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VI NYL ACETATE CATALYST PREPARATI ON METHOD
BACKGROUND OF THE | NVENTI ON 5 Rel ationship to Prior Applications
This application is a continuation in part of USSN 08/823,592, filed

3/ 25/ 97, now Y9V QUERTA TRICATASYST PREPARETICGN METHISEN 08/ 489, 541
filed 6/12/95, abandoned, which Is a continuation 1n part of USSN
08/ 200, 137, filed on 2/22/94, abandoned. 10 Field of the Invention

The present invention rel ate [ uci ng a catal yst
usef 5I in the reactiMM&@Macet igc acid i % t he
vapor phase to formvinyl acetate. In particul ar, the present
invention is directed to a novel nethod of formng a catalyst useful in the
cat algt i c Hebativablhipmo BfiovApplicathet at e i n which said catal yst conpri ses

metal lic palladiumand gold 15 _ deposited_on a suitable porous support.
Descri ption of tHus apnligationis a continuation in part of USSN P&/823:6% filed I/BYIBmOoW hat

i nyl duce ' . and
oo} SRR R EAEBin SRS B0 060 P88 Srqoneg ypicF
conpri si NGeRAAaREH #hartS USSF 08/208197 SHlePbk@hD/oNEiahddHeg!t at € supported on

PCT/US99/01807 1

certain carrier materials such as silica. Generally, such cat al yst
system exhibits a high activity. Unfortunately, results utilizing such

pal | adi um I X catal ysts have been inconsistent. This

i ncoti st M&M@ be based somewhat on the di stribution

pattern or profitg glschiveiodinittes RPARALREROMIE ildaBlife ERARL! RErPfh @RI 1 1

relation e support. For exanp use e known
vi nyl acetredctiofi of ethylehe, D pgeamd Abetic acidinriy vaponghaie pofoam vimyl peate. Id t h

pal | adi um and gol d, the netal conponents deposited at or about the
support i rna@ttqu?ﬁr,sﬂx@preé@mmmw idggeteditp mpavet wathed gl famingmeatalysi weetyl indhe he

reaction . e rechani Lpnce. t [ ea re.not r | |

Gt use esttie o RERR T Vi Rlefii€inl Mch SR8 EARYS BhDrURmBRE philadlth fad fold,
t he pat al )&%bosiéé@'%ﬁ%suitﬂﬁef)&@ﬁé g'dp?o@_ccurs substantially only at the

out ernost or surface regions of the catalyst. The catal yst conponents in

the interior regions of 30 t he support do not largely contribute to the
reaction sg _ ulﬁi.ngiin a reduction in catalytic efficiency
per unit weSERRUQD yst conponents. Furthernore, the use of a

highly active g jsknown in the art that viny! acetate can be produced by reacting ethylene, oxygen,

and acetic acid in the gaseous phase and in the presence of a catalyst comprising palladium, gold

20 and an alkali metal acetate supported on certain carrier materials such as silica. Generally, such
catalyst system exhibits a high activity. Unfortunately, results utilizing such palladium and gold
catalysts have been inconsistent. This inconsistency appears to be based somewhat on the
distribution pattern or profile of the catalyst components which are deposited on and in relation
to the support. For example, when use is made of the known viny!l acetate catalyst systems

25 comprising a porous support with palladium and gold, the metal components deposited at or
about the support interiors or central regions do not contribute significantly to the reaction
mechanism, since the reactants are not readily able to diffuse into the central or inner regions of
the porous network of the catalyst. Hence, the reaction occurs substantially only at the
outermost or surface regions of the catalyst. The catalyst components in the interior regions of

30 the support do not largely contribute to the reaction scheme, resulting in a reduction in catalytic

efficiency per unit weight of the catalyst components. Furthermore, the use of a highly active



2 catalyst at tines gives rise to side reactions and, therefore,

| eads to aW@eMRRE sel ectivity to vinyl acet at e. PCT/US99/01807
Vari ous patents have been granted based on the desire to nore evenly
distribute and 5 anchor the gold and2pal | adium catal yti c conponents
wi thin a narrow band on the support surface to provide a vinyl
acetate g 5tyat kinde8 gived risé sidd Rhéti it} id i
Exanpl es %?l? \gs uch patent sh‘iﬁlr?(r:xlgggtg t%&gﬁ%pg%égi%b éNo&gUéég%%éghg@lto vinyl
4,087, 62acetate.048, 096; 3, 822, 308; 3,775, 342 and British Patent

1,521,652. Certain U. S. patents assigned to Hoechst Cel anese Corporation,
U S. Nos. 5,314,858 and 5,332,710 and their PCT and foreign counterparts

di scl ose and ckgﬂa}' 14 Batents Wiy | c;]fth L ;g

The basic nethod o P%rer%s ng t%\eéﬁg?ir%gtﬁ% Baallgee&ta egga%%éﬁ%gﬁ&ggk%gyms%buﬁ%ﬁdadi um
andsgol danchor the gottbaaipdlladivancatal gtid cinysinests pyithin a A9 bakbor the shﬁm)'rﬁgﬂﬁ&:é ng
the support w th aqueous sol utions of wat er - sol ubl e pal | adi um and

gol d conjsorravie avinyl geetate gatalyst hayinghigh yiekd gpodselegsixity aud longdife. Examples of

gol d conpound t. QY t e ., I ARLEF! _
dat al yor S G e B Bt NG BER 8374 DR ARG A AR IR BB S B,

Wi th t heNPBEfisiSPAtbik! 16511269220 b1th NG, ?alaﬂs assigned to HRIERRY T FareSt é&?marti@ﬁ,

i nsol ubl e precious netal conpounds (3) washing the treated catal yst

wi th wat & St Nos.Sbhde8 58raind 93384716 land theif RGE dnd fopeigh beunterpantsadisgloserqmdedpimt ed
pal | adi um and ounds during precipitation and (4)

| d. .
comPerti %P?H@ggﬁfa}ﬂ?he%?ﬁﬁ@ww adi um and gol d conpounds to the

free netal by tpgahieMeti¥dtdr f@mﬁiﬁgﬁféi laag&%'ca@lyés% E@Mﬁ%i:%ﬁggaﬁggﬁgrgﬁﬁgolg Ii2

0 i nvol ves (5) 1 npregnating t reduced cata

met al acdemisitedsah atatalystesugport comprise 6) itipyégnatingthe sigspoirt with aduedus solotsisiof
Prior art atten‘gts to provide a uniformdistribution of the palladi umand
gol d et ¥aterspluble palladivmand goldheampaunds, (A pIecipitpting eaterdinsqlubla priadivm and e
above nenii.oned | . S rt terials havi

vari ous g{))fgc‘“l“ ngﬁ%g(%eﬁgfgér%ﬁg@c{fﬁg& ngomacung the H&%Q te aafaéﬁ%s .0% witta

5, 384, 858elutié bfdotspdundecapable of rdadfing With She WhtkAGREHIS bM1adium and gold
successively inpregnating a catal yst support w th aqueous sol utions of

pal | adi ufempbenngs teifosay the insoluble preciausanetakcomnaunds (33 Washing thedrdatad; catalyshd

ic chlogid fi Xi ] .s.. h '
o pi t SR EpmpyEaiths DR eb R R Rl R BB i oenaind mpad RN ALY
the compohd¥8 Hﬁﬂﬂgb&@iﬁﬂﬁ&ﬁiﬂgg@%&ﬂﬁﬂﬁﬁ@%ﬁé@hﬁaﬁﬁfe el PihdSgHln as

aqueous sodi um hydr oxi de whic reacts to form hydroxi des of palladium
and gol dcempoursis o thsdree meialfbydreatmi@t withshieducing agentvaAdinal treatment usally enove

B e L AE R S
conpr i segetiHinBthd finkdl RGtafisEftofdr. utilizing two :

Prior art attempts to provide a uniform distribution of the palladium and gold metals on

e

the support has involved some manipulation of the above mentioned steps and/or by using
support materials having various specified pore dimensions.

