 4%

GLP-1 load, respectively) for a total GLP-1 dose of 0.08 mg.

[06177] In a separate group of animals (Groups 7-12), administration was repeated on Day
2. Groups 1, 4, 7, and 10 were administered 80 pg of a GLP-1 solution. Groups 2, 3, 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 munutes post dose. At each
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time-point, approximatelﬁr' 150 uL. whole blood was collected from the lateral tail vein into a
cyro-vial tube containing approximately 3 U/mL aprotinin and 0.3% EDTA, inverted and stored
on ice. Blood samples were centrifuged at 4000 rpm and 40 pl of plasma was pipetted into 96-
~ well platcs which were stored at -80°C until analyzed for GLP-1 levels by ELISA following
manufactures’ recommendations (Linco Research, St Chatles, MO). It was determined that the
optimal conditions were when the assay buffer was GLP-1 in the presence of serum (5% FBS)

alone and no matrix.

[00G179] Intravenous Administration: Groups 3, 6, 10, 11 and 12 rece_:_iyed_various GLP-
1/FDKP formulations and GLP-1 solution intravenously (IV); (FIG. 22A). Groups 5 and 6 were
administered 15.8% GLP-1/FDKP and groups 11 and 12 were administered another dose of
15.8% GLP-1/FDKP on a consecutive day, group 10. was administered GLP-1 solution as a
control. The concentration of GLP-1/EDKP was detected at fime points of 0, 2, 5, 10, 20, 40, 60,
80, 100, and 120 mins. All groups showed a detectable increase in GLP-1 plasma levels after
intravenous administration, with maximal concentrations observed at 2 minutes post treatment. -
Plasma levels of active GLP-1 returned to béckgroﬂnd levels by 20 minutes post treatment for all
groups. No significant difference was observed in the kinetics of these various formulations of
GLP-1/FDKP and GLP-1 solution when administered by intravenous injection. It was noted that
plasma levels of GLP-1 returned to baseline levels at 10-20 minutes post dose mn rats treated via
intravenous injections suggesting physiological kinetics (z'.-e., about 95 % of GLP-1 was

eliminated within 10 mins).

[00180]  Single fnsuﬁ'lation Administration: Groups 1, 2,3, 7, 8 and 9 12 received various
'GLP-1/FDKP formulations or GLP-1 solution by pulmonary insufflation (FIG. 22B). Group 1
was admjnistéred 80 ug of a GLP-1 control by pulmonary liquid instillation (LIS); group 2 was
administered 15.8% GLP-1/FDKP by pulmonary insufflation (IS); group 3 was administered
.3.8% GLP-1/FDKP by pulmonary insufflation (IS), group 7 was administered 80 pg of a GLP-I
control by pulmonary liquid institlation (LIS); group 8 was administered 15.8% GLP-1/FDKP by
pillmonary insufflation (IS); and group 9 was administered 3.8% GLP-1/FDKP by pulmonary
insufflation (IS). The concentration of GLP-1/FDKP was measured af time points of 0, 2, 5, 170,
20, 40, 60, 80, 100, and 120 mins. '
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2.13 G avinetric analysis is perfornmed by wei ghing
the filter papers in the Inhalation chanber both
before, during and after dosing to cal culate the
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wei ghts (average for nmale and fenmale). 3 The targeted
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G oup Designation Aerosol Concentrati on (my/ L) FDKP.
of actijve @L@ Hat)5-1§ ppinptes i groups 1 and 7 showed a more rapid and transient increase

in plasma levels of active GLP-1. Plasma levels of active GLP-1 returned to background levels
by 60 minutes post treatment in groups 2, 3, 7 and 8, while groups 1 and 7 reached background
 levels by 20 minutes post treatment.

[00182]
dose was 80 ug (3000-fold greater than the reported efficacious dose); plasma GLP-1 levels were

Eight nanomolar GLP-1 appears to be efficacious in a diabetic rat model; the GLP-1

10-fold greater with pulmonary delivery versus a 3 hr infusion (Chelikani ez al, 2005) at 30
minutes post dose; and the bioavailability of GLP;I/F DKP delivered via pu]moﬁary msufflation
was 71%. These results are further reported in Table 4 below. Plasma levels of GLP-1 returned
to baseline levels at 30—60 minutes post dose in most rats treated via pulmonary delivery. All
rats showed an it;cr_ease in plasma concentrations of GLP-1 after intravenous administration or

pulmonary insufflation of various GLP-1/FDKP formulations, except for 1 rat in group 2.

[00183] Conclusién: A-difference was observed in the pharmacokinetics profiles of GLP-
1/FDKP formulations compared to GLP-1 solution. Plasma concentrations of GLP-1 were more
sustained in rats treated by pulmonary insufflation with GLP-1/FDKP formulations relative to
those treated with GLP-1 solution. All animals showed a progressive decrease in plasma
concentrations of GLP-1 between 20 and 60 minutes post dose. These results showed relative

consistency in 2 experiments performed on 2 consecutive days.

Table 4. Bioavailability of GLP-1/FDKP Formulations

. : GLE-1 ' Tz | Tmax | Coas 30 min AUC
Group | Formulations (p]g))(;s:M Route (min) | (min) | (pM) p(()j;) 1(il/}))se (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 77 10 2776 400 60171

* Blended 3:1 with FDKP particles
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Target Achi eved Target Achi eved Target Achieved 1 Air
Control 0 0 0O 0O 0O 2 Vehicle Control 0.160 0.189

WO 2007/121411 PCT/US2007/066728

Example 8
GLP-1/FDKP Reduces Food Intake in Rats

[00184] GLP-1 is also 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 intake,
experiments were conducted to determine whether GLP-1/FDKP formulations of the present
invention were effective as agents to reduce feeding and thereby have potential for controlling

obesity.

[60185] Two groups of female Sprague Dawley rats were dosed with either a control (air) or
15.8% GLP-1/FDKP formulation at a dosage of 2 mg/day (0.32 mg GLP-1/dose) by pulmonary
_ insufflation. The control group consisted of five rats and the test group consisted of ten rats.
Each rat was provided with a single dose for 5 consecutive days and the food intake measured 2

and 6 hours following each dose. The body weight of each rat was collected daily.

[00186] The preliminary data shows that at 2 and 6 hours post dose, there was an overall
decrease in the cumulative food consumption in the rats dosed with GLP-1/FDKP formulations
(FIGs. 23A and 23B). The decrease was more,proﬁounced at day 4 at 2 hours post dosing
(p=0.01). At 6 hours the decrease was more pronounced at days 1 and 2 (p<0.02). There was no

effect on food consumption at 24 hours post dose.

