DI KETOPI PERAZI NE SALTS, DI KETOMORPHOLI NE SALTS OR
DI KETODI OXANE SALTS FOR DRUG DELI VERY RELATED
WERPLOECAT3I ONS [ 0001] The present application cPEI/mg2005/030026
priority under 35 U S.C. 119(e) to United States
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prophyl acti c and di agnostic agents, stabilizing agents
and systens for their deliver BACKGROUND TO THE
| NVENTI ON [ 0003] Dﬁ&&&ﬁﬂﬁr&%een a persi stent
[0002F hal [Taisgaventionhie gemaraiipde thé diald afrdmg gedivenycnelated Yo both small

molec‘ﬁ%ﬁ%&ca [n%{:li'l oleocgg’{jsdir%bs\mi\llo?%% |cu§90 dtnllg df %f tgggS@kggotb?perazine
salts, dhEih usé ars the fforculedioni ofcductiedrugs Indidied dErgmaudiz pephylactic and

cnond oS SERIARER R PRRTRER elenly's I Those

2,5 di ket opi perazines have been shown to be useful in
drug delivery, pagidesiroBibYotrl@ffveR®@kI Ng acidic R
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particdetly wherya Sygfie mnétaBleEdBnBlo%E)Bo@nabdoft&ﬂ atliet loodks iﬁahe body to which

. If Assenpl i ket opi ra2| Lvery :
tis GUpBTe, 998 9169 Lt o SRR 2P aRetohisgradni, funicn s
repredeatddvmrtiie Compoursd of gheDpdretral fiopaulazi asesHowarbekldsy BBdre, B3N8
entitled "Carbon-Substituted D ket opi perazine Delivery
System " each of whgeh is ipcorporgted herein by
reference in its entf ot that it teaches
regar di ng di ket opi perazijnes an
di ket opi perazi ne- medi at gd drug [del i very).
Di ket opi perazi nes can or nto particles that
i ncorporate a drug a”partTEjes onRp which a drug can
be adsorbed. The conbination of a drug and a
di ket opi perazi ne can i mpgm,LARroved drug stability.
These partlcles can be a n1n|stered by various routes

€5 A BoPHI RSPy BR B bOFRF B8l 5 Pcany
those rbeapng atidicyR syaipsnsee épendmpip OrS. featentdNes. $,3%2,461 entitled “Self
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I ncor avehous suspensi
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entire&;ébg %ill 3th§tdit qéé@res NQE&EHS' (ﬁﬁé:toﬂbérfa.kiﬁgé taingsdiﬁﬂgpigérgﬁﬁe-mediated

drug delivery). Diketopiperazines can be formed into particles that incorporate a drug or

particles onto which a drug can be adsorbed. The combination of a drug and a
diketopiperazine can impart improved drug stability. These particles can be administered by
various routes of administration. As dry powders these particles can be delivered by
inhalation to specific areas of the respiratory system, depending on particle size.
Additionally, the particles can be made small enough for incorporation into an intravenous

suspension dosage form. Oral delivery is also possible with the particles incorporated into a



di ket opi perazi nes are diacids, or are in diacid

form's), due to the [imted solubility of these
walb@eioz4nt non-basic pH (i.e., neutral or aciBCPH2005/030026

Anot her difficulty arises because these diacid
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In one enbodinent of the present invention

t he
solub'h%tagr%@%tra'@r@&fﬁﬁmram BRAMANAASHIaF thell Ese ihifte manufacture of

therapeb§OERApHitdonshe drug or drugs to be delivered. These
m croparticles include m crocapsul es, which have an

outer shell conposed of either the heterocycllc

conpound al one or SBMWMARLOREHE INMENJIOM one or nore

[0005fl" UDShe THRsdWt iRU&HGR! hroviaSSMABRAIED Urud NRIREr§SEBtems comprising
I nvention include, without limtation,

carbowlq(tgtsggﬁ ﬁferpeégrpﬁ@c caMRRYHISIP ﬁH@S‘PInﬁB%n gﬁla one or more drugs. In one
emboal|h+éﬁt efltrexsrassntanintibe ittie ﬁé’t@ﬁiczéliét ¢oMpolinas @&t midiGparticles that

het er OC%" clic conposli ti ons of resent invention

iNCOrRORRTP thes@rug oy idiugsdr Rgaifiverein J§ess ml,crgxﬁggg?sn@clude microcapsules,

whichNgARr 8ftauier sl sorassvdadofebifer 1A HiAdrbsyclit WdRpbund alone or in

Specifjcally preferred_enbodi nents include, wthout
combipatiqn with 8Re opEIag gdiygse Lhe peterocyclic compounds of the present invention

mclud@; %tﬁblﬁt4hrﬁlfﬂt|6ﬁbUﬂ(}é{obrp%rfnr@sk@tk@ﬂinﬁ’&bﬁ’dﬂn@@ ardugiRetd8ioxanes and
succi nyl_-4-am nobuty %-pg& - di ket o%speram ne,

their sgbghta@wa&gs 4Tr}§nt|1q§%rsﬁ¥cyp)co Eﬁ’rkge‘?fdﬁ? B S0t |ngnt|on comprise

rigid r%xﬁgcma(m Nathopposifig hatraads ¥hd urbdndet lericerh paiFazi ne,
6-di (gl utaryl -4-am nobutyl) -2, 5-di ket opi per azi ne,

[0006]3 6- Spietiffedliy nyrefedred némindelirngty -i@¢lGded i Withtoop lipéataon, erivatives  of
3 6-4di | -.d-.an I k
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diketopliperazineaf t 8i6-dilmaleylt4-ainkebupl)-BerdiketopipenazifBKP) 3,6-di(citraconyl-4-

o113 SR hes PRI TR B GBSt Mpgerre.

di(mabbpget-ainmablityl)2di-diethpipeiaginehat | i t hi Ur&@;—dl(@@lﬁ#-miBebutyl)-2,5-

dlketog|pgﬁa%_ﬁ're lﬁd % (fdlghéu%bﬁ’%ea?@ﬁ%leﬁg% ?%ee%f)sipe&%%i?% éhdareinafter fumaryl
dlketmwetazme treff D). dvdditiooallyc opriydemetdcalidenivatives of droploranfientioned
T L
dlaSPMBlﬂ dlmtomer‘a@narq@ aérdlg)@trawyb%t opiperatine ;ﬁasasi@ﬁrned further
below?)?i%er | BRsilidtel WiRin tWé %B&Bg of th Fe%(ehp Hv {tidR lélnH rés%ngh are hereby

K hornones, pept| pro I ns, ysacc &rid
specifiathhdiagaimegdar i n, nucl ei ¢ aci ds (such as pI asmi ds,

ol i gonucl eot i des ant i anse ?1 a NA% ds an g
[0007]; o pBERIESRAYE; Hugs Ushiy vBthgtheadiiug, d SY?'?Jt ted“%\é’ {pg present
invention include, without limitation, insulin and other hormones, peptides, proteins,
polysaccharides, such as heparin, nucleic acids (such as plasmids, oligonucleotides,
antisense, or siRNA), lipids and lipopolysaccharides, anticoagulants, cytotoxic agents,
antigens and antibodies and organic molecules having biological activity such as many of

the antibiotics, anti-inflammatories, antivirals, vaso- and neuroactive agents.



antigens and anti bodi es and organi c nol ecul es havi ng
bi ol ogi cal activity such as many of the antibiotics,
wa@ndiosioeFokrmmat ori es, antivirals, vaso- and neuPCHU$1008030026
agents.[0008] In one enbodi nent of the pr esent
[0008]:1 vep MH‘? Bod?ﬁ‘.éﬁt”&(igé‘fﬁe%@ht' Mvegﬁgﬁpé a%ébﬁca%f:a@cep able salt
eterocycli ¢ compound I's e ng to ornu
ofa heleror;mhmbrapqurmerpe:rwﬂemacg@rdm ted;'nrmulgé at | east one
car boxyl ate functional group, E1 and E2 conprise N or
O and the salt furtg | | east one cation.
I n anot her enbodi nent, cyclic conpound
conpri ses a di ket opi perazine. lln yet another
enbodi ment, the carboxylfate grqup is terninally
located. I n another e t he pharmaceutically
acceptable salt, RLQMd R2 Epnpri sy 4- X- am nobutyl and
X is selected fromthe group consisting of succinyl,
glutaryl, maleyl and fumgghhaiahn still another
enbodi nent, the cation is selected fromthe group
c t u
B, RE% 5, AR PRLES G K RGNk 6. € ano
comprisei I\ébh@ramldalne st furtbmnnnneaatiaa@ronembwi mimanahernemebodiment,

the he?ésrggygc?& gbrﬁl}ﬁﬁﬁdu?n&g%rfs{ég Oa?&?étgﬁiﬁgﬁéfzf.n‘éal Ih%?gﬁahérbérﬁb&ﬁﬂent, the

carboxydie direumpisr teyningl6 lagatedt ofn prother embedimenbotithgl phatmpceutically

accept")éb% gélreﬁ \%gcﬁ%zaéérﬂﬁnse[ 99(1%51%)?%@283&7’2&;% g@l@&teeffr(;nh%e group

consisging of slisdingb elokarg imgleal Fietinmacéutn Silangtht eapedinieat, th eation is
e C t 1

select% fr%nhﬁ{eRél%ﬁp élggglsﬁ fggﬂg@ %ggag!tsl[]%n ec%lccgdri’r‘i ggll;/?mf triethylamine,

butylafines diegeaplagrirapnd Eﬁthandammecon'prl se N or O the salt

further conprises t, one cation; :
10005}, 1o i1 1CUHRT GEREMEb i (080T RSBt MBEN G| PPoarpiBaceutically-
accep@bRNéalt Bir)t @Qittiain saltastta 581280418, 65dikétdpiberakine or 2,5-diglutamyl-

inclusion in the conpositions of the present invention
3,6-dilkelenipri@z A®r mones, ant i coagul ant's, i mmunonodul ati ng
[0010@95%’@ nagg)éh%%?ffﬁeg\h 2&e{ll1tes P%aggﬁt' FHVQH d&gc? Elﬂélja}ééutf%l %omgosmon is
providad dcamprisigu es phhl_emamﬁtlcallm mpeb‘@o@amm at heterocycllc compound
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acconﬁh%t Ofgér&% r#o%é d‘?’%‘éér# ?&1 t@ﬁgz %%ﬁérééeg%li’%dgi‘gg%p Q%écl})lylété‘ funfctl?rhal group;
E4 anpr!é;ssnmpnwéhtorda; the falt futher ecbriprisas | dtglepst eng ifatien;aand the

coms S oy R ROl BRI i sy st

C conposition
for indlysicninitom compesitinne if tie presentriaventien inckidiefiormeres, gnticoagulants,
. ; s e al
mmurﬁé?ﬁéﬂﬂ{la%h? Cﬂ{é?\:iso %It&BJub nd% n%lf?)iu?%r a?lﬂl‘th/ﬁglg‘rl’?te]%senlgé antigens,
antibodigs zgd a‘ctwqﬁrag;yerﬁ@ apd ga@ggmq; thereph blineane emplpdiment the biologically
actlvesaggﬂt%!intsﬁm’ [0013] In an enbodi ment, the therapeutic
osition of the present |nvent|on is a dry powder

[0011End ihansaet érﬁb@tﬁm@ﬁt % Wleippuiovsiapoditvefahsl prsgehiteihvention is

t ween, about O. rr]crons and
SO

formulated in a liquid such as a ution or a suspension.

[0012] In yet another embodiment, the therapeutic composition of the present invention
is a precipitate and the precipitate is formulated into a solid dosage form suitable for oral,
buccal, rectal, or vaginal administration. The solid dosage form may be a capsule, a tablet,

and a suppository.



10 mcrons. In one aspect of the enbodi nent the dry
powder is suitable for pul nonary adm nistration.
WO 0@54239n anot her enbodi ment of the present | POENB2005030026

a method of preparing a solid conposition for drug

del i . L et e " .
100130 14 alrBoiRY, S ERPRUE bt oA e freBerkihiehliBRs a ary
powdephad theceautidlesadfl spidadry epwvadn have & diaretenbéfween abgutiG.gmicrons and

: 0 ' ol vent VEF Vi |
10 mig8EC IR Enpsped R R STING My PRl koI of pumonary
admingtration. | ati on, evaporation, and |yophilization. In one

enbodi ment har maceuti cal | yacceptabl e salt of a
[0014}et eirberwherceretemfmamfcpf e Prasenispyentionr @ Mmeteest of RgPariig  solid

compdsRiofUioR drugMaghiving @%r&ﬁdeﬁzc@rﬁ;ﬁﬁ‘sf rth eprééarln@aétsoﬂman contamlng a

car boxyl at'e functi onal group, E1 rise

biologicallyazfdive Rgertand & mqrmpe%W¢%gtaaP Sfaétegf@ %’O%ﬂ'? ghmpound

in a sblI0&nd! Hérﬁb@tng&ﬂ@tsb%nlewadhétﬁﬂé sefectcefrdin @se Bfoup con5|st|ng of
I nvention, the nethod rloreI paring a solid conposit
co

distillafigf, @yapgrafien; @@ﬁy'mnﬂtzra%? RApPIe NRqenesit eﬂ"%whafmaceutlca"y-

accepfBble’ QA 2 Y hbfé‘?oc%@lﬁd domPodr® Rh& tHE )/strf@l@wﬂé?racccﬁraﬂ Gﬂo Férmula 1
an_enbodi ment of Fresent i nvention,
é@mpnse N

wherejsy Rp@lr Bn@oraprbﬁeyaté%%a@ © C8PoYYag fa%@m%'rqrovg%p 256
or O, &AL st AGhePEpridey bfigast oheladtioen of a

pharmaceutically acceptable salt of a heterocyclic
[0015c onpaupet zamothen ebibodiowEnt af the @esent énvegtort, the metoa ¢f pieparing a
solid cﬁﬁﬁggéor\g@oznf d“qén()g gu% %%ﬁ%ﬁese{sethg %tcé%sof?nlgjoﬂllzﬂg tﬁé‘%h”é to form
adry mﬂvaielrraceutl call y-acceptabl e salt of a heterocyclic

onmpound has the structure according to Fornula 1

[001 61/\lner & an rMbedinept el Presenbinvention: a FirdhedeiRssRarage dry powder
for drﬁé”b“e‘idléwaig (b RHEY c%pﬁﬁﬂ? Edr&0aRinG @ SbidonOof @nghdriceutically

further conpri ses | east ‘one cation. |n another
accepipisoelheng ‘hetaecyshs Er@PaLchANg Rebiplog Al eRve Adent to form a dry

powde?rWHe@é?llw ¢hd @Y pRWLBPRRN¥eSI8 Ibiof&Yi délly laBtl\béeégeﬂﬂ(M B embodlment the
odinent, "the particles of the grhcPowder have

pharmege/dsaibyatsPIRbES AR NSIETPOEL FomROL BRbUSI TR Rocording t

FormLM"q vﬁ‘e@@tﬁrﬁ SIREOEhSHe A Ié‘é%méﬁé'cbfﬂb&ylﬁférfuﬁ@dnﬁlegﬂonﬂ E,and E,
bi ol ogi ca active agents i s provided wherein

’compr@@rm@spa a%?/f@oﬁ@ﬂrfwrg& CaMpBHRGS A dast P%%\F"‘I“V”aé’& amta%ﬂ jqmbodiment,

the p8ditlesdf thehBhepoRi&H bfe %Ql‘iﬁlﬂém@r @Oﬁncﬁnahj Aep@rgal Iry yet another
active agent ‘spray dried to for owder _such
embogimgpt, t”f?ep%!?‘i}eﬁ)%fvm%F%R—ﬂ"‘@&%B%"es%\f‘{QOB'tyo‘%/fdgﬁscta?”9 active

[0017@%2? caéht Ingogﬁrﬁé"?%’# E;gestenP mvenpon l%e(fomposmoln Eor delivering

y-accepta [y erocyc
biologtwalipactive dgaststis prosided etherein frecamnpasdion comrisas &apHarmaceutically

rel ' C t
accepr%ﬁec%lg ﬂg% h%?ea%cﬁ%@éh@&ﬁénd S%?&o@@ﬁly ?c”u%@ )ééglg raey dried to
form asdiytpoindet fieah tbatitbe idagsovecterlr@aasescaam kielogically activeagenter In one

[ r |
embo@ﬂm}%?ugbtﬂg éhoarrrtngu ﬁ@%lé/;é}?c%@e?l%é%ﬁ oF r?y h&gy&ﬁél Ec?mpound has the
structenebactiortimg to tRoemplar 1 i viessinoR, tohd?zdcgmprmdet Idaat/@na carboxylate
functicgn%g%?duw E?fanli eEszscomprise N or O, and the salt further comprises at least one
cation. In another embodiment, the particles of the dry powder are suitable for pulmonary
delivery. In yet another embodiment, the particles of the dry powder have a rugosity of less

than 2.