25 U. S. Patent No. 5,314,858, pertains to a method for (1) simultaneously or
successively impregnating a catalyst support with aqueous solutions of palladium and gold salts
such as sodium-palladium chloride and auric chloride, (2) fixing the precious metals on the
support by precipitating water-insoluble palladium and gold compounds by treatment of the
impregnated supports with a reactive basic solution such as aqueous sodium hydroxide which

30 reacts to form hydroxides of palladium and gold on the support surface, (3) washing with water
to remove the chloride ion (or other anion), and (4) reducing the precious metal hydroxides to

free palladium and gold, wherein the improvement comprises during fixing step (2) utilizing two



3 separate precipitation steps wherein the amounts of the
reacti ve comwoge«b2in contact with the sal t -i npr egnaPEHUSWMHYt i n
each step is no nore than that required to react with the water

- sol ubl e precious nmetal conpounds inpregnajed in the support. Between the
separate fixing or precipitation steps, the support which has been
| MPr egnat ghabd Prek fRafidipdls (Pheid e il hd Ractile compBld At iR  of
a set period of tinme to al'low precipitation of t%e water nesrusre pr €ci ous
met al conpauosregretal sppore irseach sdp is no moreshapthatresitedhio achdi wWith da! wateact i ve
basi ¢ compoupd is, added, to the support. It is an
obj ect of ¢ g‘emrwtmﬁtﬂxﬁeﬁwsvfi&l@mﬁgew%@ the fenPetd Bstwesndhasepamgtedfixing ot

Sopport i RSsimiiof AbA YRl b ERnGR RRObAR iBlesRibd Bieh B 50 e BiiE iR B
conpaunds aAew¥EokandTo 04 s89 beri DO BSallew hﬂrﬂ.ﬁ;f)ifdﬁlaﬂ F theGitferifs oM ﬁ%@i@us

by contacting the i rgpre nated support wit ficient reactive cohpound to
i nsure co cempounds befops e ispiond fixing stapdn fwhichraglditfonalreaqsive basicisompdwald is

conmpounds tQ the support in nmultiple fixing st eps. 15

SUMVARY OQR%QI%O%IN\?E‘RH‘? It has now been found that
particularly actyNenSH gpgﬁtﬁgl?& g O] ' :

gol d useful for tlﬁe prj(%ductm %{n W%ﬁn&@?&%&%%ﬁﬁﬂg hiﬁﬂgﬁa{eﬁ,nglao‘\’/@rdm%g

. car boxyl i catalysickehivh téntaingipalladium andcguldom a pbxis swpdrt G Wakh thefiking o fife whiase
at el evated fenperature and at normal or el evated pressure can be

obt &P%ned BYMubis Preciqus gnetal cpmppunds as watep nsphublerremponrdson the supper caw belachiewed .

catal yst S Epting il peddbeah BB iRl iR ompO i RSl s of
the react pregiprafipoaiacfi-ang of he pfoeicls mchll dompd it offb the support ixb&hiﬁﬂléﬁﬁﬁgs ed
to precipitate sinultaneously for such tine as is necessary to conplete

preci pitasteph of the insoluble precious netal conpounds. During a typical
precipitation according to the prior art we have noticed that the
pal  adium precipitates at a faster rate than 2 5 gold precipitates and
i ncpgment al anmounts of unprecggiM@ﬁq@gglﬁ_m;ﬁ@VEﬁqf@Nfromthe cat al yst
support prior to its being i mobITTze y precipitatiron or in a subsequent
washi ng step. THilmsinewebeen found that partieulfudy adtive sppgdriadicatalyste comthihingapalladium
vary fromippregnation to precipiftation. Al though the .praobl em
exists w 1,

i i ﬂfig?lg B?%P]t fontheqs? P%thgft vaylgstersdrom gthylene, lgwen aeebaxylie addswighard
an even | r | Cl.pi Llon is carkied
o Cen, MBion soms and SELAYR ARAL A X BB RSN RLR S B of SRAEE
To over copissuid SanfedbtAinedEImbdifdse ¥ &nd/\2} Bf the prRefSR desdriby@Mbdven. a
usef ul . _catalyst is fornmed by (1) non-successively inpregnating a
cat 3Pyst Supipdin dwingthepuecinitation step (2), the impregnated catalyst support has been

impregnated with one or more solutions of the reactive compound and the oxide (hydroxide) of

both is caused to precipitate simultaneously for such time as is necessary to complete
precipitation of the insoluble precious metal compounds. During a typical precipitation
according to the prior art we have noticed that the palladium precipitates at a faster rate than
25 gold precipitates and incremental amounts of unprecipitated gold can leach from the catalyst
support prior to its being immobilized by precipitation or in a subsequent washing step. This is a
cause for the palladium to gold ratio to vary from impregnation to precipitation. Although the
problem exists with precipitant solutions equal to the pore volume of the support, an even more
sefious problem exists when precipitation is carried out by immersing the impregnated supports
30 in dilute precipitants.
To overcome this problem and in accordance with the present invention, a useful

catalyst is formed by (1) non-successively impregnating a catalyst support with aqueous



4 solutions of palladiumand gold salts such as sodi um pal | adi um
chloride amb ez chl oride, (2) non- successi vel y f PLTASIYUSH of
the precious netals on the support by precipitating water-

i nsol ubl e pal | adi um and gol d conpounds by treatnent of the inpregnated
supports with a reactive basic solution such as aqueous sodi um
hydr oxi dgy it bf pelRddism bAd EoldRaiydicR %k 88fuipaliadium childideatiWitia Blof@d, ¢2 PN

t he support surface, (3) washing with water to renove the chloride i1on (or
ot her annamdyccessivelyfixing dachi afdhe precipusmetaissomthe suppoytchyoprecipitating watere

pal | adi um and. gol.d,. . DETAI LED DESCRI PTI ON OF
THE | I\I\/EN?‘I’EHEQPG pahadwm and gold compaynds by weatmsntafithsimpregnated sypPoRiCMItB At al yst
Of the DPasfilasid\Biioh dnctasihiath!saibl Ildfcide Rich reatWIB o hydrbliasd of

i npregnated w an aqueous sol ution cont’aining elther a water=soluble

pal badi upalladium and geldpa dicksuppor swice] (353 Mastihg witlwhteaopauovk theshlosidé tom (of | )
chl oride, sodium palladium (11) . chloride and palladium (Il) nitrate
are exanpthesanign)sand @hreducing dhe precions metgbhydsexiden todraspalladium and gold. wher eas
auric (Il11) chloride or tetrachloroauric (I111) acid and the al kali netal
salts thereof can be used as the water-sol uble gold conpounds. The
general |y avail abl e tetppTAIOEDDEICRIPTION @F THEINVENTRON t he sodi um

pal l adium (11) chloride are preferred because of their high water

solubility. In the prépapitivalof $he intpeovpdantalysy ofthe phesert invempion wsiiteblplcatplyt i s