Example 9
Toxicity Studies

[00187] Repeat dose toxicity studies to evaluate 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 iphalation 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, insuﬁn, 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

“A46-



0 0.160 0.189 3 Low Dose 0.021 0.027 0.003 0.004
0.024 0.031 4 Md Dose 0.070 0.073 0.010 0.011 0.080

WO 2007/121411 | “ PCT/US2007/066728

Chromosomal aberration assays, both which are well known to those of skill in the art. In
addition, an in vivo mouse micronucleus assay, as 18 known to the skilled artisan, was also
conducted. The genotoxicity data shows that there was no evidence of potential for mutagenicity

or genetic toxicity with diketopiperazine particles.

[00189] Studies were also conducted to assess the effect of diketopiperazine particles on
reproductive toxicity. These studies included fertility, embryo-fetal development and postnatal
development studies in rats and rabbits, Dikéfopiperazine particles administered via
subcuteénous injection does not impair fertility or implantation in rats and there 1s no evidence
of teratogenicity in rats or rabbits. Diketopiperazine particles did not adversely affect fertility
and éaﬂy embryonic development, embryo fetal development, or prenatal or postnatal

development.

[0019(}] Given that a number of pharmaceuticals have been removed from fhe clinical
market due to their propensity to cause LQT syndrome (acquired LQTS or Loﬁg Q-T syﬁdrome
is an infrequent, hereditary disorder of the heart's electrical thythm that can occur in otherwise-
healthy people) an hERG assay was employed to examine the pharmacology of dikefopiperézme
Iiarticles. The hERG assay was utilized givén that the vast majority of pharmaceuticals that
cause acquired LQTS do so by blocking the human cther-a-go-go related gene (hERG)
potassium channel that is responsible for the repolarization of the ventricular cardiac action
potential. -Results from the hERG assay indicated an ICsy >100 pM for diketopiperazine
particles’.‘ In addition, results from nonclinical studies with diketopiperazine particles showed 1o
effect on the QTc interval (the heart rate-comrected QT interval) as prolongation was not
observed mn the dog (9-month or safety pharmacology cardiovascular studies). There were no
effects of djketopipérazine- particles, when administered intré,venously, on CNS or cardiovascular

systems evaluated in the safety pharmacology core battery.

Example 10
Effect of GLP-1 on [3-cell Mass

[060191] GLP-1 is known to promote all steps in insulin biosynthesis and directly stimulate
B-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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0.084 5 High Dose 0.139 0.142 0.021 0.021 0.160 0.163
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waorengiand after dosing to cal cul ate the aerBGBUS2607/066728
concentration in the chanber ‘and to determ ne the
duration of dosing. The targeted and achi eved
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of the last quantifiable concentration) as a function
post dge. ¢ 0 dBees RsEdesBseiovR d shawasor 1 riicEaghia alusneg lgvels compared
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concerfteanh eSplasma 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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[00217] The peak concentration of G.P-1 averaged 17. 2,
93.1 and 214 pg/nL in nmales and 19.3, 67.9 and 82.8

. pg/nmL in femal es when admi ni stered GLP-1/ FDKP at dose
wevelrazair 0.3, 1.0 and 2 0 ng/ kg/ day respect PUB§2007/066728
Plasma | evel s of GLP-1 declined rapidly with apparent
elimnation half-lives ranging from4 mnutes to 24
m nutes. WO 2007/121411PCT/ US2007/ 066728 [00218]The
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, observed in both male and femal e nonkeys on Day 5.
pmﬁSFbmever in femal es there was no difference in FDKP

AUCt , between 0.3 and 1.0 ng/ kg/ day but a dose

rel ated increase was noted between 1 and 2 ng/ kg/ day. -
In all instances where §%39H§$ﬁgse was observed, it

was | ess tprpafasm W@Dﬂimmgart&kﬁfﬁmﬁlmtﬁnénﬂ ease
in dose from0.3 to 2.0 ng/kg/day resulted I1n a 2.7
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WO 20071121411PCT/ US2007/ 066728 (C.) of FDKP avenged
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adm ni stered GLP-1/FDKP at dose levels of 0.3, 1.0
and 2.0 ng/ kg/ day respectively. AUCoo and Cl1,. levels



Exanpl e 15 Toxi cokinetics of GLP-1/ FDKP Adm ni stered
for 14 days via Pulnonary Insufflation in Rats

[ 00224] This study eval uated the potential toxicity of
VAXBWIAHBKP after daily adm nistration via pubCRsHI2087/066728
insufflation for 14 consecutive days. Rats received
control (air), FDKP particles at 10 ng/kg, or 1 (0.15
mg GLP-1), 3 (0.45 ng GLP-1) or 10 (1.5 ng G.P-1)
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[ 00229] Ani mal s recei ved one of the follow ng

treatnments: Goup 1: control (air); Goup 2: 3.67

ny/ kg/ day FDKP particles; Goup 3- 03 ng/kg/day
VPROT/IFBKP (0. 045ng/ kg/ day GLP1); Group 4: 1PCI/US2007/066728
ng/ kg/ day GLP-1/FDKP (0. 15ng/ kg/ day GLP-1) or G oup

5: 2.6 ng/kg/day G.P-1/FDKP (0.39 ng/kg/day G.P-1).
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[00204]U/ LFo&SEoﬁshhbﬁoxL% ldhdured-eiridgetic HarkGgater @lpreddse, 1, 2, 4 and 6

hours post dose for 4 consecutive days (FIG. 29). Food consumption was decreased on Days 1,

¥ i ITIIStereq

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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decreases in food consumption for animals in the treated group versus control (air) on Day 1 at

the 1 hour and 6 hour timepoint and on Day 2 at the 4 hour, 6 hour and at predose on Day 3.

[00210] Body weights (FIG. 30) were measured daily at predose for 4 consecutive days.
Body weights at the initiation of dosing ranged from about 180 to 209 grams. Although
statistical significance between treated and control (air} animals was not reached, body weight

were lower in treated animals. All animals survived until scheduled sacrifice.

Examples 14 - 16
Toxicokineties (TK) Studies

_ [00211] Examples 14 to 16 below disclose repcat-dose toxicity studies performed in rats and
monkéys to evaluate the potential toxic effects and toxicokinetic profile of GLP-1/FDKP
inhalation powder. The data indic;ates no apparent toxicity with GLP-1/FDKP inhalation powder
at doses several fold higher than those proposed for clinical use. Additionally, there appeared to

be no differences between the male and female animals within each species.

