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characterized by insulin resistance and increasingly impaired pancreatic B-cell

function. Type Il diabetics may still produce insulin, but they may also require insulin
replacement therapy.

[0004] Type Il diabetics typically exhibit a delayed response to increases in blood
glucose levels. While normal persons usually release insulin within 2-3 minutes
following the consumption of food, Type Il diabetics may not secrete endogenous
insulin for several hours after consumption. As a result, endogenous glucose
production continues after consumption (Pfeiffer, Am. J. Med., 70:579-88 (1981)),
and the patient experiences hyperglycemia due to elevated blood glucose levels.

[0005] Loss of glucose-induced insulin secretion is one of the earliest
disturbances of g-cell function (Cerasi et al., Diabetes, 21:224-34 (1972); Polonsky
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presence of zinc ions. Hexameric insulin, however, is not rapidly absorbed. In order
for recombinant human insulin to be absorbed into a patient's circulation, the
hexameric form must first disassociate into dimeric and/or monomeric forms before
the material can move into the blood stream. The delay in absorption requires that
the recombinant human insulin be administered approximately one-half hour prior to
meal time in order to produce therapeutic insulin blood levels, which can be

burdensome to patients who are required to accurately anticipate the times they will
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[0010] These problems with impurities, metal ions that affect stability or
bioavailability, occur with many other proteins and peptides.

[0011] U.S. Pat. No‘. 6,071,497 to Steiner, et al. discloses microparticle drug
delivery systems in which the drug is associated in diketopiperazine microparticles
which are stable at a pH of 6.4 or less and unstable at pH of greater than 6.4, or
which are stable at both acidic and basic pH, but which are unstable at pH between

about 6.4 and 8. The patent does not describe monomeric insulin compositions that
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than approximately six hours, alternatively in less than approximately three hours.

[0016] In another embodiment of the methods of the present invention, the
inhalable insulin composition is a dry powder. In yet another embodiment of the
methods of the present invention, the providing step includes providing insulin
complexed with a diketopiperazine, such as fumaryl diketopiperazine.

[0017] In yet another embodiment of the methods of the present invention, a

patient's lung function is not depressed on extended use of the inhalable insulin
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BRIEF DESCRIPTION OF THE DRAWINGS

[0023] Figures 1A and 1B depict the insulin lung pharmacokinetic profile
following inhalation of 3 Units Technosphere®/Insulin daily for one or three days

according to the teaching of one embodiment of the present invention.

[0024] Figures 2A and 2B depict the insulin Crax in lung (Figure 2A) and serum
(Figure 2B) following inhalation of 3 Units Technosphere®/Insulin daily for one or

three days according to the teaching of one embodiment of the present invention.
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DETAILED DESCRIPTION OF THE INVENTION

[0032] The present invention is a method of minimizing accrual of insulin in the

lungs of a patient after pulmonary administration of insulin compositions.

[0033] As used herein, the terms “complexation and “complexed” refer to a more
intimate association than just entrapment or encapsulation would necessarily

require, for example, binding based on charge or hydrophobicity.
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peptideb) tpolysacamarides( Endwbthen su@rsnuhpndsp anidy neqleno/adcwmsequences

havile) dbTEPRY e SESTHIEE, Of KIAUTBSIE oqiier Bitnne iry defined as
consus‘illfwg%f 17oRf %lﬁooa&&f &k f’%F nWre! BESIRICHRARSS than 100 amino acid

cul es, nost era ep tides and proteins.
residNen- IUntéss rogh@mmlséatedndhadermyptdi@m tefersotgdrath pietins and

oer R T8 TR U o P " AT REE ) gt . bt

not RRitéd 380 WaB6SS VR NYBHts! HRiLREStvVeC agdniep Murarines, @hticoagulants,
di agnostic activities. Proteins are defjned as

immuerepdulatind 0PI, afVisirdei a0eRisi daptibisticsoastivisds:  artisense,
antig%?wgéla%ﬁsaﬁg?%q é%olrf‘ HedtGnd&S 1HUES: téfﬂlseﬁ%g e antibodies or

rw'sée rmpro ginrefers to
antigenset which atherwise would have to be administered by injection to elicit an

appropriate response. Representative polymers include, but are not limited to,
proteins, peptides, polysaccharides, nucleic acid molecule, and combinations

thereof.

[0038] It was discovered that hexameric insulin can be delivered to the lung in a
fumaryl diketopiperazine formulation, reaching peak blood concentrations within 3-10
minutes. In contrast, insulin administered by the pulmonary route without fumaryl
diketopiperazine typically takes between 25-60 minutes to reach peak blood

concentrations, while hexameric insulin takes 30-90 minutes to reach peak blood



pepti des. The active agents can have a variety of
bi ol ogi cal activities, including, but not limted to,
WO ameagdildve agents, neuroactive agents, hor monB&T/US2006/000910

anti coagul ants, i munonodul ati ng agents, cytotoxic
level agesH sidneinfstéredt bg Ssutuitandous! hjectioni S’Emseobmt/atm’mﬁas been

and antibodies. In sone instances, the pro
succegstylygaplicpted ssnerabaﬁ@swmddﬁ SVREH ﬁpgel%lmchﬂés/ga%@

be adm nistered by injection to elicit an appropriate
[0039r]es p BeseoVvime pinedeamadnsulie typmtmpg)duq:@rsmtatﬂatmm@ﬂﬁm insulin

it 8y el A0 PR GBS B s with fumary

dlketdgﬁﬁé!&]zldet wée @hiErpver pe bhadle hchRivieC annsidebptabien dhelf life.
lve

red to the |un |nafumaryl di ket opi per azi ne
Measu&?rnantatorfowe i ievels emonstiaiad cthet etier gincomadwoesn nlargely

remoéeclx1 %%Sc?rlnBle?(?ﬂéﬁ ?psrbceésnéﬁélgﬁgaﬁmr{arﬁérﬁf GEURY ihNS stable

nDna y ro unar opl perazi ne
dehvéryportcmhua‘g(oﬁ.akes bet ween 25-60 minutes to reach peak
bl ood concentrati ons, while hexaneric insulin takes

[004030- 9@dﬁ1pﬂék@t&>rﬁ ff EDRIP Refk ifdresst aneg! pN‘&h&J’hary absorption of a
adm ni stered subcut aneous injection. This

numbgis & ther mpﬁd@,s b@éwdma: sk ICricitoaf). i Rarakyraidvergione 1-34,

carsiiESo83y10 4R pORGR STy POARMTE IR PAE i

3-10 mimutes mfter posnodnary Weliergn undeS| rably short shelf
life. Formulations of insulin conplexed with fumaryl

[0041i kel;oomd@evmet @f‘é@’ﬂ@e bound den be cohfideedafort dmmenany delivery.
accept abl e she fe. Measurenent of the zinc | eve

It mayeqdmeay aokde ﬁa@harsed ZSRRcietadExEBRIes Pl slapses rﬁfv@@lve agents
r e:.co |
sutall 30 o3 1L SRR e il sgETRefen ncuce

therafeutid, em@phyhactbé ahlkRiiagmosticc agarsts, tisewpll| amdiatary supplements,
absqgrption of a nunber of other peptides, including
SUCh§§I"r¢8 RSl ci t oni n, par at hyroi d hornone 1-34,

treotide, |eup roI i de and RSV peptide, praviding peak
[0043]] o0 DiBBRSkRIIGEFShSeuHEHas thai cam het@liizgd isplude, but are not

IlmlteBuWD%Wi%erQ% | WBlet Ie[sogﬂﬁ&h% dey V@dnhgfg?‘?é?ftaytqwﬁ rr;£aOy inhibit

can be conp H&Xe nonary ver
transomptrmy ritedzyhree emnlbeulgepl amneextesnal Fyeidpl ssquencesassas to target

cleav3ge BRRNBaSeHoecr bed herein i nolude therapeutic,

[004:&r gtp gsbgée%;i)gggﬁggy&tg%ngg gger% etﬂgts tra%gpg\r? ltrlle %Séne into targeted
cells and include a promoter yielding expression of the gene in the cells into which it
is delivered. Promoters can be general promoters, yielding expression in a variety of
mammalian cells, or cell specific, or even nuclear versus cytoplasmic specific. These
are known to those skilled in the art and can be constructed using standard
molecular biology protocols. Vectors increasing penetration, such as lipids,
liposomes, lipid conjugate forming molecules, surfactants, and other membrane
permeability enhancing agents are commercially available and can be delivered with

the nucleic acid.



such as vitamns. [0042] O her nucleic acid sequences
that can be utilized include, but are not limted to,

wW@nic®8i18e nol ecul es which bind to conpl enent aP(grr/MOG/m)omo
i.nhibit transcription, ribozyme nol ecul e

[0044]y e LikptogPeRRZinRT) Usiflids fws@@mmex%trogbtW'ﬁw eaoﬁt'asea%nm in the
W SR r CERI Sy a
pres a ?gsr{’g%%é‘a%%j h@%éene F%g%tsgplae t??c eﬁfgﬁle gﬁfU% Pat. No.
6,071,487 udkich ipmuon@Eated ledrdimip itsxgmierebi. on of the gene in
the cells into which it is delivered. Pronpters can be

[0045Jenerfe giketopigsrazings @rathsl sxRiRABhoENAlOgS avarrigit plavfar rings
manmal i an cells, or cell specific, or even nucl ear

with gbleast sy riegl afmlse: cepEiing dwetewe@;t.@ﬂarwk HetANnded wlgpdeon pairs.
t

One éran gf ’[Hé l% c%ﬂdrfé; S&%})I%?eocfg@ﬁlds%%gg%iﬁé% the substitution

analdg%scdlkemmmphemm aad ldu{etodloxhnasrdspBCMAaly IAImmxgmeis is possible to

roplagp Rulrgah Hich BURICHIDN. 5 CBHR AR VRY) A GerHe Srpsﬁﬂg

comercially avail able and can be delivered with t
[0046]uc! dife general oomyfa for déeipnipeiczinerard s enalodsds shown below.
conpl exation with active agents in the present
conposi tions Wn@nETRods are dgscribed, for exanple,
in US Pat. No. 6,071 , |ch|S|ncorporated
herein in its entirety,. 45] he di ket opi per azi nes
or their substitution '5“%1 0gs e rigid planar rings
with at least six ring atXyns c{@Hzmni ng het er oat ons
and unbonded el ectron pai%—énkor both of the
nitrogens can be replacedghi th oxy@enTt@®TWeate the
substitution anal ogs di ket onor phol i ne and
[00474 ketWHéﬂ%iﬁ‘r]'? is MWBEAT (Y eérid 7A|G)h|§U%Uéﬁen‘d%nﬂ§?3§' |1§0 straight,

t'o repl aceanltro?en wth a sulfur atom this
branefwd ¢r eydlic atkyhbaralled, raikaml ealkpoym@]kynub lwamaﬂ{yl heterocycllc,

alky SRR oy i %@?&Eﬁhﬁer T RERQ SoUD7EQNE N, N, -
0Q0, n@mrgggﬂ(yr i@)&;%«))@r@@g@ COS{DY, ioF —S(O)s; U is

an aﬁ@t amm I§uch a%taepaelgneqyll@ acig. kphosm%lpo@%a iphospfponic acid and

sulfoﬁﬁcf&a?% ‘ﬁt)_e\%!ckg’;w 5&h@p&ma%§:&nd§%€%®" tle”tﬂﬂr amines,

quaterfaf) a&@nonmﬂ Qaltg, ghanidi{e)) adiliné] hetesmc;mhbdd@'nxampes such as

pyndg%cgn ,qraor pLgé)”X%rl Ig%v@t%'ergqmgl}.gwh %Eﬁ: gaﬁ al@ﬂg @?ﬁasq one acidic
grouP BhBBft Yeast @iy gRif, & dxahple 2H038%escribed above, wherein the

side chains can be further functionalized with an alkene or alkyne group at any

position, one or more of the carbons on the side chain can be replaced with an
oxygen, for example, to provide short polyethylene glycol chains, one or more of the
carbons can be functionalized with an acidic or basic group, as described above, and

wherein the ring atoms X at positions 1 and 4 are either O or N.