SUER o e B e PAETR S B b e A
| d ' ' t

amount | oSl g Al BhiER gl bompétuld PAVGRGH 1Y chioriic it PRl E

vi nyl acetilatide andopallatioy @) atrax pgexamples ofigiable water-soldle galbwitan dompoundst he
met hod of this invention can provide a catalyst with at |least 17 w% nore
pal | adi uwhereas auriq G)sehlaride grogtrashioreprig (Hpasidandithealifale mefal spits therepfrinde U,
S. Patent . 710 Th th hi.s; i nvention rovi de a
cat al yot PSR T WPsraqi Rt B8 Gmolit. "Rl Wiy bl NI R GRTOBLR Pn B
byi1the ugtd &k sbiitm fAllagiin () chforidé 4re3fréferred because of their high wAtegoRibaity Ve
exanpl es were perforned on catalysts prepared by the method of this 2 5

i nvent i oRypisaliiaithe quantity afdbesa icomppungs emiwedbsewch@s & proyide litad Ogmarns ef f i x

t echni que_.prepared..i cordance.wi,t h US 5,314, 858.. Table 2 )
1 ust r 2P SR Qute § espmy pLadd BECART Smnitined cxvgt, “Aeiofeinely, B amofpaf e
met hod ofofghirésehiMmand taslyRvaivderbnd hbsH: 20 1@t 703D ithPsnbiAbf pAiRafiy.hod of
US ' 858. The vol une of solution used for inpregnating the
support Rreparation of caaliystifer the mednufacpire of vinyl acetategfivorm athtylenepoxygeh,cmntliavetic
deposition, the_volu of . the.imregnating solution shoyld be from 95 30
03900y A aFRPTAE o P od Ly eop (B BRY ey Bt (At 17 P et y
it shoul gal%i\ﬁéhﬁ@%?least 12 wt% more gold than by theStsRRP e rH?hS& by, § FPardd o,
catal yst “according to the present I nventfon can be of any I verse
geonet ri §332Map&The hethodadiik dmvehtien camppovitle a aatalyst with pcldast an sqiiedlest,

tabl ets or
amount or greater of gold than by the use of U.S. Patent No. 5,314,858.

Comparative examples were performed on catalysts prepared by the method of this
25 invention (separate fix technique) as described herein and the double fix technique prepared in
accordance with US 5,314,858. Table 2 illustrates the results of these examples. It can be seen
that the method of this invention provided greater gold retention than the method of US “858.
The volume of solution used for impregnating the support with the precious metals is
important. For effective deposition, the volume of the impregnating solution should be from 95
30 to 100% of the absorptive capacity of the catalyst support and preferably it should be 98-99%.
The support material for the catalyst according to the present invention can be of any

diverse geometrical shape. For example, the support can be shaped as spheres, tablets or



Aerosol i zed Active Agent Delivery

Field of- the tnvention 5 The present invention is related to
t he pul nonary delivery of an active agent formul ati on. More
particularly, it is a nmethod and device for pul nonary delivery of an
active agent fWPAYU474%6 on for increased system c bioavail abi | pé¢yusshioides
active agent via absorption in the deep lung. Average inspiratory
flow rates of |ess than 17 |it eAgrqselized Active AgenttBelberact i ve agent

formul ati on nust be maintained in order to achieve increased |0

bi oavail ability. _ Background of the

| nvent-i on Ef f ecti ve dEieldwfthe Ihwendopatient is a critical
aspect of any successful drug therapy. 15 Vari ous routes of delivery

exi st, and each has its own advantages and di sadvant ages. Oral drug
delivery of 9ills, CHjepsesin@htion iselatddtd thégulbkRy H&ives dFam Gctivh BgeRDSt
conveni ent nmet hod, but nmany drugs are degraded in _ the digestive tract

before they canfoFaulapdy, erg particularly,df jp a fethed 9nd deviged et Rubmonasy delixeiyehan y an

effective rout eadi9f age¥bfoptihlat s fégingﬁhé.eﬂgi{'él’emic bioayailabifity-tF tiichelitSglithia ery of
proteins, but enjoys a |ow patient acceptance. Since i'njection 50 of

drugs, such as #hsempHpmin thydeep lungp Averagermspirataiy flowantes ofdessghan|19 litses per sour ce

of poor pat.i 89@' | ' ﬁqH ernative,rou af;
adm ni stration gjl\}]genéglaso bégﬁ’?&mﬁo%g{}% ope‘ggmﬁ?‘%cﬁ"tf 5‘%’550 ?CP gﬁ%’ﬁigéﬁsﬁ?i,
i ntranasal , 10 nt biesvadlskility. i nt r avagi nal , and pul nonary delivery. 25

Insulin is a 50 am no acid pol ypeptide hornone having a nol ecul ar wei ght of
about 6,000 daltons which is produced in the pancreatic [err]-cells of

normal (non- di abetic) i ndi Badkgbtnd dfilsdinivéntios necessary for
regul ati ng car bohydrate netabolism by reduci ng bl ood gl ucose |evels.
Where the body's ability to regul ate bl ood gl ucose | evel s has been

i npai red, diabetes Viftdetivedeliviry td DBHRnAL & chitlal BIpk& of ¥REcRbsrdlisalyah&spy. | N 30
Type I, the insulin-secreting cells of the pancreas are destroyed. Insulin
production % Varousgrpugsef deleveneeistyang gaghlhas s Qwmadvaetages jand digaguantages.ej t her

the body producgs, g salﬂmpbwpiﬁgj capsules, oSXIR LA{ th&fikd 13 Bhrnilsne ASYESVELERT 1O
regul ate bl ood sugar “l'evels t'o w thin’'a nofmal fange*or
method, but many drugs are degraded in the digestive tract before they can be absorbed.
Subcutaneous injection is frequently an effective route for systemic drug delivery,
including the delivery of proteins, but enjoys a low patient acceptance. Since injection
20  of drugs, such as insulin, one or more times a day can frequently be a source of poor
patient compliance, a variety of alternative routes of administration have also been
developed, including transdermal, intranasal, intrarectal, intravaginal, and pulmonary

delivery.

25 . Insulin is a 50 amino acid polypeptide hormone having a molecular weight of
about 6,000 daltons which is produced in t}:e pancreatic §-cells of normal (non-
diabetic) individuals. Insulin is necessary for regulating carbohydrate metabolism by
reducing blood glucose levels. Where the body’s ability to regulate blood glucose .
levels has been impaired, diabetes will result. There are two mafn types of diabetes. In

30 Typel, the insulin-secreting cells of the pancreas are destroyed. Insulin production is
therefore nearly completely halted. In Type II, either the body produces insulin but in

quantities that are insufficient to regulate blood sugar levels to within a normal range or

o vy SRR Sinity



the insulin receptors are unable to adequately process the insulip in the

bl ood. Survi val of Type | diabetic patients depends on the frequent
and |l ong-term adm ni stration of insulin'to maintain acceptabl e bl ood
gl ucose | evelgposlispp || diabetics may require I nsul i pcaabsdsmisesisr ati on,

but diet, exercise or oral nedications are often used to avoid the 5
necessity of dgi kr%uliﬂe@?‘dr@ﬂé ufdbld B S8ghBely process the insulin i fh'e'%%h.' BuivivalloSt
comonl y adm ni stered by subcut aneousqi nj g(?t lon, typically into the
abdonen or uppefiTyphi diabeticipatientsaiepends omthie fitequent anddegttatnt adrhiniststiogloficose

| evel s, | £ : L0l ect sakr L.asulin .east once
or tw ce per é‘%/?lfn\?mo 8{%}”%8” ﬁgﬁﬁg‘ﬂé‘h‘{ é}‘é(’lgénjﬁ‘é%% ib??'r?g k1041%ea%§ '89@18?+‘%g I nsulin
bei ng adm ni stiasdo adininistratae dstadist, exercise or oraliaddicati Pisi ap¢ often usBBtoavoiBieod

gl ucose | evel s shoul d(,é?ﬁglcal.h%/ remgj,n between 50 ny/dl and 300

ng/ dl, prefdr aBiCEshEp ISHERS FMSHY-dI and 120 mg/dl with a target bl ood
gl ucose |l evel of 100 ng/dl. Aggressive treatnent of diabetes can require