Example 14
Toxicokinetics of GLP-1/FDKP Administered for 5 days via Pulmonary Insufflation in

_ Monkeys
[00212] Studies were conducted to determine the toxicity and toxicokinetic profile of GLP-
1/FDKP via oronasal administration (the intended human therapeutic route of administration) to
the cynomolgus monkéy (Macaca fascicularis), once daily (for 30 minutes a day) for 5
consecutive days. Oronasal administration involved the rn(;nkeys wearing a mask over their

mouth and nose and breathing the test formulation for 30 min.

[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'énd 56 months old and ranged in weight from 2.3 to 4.0 kg; females were between 31
months anci 64 months and ranged in weight from 1.6 to 3.4 kg. Ten (5 male and 5 female) non-
naive cynomoigué 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 o be tested. However, these formulations have short half lives and are not

-5



32 422 117 Males 1. Control -16 -42 -62 14 60 -6 2.

3. 67 ny/ kg/ day FKDP WO
20071121411PCT/ US2007/ 066728 3. 0.3 ng/ kg/ day
V@D Po01/A RKDP ' PCT/US2007/066728

expected to be present or have any effect on the monkeys during the dosing experiments
disclosed herein. Animals received control (air), 2 mg/kg FDKP or 0.3 (0.04 mg GLP-1), 1.0
(0.13 mg GLP-1), or 2.0 (0.26 mg GLP-1) mg/kg GLP-1/FDKP.

Table 5: Targeted and estimated achieved mean dose levels (determined by gravimetric

analysis*):
' Estimated Dose Level (mg/kg/day)
P\?ul;gllil;r Deg“i’l‘;fion FDKP GLP-1* GLP-1/FDKP
£na! Target | | Achieved > | Target' | Achieved > | Target' | Achieved”
1 Air Control 0 0 0 0 0 .0
Vehicle 2.00 2.10 0 2.0
Control : ' 0 210
3 Low Dose 0.26 031 (.04 0.05 0.3 0.35
4 Mid Dose .| 0.87 0.81 . 0.13 0.14 1.0 0.93
5 High Dose 1.74 | 1.85 0.26 0.28 2.0 2.13

"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.

! Based on an assumed body weight of 2.5 kg. ,

* Based on the measured body weights (average for maie and femalc).

* The targeted and achieved dose Ievels 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.

Table 6: Targeted and achieved mean aerosol concentrations (determined by gravimetric
analysis*):

Group Group - Aerosol Concc_antralﬁon'(m L) _

Number | Designation FDKRP - GLP-1 - GLP"][FDK_P

Target | Achieved | Target | Achieved | Target | Achieved

1 Air Control 0 0 0 0 0 0

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 tarseted and achieved aerosol concentrations quoted assume that the proportion of GLP-1 in the
generated atmosphere is 13%. The estimation of total inhaled dose assurhed 100% deposition within the
respiratory iract.
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followr% kgb@alyltsg_ﬂ?e -Ho$DEKR ?(0(,‘)43960;-@() kl@ﬂ g{l@;yutg_@d]ﬂ hours post-dose. Blood

tion adm.nis rat
was ol by o BRsRles o b Rt ) Fho B sFRBLT LS ipiged o 2
aliqudd) dn® fSOpIBHLITRY- B agalysiyvéEs ahls)oandothe asieo (D &t ml) Wart serum FDKP

tOXICIt [00233 ] Dose rel ated. increases
analyin GOTDRPD AT RS0 RO ERP B PO (agiollected
into lopﬁﬁf EE?A' fﬂlbgkoqul JeRIST N d DPER RnFROK BM Al Dailidrica, MA) was

Over the dose range studied, |ess than

addeddﬁﬁwlgm@ﬁ bloodato ihndrksssappraximae!p-5t1 Osesenduefisiotlood collection
(yleldﬁ%l 8, 2 cgn?&ﬁlr?a | Zfe%ﬁgg\’\%ft 2(?1(1 %g/f egzﬁl{%e\gﬁg qﬁvér{éd kﬁ%(?&!?al times and
immegioRbe phod blﬁﬁ swaf 1c€5LWh])loab102d &anﬁgl/ck g etier ynefGitindd EDKPet ice until

.averaged. nL in nmales an 64 i n fe
contr o 4 ot 4080 Tempbn SReRmAGY N EHRE T PRCG i Plasms
sampllaé %@1% MAL KD irkd Q@rgprﬁaté Qial%- and h@#ﬂt&ned\@@ﬁ?%@ p¥iet #estorage in a

for GLP-1 were 10 *hr/mL in males and 104 pg*hr/ L

freezer at 178 al @ SCatlasme cnn@ntrmé (Crentke %ﬁk@sdsﬂduvgw depergnined for -
GLP{ngher AUC and C values at the | ow dose conpared to

tal es. Peak concentrations of FDKP at 2.6 ny/kg/day

P- g 4o di9QQ d

[0021% ]Plﬂ:e X nagﬁﬁxé%g%%]oﬁném%m b@gﬁs ﬁhg&gt | gsre]:cutwe ays,
detectableriavcls t)f ﬁLPer@fb f@inR-id Al Drecfese Sﬁn@wmamﬁs @mﬁkj@,speak plasma

conce 55‘%?; I eg(ﬁg‘ngeved C%be% %@Vq&ﬁ%?% R s er eat gl flowing dose

admindratl@y@1GosHUp to 30 m nutes a day was cllnlcally
~well tolerated. The NOAEL was 2.6 ng/kg/ day

[ufmq P- ﬂdgah@atem 11&963@@;/ gliRyl GhPaid ANC ge@en vpdet the concentration-

le 19 belo t.he Xi mym h dose in. the Phase
time Gy (08 e Eg e MERBAE FOSYIn] 5 DB peton of the
dose WEHE %gsegzee i boASHHEIAAG f&&l&&o h DA V@R dose range studied,
studies wll dose to 3. GLP- 1/ FDKP per day. or

less ﬂw@_@mzprnmmgn@quasesgﬁw AGCiase were observed with increasing doses in
both male and female monkeys, except for males at the 1 mg/kg/day dose level. A 6.7 fold

increase in dose from 0.3 to 2.0 mg/kg/day‘ only resulted in a 2.9 fold increase in AUC in

males and 1.1 fold increase in AUCiq 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 rapparcnt_

elimination half-lives ranging from 4 minutes to 24 minutes.
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Preparati on of Exendi n/ FDKP Fornul ati ons WO
2007/ 121411PCT/ US2007/ 066728 [ 002351Exendi n- 4/ FDKP
was prepared by conbining an acidi c exendi n-4 peptide
WOB@MD4No. 3) solution with a FDKP parti cl ePCT/US2607/066728
suspensi on. The acidic peptide solution was 10% (w w)
of peptide dissolved in 2% acetic acid. The FDKP
suspensi on cont ai ned approximately 10% (vv/vv) FDKP
rti Ie xend e
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of eaff Gy TOTRT Yt B Sttty MRSy | R RO RIbE Fostd Pt gpptrol animals were

exposEXRIlifHert rdnGEthdlGBPAIFIgURKcHtd aaimgxendi n- 4/ FDKP
formul ati on at various concentrations, and after:

[Oﬂzzﬁ]ul t |Sﬁ1{ce tlﬁadlﬂblﬂgmhlrmﬂ-ldflsfm 1t lRéesp tﬁaﬁdlﬁaﬁmmfes;uheeGEPG from the .
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" endog@ftlek Yovels| cﬁ‘ (‘}Iﬂ&l ahakRl i’y é}@%ﬁl@honl ﬂBr Shischdsly @r{tﬁiable levels of
animal s are dosed for 28 days, o ortlon 0 !

GLP-bhi tived erasaanpdescolledteden l‘i)irm%m félt@-L It tredtesl @@gﬁtlthubtractmg

[ d

the tith€ Q% E%u@%@‘é{rﬁ Rl g?él'eg.%@ cgﬁéeﬁm@%}ﬁ% g‘g}g %&P %ﬁ?ﬁ sh%ﬂﬁll reflect the

changaneGEHalduatcsﬂe ﬁMnmtmmrD(iﬂGIﬂ YEBKM toxicity; various
physi ol ogi cal paraneters including blood |evels of

[0022Hx endfon sdpmgFOESS et}ahailiﬁd ait rescli itimep@ing dhe waiofhbod i mL) was

atholoyan f various .
coteeit e by OB o AR YO, ok gt Bf dfpgonce o
minimubV&f FNinfAkS ape rse@rrﬂbkp chérhnm\gﬂlcﬁl(lﬁtdbﬂllm garrm:upS?DKlaia.nalysis and
- and Exendi n adnm ni stered_int avenousl y Ther
serumg pQnCBRiTaiBAar mihs bbsd 4f{lon® @4 sty echfter inhalation

dnun?sﬁ@tﬁ(ﬁf% et ¥ DR ot 0SRScu@le gjéx% Wf@té&{a'ﬁmgve@ offP%KP were found
10% 15% 20% and 25% and 30% Exendi n w w) .

in all pWsbilesesioplds omPax 61 [QadPad, fpork miamogcq;mg@Sa{ﬁdax) of FDKP were

schio Sy miE 0, 1 s ph S Bk 38 ot ibirhhe anca (..
[oozzéiena‘lﬂﬁg ﬁ%,%% RE ?el Jllufc‘féa eﬂm ﬂ?ﬁpqﬁﬁ@ﬁt guh tédﬁ céorncentration—

ornu tlons ave Conparab e or
time cphvarfroac tke nebiatapdiand @B iflBKEmMe), as a function of the dose, observed

in both male and female monkeys on Day 5. However, in females there was no difference in

FDKP AUCw, 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,¢ in males and 3.0 fold increase in AUCoo in females. The peak concentration



Exanpl e 19 Phar macoki netics of GLP- 1/ xDKP

Adm ni stered via Pulnonary Insufflation in Rats

1002411To determ ne whether different DKPs may

worlgenes t he phant acoki netic profile of G PRAVFRRIP/066728

foi mul ati ons, various G.P-1/xDKP formul ati ons were

made as disclosed in U.S. Provi si onal Patent

Application entitled Asynnetrical FDKP Anal ogs for
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subj ects in each of cohorts 1 and 2 and up to 6
eval uabl e subjects in each of cohorts 3 to 5 who neet
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popul ation. Primary endpMomkeyswi | | i nclude: Safety
endpoints will be assessed based on the incidence and _
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for Cinical Trials (ICHE8) to determ ne the safety
and tolerability of the investigational nedicinal
product (I MP). [00251] The ghinical trial will consist
of 3 clinic visits: 1) One screening visit (Visit 1);
2) One treatnent visit (Visit 2); and 3) One
followup visit (Visit 3) 8-14 days after Visit 2.
Adm ni stration of a single dose of GP-1/FDKP
i nhal ati on powder will occur at Visit 2. [00252] This
clinical trial will evaluate safety paranmeters in




GP-1) wll be assessed. To accommodate all doses,
formul ated GLP-1/FDKP will be m xed w th FDKP
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recové@yal uated in 2 cohorts of 4 subj ects each and the 3
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daily, g*ﬁdlmqutﬁ% ROS-9R156y0 T d’g’a‘Wg‘anl%ffS wdpsigns %fctﬂe*tfétyaﬁadt yeighy data was

coueceadve%%%nmaaautt%qa&@w@aﬁpt&lsww dsbesf@ ANAVWM0EPHas collected for
| ucagon, glucose, insulin and C-peptide
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t | ' 0 t;
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i ncor por.ated herein mﬁfe e in their ent
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[6023F]0r t Whetg@ekrd dtckdiénas Aegihdtiosain taky amghc h@omn@t@pt mohever there
under st ood as being nodified in al] instances by .th

was np dregimegh grjated cliet odhody| weighinfeasallyn ail catneds tffamt%@d or gained
minor %%Bﬁt@ Y welehCo BRI dofRL oPBd ?%&h@ﬁhczﬁa{& Bnd BedRBey of loose
l'owi ng specification and atfached clains are
or hqlafb rfc@ﬁuwmtqb@mect htahlghﬁysesaﬂ“bferdeﬁemdo signifppent ¢hanges noted in any
chmca?eels reed tgg'tr rtslt W}?ﬁu nélder%d Q{) Pé) B’Eeﬁfnnlﬁdragﬁeg t\xlf'ltgl the ﬁxceptton of
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.. equ ents tqQ the s e of the clai.ng, each
high dheknfenates ot pay 3506 end pbiremeo; S@%éf Rolg g T levelsafLPR were also
very silgtgi}traﬁéd H}ﬁal&u &k Binde§RYY 1te§(qv<§1 l%nﬂhfe @Dt thelr @bl @y period and
and by appl yi ng ordi nary roundi ng techni ques.
were b cirelpisd amdlil}hgnctrmvplﬂ dimgeri thediver. élﬂ”!ge?élmmdn AST levels in the
high d@s%ﬁ%%?l&: ghﬂﬁnf Ofuk &lﬂs J‘P{aﬁﬁg AYVEQRGLRI the