[0018] In another embodiment of the present invention, a microparticulate system for

drug delivery is provided comprising a composition of pharmaceutically acceptable salt of a



than 2. [0018] In another enbodi nent of the present
invention, a mcroparticulate systemfor drug delivery
WO g00p0zoiedied conpri sing a conposition of PCT/US2005/030026
pharmaceutically acceptable salt of aheterocyclic
hetero%g&@%Uﬁ‘goWar?d 5’b%’o@%aﬁ?%txlg%g%htvaﬁmdaﬂr%%nqwC(‘fmgés‘ﬁlo'ﬁ releases
ositron rel eases cally active age
a blol¢g1pédiVI@Cé\rﬁae@ﬁn’fedn oneimqmdmmc@etnr@ﬂnage@i@@kvpﬁcsmtéble salt of a
e r
hetero%@:lh{: gfrﬁauﬁ@h% ?ub@r%er i E@Qﬁ& 1 %Jh%l‘é% Rl Br Rz comprise

rise
at leastawst canb@wtaéa fumzijoral graugn Et atm&lz cgm@upe NEqr nancEﬁﬁe salt further

comprfs%gp%t' REstNo Cg'mﬁa?ﬂeﬁ% il%ﬂngcgl;ll IS GBRPELS Gfci@le hormones,

one ca actrve agent can
anticoaguiénigle inwnunomesiulating i @oeris amcstoxmrrmgﬁoﬁodantsh@twg antivirals,

antlseﬁgete ahe en%yémbgél'eg aRg SBive: fbagﬁ{én@ &Md Iog%@% 'tr}é'récﬁl S,

anti gens, anti I es an ct fve fragments
[oo19pnd ﬂﬂ?épgh'&ﬁert B@be@iment 8911%] pidéemetnvélrﬁtﬂinhatﬁe composition of the

enbodi nent of the present venti on, conposj. tion
microRATIGRLe SYPBiar FELPAHAET WUFL Fieases #ﬁ%ﬁﬁp ACys agent in the
pulmoh&ly&g§tefn. aTHa cnsisioh lciin ﬂmhevse deip@ted o th@ﬁulm&mé%m The
Sy ste The .conpagsiti on can fur%}her be del i vere

compaHoT B g BFLBURE. HRETE i BF L PRTPTRAC (e e sysfemic. blood
circuldlibf bPa@NédaMy inthe WigsdfterisIRBrye tedpaimdasryisstem: he
system c blood circulation or act locally in the lung
[0020kf t etn dah i embyditment hef (e npreseyt syendon, [tBO20dmpesitam of the
: ' f t t Ny :

micoBBLTSDhe el cBE SE0 EPURRL AR 06 GRIBORH Bovion o
the biolpgigaltyedaqtuverageatmd fagildated rbytthe oummmﬂraane ofin phe embodiment the
liquid gia@kﬁ%@@ d¥a ﬁpt ive agent is facilitated by the

opi'perazi‘ne. In one enbodiment the liquidis

[ooz1fdm M SrRiRE &hBddivent 8P2Ad ;bresanomb@rﬁnoﬂnhﬁéhmos%n of the

present invention, the conposition of the

micropATiGUIar YSIAM ABRRIPEE ofh BERBIFEeaNd, Whereinp e absamiion of the

biologhBRY @ttivel BEertbis Oaglitattd BY tihd1QlikatapigegaAmd.| YinadHd ¥Mbodiment the
agent is facilitated by the diketopiperazine. In one

prec'péﬁ‘ﬁd'ﬂ?‘i’@WtStqrﬁ%oﬁ”léM pitate is adnministered orally.
[0022{,[12t hﬂja? A ggfnn%gpt/ F%PP"%S%P{ ,nvggtg egen%th %‘f’q‘?’}f rjl\pe% o?partlcles to

the puiyshamm system csvpmtelded@npmrlsngrgadmldlsiemngtm inhglafipa to a patient in
al at i t a 3

co 5 DBl chREhgol T BERDrRly SERRL BB b oyt = o

powdefrothsndw pawderyprepaved by spinagy dhyylgpi)smiellorp«:capmrsm aayorspmsatgon of a

pharm%%éli#trnrtgll Al Clg’btaélbie;&ggogep e%%{:@&h@fc‘tﬁﬂm%' :%]Héj?d;tr)lglcgeﬁlly active agent,
wheregotineaim goader =ldsises twi taialbgiyalb/caqtlve aggrmn_the\pelnmnary_t $ystem. In
one eﬁWXdl W’tqur\e §Jar§r?a§ l§t|cta|\F- ﬁ{ea%geg n%f” J)fya ﬂ%&?@’cﬁgﬁ%ﬂﬁpo’uﬂd has the

r‘mna
structq:rbaacrmciyug ite dorpulact eheatin eRs af tRotomprisst 8t raptlohe carboxylate
d t t r t r
functuﬁ}%@%ﬂ% E?%ﬁd co?rlgfngg N;é? g"%ﬁg atglf: ré%lrt] g@%rgér?bégk(ﬂyﬁsés at least one
cationf uncti onal group, El and E2 conprise N or O and the
salt further conprises at |east one

BRIEF DESCRIPTION OF THE DRAWINGS
[0023] Figure 1 depicts a laser deffraction particle size analysis of particles made using

a fumaryl dikopiperazine (FDKP) disodium salt according to one aspect of the present
invention. (A) preparation A; (B) preparation B.



cation. BRI EF DESCRI PTI ON OF THE DRAW NGS [ 0023]
Figure 1 depicts a |laser deffraction particle size
w@n@bysiogd of particles nade using a fumaryl PCT/US2005/030026
di kopi perazi ne (FDKP) disodiumsalt according to one
spe ; ;
[0024{"1 ﬁgepar aJté oclr%r @&Fﬁ% 3 zﬁé c%@ér%tlgﬁ% lQ&ﬁm‘frg%t{oﬂrkrfé formulation
of a FﬁKfedud@dlemmmanontamnmg 25%s;e$uha| (Mw)amtaﬁ@raccﬁrdlag to the teachings of

n of a FDKP di sodium salt containing 25%
the pr&%rnmlvéﬁtko\?'\rvw made according to the teachings of the

[oozspr es Eiuré NY edHpicd@s)- scbﬂﬁa% elBLtEBH emarodecgiyct(srsw agfniangpray dried
el ectron m crosco éngE

spra
microparkgle PigRareI® pt 8p .@ﬁo%vmasaﬂgfz@%ainwd%% ogylin (w:w) made
accordifg tcrth8 itdiEhihadof e Wrédenf ivaitioRrde according to the

teachi ngs of the present invention. [0026] Figure 4
[0026Pepi Figurad d‘eprctsl ar ad:wtérstealstdblllltwstsdyjdysméy dmdamlcmpambles of a

rokeyRRAP: bofinElin kRIS Bt bR asgoripe to the
teachihfe dfethehpregentofnvehtionp(stipplet) | congnared o (mltrppllmhlllzed powder

C ared to control |yophilized powder (hatched).
(hate rlegggﬂ Figure 5 depicts the effect of solution

[0027]30nc¢"§dré“5'd¥&|c@snth'erb°ﬁéki & stdlh! doh¥erfatis® oAYNndlfih @ehbility of spray
m croparticles of FDKP di sodiumsalt/insulin

dried misranAtiatesoH s FIRPHIEMESI TS [GrTUIRiBR CRteipingi 28 eulin made

f th @&Rtion tH o CeRtRS yRPhilifed der.
accor(?:ﬂ%%&rtg@(i&& sgl Eggﬁeég\xg@rém OB&ZSEMQH gare 6 cf%i clts powaer

[0028FEM ﬂgﬂr@@ld@ptﬂs SEM anm,lsis cbf/tde dehrn!deEcﬂMlﬁ REKR sa|t microparticles
e salv a sol vent
formef] 5 P AP LA B AP G 25 B Fihe JFRHER of the present
inventiphesent i nvention. [0029] Figure 7 depicts particle
size determ nation by laser diffraction of spray dried
[0029yi cr djigure iTcdenicts ParicleDrpe detenmiseliemby daseridifgagtion of spray dried

mlcrof)é?{laég 8t L %K@@Bﬁ%nﬂﬂ? gé%nb@ﬁ%o?rﬂulé%ﬁ”@oﬂ@ﬂlﬁg 25% lnsulln (w:w)

cording to the teachings o he present 1nv
made[a©cl3@]19F<D Q@rteaﬁﬂft%mfmespfpwf’tt inveetial. ze det er i natl on by

0030} Sl RS Bt B i ah B0 o S e ara
mucroéé?%lé@éﬁé |F{IDI<(P/\ﬁMIbntrrmd}m @QIQMédlri;@rmmaﬁchgf%drﬂ@ﬁlthgTBD% mkulin (w:w)
presen I nventl | re epli cts
madeﬁgpqrplggéo g]eztgaqjm@rq%wrﬁf.ﬁpjf%vep%gbr di ff Pact i on of
R e g
micropar§cles of @wdianmenien aalt of dusninyi diketnpinesaeie (RfFCR) cartigining 25%
insulirﬁ%ﬁ@amadé BX@Jﬂéihgﬁth%‘?Q&%]ngt 'oghllre %&5@@%&&1 SEM of the

anmonrum's or Irnsulin
[0032fC COIFHURE 10 @epidf sm@htﬁéga)m atrh&;rﬂrrﬁgantormnmwatvin@msoA, insulin

according to the teachings of the present invention.
[0033] Figure 11 depicts SEM of the SDKP ammonium salt formulated with 25% insulin

according to the teachings of the present invention.

[0034] Figure 12 depicts an accelerated stability study of the spray dried microparticles
of a FDKP diammonium salt/insulin formulation containing 25% or 50% insulin made

according to the teachings of the present invention compared to control lyophilized powder.

[0035] Figure 13 depicts the generation of the A, degradant during an accelerated
stability study of the spray dried microparticles of a FDKP diammonium salt/insulin



[0033] Figure 11 depicts SEM of the SDKP anmoni um salt
formulated with 25% i nsulin according to the teachings
w@booslz3opy esent i nvention. [0034] Figure 12 deptTUS20851030026
accel erated stability study of the spray dried
J Hiclg8g F [
formul?ll&{ emé.wng 2;50/?] ?é?ﬁ"lﬁan %g%%orglg%% Aﬁﬂ\isﬂ fi‘/ﬁ t@&éﬂ"ﬁ% of the present |
inventigpcomparag to sontrad Ivophibreche@vdstr. t he present invention

Cco red cont r ol 0035 .
100361, 5" G Eisicn 14 BRRC aerch PIAPLHEBIY SRsh o du SRTa trig fdrgpartites
of a d@ﬂnrﬂ@rﬁ@ﬂn%@lﬂe%a&ﬁrﬁbhﬁ fdrMu&h&ﬂ)éo@fémH@eZ@’Bﬁﬁéﬁlldrrh@die according to

croeﬁrtlcles of a. FDK

the teachjngsioh {13 RTRAH WP%?Q”&?”@@H%OHBO'QWB‘F%B%"ﬁ"ﬂsul n
[00371mven gér)] Hgodl:n%)ar >, Jg{l gerﬁe% Pgﬁ]yop’dt({ég éﬁ%ﬁts eq an accelerated

stablh{yO@fBlGi/ &fi ther spay deqgd Unlsroaartlabsebie_raaﬂadnmmrawml BDKP salt/insulin
formu Wgon%mﬁg%g%gn@m'ndrf%cﬁega{go% % Fq‘%?e%‘h”%% é’ﬁfh% %rle%%nt invention
compeﬁé@fdo coatrol Ijophaliked powderdi ng to t he teachi ngs of the

sent invention conpared to control |yophilized
[0038£owd &fgurg B gepictsi the ,agropgngg*g, r@trfgrmwegfé Fera grigd KR Qisodium
salt/mﬁﬁi'n Qﬁgélééj%htaﬂ*ﬂd HErSH3IrRC FBLIRT bScbnerhfidHs! h{a)desédégwlrﬂj to the

F dried mcroparticles of a di amoni um SDK
teaCh'ﬁ&?r of/the BIRSERt IPINAMN-at i on cont al n| ng 25%insulin rrade

1003985 S OFRE 1P ddierd R B R BRAERRRL BBV ey FOKP

dlamniﬁumpsaﬂhasmlhe’ paﬁmtmﬁyrcamamlrpgenh@eammg:anaﬁlmspbagemina'tiemb made
L t/] artlcles cont ai ni ng '
accorﬁ%@% 5“%%[3“13 PES r?cL: a'tolnons made according to

t he teachl ngs of the present invention. [0039] Figure
17 depicts the aerodmaﬁmﬂbwfﬁmnce of spray dried

10040 e BET AP PPt ke Pabi-Id Dl e ngerstanding

of certalmgteiresithiat wm?»aeafseﬁ hereprafteent i nvent| on. DEFI NI TION OF
TERMS [0040] Prior to setting forth the invention, it
[0041hay bicidiel pisuised deminyiadidicarefarsderaspd mangegofdfore & umite but not
includﬁwngms that wi II be used hereinafter: [0041] Acidic: As
ed herein, "acidic" refers to a pH range of fromOo,
[oo421ﬁp t CBaghit A@,ousddnﬁér*éml MBadic” fe@id2d PpHI @ihgé\of Yseel 8, up to and
erein, "basic" referstoapHrange of from 8, upto
includingd 4 ncl udi ng 14 [0043] Bi ol ogi cal agents: See "Drug"

[0043P¢! O%uo{og%ﬁ‘ A B - ?@db ere;'nbe' ow. [0045]

keto or azl di ket opi per azi nes"

[0044p’ " QRgoi Bek U@l@@ below.

[0045] Diketopiperazine: As used herein, "diketopiperazines” or “DKP” includes
diketopiperazines and derivatives and modifications thereof falling within the scope of

Formula 1.

[0046] Drug: As used herein, "drug”, "cargo" or “biological agent’ refer to the
pharmacologically active agent incorporated with the microparticles discussed herein.
Examples include proteins and peptides (wherein protein is defined as consisting of 100
amino acid residues or more and a peptide is less than 100 amino acid residues), such as
insulin and other hormones; polysaccharides, such as heparin; nucleic acids, such as
plasmids, oligonucleotides, antisense, or siRNA; lipids and lipopolysaccharides; and organic

molecules having biological activity such as many of the antibiotics, anti-inflammatories,



di ket opi perazi nes and derivatives and nodifications
thereof falling within the scope of Fornmula 1. [0046]
W(Drz(wgms&gs used herein, "drug", "cargo" or "bi oPOTUSEN5/030026
agent” refer to the pharmacol ogically active agent
- lnc r ar : e e
antiviglGe VG 2ol M Oach0E ARG ShEr S SIS cctBE ChBmones
anticopguiarmsn lnEmdwmqqlekatlw agentsst tytofoyt Bgentani aotitaeticd, antivirals,

H@e'% O a peptide is less than 100 am no
ant:seﬁseesgﬂ d%% ,t%g?}g as insulin and ot her hornones;

[0047P0! Y IHGC B@Nd&es AsS UzBd agerBRPadry Npowaed! ebfersiab ds, f ri%u‘bartuculate
as_plasmds, oligonucleotides, antisense, or siRl

compastiondBataRdot syASHNgR Gt BRERYRL. 2 Rapelaniasareeer @tﬂﬂr iquid. It is

not mdY tdlienph) PLoEpIER! abBEhdeVditaN weisTm@scii@y of the
anti biotics, anti-inflammtories,antivitals, vaso- and

[0048]1 eur dicrbparticles dxst ised Beedn, fthe te{frx\a'lrpd:repartldeé"udtﬂudes microcapsules

neving 8¢ SR sheR Geinp oL ot Pl o FRECERBRY P18 BRE lmugation of 2
duketop:pénage:asancﬁnde a:ntmdmddrags [t G0ty nclddgs pnmdnspherés aswtthing drug

dispersed BirdlonBnR UGS oA S 31 hrdadiar e AP i wrich the arug

is coatedaxptﬁela:rface(smfrtmeapartlde oofillsevoidsitherieth. It i s not neant

a conpl ete absence of all water nolecul es.
[0049I 0049]1etmatr6§>amq kereis; "nesitrals exfersde @ikl range of &pfm 6, up to, but not

includingiscr opar ti cl es” includes m crocapsul es having an
outer shell conposed of either a diketopiperazine

[0050R! onevveaklaanzalmy e used Hefein, "diekkly afkalves" agfersetoansH eareye of from
It also includes nicrospheres

8, “pteo%%‘)ﬁﬁ"ﬁlb'g@m& di spersed t hroughout the sphere;
particles of irregular shape; and particles in which

the drug is cqrifleb Besrraon bReRE AlveRTiok he partl cle

10051126 e1The “PrEgAt aranip RSP les, GREY SRS dGIVerY elgms, gomprising

carbostyfate ballts MeterBG,}cud b@@p&ndEs@r@E@}\b\ﬁél&iﬁ wittbkebk mere d¥Sigs. In one
line" refers to,a

embocru%gﬁﬁ gfe {hgw'@?n\{\ewtenﬁm I']en tﬁr&p}ﬁmﬁmp@m [(%g Irn%rr]oqpeartpcfles that

incorpblattReRIrligir @"uggHE bk PdéEMFé%J\Ighs%&m]chﬂmmﬁﬁmemue microcapsules,
i nvention es i npr.oved, dr very syste

which JE(Er 33 HIFT S SETRERS o T10oh i, QBSOS (T EBIb GiRge or in

comblhérﬂjdhonm oed b?mo\fe ﬂﬂ’mg@nﬁwe)hetﬁmc?cld:rdmﬁuhgs onthe preTejnt invention

. e i ment. the present iny on_the het clic

ncludg o RBBCEN 0P AeBEBEFPINGP oS REIAOTR BT o Bkq Rtosanes and

their sdbstgutmh afalegs. tT(Dleb@te]‘ed:yV?hVebﬁﬂposTﬁmse)f mfne:pr@perﬁth;nférﬂSn comprise
ncl ud m cr. c an .0 shel.

igd g inas v B Rt g R AP gt P e BEEHE BB or

[00521qet o OC'e@?EétQﬂ M s ?n\%htlﬁgfn%lu%é‘g%f @leery rYstem comprising

I C conpounds of present ven I'0
the cairtmwllatﬂesalw af heterodyrlie eumerasnds i ReDRIpRtRar it eresor more drugs. In

one efbEGHRAPHRHHRY praSsnt3REnIbK ML HERKRDER &hthounds form microparticles

that incorporate the drug or drugs to be delivered. These microparticles include
microcapsules, which have an outer shell composed of either the heterocyclic compound
alone or in combination with one or more drug(s). This outer shell may surround a core
material. This outer shell may also surround or constitute microspheres that are either solid
or hollow, or a combination thereof, which contain one or more drugs dispersed throughout

the sphere and/or adsorbed onto the surface of the sphere. The outer shell also may



their substitution anal ogs. The heterocyclic
conpositions of the present invention conprise rigid
wheoagzivad rings wth opposi ng heteroat ons andPCibs2vd&eBs0026
el ectron pairs. [0052] One aspect of the present
surrodnﬁvﬁnﬁé |dl Chydg i Sﬁf#gﬂ%?la' Bfther §I¥§é%p|ﬁoémﬁ5|§étﬁg with the
the car ate salt erocycl i ¢ conpounds
aforemﬁbh%ml%%nmtels one or nore drugs. In one errbodl rrent

he present invention t‘m hetero cI | conpounds
l0053} or m'm?oqreﬁér?@ iSEIROginge for mpwae rrulgr%aﬂme&gas'e from
aboutto? Rficré®d to/ 8b&H -ter] RESBNETIIC HiRAREET] QNﬂﬁmldmé @@ﬁivery systems these

m crocapsul es, whi ch haye an outer shel osed

mlcro%qr@nﬁ%sremt q?étrgti:lgéygpf%n%p‘%%welép%g%o garg oleranc:eh
roosef o0 T msfilaei o Fodia T e Serith Tepdot Beb putfliation

dlketoaipemzmesr dlkattbnmrprmhnss |andtd;ketomow]mlseareis thdmatsulmtntuﬂon analogs.

hol r.eof.