[0048] As used herein, "side chains" are defined as Q-T-Q-U or Q-U, wherein Q,

T, and U are defined above.

[0049] Examples of acidic side chains include, but are not limited, to cis and
trans -CH=CH-CO.H, —C(CH3)=C(CH3)~CO,H, —(CH2);—CO.;H, —CH>CH(CH3;)-



qguat ernary ammoni um sal ts, guanidi ne, aniline,

het erocyclic derivatives, such as pyridine and
woreooplogdibne, or a zwitterionic Cl-20 chai n conP@i/ns20g6/000910

at | east one acidic group and at | east one basic

COzHngQH(CFQCO%)C@F% e, -(fehafigonbéeiidied aglyvebemtsic eiatid hend -
hains can be further functionalized with an

CH(NHIQ(@d@F@)rCéIIZk'ﬁ%Z}'broup at any position, one or nore of

t he carbons on the side chain can be repl aced with an

[00509x y gERamiptas ekmploe8|dts:oclmnos|m@uéeobut gmy@ﬁﬂymltedeto -aniline,

L e S

CHYpCidEsH@eH(RPd)oDsei n the ring atons X at
3 2|§c>]|4os|t(|ons 1 a\r’1d are elther Oor N [0048] As used

[0051 ereEQam&?é@%fciwttBﬁoni%r gidgethame fwifdel - ButUafs |Q:tUl|m|ted to,

are defined above. [0049] Exanpl es
-CH(Niflo)aCHa+-C Qi il @ndhdECHz)c2oGdH.but are not limited, to
cis and trans -CH=CH CO 2H, -C(CH 3)=C(CH 3)-CO 2H,
[0052] ( CHTRg 3ei@ardikyl-reféra (aatdasyl@ratp wifﬂ-iétcall@mﬂ)stmrﬂ,
-(tetrafl uoro)benzoic acid, -benzoic acid and -

[0053FH( Nﬂ"ﬁé%ﬁﬁahet@kb%mﬁ@aﬂdjl 1R85 1) hatrbegcliof gloap with an alkyl

si de chains incl but are not limted to, -aniline,
Subsﬂtw&nw C(NH) NH 2, -phenyl - C( NH) NH( al kyl ),
enyl - C(NH) N(al kyl ) 2 and - (CHa) 4NHC( O) CH(NH 2) CH( NH
[0054:1) ooﬁ;e tpmo sikargvefess &e aofallyhiorewn tm%sgmﬁéwbﬁa%%éem
include, but are not limted to, -CH(NH 2)-CH 2-CO 2 H
[0055ind Theiteh 2)kyl-heceoeyclicoekes tahe alky!gravathatinasa betsrocyclic
b t,[o 'ﬁ‘? aryl group with an al kyl substituent. [0053] The
substitueRl het erocyclic-al kyl refers to a heterocyclic group

sl 8 B B e e LR ot
referd t‘?)oasr?]alllﬁ% gﬁ uﬁb@b’é% d)?tﬂaoﬁédlﬁc%llyﬁ&uc?eé @inglnaﬁti KW

a héterocyclic substltuent 56] The

[OOSﬂSLmT‘E N aﬁ?néeéyr&%?retdotd“ﬁéﬁélﬂ F\ﬁﬂé%ﬂ%@éﬁ\ﬁ\f\%&%%lf@d

erw'se spec to an ‘al kene group o
referd @ 4h alkgnd @@mbfcwd) Oyo.i ncl udes vinyl and allyl.
[0057] The term al kyne, as referred to herein, and

[0058]nI g\%t QIsfgﬂf WeP6ing PeilkdtopiperdAhes"s ihcudes aﬂIkEt@IQHFQZIDeS and
o Cio.
denvatwes and modifications thereof falling within the scope of the above-general

formula.
[0059] Fumaryl diketopiperazine is most preferred for pulmonary applications.

[0060] Diketopiperazines can be formed by cyclodimerization of amino acid ester
derivatives, as described by Katchalski, et al. (J. Amer. Chem. Soc. 68:879-80
(1946)), by cyclization of dipeptide ester derivatives, or by thermal dehydration of
amino acid derivatives in high-boiling solvents, as described by Kopple, et al. (J. Org.
Chem. 33(2):862-64 (1968)), the teachings of which are incorporated herein. 2,5-
diketo-3,6-di(aminobutyl)piperazine (Katchalski et al. refer to this as lysine
anhydride) was prepared via cyclodimerization of N-epsilon-P-L-lysine in molten
phenol, similar to the Kopple method in J. Org. Chem., followed by removal of the
blocking (P)-groups with 4.3 M HBr in acetic acid. This route is preferred because it
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[ 0058] As used herein, "diketopiperazines" includes
di ket opi perazi nes and derivatives and nodifications

wo b@oosdiof al | i ng within the scope of the aboveP@ENS2086/000910
formula. [0059] Fumaryl diketopiperazine is nost

usespé %Bfﬁrﬁéﬂ:lél@r a@il‘aﬁ@&a&‘tu@g{ﬁ%at@ﬂéﬂ anpwolvB86@hction conditions that
Ket opi perazi nes can or ned cycl odi neri zati on

are reponaml o presialve staseochemishyiafdbe siatige seatepaly ipythe product and

h I . . . X -
al steo e P2 1 pelerat oy B EBE g esier o
0o B SO g A pers
step\m%@mty%hz&bn% a fnénn@‘ glm@ﬂ@?@lha'ﬁﬂs?do%ﬁn%tﬁﬂ&@ﬁ%b‘% al.

eachi ngs of which are i1 ncorporated herein

[006%?“[9‘{(3‘[0&{9&391% %Ké)r%ﬁﬂgét?eafg)ﬂe MEHC R St hoif iga?édiolabels

ysl ne anhydr was prepare
are krym}vndtm&hmsmtskdledoﬁn Nhepaitl d?ad?ellabbﬂad ndiketopipgrazines can be

propRigch dbaxe Pl Braciio, RECKY eRIMG! se;PaREuNgS foted above

that ‘&oﬁte% HBrddubI@SH tripl@Bshd. TR €arbBHIRL ir8diBldefibd €6arbon can be
because ituses a commerci al | Y, aval l able startin

incorparated dnto the sideothais byeusingonCdeheiedi piesursais vdiieh are readily

avaifROTELe' PRI RBSINE RIS ARGA NN,y e, LBRGHIEI W after the
resullifg/riigroparficles aps almmiisteted fOQGUbjdet.ket onor phol i ne and
di ket ooxet ane derivatives can be prepared by stepw se

[006%]/ cl 'Eﬂ?btdii’pérﬁzﬁaen@é}r\%twéé rﬂrbaef nirfefrital wiehChb&heside thains are
atchal ski',” et al. [0062] Di etopl perazi nes can be

ldenfmmﬂu Bhalsidezdhaine aas ¢Qﬂtala1t acidiei grgupadbasialgEpepsras combinations
therd ri*;ovvn to those skilled in the art. Radi ol abel ed
(ﬂketopl perazi nes can be prepared for exanple, by

act tritiumgas with t oundsllstdab .
[0064F5; OB ARG YO EAD R ERRE A 8.5 e 18 2 5-diketo-
36—d| é@é&%ﬂé%&ﬁ& %np@r@%n*ée QMRE@@BQﬂ\Aﬁrﬁh@bh% Yigkrazine is

ain by using 14C | abel ed precursors are
exhaughmly;sugolayla@n! withTsussini¢ aghylridseinemnildly alkaline aqueous solution

o 8 S OB TELSE SREIL ST ARG, g 5ol Sottion, b

which i®joeite indAII8] in Rididit erupeus zbhutiodsr VWash Mﬁ&ea\ltleted so|ut|0ns of
symetrical when both side chains are |dent|cal

the SPRIBOLAGI 'ﬁsV\@QNYC@H‘@élPﬁ medi @rgr @Ay 3 Hedgw@dﬁfs appropriate
conoﬂforféofﬁé @%‘téﬁlk %}Qﬁaﬁéé’?mn{ lu@?agmmg%gﬁge S et o

ymretri opl perazi ne derivative
[0065] Other diketopiperazine derivatives can be obtained by replacing the

succinyl group(s) in the above compound with glutaryl, maleyl or fumaryl groups.

[0066] One method for preparing unsymmetrical diketopiperazine derivatives is
to protect functional groups on the side chain, selectively deprotect one of the side
chains, react the deprotected functional group to form a first side chain, deprotect the
second functional group, and react the deprotected functional group to form a

second side chain.