even nore frequent injections, in conjunction with the close

moni toring of bl oodn@muwa@tfmp@ybgplnsqud@wisw@nwmmmm@gnostic
kits. i . intothe a Eﬁ‘l@n Qﬂtﬁl%ﬁétlhgfhef){oém%h 'aa:cﬁ%bl'c Bldol uQQse!léVgls,
undesirable in a nunber o spects. Irst, nmahy patients find it

difficult and Bisrofiemsemssatydo imgetbasaltitsulin el loassonms of tvdeppentdy with  as
necessary i nt ain..accept Hlood .glucose |l evels. .Sych rel uctance can
lead to 2058no%9818‘%‘8’??1é§§§g\%? Eilh’g?‘g@%%ﬁs&g& Pg. IRt Fred g ,nergga,s Y which in
t he npst seri owssally prior eamests. Bloodgudosd levélfisheald eypically rdidiebatween SOpmg/dini c
absorption of i in fro subcyt aneous, i njection is relatively slow
when conpar ed ‘P@ E’%TR?&F”W!I"&%&“ %a*’“t 8 myp@&llgéinwlmaﬁﬁﬁ?tbégg,

frequently rqulh@sauvélro@mm:ﬁffdp ?bdﬁi%ﬁ&%ne@&ﬁdlab&h@@arf Rghire even moRCt I N
i nsulin formul ati ons are enploye

25 alt er nat i vEeqUARLINIEGioRS itsAninFEnRavith the closeraanitgringefnblapd glucase IsneISAY ch

avoi d the rllgedpgﬁgﬁtsusinghdgﬁy(ﬁg%;,agdcydtis'nvasi ve injections and which can
provi de rapid system c bl ood Tevels of the insulin as seen in nornal
subj ect s. Elliot et al, Aust. Paediatr. J.(1987)23:293-297
descri bed the nebul4 ' 230 . hetic . h '

the respiratory tr e;f(; ggrglg?sgh txﬁ{d‘?f é%gﬁ %P%lﬁe?ﬁﬂqrméﬁ%ial%%%k thah
was possi bl e tXirst,omdny phtiegissindtindifficnlt atvdwedenkiniedo énject themiselveghas friaguently

as necessary to maintain acceptable blood glucose levels, Such reluctance can lead to

-t

20 nou-compliance with recommended therapeutic regimens, which in the most serious
cases can be life-threatening. Moreover, systemic absorption of insulin from
subcutaneous injection is relatively slow when compared to the normal release of
insulin by the pancreas, frequently requiring from 45 to 90 minutes, even when fast-
acting insulin formulations are employed. Thus, it has long been a goal to provide

25 alternative insulin formulations and routes of administration which avoid the need for

' physically invasive injections and which can provide rapid systemic blood levels of the

insulin as seen in normal subjects.

Elliot et al, Aust, Paediatr. J.(1987)23:293-297 described the nebulized delivery
30 of semi-synthetic human insulin to the respiratory tracts of six diabetic children and
determined that it was possible to control diabetes in these children, although the

efficiency of absorption was low (20-25%) as compared to subcutaneous delivery.

2

Thus, it has |l ong been a goal to provide -

RO, ulih to -
é.‘é‘rdr#%g%##hat it

v



efficiency of absorption was | ow (20-25% as conpared to subcut aneous

del i very. . ) 2

Laube et al., US Patent No. 5,320,094, noting Elliot and a nunber of other
st udi es, v seeswd t hat al t hough insulin had been del i v@Cea@sesdéhe

| ung, none of the patients had responded to the pul nonary insulin
therapy suffi cilagbe &ar. ﬂl@%&ﬁtﬂ%.GBwb@Qﬂo@gLEm&Qndanumlbéﬂ\éﬁd)tﬁertsgdwst hin a
nor nal range. Laube et al hesized that this problemresulted 5 from
the loss of drdyesssd ?lﬁ'eah&evawé g%‘?%dslwareeﬁoxhﬁ lyngenage ghihe pasieats jad 5 :

result of the pegpondel®d hﬁ%uﬁﬁongﬁll 1h§ﬁﬁﬁ M\eﬁdﬁ? siffEknt 8 oWERgDr 33bd Pc@RE

deposttion within the | ungs shoul rove glucose control in the
bl ood. | n orderevel tammmfm aemtie\réalyhypp&nmedéhatﬂus problesh reswkéadr ol | ed

t he |nsp|rator rates
of I ess %%h (5&??)6 é)&rﬁIH %S‘%ﬂvg&ng{tﬂg% err“éfﬂe%p%%’?%f% “Eté’? m nut e.
The delivery sysd:tlmﬁofﬂe]n’remchndctbatﬂm maxdinizaid dncof dejmiuibemtﬁmrtherlmlshdutrg t he

i nsulin, an outl et a rture [ o ich . the insulin vvas W|thdravvn
and a flow rat émPﬁ"’l’fF UfigPe&h Eﬂtggpl(‘}%owtq%g"]“ﬂ?@‘e"em aximpm delivery, Laubeet
rate. al comronEaJths ﬂﬁ?ﬁ’at&ty v ratt/at thatifiebf Massol iaha3L1dn 86&@&6& of 672, 581

descri be the delivery a neasured anount of aerosolized insulin. The

insulin is aut dwafhaeép|h§cr$/@r®sfs@é Rrpfergbly about 17 figery/minster Zhodsiveysyptemt h in
response to,j nfiphiRy 'a%bdﬂ:taﬁgr% GHafhbér fgme%ﬁ%ﬁb B s0h, taﬁ"ﬁutlet ap ertuﬂg '&ﬁ'&k atory

flowrate and inspiratory unme pat i tori'ng devi

continual |y servtdch thé mﬂmwwmwmmmmng mumh@cpntrhlethe

m croprocessor SDiT Qpﬁ:& g nes that an optimal point in the respiratory
cycle is reacheasp pRe croprocessor 20 actuates the opening of a valve
all owi ng rel ease of |nsuI|n The inspiratory flowrate is in the
range of from about lto ter t he range
of fr om about RﬁbWB eéal%# F ?‘8?@%8 ety dg 8%2 3’%}%??*‘%’ &’ﬁ d&h"g‘ Damount

of work thafs hag abRasuréidafountofetosslizé®indein. VIRE ¥nslin id Qutoaivalleftldaseduntb N,
there has not been a system and net hod of deljvery that has provided
sufficient del |tk}‘?e‘|n?‘@f°r¥ Hew ppth 1p frspanee Yodpfgrmasion ghipined from defesmiping thep ood

gl ucose |evel s jhdiratory ﬂo@fﬁ@ﬁfdhﬁspﬁﬂ&fy%hﬁm &H%@néﬁt 5)(%{0%% GetiBd hod for
del’i very woul d be uséful delive of many o er active agents
as wel | . continually sends mformatxon to a microprocessor, and when the microprocessor
determines that an optimal point in the respiratory cycle is reached, the microprocessor
20 actuates the opening of a valve allowing release of insulin. The inspiratory flow rate is
in the range of from about 0.1 to 2.0 liters/second and the volume is in the range of

from about 0.1 to 0.8 liters.