Xi TRt | nunerlcal val ues

Table ?%6?&10% CH& gg ]_‘[II- HEngﬁf I&Ild EDﬁxan'pl es are repor ted as

preci sely possi Any nunerical val ue, however,

I'nherentTy ‘contar ns Cer“ﬂkﬂa EEiSnNaRgSSar Ty

1] H £ hd
lCDUIlIIIg IIUIIILII, mud

y e n their
Group espective _testing E@J{H;njpﬁ\;SICU 0] I;QﬁCJfL,)q readily

apparent to one sKichhls in the art that varigus

1. CmﬁﬁbOdlﬂEntS and nndlflgatlons can be nad@ to [t he

AS] sctosedthererm T wth u1 fepartigl from
2. 36% 2 %nd spitit oF thg_Lnygﬁ P 5 7
3. 0.3 poRF i dIL1 WEGY, US"OO7fU66728 [0@257] AS us®ed herein,

4. 1.0 hBRy/#sac1IaE 1/fliep WO d " af's or ["an” gwhen useqzh in

5 2.6 SRRLARTIIRELE T The ToTm - commy S| AN cl ai ms

c-nar\|'F| cat iCon. no

LA™ VA | oAl T uUInt T u.y Ill—ull UTTe, LA RY 1 t I S

al so conS|stent MAﬁﬁ*¥he meani ng of "one or_| re,’
1. Confrélt | east one," apd "ore or nor-e2 t han onez " [[00258] It

2, 3,67 myORL FRPpAt €d That agy mefhod,pr clonpogl tign

gescrtbedheretrn—Ccan—be—i+nprenented—v ect to
any ot her nethod or conp03|t|on descri bed herein.
[002591The use of the termg in the clainms is used

to mean "and/or" unl ess exp?|0|tly indicated to refer
to alternatives only or the alternatives are nutually
excl usi ve. [00260] Throughout this application, the
term"about" is used to indicate that a val ue

i ncludes the standard devi ation of error for the
deV|ce or nethod belng enployed to detelntne the
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was al3o Botcasimemcd withng2&kiei§35, 1993.
- [ 00271] Mont r ose- Rafi zadch, et al., Diabetes,
[00233)5 ( Sunet relatyd meRAses 119 %P-{ @@izﬁlzmﬁm@nww@mst #la functlon of dose

were @f ('1' 2 88th W@find ARl GohVBE Q'Iyd@efﬂcﬂ,ewheeas%s FHRY Srudied, less

than dose—proportlonal increases in GLP 1 Cpax but not AUC,5 were observed with i increasing
doses in both male and female monkeys on Day 28. Peak concentrations of GLP-1 at 2.6
mg/kg/day GLP-1/FDKP averaged 259 pg/mL in males and 164 pg/mL in fémalés. Plasma levels
of GLP-1 declined with elimination half lives varying-from 0.6 to 2.5 hours. Mean AUC values
for GLP-1 were 103 pg*hr/mL in males and 104 pg*hr/mL in females at the high dose. Female
monkeys displayed higher AUC and Cpay values at the low dose compared to males. Peak
concentrations of FDKP at 2.6 mg/kg/day GLP-1/FDKP averaged 1800 ng/mL in males and
1900 pg/mlL in females. |

[00234] | In conclusion, inhalation administration of GLP-1/FDKP to cynomolgus monkeys at
estimated achieved doses of up to 2.6 mgkg/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
mgkg GLP-1 (assuming 70 Kg human). Additional studies will dose to 3.0 m'g GLP-1/FDKP per
day or ~0.042 mg/kg GLP-1.

Example 17
Preparation of Exendin/FDKP Formulations
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36 amde) in type 2 diabetic patients. D abetol ogia,

36: 741 -744, 1953. [00273] Nauck MA, et al., Effects

of subcutaneous gl ucagon-|like peptide 1 (GP-1 [7-36
veor@e)higdin patients with NIDDM Di abet ol ogi ac13&206466728
-1553, 1996. [00274] Nauck MA, et al., Effects of

gl ucagon-1i ke peptide 1 on counterregul atory hornone
responses cogni tive functions, and insulin secretion

ur i | inemc epped hypogl.ycem ¢ a
00238 Mt P RO SRy LR P Eae 48 S E S B TR QD
No. 3%11}'@11@11 with & FIR8P partidR48spc Rl . THe QR ER]cpadd dBhfion Sfas ab%,(w/w) of
Bi ol . Chem 567 214£2 37, 1992. 1002761Rauf man,
peptida (dissolyed ipj284 acetipafif. 3borDKD ?me@g@ﬂqeé@mws@ﬁé:pbo‘% (w/w)
P o
FDKPFg%rgl}lg S&Hr@had(gtc 2 Jr9 geg)ﬁdg %gljatﬁg’n 3%354%1%%3 ‘1o 111916 }L:DKP particle
susperihﬁﬁ)ZaE%Semthsmibgedeﬂ?habandmm/ﬂt)lig hmitum mab slofvly titrated Wlth a 25%

amogtggo CO' ? g%H §8 ééﬁﬁ? dfﬁlé( elé%)ag;’ thg% é% -Ii_t%)n c?u(% mtrogen a.nd=

lyophili99b. Slnultaneous detection of TDT-nediated .

dUTP-bi otin ni ck end-labeling (TUNEL)-positive cells
[00236ind Mt t% Hepitabia Aekii@t ot R %RIF mmFKB r&ntantssfbngl % Exendin-
o 35S SO Sl SRR Yo e el s e 15% G-k
powdd?‘?ﬂ?&ddé@d &t £ Gisbk Bk dBowdll AdoRE Bh IRINCBRARHIE Yof |3ﬂ%3|@ﬁth| 4 Percent

humans. J Cin Endocrinol Metab., 86:4382 -4389,

Cartrigge(amptyiog 2800%ng O et al ., G ucagon-|ike peptide-1

regul ates proliferation and apoptosis via activation

of protein kinase B in pancr ic INS-1 beta cells.
Di abet ol ogi a, 47:478 4&1@@2§3§. [ 002831Wang, et al .
~ Phafnbokindtié§ 8f ExSid/ EBKP1A drhfhistered A Pulmonary Insufflation

[00237] Reépeat dose preliminary toxicity studies to examine the pharmacodynamic and

pharmacokinetics profile of exendin-4 (a GLP-1 analogue) in an exendin-4/FDKP formulation at
various concentrations, and after multiple administrations via the pulmonary route are in

progress.