These at%ﬁcy(:cig 91883|Honos éo r||§ ngr ) gggé@élbggytﬁﬁapggsdﬂ%nateroatoms
and uhbendef rebeatroantirer Taesgamieead fomtuba fdnailstoriperazioé ahtdts analogs is
t SO0 maysurround

Show'}ﬁgc'(?\&) tp??:%[ng% 'ﬁdaeﬁbg%}‘"r (ra{egul ar shape, either alone or

in conbl nation with the aforenenti oned m crospheres.

[0053] In a preferrRehenb nt_£Or pul monary

delivery, the micropartiycl es arfg from about 0.1

mcrons to about ten midqrons in dianmeter. Wthin drug

delivery systens, thesedm cropdgticles exhibit

desirabl e size distrd ' S | as good cargo

tol erance. [0054] Theé heterotyclic ¢onmpounds of the

present invention include, without [imtation,

di ket opi per azi nes, di ket diedmpRdI i nes and

di ket odi oxanes and their substitution anal ogs. These
[0055het elmtheadompoondpbisdrmutent thegingratares Ei gidlEhatqagidinas 1 and 4 are

S X ' o) 0 n . el

either gafl;r?@ . Mr%gstgo%g%‘cf ltrfkg? Jgere Ir:rfu?e{ r?sal%bgﬁd d%(%{;éﬁgg ap Ecgsg?oﬁg%g%w
respectivelyanoataigsa caabstytats gtosb dve.i @R). hie ccmrmnhmidn@ﬂ oftherprésent
mventi‘on tﬁggéwr@oéf[té)gr%gb hR |B§)b§e<f|9|§ﬁ§H%dsacg%c as{r‘?g gn{}/&el}%s
pende@t gmupsxtm beetber emtaootnﬁemthbe sarbexyaislecated itrd-aRin (an ester) and
yet in SRGALEI BRI HE BliBo A8 ok SFPRERIALE} Y COntains 2

car ate group one enbodi ment of the

[0055pr es @'Hnefd"\’rfé’t“dd%ﬂortth@%?ntﬁ@é@@f(dﬁkétbﬁ SagHeS ady l&momqﬁ‘ﬂfédan and
the side chains as pendent

have E?%a§scrﬁbﬁd dRd{Hier als cP %ﬁ‘ftN??nes 224 Wk A2 6835 and 6,331,318
which| RSt 88en NHited- stRintofpdrates tidrdin abyd r¥fetencd @tRENeNn a preferred

emooginet ol Fhunkhle oA he SRt SorbAdiohlon 25
diketopip@rdeifeWwhibh t gy a5  famtkd dye cheinsafsiC lof e hmiddniakiad lysine.
ExemANGASHANE D EE; gﬁgﬁ%ﬁn@ﬁé SR B, digtopiperazine o
SDKPY)ef 8eadi@fal@ravninbiuty)-pr efeadi(ctehcenpachmmabutgi-, t B6-di(glutaryl-4-
ammo§ut¥_e) %églér%glﬁag z{ o O%éﬁtgﬁ aél n(? (oxalyfa4 grenrlrlw Eyll)veandf3 6-di(fumaryl-
4-aminobutyl)-2,5-diketopiperazine (hereinafter fumaryl diketopiperazine or FDKP).

Additionally, nonsymmetrical derivatives of the aforementioned compounds are also
contemplated. However, it is specifically noted herein that the lithium salts of 2,5-diaspartyl-
3,6-diketopiperazine and 2,5-diglutamyl-3,6-diketopiperazine are not considered within the

scope of the present invention and as such are hereby specifically disclaimed. The free



di ket opi perazi ne, which may be forned by condensation
of the amno acid |ysine. Exenplary derivatives
W0 p@bA2B48, 6- di (succi nyl - 4-am nobutyl ) - (succiPgI/US2005/030026
di ket opi perazi ne or SDKP),
t
acics 3 gty B tiea o) ﬁ%é‘n%%epmed befoy i, TRy g, Formua 3
respedivelyobut yl ) -, 3, 6-di (mal onyl - an1nobuty|)
3, 6-di (oxal yl - 4-am nobutyl)-, and 3, 6- di(funaryl-
4-am nobutyl) -2, 5- dlketoplpera2|ne (hereinafter
fumaryl dlketoplpe E . Itionally,
nonsymretri cal f orenenti oned
conmpounds are al . wever, it is
specifically n h i t he’ I|th|un1salts of
2, 5-di asparthf - 3, -d|keﬂbp|pthZ|ne and
2, 5-di gl utanyl - 3, 6-di ket opi perazi ne are not consi dered
within the scope of thg present invention and as such
are hereby specificall I scl ai med. The freeacids of
t hese di sdé$- ﬁﬁfﬁwn@w&%ﬁ'@@ -RiPsaziEgik-eeatc BEd ow i n
Formula 2 and Formula 3 respectively, Fornula 2
(5- Car boxynet hyl - 3, 6- di oxo- pi perazi n{[2-yl )-acetic aC|d
Formul a 3
3-[5-(2- carboxy- eth
oni ¢ acid [0057] For
Formul a Ziom | |

t he conpound of
herei nafter as
2, 5-di aspar i ne. The conpound of
Formula 3 wi | be referred to hereinafter as
2,5-diglutamg -3, 6-di ket opi perazine. It is understood
that all other heterocyclic conpounds based on Fornul a
1 are considered w thiferhi@3scope of the present
i nvention. [0058] For exenplary purposes,
di ket opi PelbéZcanexy-sthyih-8. 6 aivdo-pipeiarin@etlipiamionieesidwi | | be
described in detail. These conpounds are the preferred
[0057EMbodForesivenizghcé, tRe pompemd oM@ niulDD wilHogvesferred tdhéreinafter as

TN R O
hereinbfiér 412, 5dﬁ¢|mmyy3,efdmkmpﬁnazﬂmee3t ieluagerstoppehat all other heterocyclic
cos g bl B RS SRR e gt

OOSBEm ' tF'of3 xe Pllaﬂpg%kﬁségewl% dé?izu‘\é'y‘kgfst Qﬁcft ir derg/atwes will be

I est era nown y
descnbed;vn geémlal TPas%mpmApamdsCatei e Repferen) sowodigpntsyef die present

mventloﬁ hﬁﬁﬁlgyer' H59'd Qf HoBexO¥ad Bfrr %@e?roéﬂllé tcém%Bfn‘leeBé(sed on the

Pul nonary drug delivery using P mcroparticles iIs
compw@cqfdfgéaulaﬁ U S. Patent No. 6, 428 771 entitled

[0059]NhI c géjlggé)[f wﬁ[ﬁoﬁpb&e 8erg|;p at r%)xrq Yeirrﬁé/q t[yge 5 inhibitors is

describéd inf (&i-p’end:r@(l@@] PBRickeAplicaidraNb. rvexrka(m)txx filk@ August 23, 2005 and
i cal l cti_ye

. transce |j¢ bi ol o ents
entiiey PAZERanGh et TSl 8 REvBYER et Ay J9Ee Hhand Ridwn to all by
U.S. Peiidnal iRetere nAgplicatich. r\laermmcm;mmanﬂﬂamaerrserewye mcorporated by
eferepg{&)gsgg%yétgat%lm rqaor;// %rugr gglv%VL?sﬁrr?ganacr%%?ospa Ic es .9 dlsclosed in
U.S. Patent No. 6,428,771 entitled “Method For Drug Delivery To The Pulmonary System”,

which is hereby incorporated by reference in its entirety.

[0060] Diketopiperazine facilitate transcellular transport of biologically active agents

across biological tissues however they are not penetration enhancers. Penetration

10



di srupting cell nenbranes. Exanples of penetration
enhancers are surfactants and soaps. D ketopi perazines
waleooam39ds srupt cell nenbranes either in vitroPOT/USIN05/030026
Vivo. In vitro studi es denonstrate that FDKP does not
rupt h [ ]
ennanfert #8. eafboulE el iPeP Sl oleiREl 288eE HolbGEn s by
disruptimg/rcit membyaoss t |onamp@|s eof peheftstion &nhamrq:)algesfﬁtmao@ntﬁaand soaps.

. f r en
ot 400 A5 REAE SATAR B 113 i sues
demonsérats that FDKRsdes mtadnsmpan@bmembmnesm tigh\s Hrictiony @0® dpes not
compmgeoéeﬂﬂﬁ%oﬁlgﬁxg)\lll@tcgp(f&e\rfgé t éjlln's[m'{ g%ﬁﬁar(yohgﬁglgbﬁn’sgét%zécf!@ole at the
physictowilyab pHaaf ithie tungHsurfapglaind aligssivh aaradlalaét@r ihatatioer é2hcerrigsolved,

the DAf RLPRRE AR RN TG FIBE o PRI ot can oo

[0061{)‘””ﬁgpllJaQQ6%veT@%c§?éré§ lﬁfprév}éa BkEDBEIPEralzife e BdrhHekitfons havmg
repared by reacting t di ket opi perazine free a

greatef; S0 bﬁ'%@F @ PSW’%fa’WPra%ﬁ"Gp‘?"l' at RPIiS @Sa‘?"ée%é?lcbwvﬁlerﬁd that
therapgﬁmérﬁéleﬂesawge@ﬁhﬂ’&/ed Bikatopipef2ines nardragisMeninterb&tecan be

salt is a pharmaceutical ly acceptable salt such as the
formedodi um (Na), pot assi um (K), lithium (Li), rmagnesium

190623, 2 30, bl (T (AEEr IR, ARt P cpRppicl by reacting the
dlketoblpbryalzmmfnee aciti wittha solution ufean apprmrlambﬂlwmsmascobgd in Examples 1
ana 2BYGA 5o AN BT, 2L SR ELRRLAE AL e st s
as thessuldium Hilghpotassiarer(K dithiem dik redgnesioontMg)ptatien (Caj, ammonium,

m?ﬂ et gne R %‘F%Iﬂ?lgml n]’i’l?ﬁ g{(]%t h&‘erﬁegr (?I%R’\S G%E‘é/?dnmngmtﬁutylamme

acid gro er aspects
dlethannlamntel dnethandbarsine, bonpmldjlﬁea: mdatg\eritkebmylteb@f wiketabipgrazine, for

exam;%% Rh%: Eln n%gf%r %&%r dfegFW oalsgltOanltgngr .e’r[%gg%re also

hecou r CALTon Of t
conterﬁpllatedrfulgilldﬁbplpenagllnedi)lnoMmm tel R growps comtaiageereshayy onk age group.

In othgraéfép%gt[st&%gﬁw%g%ﬁo apc;a%w% Co'f 'trﬁa' a@!rqu#agl%boﬁue‘a W|th the DKP in

ies vere Jsin erazi ne

order tés‘smaudwg salt af e BKBI supihdbat|the awguwtt\eaog:entler fation of the DKP.
ociated with the diketopi perazine particles of the

[0063bres§ﬁf drug edelivery. biglogicaly Adive; ﬁgent%légogru5§e@pvagegh%rapeutlc

prophﬁa&lco bpaiagAbltit e%ﬁtnhé‘@ cag ®Rt adlidedl QBIr@edlﬁétbﬂSlﬁerazmes Essentially,
nposi ti on formned . am)ng ot her net hod

~ the blqlgglsqalg(cqcﬁyq agedris agigca;equy rt,l'ge glketspnﬁaqaﬁ@e particles of the present

invent(omO Y 83 hétBih, ssbiigted! KREAPhMRIGHLANG Attivd agéiR-diketopiperazine
bi ol og}ﬁ%al |y active agent. The resul tjn

compesitias: e iz idmengarth rcm,?éhqdﬁcPad’éeCem@an t $RERY KiRYjRg or binding
(comphiXatiéPPsidineetikappipbrizng Wittty blfejicanpaicade \Wgeht. t Mee resulting

bi ol ogi cally acgtive e act nec
dketoppemgtscraitie HanTen Bosp b Koy PUIGIRPETy SRRRUPIegdlor been
coated tﬁwth $heb|s|b|ogr¢awy éd‘mb Bet. REHIEChd@ bxaDD mdli:hﬂwlémlw_fasafblalfon has not
p i ca r r . ent angl ement
been BN Bk ot 55 PARVES 403t ey FORORIRY tRiprgntion of physical
entradﬁﬁéﬂﬂome&lﬂh“rdleﬂ@nglémnﬂein Vigrlitios torelesrostaic attraction including
hydrogen bor%mg, van der Waal's forces and adsorption.

[0064] The biologically active agents that can be associated with the diketopiperazine
particles of the present invention include, but are not limited to, organic or inorganic
compounds, proteins, or a wide variety of other compounds, including nutritional agents such

as vitamins, minerals, amino acids, carbohydrates, sugars, and fats. In preferred

11



[0064] The biologically active agents that can be
associated with the di ketopi perazine particles of the
W(p)rz(msmu%s' nvention include, but are not |im teRPCT/US2005/030026
organi c or inorganic conpounds, proteins, or a w de
embo&fﬁ@ht@t YheObrugl fi hr%lucfe Bgf&gf% abtr\‘/%l éﬂ%’n&gtﬂéw&é tté %@%Ieased in the
nts such”as Vi am no
cwculat;qw gmigmrﬁtpeganmgam tr@n@ tfagt §o|lowmg oral dehvery 'In other preferred
embocﬁ%gﬂt@rtﬁ@qﬁ%ﬁgé @?tb?oloé iy Uhes aé@%%ﬂﬁt Q*eoidjgé%iehé’ed in the
Ive agents that are"to be rel éased
curculamrv cswtamofloyowygtpemmpr pasghsigbvery.f llfbﬁﬁ’leh @rftterred gepodiments
the mgt%‘télgvﬁré‘%ld%@%allgeédn\/@r nth rlhélt%@rtomeef' (fés%dln the central nervous

nment s mat erl P are Biol oglically active
systena dallowingt hesal deliveryo Bdditienaliysbg drug cae bei a@rmdomough mucosal
s
tissue %YRS,I% %r@rr%gtla'eg%%ﬁglngﬁwsgp 'Bﬂééérlrgtgsedr?e?aﬁgn grﬁtﬂ é m Iék Fl{ Bi6logically
active agemts mc&gmrgtetnsaandan@tlﬂ@s tréherein @H@@numdeﬁf@qun&stmg of 100
11\4BI t
s LIRS B YA Eoel 0 dnd Sl el o
insulinagng efJéhQiI hormgemapolywulﬁaﬂdegu@m ag hepadn, Naeleiciadids (Rych as
plasmﬁ)éaé@bﬁ@clégnggé %lnﬂgééféél oPGIRGA], Yifi d?gﬁmlﬁoddﬁgmndes and organic
I'ns an ereln protein is define
moleculgﬁﬂaymgr@oleglca_lo@ptlam ﬁecba@s dnaRs pﬁU@sa@trbIW@ﬁeaathwﬂammatorles
vasoa&ﬁ/@t g%ﬁwté ?m!:lﬁélﬁgtélﬁﬂtslg%da% %aﬁ%?&tlfeegﬁﬁ&ﬁbn) §H@ hefoactive
InsulTn or nones, polysaccharides, such as
agents e p &pesific noriT- Igplgngicep)@gnm%qjdpm&e Fﬁtg’gﬁi]sdg'normones decongestants,
antico #dl%@uclmdomulaﬁﬁ’é' %gé‘ﬁ@ @’tot@leN/ébentls' pbﬁﬁ’m&l&@ antivirals,

saccharid organi ¢ nol eCul es havi ng
anestislios.ogdeAYesa AMIgeRTgSsaliSn GINARINYIHT antiveagaTiB; BRiSesse agents,

antige! drdABBBS O 85meVASEASIS, Y BRI i Hekiies or aniigens
which ﬁg\@m s used to treat erectile dysfunction) and

FUEe wovld haye i ke a@p@@tqrpg by #¥eqtipptq qalhtg a@mp@gte response.

More pareeEHy, bBp&Irds ’thﬁ‘&éﬁ‘%@%%socﬁléié@MS%@&R&opl erazine compositions
anti coagul ants, i mmunonodul at i ng_ag gent s, ot oXi C

of the pERsgnkInveien mcb{dpdgsuhanrllqg@pp@@ gr'ﬁ@,sfpﬁ)@ma parathyroid hormone

and ﬁ§ EhtéesherBBt | GEIWR'S SRNhSne, C HARRIpBRIIAS | glucagon -like peptide-1,
coaqul ants, “antisense agent s, antigens,

somataﬁw%w gasing hogaoRe. | feliclen sEwulafing hareee n§r9fﬁ?)y’bead'p°“e‘3““

RNAséJrEHrQQ\d ZRSVRline Hfid B8 EiHe V‘@trﬁlliyd%d&ﬂhé%lﬁ& (V‘@Ubﬂwrﬁ@}fﬁldw atroplne
adnm ni st er ed by injection to elicit an apgro pri

aranulpgdRYENY TS e ROSnes FRIAMES ST TREETBRIA THlgasing factor,

Iutelnlﬁﬁé edéadifhoMrioRe  hida-dhlselotibHe bRT AFQ%tr@QﬁPOSbMpaﬁﬁdsanth a wide
resent invention incl u?e i nsul i

range @éF’t? acHiar weishbe RS ociigda ey ;?P‘%’“B'eha?%ﬁ‘f‘e)qghénd 500,000 grams
per mbleagnents thereof, growth hornone, erythropoietin,

gl ucagon-1Ii ke peptlde 1 , somatotrophin-rel easing
[0065hor mmaging apérnts Ilre:ILsimgrmletais mgdthIMe)mtonasomdlgmque agents, and

, [ pQ [ R j i OV n
radnolt@%b %Er‘)%ﬁ{rsb(r:bgﬁna EEcﬁébﬁteéjg Hﬂgb&%@@g?g&qg 83“\@5/ systems.
Radioigotapes eantaeimpaqmagerm includatgaigmt techoetium, amdiumi grqméum iodine,
baruurr?r%% g%B%&woﬂ.@adOtmp' n rel easing factor, | uteinizing
Sl

rmone, bet a-gal act osi dase and Ar gat r oban.