Even with the amount of work that has been done to optimize delivery of
25  inhaled insulin, there has not been a system and method of delivery that has provided
sufficient delivery of insulin to the lung for maintaining target blood glucose levels in
diabetic patients. Such a system and method for delivery would be useful for the

delivery of many other active agents as well.
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Summary of the Invention Accordingly, in one aspect, the
present invention is directed to a nethod for ° delivering an active

agent fornmul agyhossfés t he ungs of a human patient, said netpbegissomisss
conprising providing the active agent fornulation at an inspiratory flow

rate of bel ow 17 liters perom The active agent fornul ati on may
be provided in dry powder or S&%’l@%ﬁ%{tzhggmfe%rmrﬂ or it may be in the form
of aerosolized particles in adm xture with a propel | ant. 10

I n anot her aspect, the present invention is.directed to, a nmethod for
del i ver i ng | ASPinEDom e a5Phch e Breseat ISR b5 AeRd 1 almethodfa o
conpri si ng pr adelidédig snAsiseiaBent foriilation to thd 10Sgiof @ h@hdn fatieny, saigetidd bel ow 17
liters per mnute. The is_preferably provided in dry powder form but
it may al s&® becomprisiagaroviding thoictye agent formyiatiop at aningpiratonufiqy mie of below
aerosol i zed pagyt |0 3069 ] I Gl I n
yet anot her as{)@gtglj,ss?rhﬂgﬁ%tr@é?éﬁcu?%ﬁe%ﬁfpgﬁﬂﬁgg&ﬁ }gg?;e ldtlgma 8\’7‘.’%%% or .
i ncreasi ng nebulized fdyinponitinkybs inithe fomi ofasraselizod particlesin admixwee wigkat , sai d
devi ce corrpris'nr)\]gengnflow restricter for limting the flow of the

rve

aerosolized a atgent formul ation to bel ow 17 liters per m nute.

The flow restricter may be in the formof a sinple orifice, a valve that 20
SEVELET R TN SRR R SR RACTE A R
val ve that prOgiiso fielun@é 8 buman patied§ st 6 BomMiding! roWdih #n8RinaX &EPt t he
desired flow ri?nsspei}r'atory flow rate of below 17 liters per minute. The is preferably provided in dry
powder form, but it may also be in nebulized form, or it may be in the form of
aerosolized particles in admixture with a propellant.
15
In yet another aspect, the present invention is directed to a device for increasing
the bioavailability of an aerosolized active agent, said device comprising a flow
restricter for limiting the flow of the aerosolized active agent formulation to below 17
liters per minute. The flow restricter may be in the form of a simple orifice, a valve that
20  provides for increasing resistance with increasing flow rate, a valve that provides for
decreasing resistance with increasing flow rate, or a valve that provides for high

resistance at all flow rates except the desired flow rate.

In a further aspect, the present invention is directed to a device for delivering an
25  active agent to the lungs of a human patient wherein the device delivers an aerosolized

active agent formulation at an inspiratory flow rate of less than 17 liters per minute.

The present invention is also directed to a device for delivering insulin to the
lungs of a human patient wherein the device delivers an aerosolized insulin formulation

30  at an inspiratory flow rate of less than 17 liters per minute.
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In a further aspect, the present invention is directed to a device for
delivering an .25 active agent to the lungs of a human patient wherein the

devi ce delivers an aerosolized active agent fornulation at an
inspiratory fW@wudragee of | ess than 17 liters per minute. PCTUS99/04654 The
present invention is also directed to a device for delivering insulin to

t he o un%esﬁtfi%tﬂpl&'&@ Raki ent wherein the.device delivers an
aerosolized insuli orrmul-ation 30 at an inspiratory flowrate of |ess

than 17 liters per mnute.

4 cription of the Fiqgur : . Fi gu
perspective view ?ﬁ‘iﬁ“ﬁ & B°BPfS V"éﬁ“’&?‘@@i’t’}%g ’W@W"ﬁq‘mﬁh‘“e"go{
enbodi ment of entbdimepOsTaaly pewdey Betivg @gdnt foRmillii i defiVerdl GbvidedTthedfvdntien. of t he
invention. 5 Figure 2A Is a cross-sectional view and Figure
2B is an el5eva_tional view of an enbodi ment of a nebulized active
agent fornul ation eghle/B( % adRks-S&1iBhal VI2® #nl Figttd Vs an elevational view of anfl QUr €
3A is a perspective view and Figure 3B is an el evational view of an 10
enmbodi ment of embodiopest ofamebulized aative agent formygjetinn delivary Hemidef theghventieny devi ce

e 1Ais a
an

of the I nventi on. Figure 4A is a perspective view of a
sinple orifice and Figure 4B is a graph showi ng the type of

resi stance obt ai neigureessefsragperspdclive view and Figure 3Bk gnielevahibnadl view qfanspect i ve
view of a valve _.that provi i ncr.easin

far . .
100 'embodimentof a prgp%ﬁam gnven active agentg}ormulati on delivery device of the

invention.

Figure 4A is a perspective view of a simple orifice and Figure 4B is a graph

showing the type of resistance obtained therefrom.

15 .

Figure 5A is a perspective view of a valve that provides for increasing
resistance with increasing flow rate and Figure 5B is a graph showing the type of
resistance obtained therefrom.

20 Figure 6A is a perspective view of a valve that provides for decreasing

resistance with increasing flow rate and Figure 6B is a graph showing the type of

resistance obtained therefrom.

Figure 7A is a perspective view of a valve that provides for high resistance at all
25  flow rates except the desired flow rate and Figure 7B is a graph showing the type of

resistance obtained therefrom.
Detailed Description of the Invention

30 The present invention provides a method and device for the pulmonary delivery
of an active agent formulation where inspiratory flow rate of the active agent

formulation is less than 17 liters/min.. The invention is surprising in that it provides for
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resistance with increasing flowrate and Figure 5B is a graph show ng the 3

type of resi stance obtai ned therefrom 20 Figure 6Ais a
perspective view of a valve that provides for decreasing resi stance
with increasiypgsg ;J,,gyg rate and Figure 6B is a graph show ng ghReusodigseOf

resi stance obtai ned therefrom Fi gure 7A is a perspective
view of a valve tha es.f resista rat es
except the des‘f‘?rgﬁfeé P’g’\ﬂf?;@? S oL ary V?Ia Fg'awgbsfré’e‘g(’ ?‘ﬁ‘ﬂﬁ @W‘W&a‘f’ R pe of
resi stance obtsatesed therefrom Det ai | ed Description of the

I nvention 30 The present invention provides a nethod and deV|ce
for the pul nonary delivery of an active agent fornul ati on where

inspiratory flow rate of the active ag®afinitions fOrnulation is less than 17
liters/mn. The invention is surprising in that it provides for
5 5 I ncreased bl ood | evel s of active agent than observed

fol l OY“ ng higher i n%{x(léa&g%ﬁr,y é h&\éﬁbed hcre?rfﬁglﬁd an agenb dg;ghcom ound,

Definitions e agen Jésa I'n Tncludes an
agent, drug, campositidn of matter oompma'e theoawidth pmhtl&srsomb plmmhcnlcrgxd.hﬁme whi ch

provi de2 0re RASABCREse RLIA oot [RT GEbHAb oo FEhE s L U
ot her benefi ci dtanig MidSothoAbeneficidl fRnBi As ubdithete, e (drbnk Flider inclgdeule any

10  physiologically or pharmacologically active substance that produces a localized or
systemic effect in a patient. The active agent that can be delivered includes antibiotics,
antiviral agents, anepileptics, analgesics, anti-inflammatory agents and bronchodilators,
and may be inorganic and organic compounds, including, without limitation, drugs
which act on the peripheral nerves, adrenergic receptors, cholinergic receptors, the

15  skeletal muscles, the cardiovascular system, smooth muscles, the blood circulatory
System, synoptic sites, neuroeffector junctional sites, endocrine and hormone systents,
the immunological system, the reproductive system, the skeletel system, autacoid
systems, the alimentary and excretory systems, the histamine system the central
nervous system. Suitable agents may be selected from, for example, polysaccharides,

20 steroid, hypnotics and sedatives, psychic energizers, tranquilizers, anticonvulsants, '
muscle relaxants, antiparkinson agents, analgesics, anti-inflammatories, muscle
contractants, antimicrobials, antimalarials, hormonal agents including contraceptives,
sympathomimetics, polypeptides, and proteins capable of eliciting physiological
effects, diuretics, lipid regulating agents, antiandrogenic agents, antiparasitics,

25 neoplastics, antineoplastics, hypoglycemics, nutritional agents and supplements, growth

supplements, fats, antienteritis agents, electrolytes, vaccines and diagnostic agents.