[0067] Diketopiperazine derivatives with protected acidic side chains, such as
cyclo-Lys(P)Lys(P), wherein P is a benzyloxycarbonyl group, or other protecting

group known to those skilled in the art, can be selectively deprotected. The
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3, 6-di (4-succi nyl am nobut yl ) pi perazi ne.
2, 5-di keto-3, 6-di (am nobutyl) piperazine is

wezxansdinvel y succi nyl ated with succini c anhydp¢TieS2006/000910
m | dly al kal i ne agueous solution to yield a product

protesting lyrosps eadlbesetadtivelyecieaverebi Ligingl liaiting ereagelmeusuch as HBr
sol ution, but which is quite insoluble in acid

in thaqqmg §hﬁ @@néngywbﬁnﬂogf@aﬁt catfe@risel ion, @nﬁweopawl@f silicon
prote%ﬂﬁgﬁi $, MSlﬁéKﬁJH’t%ﬂeHﬁﬁh@ Iﬁtre‘?vaﬂé‘and Ris manner, reaction
Sergit red un er Yappr e materia

rirate conditions
mixtwepar athéch f r comtalme su)m;nmtemhecas mMmonopatdated esan[jOOGzB-brotected

O h di k erazi ne derivatiyes can be obtai ned
d'ke’fPe'e%&%'r'I@e(I%@aﬁu%man QQE?{'QSJ i ?ﬁ% %Bpeumﬁwed different
squBIﬁtIeIé IBI' VéﬁHLIQ soIV@h@’én(ﬁ’ RS -bd Qgé%té@%y selective

et d|

for preparing un et opl per azi ne
precnnéamomanderemca/at d\lprempe@mna‘ter&uivalsm,aforgemmmieoathdnecan then be

d I I th i .
acideBy {07 FHatBR REER B BB R AL A dhdre qrdaieiaossingr This
can astopr Sthesi déprobstition dRRICAGSCiheibre SESAPRtHNCHY O?Qﬂnovmg the

group, and react the deprotected functional grou

diketepipgragzings fiom dhelgeapiants upeddo] d@wr@tecwhpemr@teqi@g grour)s By

s T B S A 56 B R eacto

spec@sommI berdissdiesd pisosaits innthegaquabusmusdivrm. Thestnreacted starting
killed in the art, can_ be selectively deprotecte

mateﬁfﬁbﬁ%tt@cf@ma\/@d by peeniEfigetion ardiratjen. By adivaingpthe pH of the
aqueHEé ”%)Ihi'l b g \X/%Qﬂ&nélﬁallr%u%naﬁigﬁathé é})ﬁﬁngﬁﬁepﬁﬁgxoprotected

enzyl oxycar group, uor i Ion
prodmtstmrtbémmg acnmlglprpromntnngggrgupLmsclpaatésbﬁrousthagsolution, leaving

contr.o I this manner, reaction
the FII‘%PI [é( t?&%%ﬂ?i%‘ﬁdﬁﬁ?'&?@@ted rmnoprotected and
i - protect ed di ket opi perazi ne derivatives can
IOOG%bt ailRdfe aaresef &é@eew&@m&eﬂww\é@%wt%Bﬁals. $ifgj ghains, the

basid r&ébé Olsn SQIBBeBIéS S%I’&:tl%lglr ??&ect%ﬂq ﬁ@ndggcntred above, the

arated by selective pre at1on and renov
depr@tpphcnrprat«am ecaso beestoppedr beﬁomrpdoenpletldm,r forcamamb@n IIQe addmg a

.. added, to,such, reacti,on xture 0 te
suitaBC PNeRt offf e AR 1Y T HrEtuly g, aRt CsSlutioR ' pH, the
depréteptert Gér‘I\IaQNeré%ﬁPbé%njﬂﬁ/ﬁaﬁrI%/ SRVERbAT |<viry tH@BHHIaﬂQ and totally
t he di ket opi perazines fromthe reactants used

deprefeptest derivatives in sobigion Bygadiupting Bie oH of they solut;omtmj slightly

acid LEAHbAr S ribhcuhfdhe B Auld ireBRELdy bl Sonwign and can be

isolated. t he aqueous nedi um The unreacted starting materi al
can be renoved by centrifugation or filtration. By

[00691d) uAviinteribiie Rdikéfopigt®azine derivatives can also be selectively
deprotected, as described above. In the last step, adjusting the pH to a slightly acidic
condition precipitates the monoprotected compound with a free acidic group.
Adjusting the pH to a slightly basic condition. precipitates the monoprotected
compound with a free basic group.

[0070] Limited removal of protecting groups by other mechanisms, including but
not limited to cleaving protecting groups that are cleaved by hydrogenation by using
a limited amount of hydrogen gas in the presence of palladium catalysts. The
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aqueous solution to a weakly al kaline condition, the
asymmetri c nonoprotected product containing a single
WEe@hoe8d10Ng group precipitates fromthe sol utiBET/US2006/000910
| eaving the conpletely deprotected material in
resulténg uiroduct [sooms@ am asymowic qﬁarﬂalﬂgetctqﬂrp’@lctﬁd rdiketopiperazine

derivae. $fes® BRritiihhs L Reldipd EBerainiS ooz,
[007ompiiBei Q%O%SBFooéﬁt%tﬁLf’ﬁlk%%fp"?@é@?wgeags3?&@@36&& verduce  a
dlket%:ﬁpérléz:nree%ﬁ'gﬁ‘e RN el rcﬁgétﬂﬁjb P&Jﬁ.hﬂeﬁﬂggF loPprotecting

depr ot ecte derlvatl e can r enmove
groupfsi landatowopiing edth yhehsiqeardhiaidd yieldsl wm&mhmytrically substituted

et BB T S R oy SlraR BRI e
rotected derjvative

[0072an30533h%@a‘r§6@§t gt ?mgitﬁ@féép&génﬁﬂpHOfcaﬁ%e o5ined by
functlghgﬁin‘? %@ﬁg@ﬁftfd@nﬁ‘fﬁ?h&ﬁme%ﬁ?%@%f@h tively

e I‘Ot ct e SCri above ast t ep,

[00733OIJ uf’)@l&%ﬁ Pé@%zﬁrgést O 8n Sy H&idny g q?e%s@BHd'fa F?ﬂ?tors and are

reci nDnopro ected conpoun

degral@lbgb cargd @apablddjdfisforming Hredpdgero borelsi glithl yhévatarget biological
memtgroeqrn]w,ele;gI %@ﬁ?égcpghiﬁé ﬁ%mp@pﬂﬂ{)eregtgg&agg@%% %urrh%mvgrane The

transﬁér‘?tfﬁaﬁﬂaﬂﬁ HPURD By c@BQBFe SeRRHH H?drdg@zﬁ' bshdiwhHtthe active

Imted to cleavin protectln oups that are
agent;llfealvmgetdy impdtergenaasirihd chasjegnd fecu‘ttatedremwortt ofothe agent
yg as in the presence of palladiumcatalysts.
acrosg ‘product is al so an asymetric partially
epr cted di keto eraz erivative. These .
[00743er. 3&9 i/@@sa% aémtaggr;ﬂr grakl¥ dt Wﬁgr%?ébi%s%ﬂ ey provide
] r t [ L R
Imearagﬂ’s%d &PQ&& reg%)germ@e %t@%liéeérr‘gz'rﬁ% ‘?%n?ﬁbgﬁfg&ﬁtdtér may be a
natural desylahetuapdlymertami may lge mqﬂlflexbtmoagh subptitutiens iongdditions

oups and coupl,in 1 ns |eI
of onirdipueblips dniyalrbpallivy otk S BRrRERigRR  beRigfBne .and other
modlf'%e?tloﬂfs raglirk|g mé&swtho@,@dskmd ih@hé @t ¢ si dechai ns.
[0072] Other” materials that exhibit this response to

[oo7eﬁlHt ?@Web?ndét?t&bﬂﬁﬁs By off geﬁﬁd@ahs@w& tahShﬁfgbaenrolé&ue which

ogens of 'the di ketopi perazine ring
impedb« és opdilig rtaz¢roes atamémbmlmgioalamermI@rasp&r it has been found that

et BEUL LSRN oS AR RS AR MEBbSs o SPFLAT across
the membranes, such as mucosal membranes, and into the blood, is facilitated.
[0076] - In one example, the active agent is associated within microparticles by
dissolving a diketopiperazine with acidic side chains in bicarbonate or other basic
solution, adding the active agent in solution or suspension, and then precipitating the
microparticle by adding acid, such as 1 M citric acid.

[0077] In another example, the active agent is associated within microparticles
by dissolving a diketopiperazine with basic side chains in an acidic solution, such as
1 M citric acid, adding the active agent in solution or suspension, and then

precipitating the microparticle by adding bicarbonate or another basic solution.
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menbrane in order to facilitate transport of the agent
across the nenbrane. The transport facilitator can
wa@bwme/okdorapabl e of form ng hydrogen bonds w tPCT/082006/000910
active agent, if charged, in order to nmask the charge
[0078hd flacidtilt aretherane@mpleof theneaatipent ag@mtosis tassociated  within

. nenbr.ane. [.0074] Th ort fagcilitator. ferab
micr{FTRF B8 By ditkhlyiho e EphEFathaaif not ¥ Mg REG SR sile chains
in anbaﬁléflcfcﬁh%%&ﬁs&ﬁtléﬂﬂ%cﬁﬁrﬁ%; e 28R agditan tsbﬁﬂ@ﬁctfrtsuspensmn to be

facilitator maéat e a natural or synt hetic pol ynmer and

assofiectdhemareqipitatingrtha gnicsanssticle byingwdrabzingdbe isohiionof
chem cal groups, including alkyly, alkylene,
[0079] dr obhe aickapsrticles dani bmatoraddmoﬁeedriaﬂ)cﬁtaﬁecamd suspended for

admipRfietiislo i seusts Hhat SEmt PuaePid.nlth racoistitedamiggpartiles
mainfah egdire, sté\&ht?yh ih TBRA@8idid SmaBiunh t ¥nd O0dBEeSiAtE RS IR medium
bi ol ogi cal nenbranes. It has been found that when

apprpgehgas physistngical egHwint the uange | ofdblebvesn ;feram A4, lnha second

o Ol THUoPeARI TR, S35 WL B, g ano

dissddiié6at lan pbhef ebxétielen, ot bed a6t Iivex agieditexamples ke aleednstituted
within mcroparticles di ssol vi ng _a di ket opi perazi ne
microRariiclgs inggiptadn deele ﬁ&bﬂgy imaniasitie on besiconediune angdisgociate as

the nv&littiy roﬁaﬁjéé‘gh% gﬁ:tal Iq ﬁWé‘f'ar{g{%él%H”b'eRﬂe 6 and 8.

suspension, and recipitati m cropar

oos %l =4, S Stl,  Ht s o
precmita’nedpa’fdwex}ee,swbpfurtiﬂessalbwcrw be dekwivedi pewashirg tMd particles to

kuasnc side chains in an acidic solution, such as 1 M
dissQiyq fhe "aepaﬂe%.d/d. PrgfarFRd Avashy solatemis watep|Qjt b dyeous buffer.

Solv%rﬁ’é le'i’é‘r‘ t‘l’i@lgl\@%‘tgzgtaﬁ%‘céﬁ BE! Ricb! \D%sﬁ it fﬂlcﬁ{)gﬁ Fo%d%fmpltate

di ng onat e or another basiCc soO
the dlkBtGplpbl’aZ{nEH herorématmreenowmenaumueseﬂmyane no$ water soluble. Any

solvedﬁﬁrgfvg@}: é}e\ﬁg Iéﬂwrgq%écggﬁqt ! glks lraeirg%@g is soluble are

su|ta5féaE&ém%safhcﬁﬁedé&tféradﬁ?sétﬁaﬁ&| Hhd @cﬂueﬁ@'d' ng the
active agent in solution or suspension to be

[oosffsoqx/lﬁkg&rnéltaﬁfbﬂoa ki 5%%‘%78?&%% Digp B 8h8 Pivided in a

neutrall Zing the so t|on ropar
suspeaslob,etyptaaailwanl aquduisdsuspensioat © amwrsaxspbm:ded)fftbe actlve agent

tr on to a patient i.rst exa
thon P etk oThe" shSpdhsiit | 61 chohmbRphliEd nl  Medseipgy to vield
diketbpipdfazte dhieropshtislel apalifd s$ Wdatihg 8f dchte 'Ei_gérﬁ'mln a 6r)referred
proaches physiological pHin thé range of between
embqﬁmem theraddiveeagait Is insulin in a hexameric form. Zinc ions can then be

removed by washing the microparticles with an appropriate solvent.