[Oossponp%kﬂlﬂfﬁlénélﬂyttﬁe Arstan’ B GevaouBbaE sagh ¥eivabharged mfecules,
associ ated, "for exanple, between 100 and 500, 000 gr ans

metal Séprgﬁﬁlpéaﬂf m@adrqjggagl:q{gacgjg‘equgs ,m@tpﬁ!tﬁgarﬁ@papg ofganic cations
(e.g., §RfeRaKdrRoMSA) BRER sofRdieBaBsasagent s, and

[0067] In some embodiment, the drugs include biologically active agents that are to be
released in the circulatory system after transport from the gastrointestinal tract following oral
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radi ol ucent agents, can also be incorporated into
di ket opi perazi ne delivery systens. Radi oi sotopes and
Wwo agsopagiie agents include gallium techneti unPCT/ms1005930026
strontium iodine, barium and phosphorus. [0066]
LAddj [ I
dehven?.S |n B?Eléﬁorm ggs{“qlgez D%%ﬂy a'&tl\)’@fa f%rlﬂg asrg t(tgrg)e é%%ged in the
circulq,tnrmdswtgm fqugwlngcptmngnajy @ggwasaledeguwerym msstlllapthﬁ@gmgpdlments the
: ' r
blologl‘aﬁlﬁégz’étglg é?éhfgnaarg gg be: rsléegél‘?cf F‘ngo&ér}gﬁge rrbl %o}bdéur?e H&?é?n kdhowing nasal
delivenyr ugdditiensl.uhe driigs ogh del aysosed theotmgemueoqahatssw euqhoas rectal,

vagm%’eanrd?dr%ﬁé@a‘ﬂnegﬂjet he circul atory system after transport
the gastrointestinal tract follow ng

[0068]Or al g8hieVer thest biRb&d Kiehadbre Dhstabléhe d@ismcogél@ahlffblse slowly
tive agents are to be released in the circul ato

througBy IR NGRS oS POBRY PIE Bk PhYRIRIgaIcalpidy ppgior are

suscefitieto enlyRmditioRBStEuctibhth Metdzgbimadstivalarict. V¢h@6ﬁ>[8g$caﬁé@ents are
0 be released in the central nervous system fol
st e brir o

combiRG I 42 SIRIPYPCTRAESRUN A POl GG GRS HANED

releasbhlhoﬂh@hblm%&éémt i11$ Sl BreFaredy émbbﬂlﬁ’(ea\lt ,thé/aﬂ{e%ﬂmeréiiﬁlé@bre not
ti s one of th i oI cal

viologiGaly e 268 807 ﬂ?gﬁ% 2HBREPIOg PRAERIeS Poley APGiRgents
ast Qi r or.l.y
oossft T ALEIAL U, RS BNES PLEORBI SRR B g sat v
preferatdy tmixest mcamlutlpntoheugmslomamdwbsetalently gaied. Elhrmr component may
be pre%hﬁ %g%clﬁl%érog%ﬁ%e%dg Iﬁ%ré\@%ﬂoﬁh&eﬁg Iihre rtn'Hdeure is spray dried or
lyophilipeslt r oi nt estinal tract prior to release in the bl ood
- stream In a preferred enbodi nent the
[0070; ketséﬁﬁypéfyéﬁg Hed éheémbtprmeéﬁlagu ’@8‘“09 aad Ve fary legd or dry

particilfte slidfrorh R8/aRBETRERLIGE 6r SUspERidriseSTHafuseh spray drylng for the
t her gcf)eut ic agents. [0069] To assocjate one or nore

formatiany gfedngjpericgla ippuicn i KRRV Rthe 1Rt TTakreveR iy thimast its use

had bReRTIRRiGR ¥ msxﬁ‘léoﬂnﬁatﬂﬂh i bRloghddb RASEOMBleanSr drugs mcludmg
subsequent dried, Either co onent may be present

proteir, J1apf e%?”%ﬂ%ﬁ%‘ﬁ&&t"é dyentodpe maruss Of &%%ﬁh@ﬁ’t‘@ P'i‘?éess Dur'”g

spray Wr‘igﬂé‘w‘ sblﬁtl&pbﬁ}éuéﬁehgi@n Q$ fonteahihio 6@9Iets[ fioigh a%?b@bhzatlon and
dryi n&rl s a thermal processin used to

orm
then Haé%d’ oughya Beaﬁt?‘i’ &8s atrean &aV'Hg sg&(i'ﬁ'{‘bh%ﬁ“@fg)’ t81*‘3"5‘90“"“‘* water

and sSI0&nS irPthe RIS RENTLIRT. leVdl Deltie R psBtiay afd YdllegtebOThe inlet
the formation of dr articul age phar maceut i cal

tempegg{eiRs ithe {eﬁ@egthrem{ gas stregnp, awgglltslspgrcsgéldwéée\@i isselected
based! igbnt B IBNIltF/tdf thé) eeaERGHhblBEUIé lbyém‘@/l trdatdy. Orrﬁéldwbt temperature is a

functl%g{ tgggr!nlgtgtleage ?@etqe@? legg ot%)%@p prg@ wnth other

factorf)r ocess. During spray drying, a sol ution or suspensi on
is formed into droplets through aerosolization and
[0071} hen Thagwesent inventprs have arexpegiadlystaterarindththiabgne particles of the

preserﬁtﬁﬁ\{eiﬁﬁbr? I?1tav£' S?ltog%bgﬁig%gh&n% gg Wh?éhqn\@@c%vgg with %&QesYr?dqéﬁtent of

partic esired level
a biolpgically Aadige agentcwhicle dae chot Tieen isebetwithepther aarucle5| sthehrespirable

fractio%f(gﬁﬁr%rﬁe‘?ce% eqteh& pgagﬁclési B&@/@ek %‘%"5&9 5'8t micrGHe" iﬁedifnqgter, of the
spray dried particles of the present invention increases with increasing insulin content, rather
than decreasing as was expected. Therefore using the methods of the present invention,
diketopiperazine microparticles can be formed which have higher biologically active agent
content that was previously achievable.
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based upon the lability of the macronol ecul e being
treated. The outlet tenperature is a function of the
w0 ndoen239¢hper at ure, the heat | oad required to PEHUSI965/030026
product along with other factors. [0071] The present
i nve v, 1 t
00721, S BURES Fi SPSKRE LAY S SLIBRRL rnd ol ot spray e
FDKP pelisodiunansait/inglilioh dompositiens whave |ineeasesl ngswmntséa’mlltxof as the
| ol . t e n
concel\?tmr%?fﬁ)ﬂ qqghﬂégre: ¥d23m Q%Faléﬁ\ %tgi'ﬂ thMtéﬁhrﬁ'@ﬁl};@g@ tlrf?:gén‘é%{eg/“ ]?Egl?blllty was
measurég bpmswbrmmgeaftef 1paays et é@%ﬁ%ﬁ@latn& Bumididy.5 Fer example, 8.5%
A r
msullnr(kgg %@Fgéérﬂt ! ngg%ﬁ;ag r?‘?l%ﬂf:f&gnaggg%o?ﬁbﬁﬁc aéJ[ ﬂgqffrﬁL%t)llds (total
weighti mfsELDKI?I disodiuensaltinawlingr By rampddedre sk % dnswinweas lost from powder
spray %ﬁ&? Q}Oﬂg Jég&ka%f 8Jn?alhliﬁg% Hﬁﬁnﬁ%ﬁf&d?n@& fﬁ%ﬂfllﬁs\ﬁ% lost from
ntl on zine mcroparticles can
powdefrepmdinm frotn mm}etldml aghtaining 67 ogirokakolidsact i ve agent
ntent that was previously achi evabl e.[ 0072

[0073]Add| {n afethey obssnsatigne iisttemperahiire MasHawd Qhaye; ymiising effects
on lns@ﬁﬁ afHiled thiadats Rhdaté rthéidelm'ﬁPstdbﬁt?dh UAe Siwidel MorédsBs with

nposi t1 ons have increased insulin st

bili
increaging dushPRPPBHITE S (TRASHISREDYINS i aes Fiar 7 Yﬁﬁé48°/;5° RH. For

exampié, 288dun 395 Msudlin sl 1BSE RaHESowdst abtdyl 8edVas aRBAIBU tedtbemdture of
insulin loss after 17 da t 40C/ 75% rel ati ve

S

180°Chy RICOTPARRAN. &5 oreLling W8, 1oRls TP, PRAEST G8FYf el at an inlet

tempemmeﬁfzgm@y dried froma solution containing 37 ng/nL
solids (total weight of FDKP disodiumsalt/insulin).

[0074By ctmaaenbodiment &%hé psskntinveadion,gsicrapadiciescudable &pdeljvery to

e bty SE e AR ARE GoIF00% Wy L s trr

2. Asahert aspect arfitthe mragerﬁﬁnvegmm llsfmend@d bbfom‘a)] drying is the particle
furth i i r ,

mororigtiol Bep SR L by BlicBiy, it She FABRRIAR Spéutiihes S utace ares

calculatadifroat thetpagicle sizgeidistibstiaband particla deheityoolbedrying operation may

e o33 Figlid b AR Doy BB MRS 38 sy gs maosiy
Rugosity rof espaasp Heed @Bdigb_sm%a meabune ofathel metphblogingf dhelesurface of the
partlclég %Xh gg \h%dde%&%f& fbl@{? r'i:gﬁ%ﬁftl%ure of 180 C. By

n was

son I nsu ost from powder spray

[0075}jr ' e¢’t HHd &@wb@élyﬁbe&rﬁﬂ%@@ﬁﬁtﬁéﬁa AligodAPakovd @Q%é]ne'eﬁe@ih order to

nbodi nent of sent | nvention, m crogart cl

obtaingATiGies Wit st cineysab0t O PSHIGNIAG, BYRART a SuPrisingly, the

presel iAVerfigd NveRbdudel particidsOBRtablieCtor pulmadrang dEM@eS with 0fugosity
| ess than 2. Another aspect of the present invention

belowi2nf | uenced by spray drying is the parti cI e nor phol ogy,

[007612?2?’@% gn ? ﬁgérﬁ%gﬁér%mn\é’ﬂé ShthF @f" seﬁ{ h\q? rlon c?ﬁ b8 %%Fr{ rgléttgred asa

rface area ca omthe par
liquid sir zeolidi fetmi bilihésen camdngladet isclutiordie rispgnsicrise ddy yiowgers, tablets,

capsu e[s gﬁo%ﬂor‘&y p??ch‘ég %rr Q‘laﬁs%‘gn%% @élﬁg@d% grthgqikg."’”ﬂé‘slee&lﬁerent
avin cul"ar "characteristi Cs, uéh as rugosity.
forms Riffgodistinctafut syyedapping, edvardagasc| Bee saidaformas pavidegfonvérdent bulk

transp'gﬂr Bp%rﬁ)&y a% J:Jhe ir‘?ﬁHuro(/@Cfﬂef?f stgaﬁty. They can also be formed into
microparticles enabling administration by inhalation specifically to the nasal mucosa or deep
lung, depending on the size of the microparticle. Diketopiperazines can also facilitate
absorption of the associated drug even when delivered as a solution. Some of the DKP salts

(for example, the sodium and potassium salts) offer improved solubility at neutral and acidic
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particles, such as the degree of folding or
convolution. [0075] It had previously been thought
W0 bab/0289131gosi ty above 2 was needed in order tRCDDSR0F030026

particles with sufficient dispersability to forma

f - i r
pH as; Dt (10 1B M0R) el B B2 L e bR BSERTEh inthe stomach of
Om”Ypmhhﬁmﬂﬁqs@@MbVE$y with a rugOS|ty be|OMI2 [0076] The

' article fornul ations _of the ?ent |nvent|on

mcC
[0077F 5 DkeaBRpTR e Talcesies iR 3 Detaqed 5t RiodyFR Sats having

varyln? 3BlubiNfés) denessel vanyifd) Soluliltiedapi bethe résit STAIFERESSes in dissolution
lets,. capsules ositories,

rate a’i“?’%ﬂ%‘@?'ﬁéP upiit; \%’rSP“"gWBQ fheeals ‘P@R?Fgr ﬁ%&é‘sﬁ?"f‘tfoé'r #ystrate of drug

absorptRhNBroff fties OKPt sAgugbebmbveatidrarRhNaisoadeaBbmested tHherovide
solid forns grow de conveni e41t bul k transport of dru

fOFmU'éﬂ%PSchaaH'Wg rate ARG/pr sysiingd relpase RERfieSa o4 eS@MBle: sodtum salts
of org‘aarcwe&npcmrﬂs Margr @mééter@t.ealyeﬁ@biyl §kﬂutﬂ§|ﬂhnlb|§lbgi%bll eystéiis, while

| ati o ecific cosa or dee
caIC|uqnu§@ts @gp%$ﬁ§r|%|ﬁalfyh QX% QIQLW S?IHEIeMnEF'BPQW| éy%temg Thus, a
formul@hd)’r%@ﬁ;brl%@ﬂ BT b MP étﬂfhrﬂb@lﬂdfu@@ohbtrﬁh@n ﬁbﬁﬂrmb\h@@mﬂﬁedlate drug
rug even |vered a so

absor@@ﬁlew g 1%11 rtﬁptlgrh rgpr sfegr g,ﬁ{g:l galcpﬁbs q[pgrﬁo a?lon would

prowd@%gﬁ\feﬁ iUy aﬁohﬁbonOfﬁf ﬂmglﬁwm&cﬁﬁal?lﬂb @%dm%yat@h.dﬁbumrcﬁlthe latter

aci ared to the free aci. ich can

formuins" God BB rised 45 RIS bRopt ke <D mlic (e 451 g period of

sustaiféivabyosdtened SO|Id forms. [0077] D keopi perazi ne salt
counter cations nmay be selected to produce salts

[0078havi Rikeleninbragng osalbifbimuladions Théstéolodcqllyn@ctive agents may be

admin ‘f’érgtl? Ar esl\/lf(‘:ﬁg)ahﬁzl gede Srcl'dﬁl\i d?If tr%' I ugﬁ]rbgp%ﬁtdé@ and size, are

I ssolu |on rat ntr| SIC SO
absormmr@lghl thg epitbeliahtliningfof DR@ gaalreintgstinsd Itnact tmtp thehblopmt@am or

1 | ' i QN .
el ) RAGH I Mo 8 B0 23U i
the DKitnselfiisenves &mthciitats tha abaqvamone:tf s drugr didditipmally-dine microparticles

can b(% ﬁ%ﬂ@‘csfeer?(? g? %%g%;?@ls@gcﬁlfays%ﬁ@ ?E'%e]%e‘?&'ﬁp gﬁgﬁ%%(?ge;ﬁ completely and is

ab&ﬁ@#b@@n@ngdhsdemuaIC|un1sa|ts are characterlstlcally

only s ightly soluble in biological systens. a
[0079% or miPaP 'E?ﬁ‘t%%' migisiatign, é“'EfRPg'é'S'&Fl%'%%ﬁ F}ea'rfLY& microns readily

pass tﬁﬂm@h Afhdeane wath&v@m@sl éiﬁmhlﬁl?@ttbnat@Jlﬁblé&)rﬂbmaééﬂtlbélrbarrlers for
while a for ati on_conpri sed of(g DKP ca F
exampley P?‘&ﬁpﬂ@te %rﬁ%ﬁﬁw Gl HO¥PIT §°§‘|"25’d§@?' YdPE@'ab'e Similarly,

mmro;ird@ﬁ@éb : ﬂ tamn. b]é\ fr@écﬁéﬂ; abt o:anmamwl @utbtlgz(tjéi'le@(:lﬂbl guatramumﬂarw or
. t the |latte ormu ons cou use

nvangotrale. PARRERIY e TG R RbIog 0 b4 P EEL raangae gvice t
facilitadé sSstsihed aetloradomboipdd delivery0078] Di ket opi per azi ne sal t

formul ati ons of biologically active agents may be
[0080kd i _rE'pstoe'roeuomrmshyrmamadmaratﬁpm wisropdefiasdtangbeosuspheded in a
suitabgz;?ﬁ'@?lk% i@{alll'gna:ﬁ'rl]éarrfgr §{ﬂﬁf?\|str§ﬁ 1 & n @ié?ﬁ]&grédb?%ﬂlaﬁéq?or the carrier
and sittof bﬂmwleamﬁw axyrrplﬁatrm'erogg@clemarexladammstetealeﬂoythe eye in a

buﬁeréﬁ?%lﬁg%ﬂﬁbhi &' ﬁl-‘?rdf Qﬁpregmaml)??% Srdinaa% &nlﬁ%n‘t”sb&ﬂaé Mineral oil.
The dosage will be dependent on the compound to be released as well as the rate of
release. The microparticles, or aggregations of microparticles into films, disks, or tablets,
with incorporated compound can be administered to the skin in an ointment, cream, or patch.