Examples of active agents useful in this invention include but are not limited to
insulin, calcitonin, erythropoietin (EPO), Factor VIII, Factor IX, ceredase, cerezyme,
30 cyclosporin, granulocyte colony stimulating factor (GCSF), alpha-1 proteinase
inhibitor, elcatonin, granulocyte macrophage colony stimulating factor (GMCSEF),

growth hormone, human growth hormone (HGH), growth hormone releasing hormone
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10 physi ol ogi cal |l y or pharnmacol ogically active substance that produces a
| ocal i zed or system c effect in a patient. The active agent that can
be delivered includes antibiotics, antiviral agents, anepileptics,
anal gesi cs, amta9mmfdsanmat ory agents and bronchodil ators,  PCT/Usasighésay be
I norgani ¢ and organi ¢ conpounds, including, without limtation, drugs

which act on t (\GHRHEN, Hep&irdlowiRbMadar vatihe Répadh CLNTOIDP it feronGllyal i@k Eion
receptors, the 15 skel etal muscl es, the cardi ovascul ar system snooth

nuscl es, the bibgfadntrieion eameainterleukin-g Juteipizinghoraone; releasingdiormene (LERHect or

junctional sitgsmaSRARE EdrRostiti Q6 RRGuENSIEEBtide vasoprcgsﬂeanklﬁg}’fﬁﬁﬂcﬁgi cal

system the reproductive system the skeletel system aut acoil
systens, the abfimelatngjormane ERED.dusolin-liks growthsfactot; inshlinstopini. interleykindm t he

central [ ] .t abl nt, s. e.s for
exanpl e, polsysg%cgﬁtgf%é%\é,ﬁ}sggﬁ erﬁg%';é%bﬁn%,r@% y'ﬁ) not {Eggu@ﬁg @%g‘gﬁ%?geeéso,ﬁ&g]sychi C
en;ar gi zE_r s, tr amw'tnﬁﬂgzﬂcts? (MHOSE, ol tgmmli ﬂxlctor, partathymid; Rormone l{mant S,

anti parki nson agents, .an cs,.anti-inflammtories, nuscle . .
contractants, g%mﬂnalﬁ'aﬁaﬁg{fﬁ%*ﬁbﬁbﬁ%ﬁ %l?l?aél Aty B IFSRITARREPEY iah ¥ di ng
contraceptives antibod?', cySu0iRbAORAnEMEhSrne ﬂagﬂmae(@fmﬁ?gmgméﬁe%ﬂms& apabl e

of eliciting pzlgsi ol ogi cal effects, diuretics, |1pid regulating
agents, anti an@Pwrselnbactesisidalrermenbility, ereasing proteim(BPI), ﬁé’o&‘@s‘! qdy,

ant i neopl asfyi C g, AVRAN XESHIr CH-cifilihdit hQMben éx-néitsggguﬁymﬁga%ﬁge,gr owt h

suppl enents, fats, antienteritis agents, el ectrolytes, vaccines an
di agnost i ¢ agemetaproterenol sulfate, beclomethagons! diprembnate: triameinnipn aeetamidé,ul in this

i nvention i ncl b r t. i to . nsHlin al ci | Dy
er'yt hr opo et i n 5Pty e fsBplSP ol PhibRrerRge. tymisolhdBeHieont Hrah LS S,
cycl osporin, geggotanige/theraecindthe anblogneh,akonigs draiCintipoditiofthe abdvehActive
prot ei nase I nhi bitor, el catonin, granul ocyfe magr.ophage, col on
St Pl at i ng. f a BB TN RSr compRte noglei aeie SRS Ak o RS B OHEIFERG Hile
(HGH), growtsh RedtomNesdcRkedastlhrtiuls MIdRic acids associated or incorporated within lipids
6 heparin, | ow nol ecul ar_ wei ght heparin (L

_ (GHRH) , he ow T ari, MAH) ,
i nterferon al pRh2 lipidwceptpiingmatenal, plpsmid DNAos RN er Pilapa pdeic asif 6pMSEURIR- 2,

lut ei ni zi ng hoLPRRPe kGtaBRIbNPanSRENTRARDE whrstéRhtion of cellsS pABLARTALNS of the
somat ostatin anal ogs i ncluding octreotide, vasopressin anal'og; follicle

sti mul ati ng hotlveelar regised of thewlsngsi The pRive ggenia mayt kedn yacious feroisi ek ahi n,

i nt erl euki n-1 - ¥ | L= | I Nn-4,

i nt'er | euki n-6, sﬁ‘%‘c’:l?%ﬁﬁ@g@eﬂ%%@%h‘%gﬁf%ﬁ%%k@@ Sllgtg%ﬁlégé?{“nner ve
growt h factaor, cplaplaxdsy)_r phadmha_:niwgimli}' é@?pﬂ)ble salts. Théaative iag.-:_nalnpﬂydaelx,aturally/ [11a
inhibitor, al PRl ANLLELYRY: ey nE5BE FALREMamy rdducdd, of Ihe} Shay be analogs of

the naturally occurring or recombinantly produced active agents with one or more

amino acids added or deleted. Further, the active agent may comprise live attenuated or
killed viruses suitable for use as vaccines. Where the active agent is insulin, the term

25  includes natural extracted human insulin, recombinantly produced human insulin,
insulin extracted from bovine and/or porcine sources, recombinantly produced porcine
and bovine insulin and mixtures of any of the above. The insulin may be neat, that is in
its substantially purified form, but may also include excipients as commercially .
formulated. Aiso included in the term “insulin™ are insulin analogs where one or more

30  of the amino acids of the naturally occurring or recombinantly produced insulin has
been deleted or added.
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anti body, cystic fibrosis transmenbrane regul ator (CFTR) gene, ,
deoxyr ei bonucl ease (Dnase), bactericidal/perneability increasing
protein (BPl), anti-CW antibody, 10 interleukin-I receptor, 13-cis
retinoic aci q‘,omg#ﬁm dine isethiouate, albuterol sulfate, permysoondsss
met apr ot erenol sultate, becl onethasone di prepionate, trianctinolone

acet anm de, budesonj de acetonide, ippatropi ym brom de, flunisolide,
fluticasone, cromolyn sd‘g‘l’?ﬁ?ﬁzed actty ?)ttpéﬁnﬂlég‘?"ar"ﬁaﬁst@e Aitye 282 &hal ogues,
agoni sts and WetiR@eBbe if a@bmiuleion BRY R suifbld f6Ppulmonarf 88HES). MY afdidined
conprise nucleic¢c acids, present as_ bare nuclelic acid nol ecules, viral 15

vectors, assodrtyecagentiformulation may be in the don Rowderformidt mashra splwignor

i ncor por at ed W,dudhdlod dridi be nebflized. lob Rinthv $Q6H 4L A asm d DNA
or RNA or ot'her%ﬁugcﬂﬁeirc.ug%i% %Beng{I?%éF fglggy%gm%ﬂgggy‘%g{ﬁﬁ“t@ggf@for
transfecti é&n ®oiling paint, dighiyt vodatilepropallants It iptarbe unddrsioddthat etdrs thah ondastive

al veol ar regi 19S5 . [ tive nt s be, I.n. vafl.i fornmns,
such as O 3BfisBey vB ool BT aRkesl eI RerE ropmiebth LR LR s2
conponent s of ofitleecrtt ‘agen?Oin nocayekeaM&s tihy usp biswas alopgiueRbgantsaccept abl e
salts. The active agents may be naturally occurring nol ecul es or they
may be reconbi nantly produced, or they nay be anal ogs of the naturally