[0082] The diketopiperazine microparticles have been found to efficiently bind
insulin that is not bound to zinc, and after cdmpléxation, insulin is stabilized within an
ordered lattice array of fumaryl diketopiperazine. In this state, in the sufficient
absence of zinc ions, the insulin is predominately dimeric and monomeric, as
opposed to the hexameric state. The insulin therefore more readily dissociates to its

monomeric state, which is the state in which insulin exerts its biological activity.
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exanpl e, suspended mcroparticles maintain their
stability in a basic nmediumand di ssociate at a pH of
whedasosi10D and 6. In a third exanple, the recoPST/US2ADEM0910
m croparticles maintain their stability in an acidic
[00838} baFhe comgbsitioas of dcbspagattadeasribbe heeeinwan be administered to

. approaches_physi ol ogi cal_pH in the range of pH between .
patiegie {nf et pomSeCtREUHbTTE FREPOSEHPRaPISeRRY AEnadRINstered in
the W8N of hRicTbSAraBRE! VHiISS &re b ‘?r?'ep'c}rzt SEwdSOWeYEfor pulmonary

Impurities also can be renoved by wasShing the _
admipéatrationesr taaisgepded vie aheappiopriated qzharmapeetical r eatrigaspuch as

SalinsoI ution is water or an aqueous buffer. Solvents other
fhan water also can be used to wash the ni crospheres

preci pitate the di ketopi perazi nes, in order ft. .
roosd, b e FitnartalSs e ety e St i o BF dvoptiffed form uni
imméd}bfé%mbéfé‘re""%bﬁhnigﬁéﬁ&fr TPQerrﬁ&BEQr_tiEFérs i fc‘éﬁar)é' administered

di ket'opi perazine 1s soluble are suitable. Exanples
diredily caside day growdencistich eashdyoinhakationt usingnéor pRa@ple, dry powder

. M cropart.icles of ,di ketopi razi.ne can ,be prepared _an .

inhaiss §ARER e el pRERIREIE Jof Curapalfiods sbute stspBhted in o

sufficiesPeslgmencf prrarmticedtiealssdrtiér, 36r ekarhpr, astary 8qaésid solution for
then is added. The suspension is then lyophilized or

adminjstationds aaewsel-el d di ket opi perazi ne microparticl es
havi n_'g a coating of active agent. In a preferred
[0088hbhodi e micropadicles alse carehe ddministeredvia oral, sukeutaneous, and

. form Zj ions can then be renoved by washing the
mtraY]s?rbero&?ﬁf'pre "es wth an appropriate solvent. [0082] The

oosf] “PBL PSR AR SEaRaLE Sl Bave e foULe ) ioogia

menfshél besfe | &x@uic88al Hbﬁﬁ?l'*a'hei of Sh aphfidrtedn¥ubifgNa human

an ordered lattice array of fumaryl diketopl perazine.

sufferingtfrare Typeatlkdiabetashd heudamposition dekars énssflinZi ddolpgieslly active

o B4, B SABRE"€ sl B AR B B whi
simulés theeAdinhal rebGsd iestinge its nononeric state, which
is the state in which insulin exerts its biol ogical

[0082F 1 i Vit Yonk0QGRbodifRnE OTREGErRNSN&tIIAGE ¥BnRlsdtd with fumaryl
descri bed herein can be admnistered to patients in

diketapipgraging Ho fasm e salig mrecipiiatec ofrppenomerie ipselireriahg fumaryl

diket@éﬁe@%ﬁ}n%i @5’1&5’69‘&3\2&2?&?%?&&}!@{ aﬁh%h@ﬁ}:owt%netsd r%BSQ the free

zinc. HiB fordiulatiorpde@bnstiaieesiesd uptke faROWRR puilirdnary administration
phar maceutical carrier, such as saline. [0084] The . )
at a ppter dpdimes the ratecplingsliy uptakesiallpwing subsytageous injection, with

peak BIBBE VAL RHiRY YWebklween 7.5 and 10 minutes after administration.

[0088] The range of loading of the drug to be delivered is typically between about
0.01% and 90%, depending on the form and size of the drug to be delivered and the
target tissue. In one embodiment using diketopiperazines, .the preferred range is
from 0.1% to 50% loading by weight of drug."“The appropriate dosage can be
determined, for example, by the amount of incorporated/associated égent, the rate of
its release from the microparticles, and, in a preferred embodiment, the patient's

blood glucose level.
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I medi ately before admi nistration. The mcroparticles
then can be adm nistered directly as a dry powder,
W@ ewa/0&d0by i nhal ati on using, for exanple, dryP@EDUSE06/000910
i nhal ers known in the art. Alternatively, the
[0089]‘ Cr qipRY EdrRbESitiGANaRE nesthbas dedciifecthetdin e fittheraldserbed by
of pharmaceutical carrier, for exanple, as an aqueous
the falloming oan{lioriticgaxangtasat i on as an aerosol. [0085] The
m croparticles also can be adm nistered via oral,
subcut aneous, and i nt r azEdddidsE rout es [ 0086] The
co QSIVtI can be. ad .|steredto \ tart

|ent i ncl udi n a human sufferl

[009Q], abé:tl\é% ealiy @aﬁ{@dgqluntgﬁrsdwprq,@yg uanqu]K‘c?r,.,blp,%\%//i[\1 Fablllty of insulin
aﬁerbfnﬂla l'oﬁal'i'ﬁ/e ?\ﬁolur‘( eF QTR i hﬁo@@th@éﬁh %'ﬁﬂlged by physical

serum insufin concentrat
exanﬁmamdrata&gsa t%tmdﬂnyéarsebpdyusnasssalrem« r‘i@ to[ 268@/rr12ncap@3mty to

reacly gk JToPUPIasy Smme 531188 wersi iR BIcPEE fbistad spirometry
and QfFEYP?PFW & fdiféé’cﬁ 'ékpirﬁtdri?‘@/oft}fﬁ@rlﬁ |orf§ ketau)peqaditBeor greater

then is washed wth aqueous solution to renove
than 8086 bf peeditted. norhiad. Exelusipatdriverialwess siabates melipa type 1 or 2,

oo B4 o BN RN SRR £ 5P P OSB AT 6 re sty

medis&tRs bRES aFgd Witk Sirhidar, cmmi@apetatkctbiesoﬁlétomeoﬁsevere or multiple
occurring at between 7.5 and 10 mnutes afte

allergigw:i tpatment with aowsBherripvestiggtions! qirelsdwg]%ﬂa%thﬁlree months
vetof ek oHiuo SniBsEls' By PEBateynREICR! o br BB, abuse

curréme dieg itverapyl withdothiee drags\;dtlsmr;s sngalflclant oammmmdlalrer&splratory,
usi ng. di ket o |pera2|ne ferre ang

gastrgintesiinal, atigaareis! ,b%%plgg[gagf RYGR jat 7] nd/%r Flematologmal
dlsea%md?ﬁ{o'n?g{ ‘?e%ﬁ a6t Pﬁe&ﬁnebmsﬂﬁféctsf QefifE@ Y Beindy smokers

I ncor por at ed/ associ ated agent, the rate
with efidense pehisicyy o‘frtobactdoeormnocptmamse cles, and, 'in a
preferred enbodi nent, the patient's bl ood gl ucose
[0091EvelOh Qﬁ&%noﬁhegcoﬁrﬂtsistljdwslawdthmshbjestsdeam bzdhe hospital

(g S S AL R Bl o] PR RS o sypicts were

restrichst loth igkcEb4itd PPlyBRAAALMALEY IaMaNaA YintaRE B AltbRE! for 24 hours
before each treatment day. They were randomly assigned to one of the three
treatment arms. The subjects received a constant intravenous regular human insulin
infusion, which was kept at 0.15 mU min-1 kg-1 so that serum insulin concentrations
were established at 10-15 yU/ml during a period of two hours before time point 0.
This low-dose infusion was continued throughout the test to suppress endogenous
insulin secretion. Blood glucose was kept constant at a level of 90 mg/dL throughout
the glucose clamp by a glucose controlled. infusion system (BIOSTATOR™, Life
Science Instruments, Mlles Laboratories, Elkhart Indiana). The glucose clamp
algorithm was based on the actual measured blood glucose concentration and the
grade of variability in the minutes before to calculate the glucose infusion rates for
keeping the blood glucos'e concentration constant. The insulin application (5 1U

intravenous (IV) or 10 IU subcutaneous (SC) injection or three deep breaths
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[0090] Five healthy nmale volunteers were eval uated for
bi oavail ability of insulin after inhalation. The
wo eloao8deTr s were in good health, as judged by ptyEsIA6/000910
exam nation, age: 18 to 40 years, body mass index: 18
mhaléﬁorﬂﬁek@a@le (Apapsules withad0 Ha@dmmeﬁﬁ‘echapsplm&re%néulmvappl|ed

i e e e B P G T BT i
lmme%‘?&%a/dﬂe@g@ﬁus et Soiff 09TRERIralidiBr #Y O/Ezl%gpéﬁ%rﬁﬁ@ﬁt was 6 hours

ion criteria were. di abete Itus type
from tinoe EinfpOev@ilieosz infusiomneates nbldddh ghroosbpdieasn insulin and C-
history of h%gerseny tivity to the study nedication or
Pepligle WG JRE3[UFsi mi | ar chemical structures, history or

severe or nmultiple allergies, treatnent Wit h any _ot her
[0092]nvedia geteraiiae @P@E'Cﬁﬁy’t te [agees 1nder Hishiohevey @fole glucose

u n i i S Q
SR8, BARGIRAN! K, 17 4t B5E PhollSALIG Ay afr he
admldnstrgBon hasd ofqr m@m\feraﬁmobwﬂdilmapermchrof six hours after the

acmipETRPR 4R Lo bR 1T BRIP S oD BPURE B jneulin applied. To

deter?dlﬁéeﬁ@avé?lﬁﬁmyﬁgthbeéi%arsahﬁﬂé/r iH@%hNé“B?Qhé 9As@in concentrations
ubj ects definred as being snokers with evidence or

were m!suﬂtged dor thetfsicibres haursdAi{eo-1se)aftdrdoe apministration and for the

overd] oBRefbn o651, EHL R Purs, Hiek " SRy RRIRS UCosen) and

correfp@sheadmeéurfofinsulinfagplisdbj ects were restrict ed from
excessive physical activities and an intake of al cohol

[009:‘»]0r :M 118 elainp afuriye iftrtdtidn SREOTE Ot ofdRchnbBSNee)IAsulin was well

random y assigned’'to one of the three treatnent arns.