Suitable pharmaceutical carriers are known to those skilled in the art and commercially
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the DKP salt serves to facilitate the absorption of
the drug. Additionally, the mcroparticles can be
wa@diee®eer ed as a suspension or a solid dosageCT/osmm5/030026
that dissolves conpletely and is absorbed foll ow ng
availagl Sl\ﬂuéb%bp m&-r% %t?(% Fﬁlﬁt{%ﬁl}%ﬁf QI |ﬂglr,nréﬁt§ﬁ FI%%I YBministration is
rop artl es o RPCrons T eadi y pass
also comtamu@ltﬁob needl e for intravenous adm ni stration.
t abl egpharmaceutl cal carriers, for exa

10081505 PWATRABUFPREE 881 1o bory TERIRMAACEHTEN DR EiEgA ypowders

compr‘l’s\r’rﬂj tibhforoparidiéof Yhe mvérﬁtfblﬁaéﬁd chedefftd Pidid RbS&hESh into the
npl ant ed subcut anequsly, intramuscul arly

circulatign (RBeASEaMba PRy POYERIIN 4 P14 Ko i a6 ght! Pagicalary suitable

inhalef 8fst&@s ralr@aeghribed 3n U. SPpAeitaHpphcAion r@e bg/ebﬁogiz 'ahét1©/655 153,
sust al ned [or controlled deliver

both Q”ﬁﬂﬁ’q: aLf“'to'POScer GARTMEesNd Berf Wdﬁ’r“?aﬂal'%’n W'?ﬁ"b P@p‘%ﬁr?'?)(ﬂ”égrporated
by refé?éhc@emstﬂﬁﬁeékﬂﬁ&yl nlrﬁorﬁ#ﬁtlbﬂbﬁrﬁ pﬂhﬁfrﬁﬁﬂﬂéﬁ\}éﬁ@usﬁ@r Frii@bparticles
for adm ni stration umgﬁg met o? PR‘rogrlate t he
comprising dliketopipgraging cagibefauichindd-saPaigRt Npo 4%%?&3?@““9" Method for
Drug DbWe%pﬂ{j meTlﬂﬁwoﬁér‘?l@tﬂéfﬁrﬂl shehas hetetlyNAcstirated |{6y reference in its
ered saline solution appr oxi ma
entrey: TS GHlom o EaaIe iR TeaEh oA QudkAIR Pas 2B more HEbaAaens of the
inventitinl dndlife Hefaesi id i tHe1averBom Whdt WHich & dRkasasastias.
well as the rate of release. The m croparticles, or
aggregations of mcroparticles into filnms, disks, or
tablets, with incorporaEXKAMBAESOUND can be
adm ni stered to the Skl n in an ointnent, cream or
Examplgtic Rrepsration A e iS¢ carriers are known to

those skilled in the art and commer || yay i
10082}, G5B AT OF o6 Ol RBIPGGREATS E KPS (ol T eauiv.) were
placed RS @50 ASRhea@didund BbtéHh fl8gk éduif)edvithoa kiR |c@ﬁ(%iwser magnetic

delivery can be very effecti V%| ¥
efe. Water (150

81] Pul npnar
stir ba&c%@n%?r”&?éede ’?‘Fg’eaFSP %W&'@&hﬁr" teq9Rp alrResP
mL) aAd C50%0§dcﬁl!|rﬁ|l'@6roﬁfdet(h @8i JIVIETH eqUv. PW@reEQdUddes’Bﬂqubﬁtld]@% the flask.

on i o the circul
The roiABR el S SPEAIEn 43S NERlshlo: 30" BrRneld dord Baims; celsqlytion was
then r@urlltea@ch tsa fefidRk &hy wgg&marggam egﬁrwélggvga? rSelgho?rgd FRihethe sample
. Lcation nos. an ot .
via rof3Y ek SRR TR EE Rt S1108 TG RY RRA SR cvap-(50°C, 30
inches\bii ércary ovehighy Tmsyiuamsahe:d abe)eyéeff(ﬁ*rrﬂdﬂﬂerd dSbrﬁéml(IKarl Fischer)

and sw? lélrlr o ?ép {ﬁl%ﬁé ] o y§|snr@%§|t%ge 'B%S{é{él\éeﬁg)ﬁ&e:?élggas from about
90% tbeumi g506. U. S. Patent No. 6, 428, 771 entitled "Method
for Drug Delivery to the Pul nobnary System " which is
her eliylecutardiopopiat ed b@HeNaNayzd.4809I1H.® entirety. The
foII f,. oillustrate one or nore
errbo& rr%%t@xﬁ{wkggh&ﬁ\?f%{% g’lnw}énd are not neant to
| i mBleméemal Anadysis:on to that which is described bel ow.
EXAMPLESIcExanpl e € 4PO&parldt 5.68NAIT1 FDKPAN®I &8 um
Salt [B@8R] Thirt €eAS§bansHOF.28NNHY§4 di kia dhider azi ne

( FDKﬁt}at&)%s ' 573/0 %B!jium]saﬂqmai&ht) pé@@én?)
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pl aced into a 250 m _ 3-neck round bottom fl ask

equi pped with a reflux condenser, nagnetic stir bar,
w@nenuonet er. The reaction was run under arP@i/USIMEHOB0026

at nrosphere. Water (150 ml.) and 50% sodi um hydr oxi de

el R

Prepreatipn B 5che?3.89%r at ijon: 33719/'!)"/@ ement al  Anal Y3i46% Cal c

C 45.92 H 5.538N 45 05 H 5. 23N
VMD 5 O@H‘ef\iae@a’ié'aﬁet“?raé%gn? 9@37%%? §@83?IFCFP§¥\'P{'°’( wei ght
percent) Table 1. Laser deffraction particle size
Example @ PsipardtiBn &efrROKP DisAdipar $altl es) : VVD = Vol une
medi an di aneter; GSD = geonetric standard deviation.
[0083x andhistegn grarmp f QKN (£8-63 nrDRP 1Dp&d) and Sihanof (G@3ML) were
placedr rr‘\'td' 5 996‘ rTSELr @ﬁ@cl@fouﬁ%’ttérﬁ@la;@emed vJ1tH351 FHfo)coﬁ‘J%ser magnetic
hanol (15 were placed into a 2
stir baro%m’dthsmraﬁtﬁr | B_« reagtipppad v HRdef & erﬁrpw emﬂfeh@r@r The slurry

was hEB@A&bis0°6! | Sodh#h hy@fb%d%hgﬁ‘ﬁw & ueoﬁg%oﬁﬁaﬁt@l #h d"@SOS equiv.)
run under a nitrogén atnbsphere. The slurry was heated

was agdedpome st 'P\%/EﬁS@K'PGé'U”EIO%WW 8 8@ Eutor 201§ o he reaction

contenté- vyée Uherd cQéIeGQH'éannerY%m%@%@@re O-QS’OQC)OQﬁJ it solmelsolated by
resulting slurry was held at 500C for hours.

vacuupnefifratiann fespvesedieale wan saskerb il ef*@”ﬁ%p@rﬁ"ﬂl—) and “acetone (150
mL) ah@rﬂ?%ﬁaihuthg \/a%Qurﬁ%\Qﬁ') 07 3hehchel 'o@%ér%%?%@é*n%ﬁw tNho further

vacuum filtration. The recovered salt was washe

purificatiotapas re@gm@i nihe galvac bes resqyed dormyiskirricniten dKam Fispler) and

sodiui e HeM R¥ERertd UPGlysid tindiBasH)OfTHEB/iEd bY the Q4R wsqmm abBut 90%
urther purificatiion was required.” The salt was then

toaboé&%%{?ed for noi sture content (Karl Fischer) and sodium

conte el enent al sis and tjitration). The yield
of t"(‘\‘él g‘ﬁaﬁ'rt %ﬂg'afrom g@%‘m"'@@*@*‘ﬂo‘{%&fp 95% Mol ecul ar
For myVeateBROKEOREdst Ghaflord 593 H20 % Water by Karl
Fi scé]er ti tAat]i on: 5% El enental Anal ysis:

emental Ana

ysis:
Calc C 4597 H 557N 10.72 Na 8.8
Found C 46.28 H 5.26N 10.60 Na 8.96

Titration: 98.8% disodium salt (weight percent)

Table 2. Laser deffraction particle size analysis (Preparation B particles):

Preparation A 47.37% 80.13% 86 01%

VMD = Volume median diameter; GSD = geometric standard deviation.
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Calc C 45.97 H 5.57N 10.72 Na 8.8 Found C 46.28 H
5.26N 10.60 Na 8.96 Titration: 98. 8% di sodi um sal t

W@ g4 per cent) Table 2. Laser deffracti on pee1/U81085/030026
size analysis (Preparation B particles): KbtiB i Mot

; S B paration A 1.55 nm 1. 36
Exam Ile% br %tlon DKP Dili 55 4. 04 nm 3. 76 nm 1. 75

[oos4j;art rreh@raﬁhg %f EDR@ (2Ea!btr’m‘hbﬁ 1FRERE ) R 1Oo %Lbomé%l ekt placed
#m 1. Preparation A 47.37% 80.

into a g0 U’P’/% ’W‘Eﬁ rQU%PQIP?é“ M%H'Pdﬁﬁﬁ’éf‘@rreﬂ@“de@%n@%”%'c stir bar,

and th‘é?rﬂ&ﬂéfe?’ FRY k&t ction was AP Lifded -a rﬁfr &hio8pheie Ofin E%Farate flask,
[ithium Salt [0084] Ten ar amns FDKP 322 10

an aqeawwsy'um oﬁd)t.*ﬂwm ftyrirqw@e &l Qe 1p‘-?5a@awv iR f0mpoef jater was

prepal%dne@llfcer QUBﬂthBQMIG}W HybRoxlgearetdl cﬂ@éﬂvé@‘ tHis Solugdr Wés added in one
condenser, etic stir_ bar, t her nomet er .

porton, G BE| RGeS OLERIEP. ThAesuicoiap Prdiegted t 50°C and held
for 1 IRRPAITAE Gehltdh koonBMsPRLRAHSEN S6bIE 't@@m‘Bfenk ténlfbelﬂﬁfhre and filtered to

hdromdeo&?@éa_? 1.95 equiv.) in 4 of water was

removgy s Hriss ePafiglesf "ihﬁeW?tF‘E maanﬁeﬁw%imé theagample via rotary

evapoebt@ﬁol YRé, reédilbﬁecﬁ@blléfs' REreV\@fed? il @dvadiumn BvdP(3d°en 3bolnches of
he aqueous_slurry of FDKP. The resulting solutio

merc“ﬂ@a?"@ﬂ"'ﬁ'd SU@K:Séﬁd"EﬁetlhI” fa§PaYEANGnMOistHE P!, (b<ﬁ” "Fischer) and

lithiunt oMt (SeBRtal ArMRisCarel theitib®). aMBiyRIM of tREBEK Abs BBoRVE%.
filtered to renove any undi ssol ved particles. The

wat evole@sarrrmvad fromoH;ggwguml d@som 0 St aré

eva recovered solids were dried in a
vacﬁ?ﬂ%a%ﬁg‘ﬁ (gggé 30 inches of mercury) overnight.
The Beanhéntabsndiysen assayed for noisture content (Karl

Fi scheCiicand | it @i smbront eHt5.6eNeteos al aa2.g8i s and
titratFaumd The @igd.d8of tHe5.34aNt1Wes abolit2.98%

I
Fi s cting L% e Sl peRenca e C 5 157

Exam e§6|5| l'aQI nIAof?F %{ 5§alt98 H5. 74N 11.95 Li
. salt (weight percent)

[ooasfxa"mlvé rEh@RﬁrF@KP)PGAS?EﬂanPKPe ﬂqtv@e?ré FPJHe@%tB a 250 mL 3-

rans o ul v
neck \iging pﬁ@edﬂaqkt §auipperh With 2 r@fbkxkcwoﬁmaerbormgfmﬂpl atsrk bar, and

therm@rﬁéﬂepp%ev\’eb&oﬂ W&S FiuRR AL ABBhen FRAGhkfe. SPbfasBi@i hydroxide
(0.5N, 105 g, 1.98 equiv.) was added to the flask. The resulting solution was heated to 50°C
and held for 2 hours. The reactants were cooled to ambient temperature and the water was
removed from the sample via rotary evaporation. The recovered solids were dried in the
vacuum oven (50°C, 30 inches of mercury) overnight. The salt was then assayed for
moisture content (Karl Fischer) and potassium content (elemental analysis and titration).
The vyield of the salt was from about 95% to about 98%.

Molecular Formula: CooH26N4K:040.4529 H,O
Karl Fischer: 4.98%

Elemental Analysis:
Calc C 44.75 H 5.05N 10.44 K 14.56
Found C 44.88 H 4.74N 10.36 K 14.34

Titration: 97.0% dipotassium salt (weight percent)
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thermometer. The reaction was run under a nitrogen

at nosphere. Potassi um hydroxide (0.5N, 105 g, 1.98
wequiew23v4nvas added to the flask. The resul ti ngPeDUNLIO®DN30026

was heated to 500C and held for 2 hours. The reactants

Examq!e BePr%QQJFa_ﬁgn bogif %mpeﬁpottagﬁprﬁr%ﬁtg: ; Z\r/]gpf)qu: t :Ng:]er T\r’]\gs

[0086]r eCOY&# @F!an@bﬂ ESKBRSE 16 MrRél, | réqhii}f)r éhaCéthﬁnowﬁJa) rﬁEP\Q&e placed
hés of nmercury over ni he salt was the

into a a@%@yémercbrrow aqfiorifiast PaLRPSY WP P TEHSCaRRTNSERGMagetic st bar,

and trfé%@rﬁéﬂeHmﬁ@nrte%Bﬁor( ﬁ/b?'?@ﬁ“lﬁhetaﬁ%t)‘éde‘h Rndsphdre 2t THNSlurry was
leld of the salt from about 95%to about 98%

heatecMﬂ {61 dfotassim hudrouse KERNAGB P48 29U (yazzadded in one portion.
The reghlﬁﬁ%glﬁrry da2F A teRO S a MihSict 3 Hetks Thefbaction édntents were
5. 05N 10.44 K 14 .56 Found C 44. 88 H 4. 74N 10.36 K 14
cooled tpanpientdemparatye (30381 QANd<Ee sriidsisplatagedygyacuum filtration. The
recové?é‘d QSN WWEXRA8NeE With E’fhﬁﬁélr@bb AL )Bartf abddie RAoin@$ ShdlMried in a
Salt [0086] Ten grarrs of (22.10 mol, 1 equiv.)
vacuugreyea t(h@§o 30(Ineesmf yneteyns) wea@eat i Ne rihep gurifipation wag gequired.
The 559% Bt Qéﬁa%@ff& %ﬁttﬂ'@e&n‘ﬁérﬁ h(K%rlrﬁfsJ:Hé)F) Qﬁﬂmfum content

trc stir t her none The r'eaction
(elemerrum auﬁldélﬁ agd mratrqm emheyigtsgiithe galt waﬁefr@n @byt Wstq@&ub%e%
to 5Q0C. Pot assi um hydroxi de (10N, 4.64 g, 2.10
equinbidcuRForHdgd | N ORARIKIO0B386ME0  esul ting slurry
was held at 5Q0C for a m ni mum of 3 hours. The
r ead@r SisBBhEel’s were cool ed to anbient tenperature
( 20 Ements! Addystshe solids isolated b vac
filtrag?en. The Feldlered Bad-PNaD -whshe \Agtgaet hanol
(100 nt9undnd acetotft?d 200 H3-OMdTG? ed it cuum
oV erTitfzeieRC, 9780 dibBRBSIEMAalt TREIgHT percenter ni ght .
further purification was required. The salt vvas t hen
assayed for noisture content (Karl Fischer) and
Examile 6aBipdiatio f Al & Disddilne FERPahs@indWigsipartialed titration).
The yield of the salt was from about 94%to about 98%
[0087b] edwbandra heifiigeam<Co0FRERUHSITB.O) 638 &Pepayakan IA) was placed in a

250 G e PR AP e 1 o o

water.1 3159t 10.84 g wan:addegctel theoF KB sath ssiapens(anei B reseltioe stury was
P
t|trateﬁ@g%|6§?ff§ % I\AE t@q‘f}g @) rrﬁ aoécél%o% gTr#&TEBHﬁ di édaﬁMl. Lséﬂt and insulin

WO an rans of
solutiai wasolpranghd 40 8 voRImespelr H0; otk with deisize avaéer and ﬁétered thfough a0.22

um polyethersulfone membrane. The solution was spray-dried using a BUCHI® Mini Spray

Dryer B-191 (Buchi Labortechnik AG, Switzerland) under the following conditions.

Inlet Temperature set at 170°C

Outlet Temperature = 75°C

Aspiration rate 80% of maximum

Atomization = 600 I/hr of dry nitrogen

Feed pump rate 25% of maximum (8.5 ml/min)

Nozzle chiller return water 22°C.

Example 7. Preparation B of Disodium FDKP-Insulin Microparticles

[0088] Five grams of FDKP disodium salt (Preparation B) was placed in a 250 mL
beaker with a magnetic stir bar. The material was suspended in 75 mL of deionized water.