[00238] Twenty-eight day studies in rats and monkeys are performed. Exendin/FDKP i1s
dosed daily, via the inhalation route. In stadies where animals are dosed for 28 déys, a
- proportion. of the animals are sacrificed immediately after the dosing regimen while other
animals are allowed up to a one month recoveryr period prior to sacrifice. AH animals are
evaluated for clinical signs of toxicity; various -thSiological 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:
aif and Exendin administered intravenously. There were six pulmonary insufflaﬁdn groups
which received approximately 2.0 mg dosés 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.



[ 00284] Zzander M et al., Effect of 6-week course of

gl ucagon-1li ke peptide 1 on glycaemc control, insulin
sensitivity, and beta-cell function in type 2

wib adoetasil a parall el -group study. Lancet, 35BCB8R007/066728
- 830, 2002. CLAI Ms: 1. A dry powder conposition
conprising a particle, wherein said particle

conprises a G.P-1 nolecul e and a di ket opi perazi ne.

[0024§Iai gq&%@a}l’a ﬁ%\;\g?fjflz ga% Si ’It Iaérg t eg rciO%e{nﬁnstraxﬁh% tﬁat TExendin/FDKP A
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(DPP-W protected G.P-1s, GP- | mnetics, GP-1

pepti de anal ogs or bi osﬂmﬂﬁ (LP-1 anal 0gs. 3.
rlle d _o- PR mn. of cI alarﬂullmov\glerﬁ] ‘
t
mmi r mvﬂo%e%@gg;e%ﬁl algfegengpnktﬂ»ﬁe agg%ﬂl}%méeo%!% }g%rgﬁéa@ea@ profile of

GLP- FBDEPrytmulglous, a;raylbus GthWDK]hlﬁdmiﬂaﬁmsyxlvere mad4 as Tselosed in U.S.
PTOVI%&(?]%E?%YE\Qer g(%%gseilét eél ‘g;%f ¢l ‘Earl egl%lgsn for %se as Drug Delivery

Agentﬁ ufiRaronl evdfidae m&éﬁﬁhoélﬁieﬁlﬁdﬂpﬁ@ted here'ﬁl inT 1§ elinttyP@UWEEDocket No.
conposition of claim1, wherein said G.P- 1 nolecule

51300-QD0Akk i ve GLP-1. 6. The dry powder conposition of
claim1, wherein said GLP-1 nolecule is an am dated

1002434 . Blugisdesap gonducicd n rath SV BRI BPARGHDYEIRS HFsiging of five
animafs p%f %ﬂ gpv‘fg? c@ﬁ@oltg%pqﬁg?gi@ée@@d%ﬂ% 1 vl ffdin&ilafion. GLP-1/FDKP

process for formng a
(0. 3mg ﬁItH t). edmowintered rbysa!ﬂmorpfay nsgiflation an¢S| aJeos used@spa second control.

Each gf Jthe #%1\%'1? ng fr %&lfcgt O(Rlﬁg%c%%ile@ eGﬁpWQf)(iﬁ’l ﬂ)gm{lﬁﬁoﬁ%t |p i)u]monary

['écul’e; provi
msufﬂitl&ehiom mﬁg dadcnof ixDKP fo@dm with GllPeU aff I(I%naﬁ@ 5%c The xDKPs used
oplperazlne icles,

formn ke a2| ne part
were an U3 @n@ DYWL 47T %éf# ﬁar%%a%ﬁf sg. aci@: p- 1 (3.6-bis(4-
carbo%*@?ﬂﬁrﬁldaﬁgylslﬁ %k@{dfaﬁie%ir@?r azingpd n t he (B3 li§|-‘tﬁ§(4*'?{Carboxy~2—

-sol'ution, wherein said particle conprisi n%gsal

pmpelmjamldqbnw@cm élkawalpgmzme diﬂa@ém@psaﬁb foags. ghqle bogd g collected for
evaluation of GL.P-1 concentrations at 5, 10, 20, 30, 45, 60 and up to 90 minutes post dose.

Example 20

A Phase 1a, Single-Dose. Open-Label. Ascending Dose, Conirolled Safety and Tolerability
' Trial of GLP-1/FDKP Inhalation Powder in Healthy Adult Male Subjects

[00243] GLP-1 has been shown to control elevated blood glucose in humans when given by
intravenous (iv) or subcutaneous (sc) infusions or By multiple subcutancous injections. Because
of the extremely short half-life of the hormone, continuous subcutancous infusion or multiple
daily subcutaneous injections would be required. Neither of these routes is practical for
proionged clinical use. Experiments in animals showed that when GLP-1 was administered by

inhalation, therapeutic levels could be achieved.
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9. The process of claim8, further conprising

renmovi ng a solvent fromsaid co-solution by

| yophilization, filtration, or spray drying. 10.
wiheoapinneass of claim9, wherein said parti clRET/US2007/066728
conprising said G.P-1 nol ecule and said

di ket opi perazine is forned by renoving said sol vent.

11. The process of claim9, wherein said particle

[0024%].0 nprgeéérglgaf%@ &ti%‘spdf]Gf@-ll el%gllu&m?p u%t%ndinr astric em: ging, increased
I ket'opi perazine i's formed prio 0 T enbwi ng sar
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prandiBf %ﬁgétéﬁfon%k ﬁtml%nﬁﬁ?&%laﬁoﬁgwde@ P-1 nol ecule is
provi ded 1 e a so

nt formo tiron conprising a GLP-1
[00248§0NC L pRiLQR cﬂiezﬁ@x‘?&ﬂof a;thPmeKP %af&géﬁrbowder i (ﬂcﬁgng—cht% test the'
process of claim8, wherein said G.P-1 nolecule iI's
safety pnd véldmbilibnof skcfed rdoswsfofa ot rshiloh glyosmiciconing ther@emtid product

o o BE B L S M I et P bt v

previously pesedi Hegprinfary fiterd: a}g tnisgﬂimsmams it@i/raiemsmrfhxsg'eng das;]es for GLP-
G.P-1 concentration of about 0.25 ng 16.. T i