toleratad andbyvas demanstiatesitahawm et subistanital blaatbalkicose lowering effect

wit 8w BRAvellan 6T By e Yo dle AR RBnGIrs st tifateg from the
achievatiabéiush eidsalin ]dbrﬁéntﬁéﬁibnsiuﬂ'ealmc%mﬁre@)cbr@f n’ﬂ&»@pbﬂlﬁlé’a (also
before tine point 0. This | owdose infusio

referr@@!ntq herein taﬁrra@gcpﬁﬂher@weforr@@@ QfodIggﬁwmsaggz'@ﬁdbgbﬁ%l&@ssembles

t
o 4B EEE S A0 L AR A e o ST A8 ey oo
produpedctoseaveasn trieainl didmeiterf hetivesn spmué hanigl mmmt n,
Li fe Science Instrunments, M| es Laboratories, El khart,

[0094]nd| am@) ph%h%@kwmaeemlmeﬂll@ﬁratébm Waﬁlebﬂs ﬁdwabaudrh@f 100 U
megsured bl ood gl ucose concentration and_t

of Teghaa@)hﬁre\/mwﬂ.revweﬁ@ peak pf Msulia cpaeepisation Stier §3 min (61U
IV: 5“rﬁllgggbafp éh?zﬂ'rﬁ‘iﬁgéﬁ aaﬁéiﬁu‘n%‘f {h%tuﬁgulfrg{?vlé%%' t'[i‘&,e‘hhé after 180

ucose conc I'on constan I nsu
min (dt‘pipBDaain BCy( 360 Indin). Biological action as measured by glucose infusion

rate peaked after 39 min (IV: 14 min, SC: 163 min) and lasted for more than 360 min
(IV: 240 .min, SC: >360 min). Absolute bioavailability (comparison to [V
administration) was 14.6 + 5.1% for the first three hours and 15.5 + 5.6% for the first
six- hours. Relative -bioavailability (comparison to "SC administration) was
25.8 + 11.7% for the first th'rée hours and 16.4 i 7.9% for the first six hours.
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i ntravenous (1V) or 10 |IU subcutaneous (SC) injection
or three deep breathsinhal ati on per capsule (2
waeapsiodas7 with 50 U each) of Technosphere (r)/Peeubions/000910
applied with a comerci al inhalation device
Tablg Boétharmgeokihatie Pasamederd attet BulmeordanyiAstmidistratiodicd el y
before tinme point O . The duration of.the clanp

experinent” Was 6 NGuphindcbimtt PaRmerdit 0. J ucose

I III uUsST O1T 1 cll cS, UI UUu yructps trabCIOUIII’I IIbUTI T dity SubcutaneoUs
Cpeptl de were neasured. [OD%EMJi@aJ@e]H rmrﬂ\%Led . Administration

nQFFILﬁf\\I fhn'aLQae thf‘l AV}

uuudu

Paramie Gglwiﬂem%@cmﬂréuww ated for the first three

Ty s (AUC 0-180) after the adndmirstr ati on3awid flor t 6@ min

PHS! alT observation per | od[ of sk mifhours aT3be,;,ntre 163 min

.fl%l—l,u stratTon \ﬁUk/U JOU) ATTU VZ c LU lelﬂbeu g lﬂgz40m|n

?nf of nQIIlIh%ﬁhllgd 'T\A m-ne
bioheselineabi [ ity. the areas| undd®Mmhe ¢ur3@808tn ¢ He >360 min

Paramietes Ghibulatedorclanidlin devetins were cal cul ated for the first

Titoge hours (AUC 0- | 80) after, m a‘dv[n ni §t5rn§;f| gn ang7min

4 o
Ul 11T OVl al | UUDUI Vd.l.l UlT PTl UU Ur DFT UdrS d.l |. Cl

['rpgx ) | in td t hg121 min

edm_m_si_r_at_l_on_QAUC_o_ .
EBP%At of insulin applied.|[0098MN n this 3§I"af|*rp st uddpd min

Trhakaiheon of 100 U-of Technospbeire (1)/1188ulih n jwas 360 min

Hime lgasgmeeg ,_ A denonstrated to have a
cose, vverlng effect with a

ume fidpryae hsgo*srrnsﬁﬁfﬁérws'afﬁ B8 89 for the first three

hours as cal culgt ed fromthe achi eved seruminsulin

[0095]oncdrchagsphiese”/nssinoxash shew(rtp ke safe tfralbaatle@ﬂSeQne patient

wes GPLS0ob EIAE ok B Ach FuBLE RLIGHES, o techy sons o

deterio@éﬁdrﬁ@ft&értﬁéaﬂiﬁng@ysﬁew' ar pHs, typically a | ow pH.
They typically are produced to have a nean di aneter

[0096]€t WagihlAtsHbf 40@@0ﬁ¢@éﬁn&pﬁ@re@/ﬂ%%h wawell tolerated and was

phar macoki netic results are illustrated in Table
demangtratest tohaye acnibstattiat ddeed ghirase tqvqe/rlngsaffeet wuth a relative

ioaBEASRYES: 35R881oP i ML BHeBRE R £ LHiRUBE iy Botioves
serurh sulinSehcentratictlss t o baseline after 180 min (1V: 60
mn, SC. 360 mn). Biological action as neasured by

[oogglcyc_qu}g ik NStUSY, qner.ﬂhelaﬁeﬁltﬁdréfﬁnersﬁﬁgrﬂlﬁsmtnvw(a!s‘ldémanstrated

3 mn) and lasted for nore t
in hegalthy hsman-g180Hees . hao@smtm%agtl@a@g@fplgwth ayrapld peak of insulin

conoq fiBRA, (e da' iff Sl Aol et StEotkly Rrmai SpLffim) and o

sustatriex] ctlonsovdraheid mnmwamarsl. athiel fotal metabiphd effest mea&iiFed after

adm ni stratlon)r .
mhalatton of 100 U echnosphere /insulin was larger than after subcutaneous

injection of 10 IU of insulin. The relative bioefficacy of Technosphere®/insulin was
calculated to be 19.0%, wh||e the relatlve bioavallablhty was determmed to be 25. 8%
in the first three hours ' ' ‘

[0098]' . The data also show that inhalation of Technosphere®llnsulin resulted in a
much more rapid onset of action than sc insulin injection that was close to the onset
of action of IV insulin injection, while duration of action of Technosphere®/insulin was

comparable to that of SC insulin injection.
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25.8 11.7%for the first three hours and 16.4 7.9%
for the first six hours.Table 1. Pharmacokinetic
w@anoanedier s after Pul monary Adm ni stration of HCT/U8200€000910
from baseline to hal f-maxi mal values **tinme from
basel i ne to hal f-maxi mExaMergpassi ng Tmax [ 0095]
Technosphere(r)/l nsul i nm to be safe in all o
LungariceBerim Mrsulipdievels Falk DAY stration o TegbBnosphere™/Insulin
i nhal ati on wi t hout any further synptons or signs of
[0098]et eMquadncbsemﬁn ﬂémamoéatsmnngNemsdeherm[rwga@er a single dose of

Tenighhas uB e = ELTGRRR P b

ubstantial bl ood gI ucose | oweri ng effect W|th a

[010QTe] at$ efomaiapTRaHe| Payley rats. BOF, DEAUR NETe] traateg with fumaryl

DR L PGB S0 1 SRV Mgl poseony

inhalationT expossp eystm Withnsithedrra singlaldosa st rasieglei dailyeddsehfpr three

consPeING Gk ARDTOHEIAH % Dits T sl we raiminisiete o bagh oroup
via arﬁﬁhg)agf‘ﬁﬁseof)nl hhé’lﬁh&l:\_ r@?émt;’é? NRBts ﬁl@lﬂ/l(ﬁleﬂ hak 'rét@(%/ patterns

acti over t an six hours. The total netabolic
wereghbnitaredeandribe agstumulatad soiitmerof dnhaletioruwsts calculated for each

Tec er,e r/Ins'lnvva rger . .
animgCEAGTINaGET Web cERtnl ) URY 8GRl tfReléS ponioved. Animats
werel®lafldt¥@ afepahfdicalone @onfrocand sp0eas( 90 ahasigdo mimess and 6, 24

calculated to be 19.0% while the relative

and 3} baves aftasi Teahpogpkeigetl sy madministrtions. 8%?@13"“1'{@9 point serum
h h

was phiffed S hetead removed IO8Harhie fiRhi B2 00" | Zt
|

ran e B R Bl RS A A T S

Insul1Tn 1njection, l‘MHg' e duratl on of aCBbﬁUﬂn of

Iﬂb Ilal IT c !
Leve ?‘ Fol | ow n

(rﬁ;@%ﬁﬂh

Adm ni stratl on i chnospher '

Luhg rg seryu Ig s of i
ter a 81 é Techng gre
oy _thr \/ dn@ea 1 re

H) 'Y"I‘Qﬁ‘éﬂ??rﬁ mi @i" SSPB%'”TL&W%PF@” ”P'égnln/mll?avw ey rats per

i éwéé‘i%&’;%%%f rﬂé%%%° N §ﬁ%ﬁre phere (r)/1nsul i n)

% US| ng a OW- past se- on y inhal ati on exposure
systemw th either a Si ngI e dose or a single daily

[01()9]o S€ If_L?rqg te@(posure to insulin (mean Cp.x and AUC,s) Were comparable for

lin

both Day 1 and Day 3, with a rapid tmax of time zero, i.e. immediately post dose
(Figures 1, 2 and 3). The initial clearance is rapid, with a t42 of 45 minutes to 1 hour
(Figure 4). The serum however appeared fo trend towards a lower mean Cpax and
AUCis: ON Day 3 (Figures 2 and 3). The serum t1/2 is slightly under 2 hours on day 3
(Figure’ 4) There was a rapld reproducuble absorptlon and clearance of insulin from
the lung tissues and systemlc circulation, even following subsequent daily dosing,
and there was no insulin accrual. Levels of Technosphere®/Insulin in the lungs
began dropping within 45 minutes of inhalation with the majority of the insulin cleared

within approximately 3 hours to approximately 6 hours.
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consecutive days. Approximately 3 Units of insulin was
adm ni stered to each group via a fl ow past, nose only

WO ndvalosdidon chanber. Rats individual respiratoP@T/US2006/000910
patterns were nonitored, and the accunul ated vol une of
i nhal ati on was caIcuIatéﬁQﬂﬂE_Eébh ani nal .
Adn1n|strat|?n . ! . neS|red dose
was achieved—2h HY3n air

, [010?40ne|n0§ﬁté>®erlﬁ1%tQiss@ntlélﬁl smlaﬁlrt@ E%}nP’Ieth fe d2Msk,of FDKP:

and 30 hours after Technosphere (r)/ sulin

was fallginedsinr additers to Mpsudine hAS iseeNpBi Eigugaeﬁumtr@nﬁ&ﬁedwél@e Iungs

e e ed.t er I v
with AR SHRE DTRACDr: RSS! TS, WBRSLTols St o maor
compiomta@ﬁ Teehnosghere@linslinkevkdaidud icogstame cohcéteatiororatio, and
experinments- [0101] Lung exposure to insulin (nean

that Fimareigien E@M» refingd do HsaluaBBe for both Day 1 and
Day 3, with a rapid tmac of tine zero, i.e.