Insulin (1.68 g) was added to the FDKP salt suspension. The resulting slurry was titrated to
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250 nL beaker with a magnetic stir bar. The materi al
was suspended in 75 nL of deionized water. Insulin
WO 0008423943 was added to the FDKP salt suspensi oPCT/TRBI05/030026
resulting slurry was titrated to a pH of 8.3 with
(0] 7 . | . .
a pH PRI RO Brf L YRR, TheFCReL SRSl Ah] st Sluton was
brougiti tohadlumé za d10amdr wahdde‘wmimk w@tetrmr@u@herad Gheeghra 0.22 pm
e I e e S ®

polyeté?%rséﬁn%rﬁé@bﬁagfl%n ?ﬁ%ﬁ? rv;%vf- ghé&’rhs a BLéCHI Mini Spray
Dryer BB®d HBumeebmmmklAG\@wiewlarm@ uhéﬂdwe tqﬂdwmgtdwedntlons

followi ng_conditions. Inlet Tenperature set at 1700C

Qut | et '”‘ngfﬁ@apaﬁhh"é set 3t5l@9%spi rati on rate 80% of

maxi mug) it gighpatdtee =7$e0 | /hr of dry nitrogen Feed

punp rate 25% of maxi mum (8.5 m/mn) Nozzle chiller

r et ur nASRifRERN T80 MAXEMYN Preparati on B of Di sodi um

FDKP- | RgtliZdtioV=C00nA bf gy @frdg8R88] Five grams of FDKP
di sodiumsalt (Pr egar ation B) was placed in a 250 nL

beaker F§fd PHBP YR %l‘g"ﬁxl"‘f'urﬁéﬁf’"ﬁﬁ’é"%terl al was
suspenggglé ehiller réburrPvatdepeim. zed water. Insulin (1.68
g) was added to the FDKP salt suspension. The

resulting slurry vvas tl,trated toa pH of 8, 3 wi th NHAOH
8 (haracterizatio Disediurp HosPainsulim Micraparticlesn 4 i nsul i n

008952! 18 B A B L BB 99 Pt it o e
diffrachor \peittivty sidef analysie ByapatecGimbHs dbertrang) {BISs. 1A and 1B). The

. spray-=dried_using a BUCH (r) M ni ray.Dryer B:19
partilB g 1o aTRh £y SSRAYE! AL, “eidde, EFPARE (Rvidh {qarariing to the USP
definitfonl d>deS n@ 5cd nderohonsf. 87.98% twithearstanatiu deationadf 14@@nd a %CV

r e 15 pi. Lat i on 0% of
(coefTiED| ShYATRIIES Aero e PRTISeR A R 7, Ao VR A gy respirable
fractiopwirp1.86%ewibd/ s mhdarebdentatior 8. £20vhnd ai%V NbZ.26e chil | er
return water 230C. Exanple 8. Characterization of

Di sodi um FDKP- 1| nsulin M croparticles [0089] The
Examplp & Balaanap Ad Aisiatione !'-'h‘ i ERKPlesgingng 7 vvere

[oogoj(s g%gkaé edcc@tmo q' a‘iéﬁ{@mdm'gfgwr il %ﬁ@ aalﬁ%f?cli s 4 ¥RhRd at the

beginrlfﬂﬂglj bf mesls Tok daxtiigsl tﬁatﬁcodlpﬁlsé meediy@bwameasragﬁefemm malid range of
racti ( cordin tot f|n|t|ono

approirely 17 1,85 TBEF0] Yo 595 TR o s 8 RAGTPBRo gt generally

on thél ofder ah &-E50/IMts ofoméiﬁllncpéfndosef Thar inatliroahsooftiob. fééin tAlbedosage

reglmg an1t|m|c<::sep?1y5|olog|cafl;|[?t-§1age qrhssﬁ% ?Xlggse?%n Va%{eﬁgaeter e%g gr%lgl blood

glucose excursions.

Example 10. Preparation of an Oral Dosage Form

[0091] Spray-dried disodium FDKP/insulin powder as described in Examples 6 or 7 is
packed into hard gelatin capsules. The capsules can contain approximately 50-100 mg of
powder. The FDKP salt/insulin powders prepared in Examples 6 and 7 were 25% insulin by
weight and insulin activity was about 26 units/mg. Thus, 50 mg would be on the order of
1300 units, significantly larger than a typical dose. About 2-30 mg of the FDKP salt/insulin
powder is mixed with methyl cellulose (other bulking agents are well known in the art) to
make up the balance of the desired mass.
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fraction of 81.36% wth a standard deviation of 4.20

and a %€V of 5.16. Exanple 9. Pul nonary Adm nistration
W@R00B0339¢E um FDKP- | nsul in [0090] A dry powder PCT/US2005/030026

cont ai ni ng the disodium FDKP salt and insulin is

Examé 1BH3! 8 Qh?frm;ralﬂgrgbfwﬁl's&giuﬁfFﬁf@ﬁ,nsul-me particles that
in the range of

[oogzpppr C4psMEL bant&infag-thd . F@Nn §éIOBﬁd frf$u[$rh aﬁa takB® be¥Ré ta meal. The
osage 1S atlentseC| onteo%g
exact (osago T 0oUdEREc, PHOGHEFA N e SEIer phaPsTRStel 16156 units of

.nsunnaksseamri.@érear&n ddves drheagmsquemansmhnamrmmsmmt@ post-
first-phase insulin release,

prandighipod PRRREABISASH. g SLnsd PN UALN Eapplereptce pre-mea

insulinP§rfpeAbAg 1 (paBiénta Nwitk Qilaﬂafé‘sagexdaﬂfoﬁmBDQQédhnSws@Ybeﬂf trﬁ’dugh the
di sodi um FDKP/i nsul i n powder as descrkg&d in

gastrogtestingl tract HB’@IP@&“PH@%‘W&HQ}S”@%ISEFPHO’Ea gggous]-wéulm |s secreted
by theCBﬂr&lﬂééésmt‘cﬁfheCMﬂaﬂ“cﬁc@ﬂWnOXIrﬁ’ﬁﬁrebusdilﬁbdlﬂﬂomgocfral administration

atso BRAFEY 5 HRPTLEEoy | FCLE | HE GBI R sdminisratin
dellvefsﬂﬁsﬁllhﬂo ®§sitey bf dctioBsn ﬂJ@OIMer Zﬁfeldlﬁ?g tre/ ﬂ@entfﬁhtﬂﬁconﬁﬁl dlcose levels

while qut@grsylespegrﬂc Eser;(s?,%{rrgjé |a%g|@ %0 U|B§Ltll% %‘% E%I &#lgg? %lcémlsation of
insulirS@id thiethadid forM@MFOKA i Hifdepet By tHe pr Rylubiligl dfth@ FBKP diacid in

e toyatbehyraperbel BC-GelutGutel D30 el rahbbats?. povie a
local Buffating‘éffecntnait faaiitates théir Bisseldiianin FdWKpHI nsul i n [ 0092]

Capsul es containing the FDKP salt and insulin are

taken before a neal. The exact dosage is
Exampj_et1i2caﬂlrep§mﬂﬁﬂﬁqfFD{KHDh&BdiMmISajé on the order of

approxi mately 10-15 njts of dm ni st ered
10083 0" Fbearom Lot dan dLRIoD PR FRAED (2 (0 ik oh Ay, water
(200 rﬁl@Sbn@nam.dso%ilunbh xigk (Z0S tLEXBTIBS Ints; 1 "D'Bleauﬁ)!’)a\l'ere charged to
a tiiphetmedt .ﬁ@éé&ﬁﬂi%%ﬁ@?g ity piRutatEer. overead stirer,
nitrogéi GHIt @ﬁahhe’rmdnﬂﬁeﬂ | Thahmiiube dvdshiieeh té 156°C to achieve a yellow
astroi nt est tract m.mcs en us i
soluticlo B (A HHtlbGRotES SR 1 9veT o oo BundFea Wjer e addition was

complBR) ety Wahdidat arCtfat 3¢+ 6C HiiténMThe dattidnmigtuseowhe dacuum

fiIterecE %r!éclj ﬁ‘\gri ncg:fzt(e)é %p Fvgmerg Ies\i,setsﬁqc{mgh e%ﬁgoldgg(f ny_ga? g & Ite/net 850 mL x 2)
then dri@gd i b vaéelimh bveﬁ (58t C 030 theheés/ e raercogd biemnight. | Kis figthiee pOfffcatlon

action_in the ver ffe
was rSiidiedo IhF sglbiies ahsavee fovino e &9/ e liker Elspaer fad SRl content
(eleméritaldniatysis@naltitratien)) The gield ofahy salswagframabobl 9086 toabout 95%.
insulin and the diacid formof FDKP is hindered by the
pBer Fissheby 1Pt of the FDKP diacid in the | ow pH
environment of the gastrointestinal tract. The FDKP
sklementaidnelyeis; provide a | ocal buffering effect that
facili€alces t hei € #-850l ut Hon 7PN 164/ pH. ®&h®l e 12.
Pr epar Bewnsh C of CPEKEO Pi - SHdp-4ANSH). 59[009@3i 4ty
grams of fumaryl diketopiperazine (FDKP, 221.01 mmol,
1 Tirgtion . §8.8 Wagispdium salt (weight percent)

[0094] The following are various processes described with regard to various

formulations of the present invention.
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(200 M ), and 10 N sodi um hydroxide (21.9 m _, 437.61
mol, 1.98 equiv.) were charged to a 1-liter, 4-neck,

wo ownd239as t om f | ask equi pped with a refl ux conPEnBE82005/030026
overhead stirrer, nitrogen inlet, and thernoneter. The

Exam L3 EUES RS NERESE Dol L8PS E\fj&i@ yel | ow

over 15

[0095]m nufrﬁé dus\S‘Hﬁﬂw H‘teof@@ihpt {54) W&Sdu@ébmberﬁ Beiohib&d ¥htdr (¥50 mL) and
hel d at 500C for 30 -"60 m nutes. The reactiaon

insulin G PeVamaddadc Tempr oitlee SSRATSIONIYERS NSRS §1Hsammonium
hydro%@é QN\”@@PF% Vﬁl‘&é‘ ae%‘lﬁﬁ@r{ thakSWad subse@nfie &filgie8 ©1260 mL with

dried in a vacuum oven (500C, 30 inches

delonmd walee aa% teocd e gatutionwas spraysiried ysing thefplioyng genditions:

required. Ihf sal t Jas %ﬁqs@yed for noisture content

(Karl Fi s JHEF SemRSIRtE ontent (el enental analysis

and t|trat®mle)ten’ﬁim:amree+80°@‘ the salt was from about

90% to abo}%t8 95% Karl 6E§)]§t0h@/h 7.19 % El enent al

Anal ysi s MEaton 9291 S70K™0. 47 Na 8.6 Found C

45.29 H S.Merhst;;a&g&%%fﬁéxmm’m ation: 98.8 % di sodi um

salt (wei ght percent 0094 f, Il owi ng are vari ous
processesgﬂbes %%%szﬂ‘{*’%s éJé drt&ezt oevarl ous
[0096];Or M atLQji npf)ar{lé]@s %?esgﬁglyieﬁvf@mHeﬁrheF&ﬁfﬂghﬁ; ﬂ%ger‘ﬁ%gnd the
/1 nsu n powder prepared by spray drying [0095]
data ayeeparted i TaRlsal t of FDKP (5 g) was d| ssol ved |n
dei oni zed water (150 nmL) and insulin

Tableéd@@aodymﬁ@'omqomm%@f sgcﬁé/pfgwgu%wd\'m BHFG@&U@@I to 5.3

ed. [The solwutl 0 y dri ¢ d usi ng
C'IQ' 0856 'ndae{ _. ) f%oo%%

N2/hr Process gas - 80% of maxi mum The spray nozzI e
was cooled to 28C [0096] The resultant particles were

pog7pnal YzeR 4 4 dov&shtﬁé rreéb?rEaBQM‘Fé%ﬂbr‘F (%prahl 8 $hepétcihi8gdlat Farticles
re repor te I'e .

a . Aerod ynam C
betwepp Ogpnd &< mfcr@mta;ﬂlwet@@ ”@ﬁ 9@@?nm¢9kppw¢@dhahemptles from the

cartn(%h;,‘%(?@éﬂm d-gﬁﬁ’% %%maﬁ@ e?@élpelde%?|r@spfré@€tfr'aef'br{p/érfﬁ)l (% rf fill, %rf

of particles between O.
X %emply nihisr r@ﬁesuﬂhs tﬂvealq@( reﬁwéabbiep@@ﬂsagbthemowém@npmvaffom the

carmo‘aeptthss o8 Mo C RbAd 86U BRRn kS (RRTAS eh@ qmatsc) i(the inlet
percentage of respirable fraction per fil

tempe[ratp[e, inoglegrees Celsius), the percentage of load (%load — the msuhn content of

particles in weight %), and the loss on drying (LOD), a measure of the residual water in the

powder expressed as the % volatile material removed when the powder is dried in an oven

overnight.

[0098] Particle size measured by laser diffraction demonstrated a size range of

approximately 2um — 15um and the data are displayed in Table 4 and in Figure 2.

Table 4

FDKP disodium salt
with 25% insulin (w:w)| 168 (2.14 um5.88 um| 15.16 pum {7.76 ym| 2.10 49.21 %
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X %enpty - this nmeasures the % of the respirable
particles in the powler enptied fromthe cartridge,
WO b@eeg3 nedi an aer odymani ¢ di aneter (nmad), POEUSI0®030026
OC (the inlet tenperature in degrees Celsius), the
erc
[OOQQEa t@g%mﬁ? gfec{r&?ﬂr\ %é&ﬁg ASEM Q/alﬁgjzlg%égﬂoﬁ'wgﬂ (ﬁ%ﬁsorphology
A represeptative §EMfIStSH11@Wf\ ar iFipwe Swalhs parﬁclpngorgbq;ggy |s consnstent with a

w%g the %volatile material renoved when the
Co"apgé&P\/\ﬁcgr% gr% ed in an oven overnight. [0098] Particle

[0100Fi Z€ TRBASWbAE Ry 1has ersodiuff fs%ﬁhhs@ﬂn dsamaa& r Rh€ deval g under
ran

e of aﬁqroxuratelt)é{ﬁma : data are
acceled?@ava%de Rergltpe gonditigns (HR /?—%d?'ét'\ze hb\ﬂaﬁfté [Hlpo§gmpared to a
contro‘ﬁcfaﬂﬁuléltﬂ)nape@ﬂafrém U}ﬂ Woﬁﬁuﬁibﬂibn( ) spraapdiidd |parRebst demonstrated

k')'\ﬁ%' icle rmrB A represen atlvs SEMIS
super G Gaiiin St s Eregsred o it op SR Tasks &)
onsi-sten her

[0101§ i ablT?]lg ts};etnrgpf(\é %:ﬂréc%aﬁé’tbo i cﬁff’rt;ﬁgal!%ﬁ ﬁ\g’o 0y a“?ﬂ%ﬁ[}éfﬁgﬁk SOF‘U?IOH prior
to spray aryirsg wds weveleatedcfoe ite effeetdorn fmﬂhnaalqmsmblutye The data (Flgure 5)

C Lt ALY i
shows: 38 Gl Sabi chrif BBl BEmatil I s entations
as mepbged pyaysuhlm losdl afierr 17 ddye it dethts tRHat ed superi or

insulin stability as measured by insulin degradation
0101] The St art| ng concentratl on of the
~ 0l 3| slutic FRKP ssaltdnsulin, with an
orqan@rswv@gt vvas eval uat ed for |ts effect on f| nal part| cle

stability. The data (Figure 5) shows that insulin
[0102Ft abiThet premipitatien paas | cdndrolled r esisg shavriohic nittrasasicn gitomization.

AIterné@t cngt 8&%@’ d ra}tos'yglg% %ﬁpﬁ%ﬁ%&” ﬁngn%zahg%% anll\ Qéc’tlon are also

appthk»Ibvent/antl -solvent precipitation of a solution of
P salt/insulin with an organic solvent [0102

(0103 eciThPRAdIM 28 o GTRIFDIS € WA gSacbeionFad ¥Oii(€0 mL).
Insuhr@t(@@szg?])t W88 -adBbh &b AL EsdhAibht At b%ué@tah%’s%eﬁ§loﬁ"9| Thé@$H of the

ear m xi ng and honogeni zation are al

suspeafyen |V\@§tﬂdé15t5[dotﬂ?(ﬁ3:} wnthé% Qi QI8 4| goluion m{wa(sei"g)edvtasﬂ 00 mL
with 8’é|§|§£’éov G?f\?iatéarn a8l ARrgLd 1R Sfarli@S% Nerd - preBplthitbd £P- p@ﬁwpmg the

“%H was added to the solution to produce a suspensi o
insuli §oqjtp1|no$altt gk F%péﬂgﬁl% amgsetgmqjgﬂéﬂ %% ratiog thipugh a duel inlet
atoml%gﬁoﬁpw@@hﬁg Bt er%@uéﬁcy%tvbééﬁtm’\ﬂ%z Shd 4 RAz! hd PReciPitate was

dei oni zed water and filtered, The particles were

colleclgddp AgTedi G6TIBy opIATRIGNERe (P01 aFsBareiaen e Gpterial was
washddPilth eHaabl 8md aned elhabey eklébcﬁatiorﬁo:f By beBIlh? QiiteByedt through the

duel inlet atom zation horon i brating at a frequency
suspepaipRe et Parkfies £RRtaUEA K145 /"THQJ";S‘r%)H” ighkt (,Pe\%%e morpho'ogy was

evalufted bg SERH(Figur@eyredi a bottl e contai ni ng et hanol (200
m.). Post-precipitation the material was
[0104] The particles illustrated in FIG. 6A (10k x) and FIG. 6B (20K x) are inthe 1 to 5

micron range while at lower magnification (FIG. 6C, 2.5k x and FIG. 6D, 1.0k x) particles in

the 10 to 40 micron range are seen. It is the non-binding hypothesis of the present inventors
that the drying methods utilized in this study resulted in recrystalization of the primary
particles into much larger secondary particles and that the use of a method that maintains a
constant ratio of organic to aqueous components throughout the drying process, such as
spray drying, can preserve the primary particles to the exclusion of the formation of a
significant number of secondary particles.
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washed with ethanol and dried via rotary evaporation
or by bubbling nitrogen through the suspension. The
W@aoobioedoes contai ned 12.5% i nsulin by wei ght. Rarusmio®030026
nor phol ogy was eval uated by SEM (Figure 6). [0104] The
Exampig/s! quy Situ dlérlnH%fu?ﬁ &sh fbﬁnﬂoﬁan@/fbr(’r%loﬁ) and FIG 6B
are in m cron range while at | ower
[0105]ragn|FDK¢3abn SDKPF(lst;cnr@CD@)Fdfarv(mamdeééE/mﬁIDn pbrtQiKesX\)lere formed
{%é“ i.cle inthe $mcron ra gé_ﬁ:ﬁ}&,seen iﬁ/. i
by spray ryjagy- By wares§ i }S%Pf?é?ﬁ 'Ye 4t RB "R RS ﬁUlé‘?ﬂ'B‘frE saltinsulin
formutabien Cdm@in%%ﬂgmﬁtamhods utilized in this study
resulted in recrystalization of the primary particles
[0106] nt o FREN(S| girveasr susperdedian wejsmized ovader (A mLhandttitretedste a pH of
7.5 to‘%i‘o QitH Eatntm&'nﬁrn dFEB‘( d'ét(ﬂqkpéHg GRIMRA ?1‘1159 Ig?WaQ a%ﬁe&’rt@%' r‘ésultmg
t 0  aqueous conponen Foughout the d proce
solutigudPKRY te @iveya dusrhengionc e pHe@‘éhQQUQMSpmw@@djusted to 8.3 with
ammo@lﬂgn‘i h Ar8§1dé Wﬁ%)%gﬁésé QB ufdn HAEWhS LIFRLY ?cgggénpnﬁ_ewiihsqeionized