1/FDKJ} whalawonypovedes pypaimagaiy Bhaletion: B gy %&'P% prisebleAndeap Fe used in

furthePERMEL 8Halk o LASHR M dRhicePoSUERRYSINANaRly. The doses selected for the
di ket opi perazi ne particles. 17. The process of

phase ¢4 aliinivas triakiesrtapad agedngnaliskishopiybie fiam ma-dlisicpt wols 9& GLiPl FDKP
inhalaw% LML Ba52 'at‘){{v'ﬁ %S‘;ax%gfép iy ?a'ft_é‘a%tdﬁa?iﬂa'te%,' e forning
! urt he

opl pérazine, € Process conpri si ng
dj ust,j 5 [ I t :
24 -8 8 , i
0240 TSI hR R BT S nolt iRy Rl Bajerew g ¢ cvehable
subjects| iniepshl® cohortd laamh A 7d duiottherlwblepnbsitng edidbhepharts 3 to 5 who

ent. to.said solution or suspensi o wher.ein the . .
meet 3AERIIo! 883k Gl SePER, Bh TIRRL Hho A PG g WSed groe with
Gluca%dﬂ'—iiﬁ@tl’@ﬁﬁcﬁ:rl K@D&l%@&‘; P DK PChaakfiPBswadtht the following dose

yotropes, acids, bases, and organic solvents, :
levels: ighort h20.B BigeaoB2: 8riaime: pehafhérlel SimgzfolothdehpS me and cohort 5:
S Al [ =l C
15 mpEERh S DRSSRELALOTORPHERY, AL BSPUS il o ks
Personp af tordihazy floitln tieg @it ket dapérpércaaddrional dosaged@velsThreed on the studies
discloRl OEESS of claim 18 wherein said agent inproves the
‘sfia |‘f|‘ty or pharnmacodynam cs of said G.P-1 nol ecul e.

1. ' ' [ 1 :
00207, TREAFSGRSE s FUOIRHIRLSL b0 RSP enin
doses &F GLIWI/FDEP iabahitidnspavgleadi bsalitygadubtangik sobjedai The tolerability of

‘ uspensi on, o | yution. .23. Th rocess of claim .
ascend3ig’ Qg ot HE ARSI UL aresRa or Gricmpayd bV monitoring
pharm#Zbloglhe oPELERS SRkts GhAlafhBles, WRBIER Nrepetidll £avErsd events (AE), vital

) nol ecule in said -particle has greater stability. )
signs, physical examinations, clinical laboratory tests and electrocardiograms (ECG) will be

evaluated.

[60248] 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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25. The process of claim8, wherein said co-solution
conprises a G.P-1 concentration of 1 ng/m -50 ng/m .

. 26. The process of claim8, wherein said co-solution
wppr/is€es a GLP-1 concentration of 0. 21ng/ ml PCTOGE2007/066728
g/ m . 27. The process of clains, wherein said

co-solution conprises a GLP-1 concentration of 0.25
mg/m . 28. The process of claim38, further
pulnof gl P Gl P A C A Mol RGP EAG BT (Sorcoming) and
Visit ¥ @Pdiosit-i)g pedrmaedkisetic YPK) pataatess of pasma @GHITO] yihé Serum fumaryl
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PR poB RS B Syl PORP TR ie e Rl PRSP B BB B B8 s serum
FDKP31. The process of claim 28, wherein said agent is
sodi um chl ori de. 32. The process of claim8, ‘
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© GLP-1dT.5 lades SGLEVE@iditicafiPK @araictegss off RAMIEDEKP (Takakr@eFDKP, Cmax
ranspl ant. .and regenerative therapy. se Q

) h f
scrum EDRRas i@ i AraiSH W fenction Bt SP RV e LCG.
i.nt Ly, . bcut ly, [y, Iy, -
onas S BAEDREE R PSS EES, s ag g

and dedipR sBhtefy HaMis3donsMRET Rith 23 atTR TR GEROkNiES PratiB® Consolidated
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orm ng i ket oprperazine particles;, conblnrng sal 6}
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and/or 90mithB®r {;@&pﬁg iR R 39re AT & 0113 2 PrhiDE bEAS BE
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nati ve G.P-1. 63 "



SEQUENCE LI STI NG <110> MannKi nd Cor por ati on Hokenson,
Mark Brandt, David King, Mark Geen, Stephanie Faris,
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[00253] . Five doses of GLP-1/FDKP inhalation powder (0.05, 0.45, 0.75, 1.05 and 1.5 mg of
GLP-1) will be assessed. To accommodate all doses, formulated GLP-1/FDKP will be mixed _
with FDKP inhalation powder. Single-dose cartridges containing 10 mg dry powder consisting of
GLP-1/FDKP inhalation powder (15% weight to weight GLP-1/FDKP) as is or .mixed with the
appropriate amount of FDKP inhalation powder will be used to obtain the desired dose of GLP-1
(0.05 mg, 0.45 mg, 0.75 mg, 1.05 mg and 1.5 mg).: 1. The first 2 lowest dose levels wiﬂ be
evaluated in 2 cohorts of 4 subjects each and the 3 higher dose levels will be evaluated in 3
cohorts of 6 subjects each. Each subject will receive only 1 dose at 1.of the 5 dose levels to be
aésessed. In addition to blood draws for GLP-1 (active and total) and FDKP measurements,

samples will be drawn for glucagon, glucose, insulin and C-peptide determination.

[00254]  Numerous references have been made to patents and printed publications
' fhroughout this Spéciﬁcation. Each of thé above-cited references and printed publicaﬁons are
individually incorporated herein by reference in their entirety.
[00255] Unless otherwise indicated, all numibers expressing quantities of ingredients,
properties such as molecular weight, reacﬁon conditions, and so forth used in the specification
and claims are to be .understood as being modified in all instances by the term "about.”
Accordingly, unless indicated to the contrary, the numerical parameters set forth in the following
specification and attached claims are approximations that may vary depending upon the desired
properties soﬁght to be obtained by the present invention. At the very least, and not as an
attempt to limit the application of the doctrine of eﬁuivalents 1o the scope of the claims, each
" numerical parameter should at least be construed in light of the number of reported significant
digits and by applying ordinary rounding techniques. Notwithstanding that the nurnerical ranges
. and parameters setting forth 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 1n their respective testing measurcments.

[06256] It is readily apparent to one skilled in the art that various embodiments and
modifications ¢an be made to the invention disclosed herein, without departing from the scope

and spirit of the invention.
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[00257] As used herein, the use of the word "a" or "an" when unsed in conjunction with the
term “"comprising” in the claims and/or the specification may mean "one," but it is also consistent

with the meaning of "one or more," "at least one,” and "one or more than one.”

[00258] It is contemplated that any ‘method or composition described herein can be

implemented with respect to any other method or composition described herein.

[00259] The use of the term "or" in the claims is used to mean "and/or" unless explicitly

indicated to refer to alternatives only or the alternatives are mutually exclusive.

[00260] Throughout this application, the term "about" is used to indicate that a value
includes the standard deviation of error for the device or method being employed to determine

the value.