|rmed| ately post dose (%Mah_ﬁ 2 and 3). The
l-eg f. .M

UsBPements

trend tovvards a IomefPuﬁﬁ@néwa;ummdnAUO ast on Day 3

(Figures 2 and 3). The serumti /2 is slightly under 2

[0103four SinardRiondizEd frobFedtive ddifI€ bR, fladebd €ontrolled study of the
r epr oduci bl e absorptl on and cl earance of insulin from

forcedh@ratmmOf ipsanfial hpehrasphere'd/Insulibuinapatignts evithh type 2 diabetes
mellltfugI é@é&gc%ggig?gqﬁﬂaleﬁaf %#’%@h%%s F{ﬁ’{%‘gjhﬁ r{?;), ldﬁgég 'Bjran%lally, in

addlttdmetol bm;g’dSaH&maﬁtralﬂlm'pof 8Q insdlm @Ia@nm(mmas‘gpé form of long acting
JOI‘I%% of the insulin clear

tion with t ed
'“SUl ,tfﬁfp%tﬁn %W%ﬁ@lcﬂ}engobﬂ% Wes apBPBRQ e lél'tjﬂ' é Weeks’ patients
h n | n f e .
worol IR IS ool 13l 0ty FUEY 6 horal an
hypetgityoerhie therapyeand WEse mlaﬁedF@h(ﬁxedsioBeblaﬁ\m lr'nsulm glargme taken

onceelys ria g0 sufigiagt brdmioalis Bird0u e pPe-reipuigfion fasting

pIasrhé‘S#bste Tlaivelsd BN stdbiiRd ta*l‘afh@od&éml TheCPBREMEN WEre then
echnosphere (r)/lnsulin maintain a constant

rand@mz@griprlatnd@ﬁ deassoof addied nalett ptaseboiar blinded doses of inhaled

1 oo RRCPLLA 42 BFSRLTES bR PR AaFaling e of ccen

mainGaaaBoﬁtl@dbyﬁﬁ a- forlyba sitragivanscerizirioPov eroh aveeKsU IBddifitally, the
subjects, divided into five cohorts, initially received placebo (Technosphere®
microparticles without any insulin) along with the sc long acting insulin. After a week
one cohort continued to receive placebo and four cohorts were switched to a Tl dose
of 14 U of insulin. After another week three cohorts were switched to a Tl dose of 28
U, and so on until a final cohbrt reached a Tl dose of 56U. All cohorts then continued
on the sarae dose for the remaining eight weeks of the trial.

[0104] ~ HbA1c levels and meal challenges (300 min) were evaluated at the |n|t|al '
visit, at the start of randomized treatment and at completion. Comparisons were
made between treatment groups and the placebo group. Safety was assessed by the
frequency of defined hypoglycemic episodes and by the measurement of serial

pulmonary function tests including FEV (forced expiratory volume in 1 second), and
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[0103] In a random zed, prospective double blind,

pl acebo controlled study of the forced titration of
w@e@ads@ab7 Technosphere(r)/Insulin in patients RT/OS100@@&0910

2 diabetes nellitus subjects received inhal ed

DLco (singleaseb edrbphlmenibxide OiFfusiorfessatityy.artes addjljdon iof T1 to insulin
addition to basal adm nistration of SC i

glargigeaprgrteed caAetrsdependentdeaiieion hgbAdt 'ﬁ&elﬁnﬂhP?H?n‘fS treated -
. for 8 %%ZFQ %ﬁ 5@%3&@%%%%#@%@@&%5@%%[ I ov\@ge%t%'méfgtﬂatﬂ ®bserved in
the lrrsxmatglm@mdipraaptyo zgnolup lfer0.06008Y. €A .dlsorpratiiced al dose- dependent

anti hype c, thera and vver I aced fi
reducgact Brs R AEL ElueoBr i FoRS el B Al o5y averaging
only 805§ Eféﬂ N & p4®066¥). "Ifh%tr@ Wélel r’io %%'r@eﬁilﬁéblycemlc episodes,

pre- nlpu n fasting plasma glucose |evel's and
and theatﬁnelqueedy af ohildénddarate mOglMceerm semecad;aa tvegas not increased
oses of, | ed

dt |
abovg IREF T 6E0ot .8 BTN ar e Hoftvg dgeS B 885 ved from
baselffe 86 bkhvider thérﬂlg?i gl“d&!{mﬁnl\ﬁ'@ght Br palsdhay fuRetidn (Figwes 6 and

each mai n neal in a forced titration

7). Thyseinhales Be@rnosph@@?yln jaavas ablel tp,impieves ths glyegmic control of
Patler?ﬂ?\(ﬂnﬂ'le%gsh"ﬁe?lg&(a}’e)% \}r;vn‘ﬂiﬁr{[g F@?r ilag'hé tﬁ‘e In%h 0??9@@9' bt Ieg;)

ov08, "t Do 5 B LR g W g ot it

the r&sdtdd sbuenations Wiihed gulmanaty ﬁh@aﬁn eroddctLéwéltthMArepproval
After anot her week three cohorts were switched to a

(EXUBl(EsRa“\ of With tbat grafush by ihigetmpnthstofige tmﬂ)ﬁitﬂf&tlea@fﬁ&e I' study
sboudl 4808 St PR ) (SRR A9 B8 o

Dico bP FB4],. Aftel Cthdatetvrﬁeq)cntntcthermﬂmombm fueretion st&ibzed in relation to a

wer e eval uat ed at thelntlal ssél{ i)t the start  of
COMPBEHABGPUR 1PEACREMNCaRHI rafen%fafnm ino iUt dsmaiped ofpressed in
comp‘é"ﬁ%@n"@% f&?te‘kﬁ lérlflg g Qhﬁl'ép%feﬂﬁgloﬁ"ﬂ\%eob%ébéd in multlple

group.: Safety ma assésse requency of defined
studidsy povglwiog vadoesly sypke $ armdtyw 2 kliahetigs wnenextendingsfer iaallong as

nar. . -
two yéu] b%’c!;yf G @@Pee%ﬁSt@@ﬁwr%'egﬂ O%Q%Egﬁ@r @?sgllm [rDNA origin]
owdlelfw&al rrﬂ\famm) ?mﬁddcﬁmo%g‘né Bht MeteBBRE Drigs AGRRory Committee
addi ti on of o insulin glargine produced a
Septcﬁ)gg%l)ependent reduction in HoAlc levels. In patients
treated for 8 weeks at 56 units, the nmean reduction
was 0. 79% greater than E@g@%ved in the insulin
gl ar gi ne/ pl acebo. group =0 ). Tl.also produced a
A Rashdseizket) dhwl diid-btird uiacebo iGonbiotied ;Stadrdbﬁihetﬁﬁﬂcas\eand Safetv of
excursions_w th a nmaxjmal excursi on averagi ng onI
ng/ dinhgleddechnesahese dinsulinm sakiepfs, wit D@
hypogl ycem ¢ epl sodes,
[0106] Technosphere® dry powder pulmonary insulin delivered via the small

MannKind™ inhaler has a bioavailability that mlmlcs normal, meal-related, first- or
early-phase insulin release. "This multicente_r,-'randomized, double-blind, placebo-
controlled study was conducted in type 2 diabetes ‘mellitus patients inadequately
controlled on diet or oral agent therapy (HbA1c >6.5% to 10.5%). A total of 123
patients were enrolled and 119, the intention-to-treat population (ITT), were

randomized in a 1:1 ratio to receive prandial inhaled Technosphere®/Insulin (T1) from
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and the frequency of m | d/ noderate hypoglycem c
epi sodes was not increased above that in subjects on
wo e®alogd1ogl ar gi ne al one. No changes wer e obserReriU§20061000910
basel i ne or between dosage groups in weight or - .
unit agEe RENEEGes GRBIAIIAY bEetWeeR § te Ahuniy of mauan; IRRAINRedDNA origin)

: @ j to, | Jmr; :
orntgFELTSARBAETIEERULLToNS2 IBUR," | LERPHACHIR o tmo of e
first mvauthfulof foudr slasactgmiaireor sststantivey preal vethe day,[dMOd]ting to 3 or

The absence of change in pul rmnarg’lifunc i,on Wt

. h Tl i
4 admipistighpps eer-apY EreHENeEIhet Iedwe sk ia)ariUBIRCISiCPRtiRHed whatever
afNiden I apd AL i p Y ;
oral GHbPRECAds ey Reft G, pRUP (' Relie RETERR: Differences in
HbA1¢c from dioe aﬁr:sbra_ndf fin&ietr@la’_cmemtdyisﬁb,o\aedr betm;en e fast and two
interrgigte g8l atsTs degrginsd, 49 WBS dhachetar ThPRE oS, a8 AUC at
varioHirienints! &i¢ 0, 90afd FRLJ, bRea infedihaliefge.t 0 a
conparat or group not receiving pulnonary insulin, but

[0107{1?3’3}%@ y%@??ﬂé@%n‘ B SEHRRE-88 MmESCSevdral tirﬂé@{ﬁﬂr@ge’the study

ar behavi or was o%served in m
and theindil@x plwobeilenply anéasusey. thhgestidgraiugywpas 2dministered at the

di abetics .and. ext endi ng, f 0 s | on ars .,
study( 31 BofGIBBHIAN MUE B FAREIEER (HBARESEUSEA NS Breakfast
Bow! ) gt iviad oRWareli 8 He Ravderabahg Pladmbnglakase s measured
Endocri nol ogi ¢ and Metabolic Drugs Advisory Conmittee

immedigiely bef p.meal, Spirorestaymiae Eeriormatdeefiore the subject took the

- bl e-hl iin | a l. t ff i N
frst. A" of g oy SRR S dbfidled U sRlul dfudierles Yhin 60
secorieh, ippirfosmedtd sighe spirbhralgt est pddialurd e oNithipd@rseconds of the
dry powder, pul rmnarx insulin delivered via the snall
studymﬁamnhﬁi?mﬁ, aneafter the spirameteydest ithe subiegt bagan gating the test
n I - I rigt.- - ' |
meal."EER tno g 42 Boffioted (R pldimETacks1TEos B3 hose meter
readipgsoebe obidined lat dnstadiytelyalbefoomdndtad30,r60 apdel 2D minutes after
. diabetes nellitus patients inadequately controlled on
begdinging thg;Meala| agent therapy (HbAlc >6.5%to 10.5%. A
total of 123 patients were enrolled and 119, the

[0108nt e o5 PAfiDtS: s IVEKhEIRAN Bror(Rlaggho. lped plitcesriress aftar meal
; O i
challéhat, fouk ey eSS 1B e 10 Boub MRl FAUIRETRPEARERS sooner.
Thus hetalveturBet exptBunmiansl ofaximakeglucosallexoulsiddNvereirgdaged. At a
or. j.nhal ed Technosphere (r)/placebg, f 12 weeks. Tl .
dose 8 S R maximalabesato ssrureRusi o dpe I3 AT Bere 593 of the
level tﬂ’gr gﬁg ?pﬁﬁ’érﬂs Ofh fdomiol o2l Afditidialifarhe a8ReHaEE Nglucose
excursion was about 28 mg/dL vs. 50 mg/dL when the Tl patients entered the study.
An excursion of only 28 mg/dL is within the range that is a goal of clinical treatment.