I cant secondary particles
water |andsfitaredii Aherpowdar st ploduertt by rsraad diongnietsottion under the
follow{ngjcgﬁ&ntn P or SDKP (succinyl DKP) dianmoni um
/nsulin particles were forned by spray drying. A
represent amiev@nW@QaMgooog gi ven for the FDKP
anmoni um s§ Q%I nsul | n for ation containing 25%
i nsulin. 4 s suspended in deionized

wat er (150At6hﬁzaﬁ6|dgb$L660&térN9’hﬂ pHof 7.5 to 8.0 with
amoni um hydr oxi de O[;?"g Insulin ( 1 .69 g) was
added to t QC?%SSQﬂst"WQ KM (FDKP) to give a
suspensi onThel$aphbLie WaecsolispREB on was adj usted to

8.3 wi th amoni um hydroxi de (NH4OH) to give a sol ution
[01071 hat TwWas%#¢fi dfutheddib@mdaRinirisaltd idﬁaH@itO’rﬁ%Gﬁbmttﬁan ahitd%rf of the

disodilyp sty TR SR G P BaICR ¢ TEekn RailE Peorfraho alsthe s0%

FDKPt &npeniatrus&t/ins dM0fswdadtHasta P/&rnpemﬁanabe to BEO6F the corresponding
0 zatlon g 00 liter /hr Proces as -

25% P hoRim ST I8 sl d Voo ) PTG B 1) teowders
prepafédfbydfoghiizatibrefion thelADKRIftee dcil, oWt de@féabes be thet ihsulin content
the % f of the disodiumsalt. The counter cation has a

'”C'ealsg? ge effect on particle performance. Al so, the 50%

18O ITBRUT AL U PRI i fopRaEnE o

data asereportad in Tablpdwder. This is surprising because Wi th
the powders prepared by |yophilization fromthe FDKP
f Tekle i dherediangic PRRerieasels SRIgY tdiiedi ¢iammoniugh MDdkYinsulin and

diamnhdHilr§ 8BR&insulin

FDKP diammonium salt
with 25% insulin (w:w) | 52.1 | 88.7 | 46.2 29 19| 200 {2500 | 6.6

FDKP diammonium salt
with 50% insulin (w:w) | 55.7 | 854 | 475 | 29 |18| 200 | 50.00 | 6.2

SDKP diammonium salt
with 25% insulin (w:w) | 56.0 | 90.1 55.7 30 |20} 200 [ 2500 | 3.8

[0109] Particle size measured by laser diffraction and the data are displayed in Table 6
and in Figures 7-9.
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[0108] The resultant particles were analyzed for their
aerodynam c properties and the data are reported in
waaiwb®2P43 Tabl e 5. Aerodynami c properties of SPCEHYS2005/030026
dried di anmoni um FDKP/ i nsulin and di anmoni um
TablegPKP/insulin Sanple o/"rf "/oSnpty %ffill nmrad gsd
inlet 0C % oad LOD FDKP d| amoni um salt with 25%

FDKPZ(B%M@Q@NWW 56.0 90.1 85.7 3.0/ 2.0 200 25{00 3.8
with 2594 OgulimPéy:w) - 1028 5{i1 78 HPelA<Qrieg 540 pes E:-68Mf 1284 if on ard.13%
. the data are displayed rn Table 6 and I n Figures

7-9. Table 6 mmmas i sml fflin; 10 V50r mmvm VMD, m

[o110f J Fﬁaﬂi‘dé §be 6f<ag)rédd?§tidn &wdmnaﬁmmhwamlmm e&m&ﬁ‘ﬁg 25%

Insulin (w nm 4 nm 1
'nSU"Wiwa%VPm%? MRS by @se ngr%ﬁt'oa ?J’P%pﬁ‘&f‘&”?%ﬁ%fat%%e range of
approﬁh@@mmm sad BumffoF IPFDRPL @hmoRBIM2 83 Fotmulated Wh \B5% insulin
e'ltéﬁ m ned by |aser diffraction and denonstrated a
(Flgur§|7zaé1d Efe Jof approximately 1.7mm - 8.4nmfor the FDKP
amonium salt fornmulated with 25% insulin (Figure 7
Tablea}]d Tabl e 7) Tabl e 7 [0111] Part| cI e si ze of a

FDKPSdi momh tde
with 56‘% éuﬁn (J W?'

haasaYal [Na'al
I. IIL' \_ll_ll\l MI uIIIIUIII MIII \Jul C

(w.w) was determ ned by |aser diffraction and

enonstrated a_size r roxi.mately 1 7mgm- . 0
o115 et it SeBeBsha ort O R TN Gl SPRE bantaiging 50%
insulin m\'&w I nwag Q[bﬂe’iﬂmn‘e‘daBWIMredhE@tfmﬂ aft Cderserapytedaa size range of
approxmately qup 9 Sé gﬁ% fgla%el HDRP %RIUI’OI‘QXalt formulated with 50% insulin
(Table 8).

4.9C1® 31'!?19 for 66.95%

fn 1l At amth D1l —n
T Ul TTUT T C\uU LA L LIL L\J/Ul ||\)u| T

Table 8

SDKP diammonium salt
with 25% insulin (w:w) | 084 |1.66 um@4.64 um| 9.27 ym |5.17 um| 1.92 64.69%

[0112] Particle size for the SDKP diammonium salt formulated with 25% insulin (w:w)
was determined by laser diffraction and demonstrated a size range of approximately 1.7um

— 9.3um for the SDKP diammonium salt formulated with 25% insulin.

[0113] Scanning electron microscopy was utilized to study particle morphology.
Representative SEMs are shown in the Figure 10 (FDKP) and Figure 11 (SDKP). The
particle morphology is consistent with a collapsed hollow sphere.

[0114] The stability of the in situ salt formation and formulation of the diammonium
salt/insulin particles was evaluated under accelerated room temperature conditions (40°/75%

RH). Compared to a control formulation prepared by lyophilization, the spray dried particles
demonstrated superior insulin stability as measured by insulin degradation (FDKP, Figure 12
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Representative SEMs are shown in the Figure 10 ( FDKP)
and Figure 11 (SDKP). The particle norphology is
w@ovsisoent with a col |l apsed hol |l ow sphere. [ ORAB{PS200&030026
stability of the in situ salt formation and
l.at i ' gl
and Svf)vggpg@grlteu f&r@epgﬂé gfgg?grbg{ﬂé dtagllaetsalﬁlt Al )p(?bk'Pq'-'%%re 13 and
SDKPcbigdiet19ns (40775% RH). Conpared to a control
fornul ati on prepared by |yophilization, the spray
dr|-d oartlcles dennnstrated superlor i nsul'in
ACIEISHeS @ kgl MUEG WCIoRaRliGESyr adat i on (FDKP

|
S 4) fo t .
0115035 %%Z?F%Pa?ﬁﬁ %%@55;'4* Fpa%%ﬁ’esp.%ur el Ypgsing ano
unexpEctgdrteertisin aEnodwpﬂrmcl;ﬁerfo@namaact drregibusly obberSpd aysu[l)n'fo@dtammg
mncroMrﬁ{lé)sp X éhﬁla%sbee%qgi%ﬂda?% ?}kﬁjfréee gmg %(Eroﬁgrlt E{eg %%g) wt[ﬁch insulin
had b:eeenldaderd aed oty nzaivent penbmdrﬂxycbopﬁhzahomudémomjsa&d/eiécreased
aerocyliFil pBHGARinE Wi b ARG lens; EoE lfifle iR e, rospirable
fractionhdor R5%hmddédk qrartichesd eds amghlﬁdaletlsswwwnthanetmevw [ly 5% loaded
0 . .
part|cle¥ {EB Ln%régEPIQJIFR ncre@@?&ﬁgqic%g c{oﬂ?a%’rﬁlgq_'fhgpﬁgm%?bﬁosne trend is
obser\esdanﬂpsl |e$ulmmad)/mcre(a$m%rflabrleesésr action) for 25% | oaded
articles was signi ficantly lower than the %f for 5%
[0116f)0ad§@rq:yagrtlepdcp@\g ergRf @lﬁrF KR rdisadiyopieplt ugre prepared with insulin
conterits ©f PPA%, 601095 70D, 2rHOT®S, WSW! IFiyurd e sREROTat %rt iEREses with
is observed. As insulin load increases, %f increases.
'”Creaﬁtﬁ‘ﬂi'lﬁ“"@!ﬂaﬁy dri ed powders of the FDKP di sodi um salt

pr.epar.ed W|th|nsI|n ont ent -
[0117%_ 0 ang argtaengoyvetsv\?ls ﬁr\éedflg SPE2Y, cﬁ'gaEF[g}ﬁD? onlum salt/msulln
powders crayage msulirt Iaontnmseafsnmg,% nSWD%n 7A0d2d, of ®DIOP, W:w). The %rf
increa%!am/v‘tﬁl ns[:lrn IBQ?Xﬁ?urglﬁ?nObserved I n spray dri _ed FDKP

anmoni nsul powders having insulin

[0118fOnt emésstéﬁln&lzoﬁc@ntéﬁcrp% tﬂeoFQ)%P S’igocﬂgmos/élt( %I?\’)on grh?r to spray

i ncreased insulin d (Figure
drymgT\M@s syalvated éordtﬁn%féqﬁ patﬂn@hp@mcle h@ﬁqhmﬁrahtlitlsoa’ h rﬁaﬁlntdlcate that

msuhrﬁéﬂaﬂﬂﬁt Wth@rdo%eF PoRREEY wih R sWRSoRiiBh 'é@ﬁc%#ujtlfgﬁ’énds' dsSmeasured

final particle insulin“stabilit
by 'nﬁuh@h'féﬁz&t @ftetr hift dayssal AR/ 8% R tFori examme. Fobh e'f‘SU“n Was lost from

powder"SIr A REd Wohd al MUt%Sb&ﬂalﬁl% W7 AIy/RORGRN. I Qélﬁpa?ﬁon 4.5%
measured by insulin loss after 17 days at 40775% R

insulinryps d9g4 Heme povdesosprays diiech framisa selstion EemtipiACET n@ﬁﬂwohds and

2.7% AElIRdvdd 1880 fRon® g&Mér%Bré»}Qmea'fr'?o'rrﬂﬁ sl dtidédkaimiRg 6% $ng/MY. solids.
compari son, % insulin was | ost from powder spray

[0119Hr i ed‘hé ridet @nml'ajtlneemsednb apmyrrgy %Iuﬁgﬁmbf thel FDisP aiimbdlum salt

and iy SR SRR cROkd, P heu wae Fudlsp op J et on fna
partlclbenmm atabiligs Ttsaedlatbondsmta%aﬂ nrysuﬁmlstabmtyns tod polwderFiDiPases with

increagfé% qﬁt g]m%%ra&%{g %g\;'lg(?g’s {ecp b)% %Plﬁlfr{ I?ssggfﬁeté'icﬁ cg%sc?ﬂgf}%u/o% For

example, about 4% insulin was lost from powder spray dried at an inlet temperature of

180°C. By comparison, <1% insulin was lost from powder spray dried at an inlet

temperature of 200°C.

[0120] Additionally, the present inventors have unexpected found that these particles,

which are suitable for pulmonary delivery, have a rugosity of approximately 1.

26



particle insulin stability. The data indicate that
insulin stability in the powder increases wth
w0 p@cez®iIng i nl et tenperature as neasured by iPEUBI905/030026

| oss after 17 days at 40775% RH. For exanple, about 4%

[0121]I nsubhﬁsménﬁéé |f1(§|9£fb@o¥‘ﬂjﬁ[1m§9|rsaé(xdﬂéé é&arﬁlﬂeé R §gredients,
enper ature of By nmpari son, <1% i nsulin was
propemeﬁstswh o gm{g@ﬁars mezght dfqa@ﬂoratcoaﬁltlpaﬁ efnd SPpderit weed in the
specnf eétlo%%QIalﬁ@]a?Qlo @@gh&éerB@Jj Ly ’befng%wlﬁ&ﬁﬂtall'lﬁ‘é{&meg 'b§ the term
have unexpected found that these particles, which are
“aboutgyAcedsdiagly ownless| indierieq tQjHﬂeu Gpatrgry, megricalasamptess set forth in
the fol%Wﬂ{goéﬁe'gﬁE&‘oYl ahdl dikehdd HQin?ssaQ'reoa%B?d'x%ﬁ%nb ett Gyedhry 8épending
nbers expressing quantities of ingredients,

upon t,becqﬁérrw Qorsilies seyghbolocks hIngg feynthe Pres@tiipypntion. At the very
least, &Wﬁdttak%ﬂsatteﬁﬁgtoﬁﬁmftﬂé ?pﬁb%ﬁé’n bithk BcHRS 6f édwér@@toqng scope

clains are to under s being nodified in all
of the ClaipsarfeeR nweﬂ% PeEaMateEeuld at legst @Pdaongrlyﬂd infipkisef the number
of repdrﬂﬂ' §§H fRint Gﬁgﬁ§1§n&9*ﬂéﬁﬂfllﬁg ofd¥ear) %’[ﬁﬁir@qlacrﬁﬁfﬁtfég‘?thﬁft\ﬁlthstandlng

forth in"th | ow ng specification and attached
that th@mm%w@irren@@pﬁr@xnmﬁ@ffssqtm forthfhe, Bropd e pRM el 1hg ingaHon are

approXim8ticHas tfee AuPRERRE Val RS SRUSIM irf thedd SpsUMAbRRRbIEY afdeported as
present invention. At the very least, and not as an

precisely 1asnpessitle-| AVt ”‘t’ﬂ%”cé‘bﬁﬁ'iuéaf‘P‘ﬁﬁV%f inhREeNgy GOptas egrtain errors

neces&4tl ViRE&NG front the SeRRErdOfdelRBor! RUAS, inedkdir MEsmIcti¢a testing
paranmeter should at |east be construed in |ight of the

meas%@fﬁﬁ’étﬁ of reported signi f| cant d| gits and by applying

or di oungdi ng.t echni t ' t
o122 e PP SR 28 00 DA e Bop Pl vl TR Pled e Bt o
describing @itk isvohien t()éspbblally mulam tmruelxt af meafplpworxg dalrnsc) A totblesconstrued

i cal I f h
o <ol TS oHRLHE Spiche BPtH LGt BrRREEE TR or cears
contrad'mtaaiehy dmomv eRecitiatitre oferahyigs ofonatt@s heraie rstmeralyen@eodexi to serve as
» sroffBERSRARAL AL K G\ U AR ORI A g rnce
UnlessT htdaetvesefmdrbatéd dmacélﬁ &ath muidnduahedluelrsdnmrmrtamd into the specification
as if |tr\§%§r ﬁ(ﬂ& ﬁﬁ? @Sggtednh Qﬁl A {ngf{:oggn) Idgxcfrﬁbggi r{%ké]lg fcéF%e Vaerformed in
any suitablensidenuslet® oﬂenmeasndncmeld therearojmerotﬂwwlsetdmrbn cwgtrbdtpted by
contei’imq'hg ge gog{]?&(‘}d gl?b)ga?ﬁplgé rl)? rﬁslaaglgh@?a{%%d(e%g;s%rcg agg Sprowded
heremos |mmd@dsnéretyeo hefter llrlmmeaty thmtmam argl dnesvet peseaa hmltatlon on

e ngyd nei Vi I :
the 508 (9 lﬂ?egq Qgh%lse élﬁFnreH ﬁ\l(% Lég'gyg%@ tlhéns'[pgg@@aﬁan should be
constrgedh as wd@etlmmmmre@alh@d@lemeré gesentindiovhel practiceadfdlee ingention.

inco\rqoorated into the s(?emfl cation as if it were
[0123} ngi Grenpingsyof alterpatiye rieraenis ok ambagdimenis ofdlg invealipn disclosed

hereinl&e §ioh ta- B cOBstiRBA faarinmtibs. aEHckﬁ%i‘bhﬁmé?anrdﬁéy b FeF&rPed to and
ot herwi se indicated herejin or otherw se cle

claimegdo REMAYRLY i 1ByaYo FRBRNSUIM A SEIngE eGSR Pl ae oroup or other

elemeﬁ?éaﬁﬂh@ﬁheréi’rﬁ X R tRIPatdAMAL dEE drern@}e memBBrsast'd group may be
ided herein is intended nere to bett g
'”C'Uqu’ lrURf Aeletediiom. |arﬂf8W?? ¥reaeas 6’6%%'%1?8?“6%% /gr patentability. When

any su¢rfnrtcmsloanoroabléttm SERRE tﬁi sbbamdﬁ]pﬁnﬁ lr@rewtdlaemw sre contaln the
group as modn’%d thus Huﬁﬂ %g %ge wnt?ent de%cﬁ&%%l of Ia%){;l Ealn all mrkusﬂ groups used in

the appended claims.