occurring or recontyhOERipisitoRy Ml eeet c@eﬁ\ie}‘&c%?iﬁt&y‘ﬂow}a@ﬂﬁre%ﬁedmr e _
am no acids added or deleted. Further, the active agent nmay conprise live

at t enuat edl0or interchangeabiyhere formase dhedipw Bis1 ab which thesasroselizpd eetivadgent Wer e t he
active agent Ig u'i‘&i‘df\ i Helibd}Ed. tlﬁﬁ g‘c@ﬁinubﬁk‘%le}iﬁ’l?z%r, QAL N ﬂo%f(xtafea&}efﬂe thﬁgn
in, i nsu racted from

i nsulin, reconblinantly produced human 1 nsu In ex
bovi ne and/ or bprathc iFeea denicethat givee emadsosohbalitsy syshasia drypopdecinkiwer or an - and

bovi ne insuli -1 f the above. .The insulin neat,
that is in W{',ﬂgﬁg E%’s van%‘?oé?\??/ax %@F‘fu%?%u ?\}e reﬁr?d %tmng ¢ ath%%g?s\rﬁ%gﬁﬁse

exci pi ents as icdulivered plab the time takeh donthie adresd] toAtas€rsd the hnatkasicaldeddspatecr m
"insulin" are.insuli.n _anal.ogs ere.one o re 30 of the anLnho, acids of
the naturally "S'rc}f(,‘?]? e s g‘rbeg%'l%?’ﬁté?ﬁ ?9’ é;)?fgg‘iﬁ?@yf (fopToximatel¥ rngdﬁ’mg’?‘been
del et ed or added. 7
"Aerosolized active, agent- fornul ati ogn" nmeans_the active_agent

! ) . { ,_as. .
defined above in alPofReHRLP a5H Ve sespt ip theagrasalized agtiye agrmt Frsmulationwill Reer y.  The

aerosol i zed that am8@it h¥RsAHAR deiRE BiHeplpbRitallPitrRGvd dndubl€ofdhe/ adfiQ¥igdne f O M

it may be a solution, ) suspension or slurry to be nebulized, or it may
be in adni xt ut@aciiavp the dssiredaesul. Iromactive, thiswill Mayy padelit deppnding ypopdheat i | e

propel | antyy | hakiRuthCagit, 1he $&Vetity Wt the d3Rkit BR afd i ABsifH theBipbhttSfrect.
However, the device is generally useful for active agents that must be delivered in
doses of from 0.001 mg/day to 100 mg/day, preferably 0.01 mg/day to 50 mg/day.

The present invention is based at least in part on the unexpected observation that
25  when an active agent is delivered to a patient at an inspiratory flow rate of less than 17
liters per minute or preferably less than 12 liters per minute and more preferably 10
liters per minute or less and often between 5 and 10 liters per minute, the lung
deposition and thus the bioavailability of the active agent increases as opposed to when
the active agent is delivered at an inspiratory flow rate of 17 liters per minute or more.
30 It was surprising that the lower flow ratc would lead to a higher bioavailability. since
Laube et al (US Patent No. 5,320,094) determined the optimal flow rate of aerosolized
insulin to be 17 liters per minute and that up to 30 liters per minute was desirable.
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agent may be incorporated into the aerosolized active agent fornul ation and
that the use- of the term"agent” in no way excludes the use of two or
nore such agents. The "inspiratory flow rate" or "average

i nspiratory Wo#47sse” are used 10 interchangeably.here t oPGHESPUOMEIT| oW
rate at which the aerosolized active agent formul ation is delivered.
For a continuous nebulizer, this is the flowrate over the entire

breath. For a device that gives an aerosol bolus, such as a dry ovvder

i nhal er or an Actys ageptipanylationp suiteblefarse fn hopresens inventiond

period during r ggng sﬁ)gﬁi
taken for the M%gso%‘h?no&l'? rﬁ%ggﬁﬁglﬁgtfgmeﬁgﬁﬁdgﬁéﬁ{d pacielg%li e& b‘mgf rom
the lips to beMeg@n@msﬂ propelBno D1y powdcrh@mable\ﬁa:y@e (Ia‘th peséninverition 150

?gz)nt f or mil at %695 a’f‘?rpﬁwsrr&lfj dtg%ﬁlg %%a\f e ag ceea§§1§F gﬁ?s‘{?l&?&‘ed active

t her apeuti cal | m@tﬁmm&ayﬁmumcmé agéms amieldv}epdi:@ﬁﬂicnve agentsadEdpeticle t he
desired result. In practlce dependi ng upaon the 20

particul ar agefie selesigd é‘b?ﬁé?‘?‘tp?“%‘fa“%@‘%éﬁax’?‘m?f the,lyges, (fhat dfe Brefegably 10
therapeutic ef{&Ghass median hieiﬁeeé?(mm)epxeﬁwbmeésﬁh&wgag%df % feferdb act ive

agents that nust be delivered in doses of from ay t
ng/ day, pref er kebd thar03 @rh, ang/udeallytbeirgGn thy/raege.of 0.1 um to 5 pm in dxamathe ’Irheesent

unen an- acl veoaes op $Fierl 0BE) of sy Bor R SO0 h AT R s PbE v

of less than 1350 and oftkh $60% afibthe Berdbd] Gasicledize dastredutiya is%&ntﬂmars Ogml i ters
per mnute and nore preferably 10 liters per minute or |ess and often

between 5 and Messimedianaciodynamic diameter (MMARgusually 1.§egSHn MYiAR®At hus t he

bi oavai |l abilit a t 0 the
active agent é %H E){]/g? egb & an ggsg:hr atﬁflg&?(fe?gaggg &gs&' %%) Hafsers per
m nute or nor ecoMtMleamttﬂ%Mlmm ushally belosv dbouei% by erighgmd woul d | ead

50350 004 Baot BRI b, ibouP BT weighy, SEAREAE aelie souidess By deborbeding i 1 o

be' 17 liters pwO 93/241188 andiWQ H6IB2 14D, whick Brelindofgofat@tbtsy réferanceheteis. desirabl e.
Active agent fornulations suitable for use in the present invention include
dry

Dry powder active agent formulations are preferably prepared by spray drying

under conditions which result in a substantially amorphous powder. Bulk active agent,

20  usually in crystalline form, is dissolved in a physiologically acceptable aqueous buffer,
typically a citrate buffer having a pH range from about 2 to 9. The active agent is
dissolved at a concentration from 0.01% by weight to 1% by weight, usually from 0.1%
to 0.2%. The solutions may then be spray dried in a conventional spray drier available
from commercial suppliers such as Niro A/S (Denmark), Buchi (Switzerland) and the

25  like, resulting in a substantially ambrphous powder. These amorphous powders may
also be prepared by lyophilization, vacuum di'ying, or evaporative drying of a suitable
active agent solution under conditions to produce the amorphous structure. The
amorphous active agent formulation so produced can be ground or milled to produce. -
patticles within the desired size range. Dry powder active agents may also be in 2

30  crystalline form. The crystalline dry powders may be prepared by grinding or jet
milling the bulk crystalline active agent.



powders, solutions, suspensions or slurries for nebulization and particles

suspended or di ssolved within a propellant. Dry powders suitable for
use in the present invention 5 i ncl ude anor'phous active agents,
crystalline agbioygnggents and m xtures of both anor PEEKSsedd5sa

crystalline active agents. The dry powder active agents have a particle

size selected to pelrhm t .penetrati onad' to the alveoli of the |lungs, that is,

preferably 10 e ?‘%Wﬁﬁgg‘d‘ﬁ% | A PgreRhiByeyiop Meppptigially ks cambinedess

than 7.5 [err]with pREmEREticaPERAGE 8dxYipients which £ fuithhl@ foredpRiitbdyngand usual |y

being in the range of 0.1 [err]mto g_[err] min_diameter. The 10

del i ver ed dosePWmppasy adipisirasion) Sueh qapriesempysenve simply asbaling agants when 31499
preferably  gegirad rafhee AE Ta@tﬂte%?&x%:t?ﬂ@ntfaﬁ@n ARROPRacP Fhich &l Rink! e fvered
distribution is about 1.0 - 5.0 [err|m masSs medl an” aer ddynam c

di anet er ( MVADP,a patiend Huymay 8lso segveRo pmprivkedbe dispersability ofghepavdebivithibabs - 4.0