[0109] Glycosylated hemoglobin A1c (HbA1c) results were analyzed by a pre-
determined statistical analysis plan for the Primary Efficacy Population (PEP, defined
prior to un-blinding as those who adhered to study. requirements including minimal
dosing and né adjustments of concomitant diabetes drugs), for a PEP Sub-group A
(those with baseline HbA1c of 6.6 to 7.9%), for‘a PEP Sub-group' B (those with
baseline HbA1c of 8.0 to 10.5%), as well as for the ITT. These results are

summarized in Table 3. In this “individualized dose” study, the mean dose of Tl used
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4 adm ni strations per day throughout the -12 week

trial. Subjects

conti nued what ever or

al di abetes drugs

WO ba@g/08@pE using prior to entering the study. PCT/US2006/000910

Differences in HbAlc fromthe first and f

i nal

beforeresshnmietl in thet activenideathenteeoud hasf aproxiamatelv80 units, with 28

. interme
unltsmgﬁgté

poi nt's

%Pée Vis

and Cnmax

: *Table §1d‘PQA’FFaPh§ﬁB%CQ@’r‘@C@ ven a standardi ze

times during the

HBwHOYP

it er m ned:

Z‘téjﬁﬁ det

and Tnax, after a ne

study ‘and their bl oo

uniiscisqd 7

was t he
(RUB-grasp B.
chal | enge.

d nmeal several
d gl ucose | evels

2

al

nmeasured. The st

UTlachhosghees /Rideabu St

gleelnasplidre”/hisuliv

PEP p+39( i n conj unct

on wrth @4at andar di 3

ed breakf as4s

Mean Hblaed Baddtime G6)Br e

akf ast Bowwgtm) that

was preparad at

Mean Wi®mIake&line Fast i n

g pl asha g0.aZ (xs-8.0028)

measur ed -0.76 (p<0.0001)

Compangor tb Ribeby bef o

re the neal. Spironet

ry was peofconered

before the subje

ct took the first dog

e of study drug.

PEP SuilpigecusBtrisds i n

hal ed t heng8udy dr ug

and, w thra!%0

Mean $lo8tmBsselipe(®)or n

BEd a si-ngB.82spironetr

y test pra@gedure.

Mean Wifitomi has@ile second

s of the s0.6tHpP=0100841)i

nhal ati on, @ (p<0.0001)

| Compariisor to Rifieebg pi r om

ptry test, the subjed

't began p=tdoAg

the test nmeal. Q

hce the neal was co

| eted, the plasma

PEP Juibrgneup A41558s a

nd gl ucose2fet er read

i ngs_wer en=31

Mean blbf\td Bestling (%)mme

diately béfi®re and at

30, 60 arid9120

Mean piflouthaselingét er  belgi nni ng t he1#Pa0-1292)108] For _pat 1083(=0.0001)
Comparisepfaflagebei t her| TI or pl acebo, bl ood gl ucose BEH6

after neal challenge but significantfly less for the T
IT (LOCE) Bah1%ind ret urned to M®Aline sooder  Thus N8l

Mean Hbﬁ?‘h&ﬁsel&n@ﬁ%& ure

and_mexi Aé® ol ucose

excursi nn7\ re

Mean K;fr,qmr&qqelln {%

=AA% %

|_gl ucB<g2 (p<0.0001)

C°m9@5|&9[llf%l gﬁgg for t

for the patients

tients were

v;nO/n of _tPii0-Q048 o

in the control

gr oup.

Addi tionally,

o165, NGRBRAbH 825 S RBET ABEM B Bl rer ves

no S’@Kl@ﬂd&@lyoﬁlgﬂfflcgﬁt Yiffftenoe db the mité hbihipeglyesge thattsi Setween

of clinic

thoseh@%@ﬁé

al treatnment. [0109]

BPReiXing Riagolieand dase rebabing Thdl 9o

deternmi ned statistical

d ycosyl at ed

gbledby a pre

anal ysis plan for the Primary

Tabletk |la@ds»n%pUHapo@Mceema:aﬁ@rel?ulﬁmq@y Mmm@trahorb of whi ng

I'TT

I-qugy@ewat(ﬁvents/week)

LU I.JIB.,16IUI (&8

(o IN) |. ||UDU VV||U clUIrE1 Uu u 1TeEl |. S | ||b| Uu
m ni mal dosi ng and no JG?WW@&{% lppulin cEﬁ?'!'bﬁﬁPhere /Placebo
I-Wp%@@&@rﬁlagwgﬁﬁatleﬁt@f A PEP Suba% OupﬂAn( Lhose V"'ﬂff‘S%

h
o —ouo yl \JUéJ
0

[0111]

Pulmonary function tests, including DLco (diffusing capacity of the lung

for carbon monoxide) (Table 5), FEV1 (forced expiratory volume in one second), and

total alveolar volume (forced vital capacity, FVC) showed no significant differences

between patients on Tl compared to their baseline values or compared to the results

of those receiving placebo

(Figure 6).
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baseline HoAlc of 8.0 to 10.5%, as well as for the
| TT. These results are summarized in Table 3. In this
wO povdiosdiodual i zed dose" study, the nmean dose of PAT/US2006/000910
usedbefore each neal in the active treatnent group was
TablegprRulimoaae) FusctiomAftsr, Puimdnazg Admmstraﬁem of il PEP

Sub nnnnnn AN nd QQ { t ad =P h nvnllnj
- [group—7x att—eso—o—tht-tS—uSea—+h =1 \JUIJ 1L

Tabl[D0 HhAl ¢ PhiTertwerphers ﬂesqlmm}cmsepem%wsceﬁo

sever g, Bypogl ycenp a occyrgeq dn thel TT gropps & .
r at d Gfweésksogl ycepmi ¢ ev2imd's 4fet ween| t hose 25ubk 6& s
recelr ving placebo and those recerving TI. (Table 4).
Table 4. Incidence of Hypoglycem a after Pul nonary '
dm I
[0114]%I BTJ%rbﬁk&sggo‘?afgjqﬂméfl%fén%dacg@@l @Hé\#}h %qu‘ci’dé@‘gvhﬁsﬁ {Table 6)
orofm@ﬁrgmduwngiﬁ)e@la\tdedx @r;odl—'dﬁ\éxp@fsure:ed expiratory -
vol une in one second), and total alveolar vol une

Tabl¢ Borineidencée of Aptibedies Yo IVl atep Fetmoparsi Adrniristedtion of Tl

differences hetweepn nntl ents on Tl conpar ed to their

basel i ne val ues or corrp ai?eednbmhére‘”llmﬂiht STezhnbbpbere®/Placebo

Neg%%s%tv\zg'g,&m%%%?ﬁoﬁhyﬁ?;/eAg)m ni g‘% rati o:wm[TD [|1_|ar {Oll?‘f]

9 There was no_evidence af induction of insulin

Negativei 2t MtEiteBPositive aIVigiffiahl e 6) or 2of wei ght| gain duang

TIe_ 12 YeEK per] : XpOSUre. .Tabte 6. [rmcidence of
POS'EX G et Visit WEOpilvVE ak ?'? df t er Pul r§onarv Adnfi ni st ratidn

Positife dtlVi§iD1/Neghtiieratadisiicd Yysi on, thizs st udy has 4

denmonstrated that Technosphere pulmonmary Tnsotm, —Tn
replication of the kinetics of the early phase of

ot 4 SRBREAT JHED 87, A P Sper

pulmahmanglﬂhmﬁn Qéplhcaalgﬂrtif théEN’ ftics éf&ﬁ@@ér@mhase of insulin release,
gnificantly 1 nproved gl ycem c_ control

Whensv@eﬁ in pakents W'Hb r@&@egat%gm@m@ centrwyrer@gw@b/m onfipdiet and
exerdléléj‘éﬁfd °8r 85 drBFHgéﬁ’c B} éﬁg y dna élﬁﬁﬁl?ﬁpﬁﬁa\é [rﬂé@v@d glycemic

n, and Mo evi OVEr a
contrpantbnm) )s@mflmmMmc[‘@lsbd] lridldee&e of hgpeglgesmiadi rairedliction of

insulf) apiaies, o8 RS b 1RUAIcWaiBRG I, B3 i fvidence of overal

|mpa§toc5Hj LintHary skt forth used in the specification and
cl alms arer¥o be understood as being nodified in all

o141 ESs DY IERURY e ARAEBAE Rbrolhf Shuanites o
ingredients, qropeitiest suechl as Imwenglas pesight, caactoon aonditibhs céredl so forth
us,edcllrl%(ran5 spaercﬁication and claims are to be understood as being modified in all
instances by the term “about.” Accordingly, unless indicated to the contrary, the
numerical parameters set forth in the following specification and attached claims are
approximations that may vary depending upon the desired properties sought to be
obtained by the present invention. At the very least, and not as an attempt to limit
the application of the doctrine of equivalents to the scope of the claims, each
numerical parameter should at least be construed in light of the number of reported
significant digits and by applying ordinary rounding techniques. Notwithstanding that

the numerical ranges and parameters setting forth the broad scope of the invention
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approxi mati ons that may vary dependi ng upon the
desired properties sought to be obtained by the
w@r@smesdloT nventi on. At the very | east, and notPEBUSIW06/000910
attenpt to limt the application of the -doctrine of
are approxihatitns, ttbetmwnerichevaiﬂes teet clodihni, tlenspenificeexaraples are
aranet er SEIB’U d at construeizl i.n I|

repofatiags BecRiRh % posE C Rrsrcer g, Alyaler. | Mherently

contAIhS | RN TS N 8SIY r@é@ﬁmg'\ﬁbm fH’éS%Pd?ﬁja'ﬁ& déWétldnhﬁ)und in
_nunerical ranges and paraneters setting'forth

their isespastive deatingf mensuremasnisi onare appr oxi mat | ons the
nuneri-cal values set forth in the specific exarrpl es
[01158] e rEpeterens & andeting any “Hee” Eosksibiilar reim;ema;l used dakhe context

of desgtibiGi 4he gvartion: BFreS A FRECBISH of e FUbnTd i) are to be
consfrﬂéa @o icBvémsath ths%n@%r%d ﬁr‘étﬁlﬂn%l RASsH Sfﬁé%%e ih@it&fld herein

terns .- and sim | ar
or clealﬂyepentredlamby rcomt@xtcdﬂe@tatlonfofd@angesbfvfn@lwm herein is merely