[00261]  Other objects, features and advantages of the present invention will bécome
apparent from the preceeding description and examples as well as the claims. It should be
understood, bowever, that the detailed descripﬁon and the specific examples, while indicating
" gpecific embodiments of the invention, are given by way of illustration only, since val_‘ious
changes and modifications within the spirit ahd scope of the invention will become apparent to

those skilled in the art from this detailed description.
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CLAIMS:

I. A dry powder composition comprising a particle, wherein said particle comprises a GLP-1 molecule

and a diketopiperazine.

-2, The dry powder composition of claim 1, wherein said GLP-1 molecule is selected from the group
consisting of native GLP-1s, GLP-1 metabolites, GLP-1 analogs, GLP-1 derivatives, dipeptidyl-peptidase-IV
{DPP-IV) protected GLP-1s, GLP-1 mimetics, GLP-1 peptide analogs or biosynthetic GLP-1 analogs.

3. The dry powder composition of claim 1, wherein said diketopiperazine Ais a diketopiperazine having
the formula 2,5-diketo-3,6-di(4-X-aminobutyl)piperazine, wherein X is selected from the group consisting of
sucéinyl, glataryl, maleyl, and fomaryl.

4. The dry powder composition of claim 3, wherein said diketopiperazine is 2,5-diketo-3,6-di(4-

fumaryl-aminobutyDpiperazine.
5.-  The dry powder composition of claim 1, wherein said GLP-1 molecule is native GLP-1.

6. ‘The dry powder composition of claim 1, wherein said GLP-1 molecule is an amidated GLP-1

molecule.

7. The dry powder composition of claim 6 wherein the amidated GLP-1 molecule is GLP-1(7-36)

amide.

k8. A process for forming a particle, wherein said particle- comprises 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 a combination 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 i5 formed. -

9. The process of claim 8, further comprising removing a solvent from said co-solution by

Iyophilization, filtration, or spray drying.

10.  The process of claim 9, wherein said particle comprising said GLP-1 molecule and said

diketopiperazine is formed by removing said solvent.
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Il. The process of claim 9, wherein said particle comprising said GLP-1 molecule and said

diketopiperazine is formed prior to removing said solvent.

12. The process of claim 8 wherein said GLP-1 molecule is selected from the group consisting of a native
GLP—'I, a GLP-1 analog, a GLP-1 derivative, a dipeptidyl-peptidase-IV (DPP-IV) protected GLP-1, a GLP-1
mimetic, aGLP-1 peptide analog, or a biosynthetic GLP-1 analog. -

13.  The process of claim 8, wherein said GLP-1 molecule is provided in the form of a solution

comprising a GLP-1 concentration of about 1pg/ml - 50 mg/ml.

14. . The process of claim 8, wherein said GLP-1 molecule is provided in the form of a solutioﬁ

comprising a GLP-I concentration of about 0.1mg/ml - 10 mg/ml.

15,  The process of claim 8, wherein said GLP-1 molecule is provided in the form of a solution

comprising a GLP-1 conceniration of about 0.25 mg/ml.

16.  The process of claim 8, wherein said diketopiperazine is provided in the form of a suspension of
diketc)piperazine part'icles‘

17. The process of claim 8, wherein said diketopiperazine is provided in the form of a solution
comprising particle fomﬁng diketopiperazine, the process further comprising adjusting the pH of said solution to

form diketopiperazin particles.

I8.  The process of claim 16 or claim 17, 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.

19, The process of claim 18 wherein said agent promotes association between said GLP-1 molecule and

said diketopiperazine particles or said particle-forming diketopiperazine.

20. The prdcess of claim 18 wherein said agent improves the stability or pharmacodynamics of said

GLP-I molecule.
21.  The prdcess of claim 18,"wherein said agent is sodium chloride.
22.  The process of claim 16 or 17, further comprising adjusting the pH of said suspension or solution.

23.  The process of claim 22, wherein the pH is adjusted to 4 or greater.
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25, The process of claim 8, wherein said co-solution comprises a GLP-1 concentration of 1pg/ml -50

mg/ml.

26.  The process of claim 8, wherein said co-solution comprises a GLP-1 concentration of 0.1lmg/ml - 10

mg/ml.

27.  The process of claim 8, wherein said co-solution comprises a GLP-1 concentration of 0.25 mg/ml.
 28.  The process of claim 8, further comprising adding an agent to said co-solution, wherein the agent is
selected from the groﬁp congisting of salts, surfactants, ions, osmolytes, chaotropes and lyotropes, acids, bases,

and organic solvents.

29.  The pfocess of claimh 28 wherein said agent promotes association betweeh said GLP-1 molecule and

said diketopiperazine particles or said particle-forming diketopiperazine.

30,  The pr0cess of claim 28 wherein said agent improves the étability or pharmacodynamics of said

GLP-1 molecule.
‘31, The proceés of claim 28, wherein said agent is sodium chloride.

32. The process of claim 8, further comprising adjusting the pH of said co-solution.

33. The process of claim 32, wherein the pH is adjusted to about 4 or greater.

34, The use of a particle comi)rising GLP-1 and diketopiperazine in the fh‘anufacture of a medicament
for treating a condition or disease selected from the group consisting of diabetes, ischemia, reperfused tissue
injury, dyslipidemia, diabetic cardiomyopathy, myocardial function, acute coronary syndrome, obesity catabolic
changes after surgery, hyperglycemia, irritable bowel syndrome, stroke, neurodegenerative disorders, memory

and learning disorders, islet cell ﬁansplant and regenerative therapy.

- 35. The use of clalm 34, wherem said medlcament is to be provided intravenously, subcutaneously,

orally, nasally, buccally, rectally, or by pulmonary delivery.

36.  The use of claim 34, wherein said medicament is to be provided by pulmonary delivery.
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half-life and bioavailability of GLP-1 as compared to native GLP-1.

38. A method of forming a powder composition with an improved GLP-1 pharmacokinetic proﬁie,
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, wherein said dry powder comprises microparticles comprising GLP-1 and a

diketopiperazine.

39, The rmethod of claim 38, wherein said improved GLP-1 pharmacokinetic profile comprises an

incrgased GLP-1 half-life.

40.  The method of claim 39, wherein said increased GLP-1 half-life is greater than or equal to 7.5

minutes.

41.  The method of claim 38, wherein said improved GLP—I pharmacokinetic profile comprises Improved

bloavallablllty of GLP-1 as compared to native GLP-1.
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<210> 1

<211> 31

<212> PRT
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<400> 1
His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly

1 5 10 . 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
29 25 30
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<211> 30
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1 ’ 5 10 15



Gln Ala ARla

<210> 3
<211> 39
<212> PRT
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<400> 3
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1

Glu Ala val
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35
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20 25 30
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5 10 15
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