[0124] Preferred embodiments of this invention are described herein, including the best

mode known to the inventors for carrying out the invention. Of course, variations on those
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construed as indicating any non-cl ai ned el enent
essential to the practice of the invention. [0123]
w@e@dp2ivgs of alternative el enments or enbodi nePt®HUSL005/030026

the invention disclosed herein are not to be construed

prefen%ﬁ éh%&lﬁ%ht@r\ﬁﬂl tﬁ;@:%ﬁ'negéﬁbé‘?erﬁ'feﬂb@lﬁsw ct?&nél%f &Il Wtﬁ@ art upon
[al med individ Y i n any nmbi nation with

Fead'"@tth%rfOTﬁﬁﬁ'ﬁ@rC!?S@fﬂpt'Pﬁe Hmwemor%?h@ct ék@ﬂ%@ft@aﬂ%ammmoy such
vanatlgr%' & 5bpr66na'te°‘ aﬁBttr'\é:Wéﬂt&@ ihtBAd fd?'ﬂ?e iAleriti®h €o B@B’F&%ﬁ&dﬁthemnse

roup nay. Included in, or deleted from gr oup
than specwf craéxaggwbeﬂ hetsiy eAPeardinglurthisdpvester inchisies ﬂ'ynoo\vﬁmvpns and
equnva@éﬁfs DL 5NGEUShAErabciil Al IhANcIARRWrhent&E hereto as permltted by
pecification is herein deened to contain the group a
apphcabjel v e loraqysr. oy pmpination Rethgrabpye-Aesraibed iefsments Brall pOSSIbIe
vanatn@ﬁ‘sy tr%'?ébfarglenk@ﬁé @d%ﬁfﬁ@slnvéﬁﬂn' GhiddaeotRBRER Bdicated herein or
claims. [O referred enbodi nents of this invention
Omen@ﬁ%ﬁﬁﬁﬁwﬁqnﬁéadﬁéPéﬁ@“eﬂhcIudlng the best node knomm to
entors f i nvention

0125, o1 RGBS PBrercan RENE Q8P dPas Iy PERDS T HeRiLeg,ppplications
throughegtothiis Wﬁbﬁfﬁn t Badhhefstee Giboos dltétﬂrgfelskd:ésl andhptirited aublications

the f d t The i t
are hef R R Mot AL SR ISR P v ar  at one. as
[0126fppr ﬂpélbﬁﬁg it %'ﬂgbé R drERs6RTHE The! éhﬁ ér‘&g o? #e.i ventl?n glsclosed

nvent racticed otherw se t pecifica
hereinchre dlustiatiyetod the mmcmwmf cﬂhmgﬂeyenttlwe@twmv@mer oedifigatiangdlkat may
be en@adyegoaqé iR fh@ns%o?mﬂ inv&htRAt STH'-?.]‘s EQN@U&H &Gple, but not of
t't recited e al ms appended heréto as
limitatigar %Qfﬂ@UeWnWﬂﬁ'%mféhq% ﬁwseﬂg\né@v@f‘ ,mahbe ¢ftasdrintsceprdance
with 1 tebBSn GPRMENISREhIdAREY, §h&EPRRES ihvbrBbh iPRRTINRES to that precisely
vartations thereof 1S énconpassed by the invention
as shayyf angsdescheedyi se i ndi cated herein or otherw se clearly
contradicted by context. [0125] Furthernore,
ref erences have been nmade to patents and printed
publ i cations throughout this specification. Each of
the above cited references and printed publications
are herein individually incorporated by reference in
their entirety. [0126] In closing, it is to be
under stood that the enbodi nents of the invention
di scl osed herein are illustrative of the principles of
the present invention. Other nodifications that may be
enpl oyed are within the scope of the invention. Thus,
by way of exanple, but not of limtation, alternative
configurations of the present invention nay be
utilized in accordance with the teachi ngs herein.
Accordingly, the present inventionis not limted to
that precisely as shown and descri bed. What is clai ned
is: 1. A pharmaceutically-acceptable salt of a
het er ocycl i ¢ conmpound according to Fornmula 1: Fornul a
1 wherein RL or R2 conprise at |east one carboxyl ate
functional group;
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Eland E2 conprise Nor O said salt further conprises
at | east one cation; and wherein said salt is not a
wo paohiozamzal t of 2, 5-di aspartyl -3, 6-di ket opi pePERUS®0T030026
2, 5-di gl utanyl - 3, 6-di ket opi perazine. 2. The
What igt&%rirﬂ@q:gyti cally-acceptable salt of claim1, wherein
the heterocyclic conpound conprises a
di ket opipparmacentcallBaccptabithsalef echateroaydlig campeyndaascerding to
Formupfdt conpound of claim1 wherein said carboxylate
group is termnally located. 4. The
phar maceuti cal | y- accepRak| e sk Qlaim3 wherein RL
and R2 conprise 4-X-am noblityl and wherein X is
sel ected fromthe group conpsisting of succinyl,
glutaryl, maleyl and fu 5 he
phar maceuti cal | y-accept@bl e s&it of Rl ai m 4 wherein X
is fumaryl. 6. The pharmaceutical | y-acceptable salt of
claim 1l wherein said cati onFormuiel ected fromthe group
consi sting of sodium potassium calcium [Iithium
t ri et hwhésinmrR, orlRitephpiisé at ledsteinb aadloayiatecfuadtidbnal group;
triethanol am ne. 7. The pharmaceutically-acceptable
salt of & 'Zrﬁoé?p”\?ﬁé\lr%riegr said cation is sodium 8. A
t her apsaid sait fuethprosintprises atlepstiode regtian; phdr maceut i cal |y

accept apl e. sal f. a heterocycl i ou ceordi.ng .
o For Mo B eid sl e fal SHEEFAT P RE-BPER O B fecine or
2,5-digletaniyl-86ailcasdmetytied.e functi onal group; Eland E2
conprise Nor O the salt further conprises at |east
ode calhopharapeewisply-acnep@blesadef claine fewhergimghe belgragyclic
(el QG ' nt. 9. The therapeutic
Comp@]ggp(%gilp??%ény8?€{8P|\gi%ﬁa?g%\)\her ein said biologically
agt i veTiegptidrmade RRbBLA@R plabRedittenpbondofa4is 5ivhaginafaid
?r nones, §nti CE)?%UI ants, inmunonodul ati ng agents,

h .
carbo%yyqt.%g&yipds genesy’ SHEM i ot i cs, antivirals, antisense,
ag_t | 9€9%0 p Ha@g !CS@GQKE}%R%%[%S\@% off Eg?ﬁ?%@ré’m gi, and rll?z g?mprise

anal ogues” thereo erapeu conpositio
4-X-aminabutylanghvdreséin XsiaiselebiedIfiogi ibaldrqupaeanisistingagfeaniccinyl, glutaryl,

ﬂqpﬁ' insulin. 11. The therapeutic conposition of
maleyg al mh%?\a\her ein said conmposition is fornulated in a

| 5qui dThe pharmaceutically-acceptable salt of claim 4 wherein X is fumaryl.

6. The pharmaceutically-acceptable salt of claim 1 wherein said cation is
selected from the group consisting of sodium, potassium, calcium, lithium, triethylamine,

butylamine, diethanolamine and triethanolamine.

7. The pharmaceutically-acceptable salt of claim 6, wherein said cation is

sodium.

8. A therapeutic composition comprising a pharmaceutically acceptable salt of a

heterocyclic compound according to Formula 1:

R, E, (o]
o E; R,
Formula 1

wherein R, or R, comprise at least one carboxylate functional group;
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12. The therapeutic conposition of claim11l wherein
said liquid is a solution or a suspension. 13. The
W0 bh@capssus | ¢ conmposition of claim8 wherei n saPdI/US2005/030026
conposi tion conprises a precipitate. 14. The
t hera C ] of claim 13, wherein said
preci S[?Lg ?ﬁ%%ggwéa}{béd into a solid dosage form
sui t abthe sbibfurtheatomirises al leastaaneadatiomrandagi nal

adm ni o5 8 8bkiiohTurd} SolPREAPL UEIERMRARE boRh. Of

claim n sal sage mis s ect ed
fgom tHig ﬂé%‘b@uﬁé’éb?ﬁ ﬁti%ﬁ o®tlafn sm#&.&sala bt(%&l(%|¥ a8t agent
a suppository her apeuti c composition o

is sele@teéufmnsthmé@tm Wn§t§i'@9 efd?ﬁs'a@@n@% htieasspiantsenrurRgryodulating

agentsp‘?:%ﬁfxnc EntsT BRIDIARE BRRAVIAIS, FHAEEHARI At Bn@fanﬁb@dléﬁ & active
Wwherein the particles of said dry po ‘have a

fragmenta apd apaleguesdegreabout O 5 m crons and about ten

T G Thp Beraru et Bismonh 6B b SRy s GBS REERE gt hgen

comprizeBirguim.ng a bi oI ogi caI |y active agent and a
phar maceuti cal | y-acceptabl e salt of a heterocyclic
cbhpoufhe tharapeyitt sasnpositiosrph olainy 8 ydietrir s2id eamppsitien is

| ected fromthe group consisting of
formu'%?tgpﬁgllgg%jon evaporation, spray drying and

| yphi The’iﬂhb'réb@utld\&ﬁﬁ@sﬂloﬁ@f diaphar whestn sdlaliqyid is a solution or a
accept abl e salt of a heterocyclic conpound has the

SUSPEB%!Pict ure according to Formula 1:Formula 1 wherein R1

8? ?6.5%; ﬁ%ﬁaﬁn @Eﬂﬁt&: %Anrg;?c?s Stléaﬂ&? ﬁ%@% galg %Bﬁ{pbgpgr{ (t:chmprlses a

precipgatepri ses at | east one cation. 19. The nethod of claim
18 further conprising the step of mcronizing said

st d Tl therapeticisQmpRsiioaror cian 13 Whareip $alskPrRFRIRF isng

formul%téélrlb{to%oéﬁﬂﬁ Hok&Ye fgfrh' gwﬂa@lé 6P b, HRBEH) | rebtad or $RJiMM administration.
drying a solution of a pharmaceutically acceptable

s#bt oThatheeipeuticyarhpasitvorngdolaiml 14mdieseibsail eglicddsage from is
erein tp dry
(0]

selectf firding diEuh chSsiaig bR g uliy Rl A0 i
Wher ei ?héfﬂ oFhpR0AE 8BRSt onads iR 8 GRIRFaR Eﬁd%@lﬁpogfuo@compnses a

het'erocycl i ¢c conmpound has the structure according t
dry pogefrul a 1: Fornmula 1

17. The therapeutic composition of claim 16 wherein the particles of said dry

powder have a diameter between about 0.5 microns and about ten microns.

18. A method of preparing a solid composition for drug delivery comprising:
preparing a solution containing a biologically active agent and a
pharmaceutically-acceptable salt of a heterocyclic compound in a solvent;
removing said solvent by a method selected from the group consisting of
distillation, evaporation, spray drying and lyophilization;
wherein said pharmaceutically acceptable salt of a heterocyclic compound

has the structure according to Formula 1:
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wherein RL or R2 conprise at |east one carboxyl ate
functional group; Eland E2 conprise N or O and said

W@ a00b/0k39rs her conprises at | east one cation. 2PAT/US1085/030026
met hod of claim 20 wherein the particles of said dry
powder are suitable fog pul mopary dejivery. 22. The
nmet hod of clai m 20 wher &i &' Icles of said dry
powder have a rugosity of less than 2. 23. A
conposition for deliveringlbiologically active agents
wherein said conpositio [é es phar maceutical |y
acceptabl e salt of a heferocyctic corfpound and a
bi ol ogi cal |y active agent spé\%}él qri ed to forma dry
powder such that said dry poWHer 'rel eases said
bi ol og\jvlg?binyR“c’mtl:iz;oen@ﬁe@hBIeamd)ln_s@bd)oﬂ&laﬁerfamd hibha'alcgri:d)dm
accept alt o .erqcyclic conpoun as the
struct Taé‘%a%é:(?m”ﬁ@ﬁ[%ec&‘cﬂnﬁul a 1:Formula 1 wherein R
or R2 sndrpdli feshertcongaisés arleastanbaeatdrat e functi onal
group; Eland E2 conprise N or G and said salt further
ctpr i Besmathot @hsteinp i@ fusther eamprising tia stepmtprieronizing seid solid

to f 3y herein the particles of said dry powder are
o of"ih?’%@e}“@r pul nonary delivery. 25. The conposition

gﬁo.cl CTY meft’li’odﬁégfﬁﬁ"&ifdﬁilnb féQir?EéMiéiz'H@r;dGrOé zgwjeey @Hrupr{@my:iler t
ave a ru S|ty O es an . . mcr arti cul at e ]
oyst endAeF TG SRUIOPSH 7 POaRTASeuicHyy 2ccenRRiS self §f Riterocyclic
compcﬂJTharafﬂiE%&Héd Ib@%lly}t?cﬁfélﬁgﬁrﬁﬂ forrfi aldry pbwéerhet e\rAECyC! ic .
conpounda ang, a ol 0l 0gl C agtive ent, er el sal
comhoctteran e Rt fbasts g AT e NAA LA and
sai d hehatpep prarsacatical) dvespthble saft biig hetefooyelidofhpegnd
to, Formula 1: ForFrruIaI wherein RL or R2 conprise at
has the siiueturgReceidingdRyPdP¥adinct i onal group; Eland E2
conprise Nor O and s%iﬁd saIF furtI?)er conpri ses at
| east one cati on. cul ate system of

claim 26 wherein said biol ¢gicallly active agent is
sel ected fromthe group conpsisting of hornones,
anti coagul ants, i nmmunonp i ents, cytotoxic

agents, anti biotics, an?i viraFe, anfitsense, anti gens,

.anti bodi es and active fragnents and anal ogues t hereof.
Formula 1

wherein R; or R, comprise at least one carboxylate functional group;
E, and E, comprise N or O; and

said salt further comprises at least one cation.

21. The method of claim 20 wherein the particles of said dry powder are suitable

for pulmonary delivery.

22. The method of claim 20 wherein the particles of said dry powder have a
rugosity of less than 2.

23. A composition for delivering biologically active agents wherein said
composition comprises a pharmaceutically acceptable salt of a heterocyclic compound and a
biologically active agent spray dried to form a dry powder such that said dry powder releases
said biologically active agents and said pharmaceutically acceptable salt of a heterocyclic

compound has the structure according to Formula 1:
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28. The mcroparticulate systemof claim 26 wherein

said conposition is a dry powder which rel eases said
whembozavenl |y active agent in the pul nonary syRCEDS2089030026

The m croparticul ate system of claim 26 wherein said

drug delivery is to thg pul nbpary system 30. The

m croparticul ate syst ent af , Wherein the

bi ol ogi cally active agent {|s absqrbed into the

system c blood circulation|{3 1. The microparticul ate
n [

system of cl ai m 26, mheé g | ogically active

agent acts locally in the lung? 32. the

m croparticul ate system of Elai$126 wherei n said

conposi tion conprises a |iquf8"fdr drug delivery,

wher ei whérbin®R wrikytofipribé at Ibaslong icamokyladlihstienagedip; i S

facili ateg%b sai d di _togiperazine. 33. The

mi cr opaYdac g N U &Y¢| ai m 32, wherein said

|'i qui dsdi® sathurtRérsdopiptideoablbhst ond4atiorne

m croparticul ate systemof claim26 wherein said

c2hposTha eampasitioniof eleina 23 mbeigii thetpartioldsenf épid dry powder are

: ' - bi ol ogi cally active agent is

QMMbggéféﬁbgﬁﬂﬁggw sai d di ket opi perazi ne. 35. The

NPT 0P i RitRNTY Slaf@iwhelei the AR & isBidSRY Bowder have a

precipitate is admnistered orally. 36. A nethod for
rUgos'E’e‘l’fi"’?ﬁéﬁE}arb?- particles to the pul nonary system

c rising. o i i a lnhal afj -t j..ent

R mec iop R ey ki e il dellaR, Bhibilcra BoRBldiEN o
pharmacelticgiycadceptabletsait of adgeterodynlia dognfoondaod adiadoegicallywdtive, agent,

sa ) F:TR . [ . (Ne)¢)
where el Hth BN FE RS SRENBRaRYRAT 26, S i Rerbidefblc
compamnddat #id grushiré aofording & Borovyacli ¢ conpound and a

bi ol ogically active agent; wherein said dry powder

rel eases sai d biol ogi c®ly acEiye nt in the
I n saifd pharmaceutically
conmpound has the

or R2 conprise at | eastOo6ne c&boxylRate functi onal
group; Eland E2 conprise Nor G and said salt further
conprises at | east one cati @rmula1

wherein R, or R, comprise at least one carboxylate functional group;
E, and E, comprise N or O; and
said salt further comprises at least one cation.
27. The microparticulate system of claim 26 wherein said biologically active agent
is selected from the group consisting of hormones, anticoagulants, immunomodulating
agents, cytotoxic agents, antibiotics, antivirals, antisense, antigens, antibodies and active

fragments and analogues thereof.

28. The microparticulate system of claim 26 wherein said composition is a dry

powder which releases said biologically active agent in the pulmonary system.

29. The microparticulate system of claim 26 wherein said drug delivery is to the

pulmonary system.

30. The microparticulate system of claim 26, wherein the biologically active agent

is absorbed into the systemic blood circulation.
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31. The microparticulate system of claim 26, wherein the biologically active agent

acts locally in the lung.

32. The microparticulate system of claim 26 wherein said composition comprises
a liquid for drug delivery, wherein absorption of the biologically active agent is facilitated by
said diketopiperazine.

33. The microparticulate system of claim 32, wherein said liquid is administered
orally.

34. The microparticulate system of claim 26 wherein said composition comprises
a precipitate, wherein absorption of the biologically active agent is facilitated by said
diketopiperazine.

35. The microparticulate system of claim 34 wherein said precipitate is

administered orally.

36. A method for delivery of particles to the pulmonary system comprising:

administering via inhalation to a patient in need of treatment an effective
amount of a biologically active agent in the form of a dry powder, said dry powder prepared
by spray drying a solution comprising composition of a pharm‘aceutically acceptable salt of a
heterocyclic compound and a biologically active agent;

wherein said dry powder releases said biologically active agent in the
pulmonary system; and

wherein said pharmaceutically acceptable salt of a heterocyclic compound

has the structure according to Formula 1:

R, E, o
o E; R,
Formula 1

wherein R, or R, comprise at least one carboxylate functional group;
E;and E, comprise N or O; and

said salt further comprises at least one cation.

33