. [ ti t of

intengB i etle @8 Fiongiid vPetodd,  BiSEhodbeiial dp tdopeparate

valuaigllihd evitlini rthe , ranfe e SEnRisB estheAfisk NHdRateR hBRsiR) Badh |nd|V|duaI
clearly contradi cted by context. Recitation of ra

valugfs ingpipesategrisiorithesneskisaion asdhiguere m@@fivallmecéeg herein. All

meth%ﬁgrdéé%ﬁgeﬂé?é’ﬂ ﬁn BSfp%rrﬁ;ﬁ‘\%d' xﬂdér?ﬁ) Qlﬂ?a{ﬂl%otr@esrg&‘ﬁgss otherwise

arate val ue
mdlcatddetnweaeor omemisecblémtwcmntrae:acﬂedl b}dccmtdmlal Tlveahse af any and all
[ orate to the ec;flﬁatlon as, I f it wer

i ncor
exam;ﬂa Ty at;y angEaoR&r-gi SUCRIFS hRONisles hersiny '?H'ét&’”ded merely
to béiferrf?lid“mﬁl%fb I‘Pﬁ/bﬁ%ﬁ%ﬁd'dbé”b{ots §@Q|Iﬁnl?5tfé>ﬁr?h1m&§§ope of the

otherw se i ndicated herein or erw se cl ear
inverdiomt efa@rwseoblaryne:bnmlangurage urs&e)fspaanfacam ahd>uld be construed

as ing)ﬁ%\ﬁﬁg @@ymﬁ: ﬁl n(gé p%&;{ﬁee%%ﬁﬂﬁg(@ tl?% pBaeqlf ogﬁhg invention.

nate the ention and does not . .
[0116] 11 T Groungn oS MERENs o PaENEob AT BRIIGISTLs Wpfsdhe invention

discl&séd Bfbin Mee lnéf‘g}‘@@ Boh&tridtPas %ﬁ’daﬁbﬁ@t 'E%% %:J?SH;% thd¥ber may be

construed as I ndicati ng any non- cl al ned eman
refer&is’emamtélclamed hedlpldaatly ot ir&iny leembinaion wrﬁh o[tlmamﬁ]ambers of the

€}
arouped h e isnte [ el & e SegaE b oL ST members of
a gréfp mdy batineldged Bacbr demted TRIMEA JrBMp der Freasirsedr ténvenience
and clai med i ndi vi dual I% or in any conbination wth

and/eft patentabiiisr YVben eny syed ipclesion an sleletiosmagruss fharigpecification is
|
nerel 8 e R e LS By NG Lty BRI Goscrption

of alifMarkushspospolised invihe appehdedddaimspat ent abi | ity. Wen
any such inclusion or deletion occurs, the

[011Bpeci Prafaire@rerhBodiments of this invention are described herein, including
the best mode known to the inventors for carrying out the invention. Of course,
variations on those preferred embodiments will become apparent to those of ordinary
skill in the art upon reading the foregoing description. The inventor expects skilled
artisans to employ such variations as appropriate, and the inventors intend for the
invention to be practiced otherwise than specifically described herein. Accordingly,
this invention includes all modifications and equivalents of the subject matter recited

in the claims appended hereto as permitted by applicable law. Moreover, any
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herein deenmed to contain the group as nodified thus
fulfilling the witten description of all Mrkush
w@e@psslosed i n the appended clains. [0117] Pre¢BUSBA6/000910
enbodi nents of this invention are described herein,
combimatiandiohdhe rebovesiesesbed kelementsoin lad possibvieorariations thereof is
carryin t.the.inventio . ! rjiatio
encofgesed Pyl A ERB S s ety P TiEEed YRHE uRitipBe cleary

contrb8iess By conwixpary skill in the art upon reading the
foregoing description. The inventor expects skilled

[Q11@Lt i.WPﬁwérﬁwo?QP|n9Yr1egH§§‘ AASTeAEEO NS HRBAT Ritideat® pAtBAts and -

e inventors inten or the invention to be praptlced
printest peblisiasions Harnugpeuti thiscspdcificatienr Haell dfi¢éheahove cited references

Accordingly,. this invention.i;ngludes all i fications .
and QiGRHCRRYIRPRDS Bp BTG LB ER et By tefSiehES Sn their
enﬁnﬁgﬁins appended hereto as pernmitted by applicable |aw.

reover, anyconbi nation of the above-descri bed
[011%I e”ﬁﬂtéoéiggaltlis RO Bh8erstsd PR e IdHibEAMEnts of the invention
nconpassed by the 1nvention unless otherw se
disclosedi batainl drer dustrativeoohdhavipsiaciplesaof yihe qeresanti twvedtity. Other

.cont ext Ql1 . _Furthernore,. .nunerous references
mocfiggHioRsdat REdche Briplibins & ihip; PR aRE b e JYRHER. Thus, by
way Ofr @heel Bl gots BEdinhitAtRdhi, lterfad/e @bnﬁ%&aﬁbﬁyeofcmeeq)resent
) references and printed publications are herein .
inverttinni ey kgl vilized do rasspedangepyith diefaasbingsnhensi). r Accordingly, the

- N [ Lt od
presciftipVefiin i 85 el o Bt 8ol s shohih T HESEIRETC

are illustrative of the principles of the present

i nvention. Oher nodifications that may be enpl oyed

are wthin the scope of the invention. Thus, by way of

exanpl e, but not of limtation, alternative

configurations of the present invention nay be

utilized in accordance with the teachings herein.

Accordingly, the present inventionis not limted to

that precisely as shown and described. W claim 1. An

i nhal abl e i nsulin conposition conprising: an

i nsul i n/ di ket opi perazi ne conpl ex wherein said insulin

is cleared froma patient's lungs in |ess than

approxi mately six hours after inhalation. 2. The

i nhal abl e i nsulin conposition of claim1l wherein said

insulinis cleared fromsaid patient's lungs in |ess

than approximately three hours. 3. The inhal abl e

insulin conposition of claim1 wherein said inhal able
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insulin conposition is a dry powder. 4. The inhal abl e

insulin conposition of claim3 wherein said
waledevsqadper azi ne i s fumaryl diketopi perazi ne. PGI/UI1ve6/000910

i nhal abl e insulin conposition of claim1 wherein said
eciaBulin is nonomeric or dinmeric. 6. The inhal able

insulin conposition of claim.1l wherein said

ditket opingehalzblednsyincsarapesitian epmaripagi ent' s lung in

| ess t Qﬁ%&hﬂ%fﬁ&aplﬁere{m% {:&ﬂﬁ!e%%ﬁefeﬂ?é’él& r}’\Sl{lln s cleared

conposi n accor whérein a

from hyagiehtsingsin Iessrthén dpproxiragiel\osix erouesaitel luhalatlbnsal d
i nhal. abl e i nsulin ‘composition, wherein said patient's

| ong f FRetihRNable iRsini dﬂh%dﬁtﬂan @fcléﬁhﬂ iwHerbialdagd insulin is

insulin con‘posutl on according.to’ claim7 wherein a
clearegfrognsaid patiagt's Wnesiin Iesséhmapa@mr@gf@adtw BRY&nded

use of said inhalable insulin conmposition, wherein

sdi d pahednhalablednsylihsompasitidreoihdaim pdiarei said inhalable
. I.to t he SAIe agél ent not receiving an inhaled insulin
Insu 'E&Hﬂ?&qsf |O8HS 8Ly RO ‘'od for mnimzing insulin

accrual_ in un of a |en after the, .

adri i ﬁhpareh%ﬁblsfm i Somp o G e Sovisreie said
diketcp;s@aaa%m&smhg ah@t@;sq@@rakmyl in conposition to a

lent in nee t hereo adm ni stering said inhal abl e

' %SU' ' %sgm@ably.némm@@&m beQking 1 WS g&?&grgggﬂn is

a ering 1s ormed via inhalation;
monoMmceomdlsraarm: i nhal ed i nsul inis cleared fromsaid
patient's lungs in | ess than approximately six hours

18. Thahewhigldbledrsulii cgnpasiidrabhelfinnh aviedreinssaid
i nhal abl e insulin conposition is a dry powder.11. The

diketorippidingcie 4RATRE fom aIPAliaNes WRerieiless aa 6p'FQHf§d| ng
step incl udes Erow ding insulin conplexed-with a
d|7ket ofhpdnhalable.ingulin cnmpwm%acmfd@gdpr%emm wh@remﬁl

e
pato LTl S OB RSB 1 s s g
compditioni Wheedid saithgatRet’s Ny fumctien & mtnmrbalred
8. The inhalable insulin composition according to claim 7 wherein a
patient’s lung function is not depressed on extended use of said inhalable insulin
composition, wherein said patient’s lung function is not impaired relative to the same

patient not receiving an inhaled insulin composition.

9. A method for minimizing insulin accrual in the lungs of a patient after
the administration of an inhaled insulin comprising:
providing said inhalable insulin composition to a patient in need
thereof;
administering said inhalable insulin composition to said patient’s lungs;
wherein said administering is performed via inhalation; and
wherein said inhaled insulin is cleared from said patient’s lungs in less

than approximately six hours

10.  The method according to claim 9 wherein said inhalable insulin

composition is a dry powder.
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fromsaid patient's lungs in |less than approxi mtely
three hours. 14. The nmethod accord to claim9 wherein
wa@2@ansdnt' s | ung function is not depressed onPERUSIVI&EM0910
use of said inhalable insulin conposition, wherein
stid p@he emsthed lacogrdinmit ¢laim Dsvimartein sgidipreddingsstefinciudes
.ret hod accord to Clﬁi m.g wherein a patient's |ung
provicing isUlip commpigredwih &liketopiPeiafiBRided use of said
i nhal abl e i nsulin conposition, wherein saig patient's .
| idg fUhemeihod acaerdingrnue!pisg 17 svhgreinesaig O&I'fﬁgoalaﬁ@zme IS

fumaqgaikg{bwg%ﬁgcei ving an inhal ed insulin conposition.

of treating di abetes conprising providing

2Pt o ThE b bR IP A SR B AR b Wl goarec
from SedpRsieht PNNGees IdxetthanRdbroXitmate!y tiretimours.17. An
i nhal abl e i nsulin conposition useful for treating

di abet ¢he GRARbH HcROrd RICIHIRT 9 MHErdinks bafémes RagNanction is not
conpl ex wherein said inhal able insulin conposition
depregeed oncaxt¢emed use ahsaif unhalalle.insulin composition, wherein said

patient’s lung function is not impaired.

15.  The method accord to claim 9 wherein a patient’s lung function is not
depressed on extended use of said inhalable insulin composition, wherein said
patient’s lung function is not impaired relative to the same patient not receiving an

inhaled insulin composition.

16. A method of treating diabetes comprising
providing an inhalable insulin composition to a patient in need thereof
wherein extended use of said inhalable insulin composition does not impair lung

function.
17.  An inhalable insulin composition useful for treating diabetes
comprising: -
an insulin/diketopiperazine complex wherein said inhalable insulin

composition does not impair lung function.
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