[err]m MMAD. T [ owder acti.ve agents have .a noisture. .cont ent
bel ow about - 109 T e Cevics BT ekl PRI st St Suma pticiols datiesy
preferably bel sithedetivé agdtib dnd tovEn@oie. haindling cBarhdisrtia gEhE aivedgdns suth @s
described in SO 9d5/ 24183 an%FV)D 96132149, which are_incqrporated by
ref erence her efigwability an consistency to W%m&fa%nweda‘g&ﬁﬁ}*mnﬁ% ions are
preferably pregamphatsiciSdRIbaYard hid iRsited to (a) catBEHbirafed N hSdsactiirfabs feBUl t 1 N
a substantially anorphous powder. Bulk active“agent, 20 wusually in
crystal | i nd0 f ofsfuctose, gplactesey glacase Drmangose.opilgsce and the likes distcaharisles qudas s
buffer, t MRl ' . o 1AV p Oalt 2 to
0. The' act ve Aaniertthicie, AdRRE it QiR dhaPiich EARGBAR0Y, |
wei ght to 1% bgyclodexgiin;, and pelgdacshafidasnsch d9faffinose, tmalt@deRfrins, dertras) ant thens may

then be spray dri in a conventional spray drier ayailahle. from
comer ci al sup]gfer Q’S?“Eﬁc?ﬁ‘%és‘“ z}s(g?y'&}ng, a(’%@ﬁ%raars e gﬂ%ﬁ}uta(ngwﬂ,ecp PSR and
the 25 |ike, Iyeise)lahd thg liké) (6) cegHnstsalid pragared feod® bigab acifund dases, SOEEH

anor phous E)owder ared by lyophilization, vacuum

s ny . also be pre
drying, orldv S‘r"g’c‘?‘%ﬁe’&f’%‘ﬂds@iﬂ"“?’ Eﬁs{)eawiucom»aseéwesh&geﬁ& sol ution

under condi t i ofsmdtRanih Bfaeehdrite, ﬁiﬁ%ﬂh&?@%ﬁéﬁiiﬁé‘édﬂﬂﬂrﬂé{ﬁ@uw as aspdFRmeNOUS
active agent formulation so produced can be gzround or mlled to produce.

particles wi t hiumanserugealbymin, aslasia, and thydikenind (palditels. seh pymangitehkylithy al so
be in a 30 crystgl i é%efle%d éia@]gaéﬁfeﬁéihaﬂ&sgcﬁsamﬂﬂsé, Shholte Prepared

by grinding or jet I n cryst ne active agent.
9 maltodextrins, glycine, sodium citrate, human serum albumin and mannitol.

20
The dry powder active agent formulations may be delivered using Inhale
Therapeutic Systems’ dry powder inhaler as described in WO 96/09085 which is
incorporated herein by reference, but adapted to control the flow rate to 17 liters per
minute or less as described below. The dry powders may also be delivered using a
25 metered dose inhaler as described by Laube et al in US Patent No. 5,320, 094, which is

incorporated by reference herein.

Nebulized solutions may be prepared by aerosolizing commercially available
active agent formulation solutions. These solutions may be delivered by a jet nebulizer
30  such as the Raindrop, produced by Puritan Bennett, the use of which is described by
Laube et al. Other methods for delivery of solutions, suspensions of slurries are
described by Rubsamen et al, US Patent No. 5,672.581. A device that uses a vibrating,

10



The active agent powders of the present invention may optionally be

conbi ned - W th pharmaceutical carriers or excipients which are
suitable for respiratory and pul nonary adm ni stration. Such carriers
may serve singbwyandbul ki ng agents when it is desi r edPCOUSNMGSE t he

active agent concentration in the powder which is being delivered 5 to a
patient, but nB¥oRlesiBic Hmber isAedcRBEDN Svit e, UISPRERBI 4 5d6y550] whibipispowder

within a powder di spersion device in order to provide more efficient
and reproduci bineorprpteq by yeference hegin. t he active agent and to inprove handling
characteristic of the active agent such as flowability and
consisstency to facilitate manufacturing and powder filling. Such

exci pi ent s i ncl ude Ryogellantsysterts mayrintlade aroao@a«) agear dishlyeld imtagsopeblarg or
nonosaccharj des ) ch 10 fruct to nno.
sorbose, ard tBfE"q :fslggspea?e?j{gg I?ﬁorpe@aé'g B%ﬁgﬁ%ggestyﬁes % H’F’ﬂ@?‘&‘?& arg%? §T’%se
cel | obi ose anig Rubsanenlee al, U FaRAENs.15,672,58 5,uetichds indorpdidfed KyinQiy X tfefehse. ] -
cycl odextrin; and pol ysaccharides, scuh as raffinose, maltodextrins,
dextrans, and the i ke; (b) ami no acids, such as glycine, arginine,

aspartic acid, gl utigQider RCdbthin Y HicRialit bloavaxlabﬂit%§bfrﬁuv@d§gntt #eadvides: (¢)

organic salts prepared from organi c acids and bases, such as 15 sodium

citrate, sodi 8 ebrvegnusibymedifiedin prdex torrgstact tkmmp;lmogs{ fleyorate of the
h h h
oot T, g A B PRI

al ditols, suclBBgAnaddiBtshbw thiy restriotion achleved larﬂtvtcb@singlemmﬂe prifidecr r ed group
of carriers ingludes,| S e e affin xtrins,
ol yeine, Csodl apErs vy . 60 A A SR 3w Arpnadys iR sonrrelgnetoss biekST

The dry powderangef theFigens, JO6MA aéw&aswmyegmi 1dehd deoicectotgdlingrin
Ther apeutic Systens' dr povvder I nhal er as described in WO 96/ 09085 V\/m ch
is i ncor B PAYEY RRyeABANSgAtaP ahtho Wi Figasa b aed I theicel0f he 11 ow

rate to 1744 i t Qi@ flow restrictet mt»ﬁt}pafpeh@ﬁ§1®5th£’(@i§ﬁ{s&m%pﬁ%% witdeodry
powders may al so be delivered using a 25 nmet ered dose i nhal er as

descri bed by Liens@ermingte qriessaccpedingiie thadnvestigp Figwo LA shevsan ekgloded view
| ncor por af ed_Df hAiBAEEABE £Wo 96/09085. Briefly, aepaum%%hzmxs&%ﬂ&chws may be

prepared by aerosolizing conmmercially ava Ive a
formul ati on soigentiisteghe Hﬂaek% @ahqnewmns'l"hfabanbls 108 isicocked do tn}npaqsemr fasbul i zer

30 such as th Lndr ploduce b £ f mhlch S

descri bed by ‘ﬁs gI‘_oéfunrg'e B gge& Eli'eeré/r e hs ]8 &Fgfoq&g{hf’ \l;lésﬁtvelg%n Y Rita ons,

suspensi ongo ofBistounrlné esdeptessed whlchqmﬁﬂunebeﬂ blisteRI08 aadeleasss the apnﬁd&gaat ent No.

5067 2.58L. A dv%v}{ &lg chpxg}esse gi?’ ma%o e czrq?mrle cgémber 112. The patient puts his mouth over
mouthpiece 114 and the aerosolized active agent formulation is withdrawn through

flow restricter 102 at a rate of 10 liters per minute or fess.

25 Figures 2A and 2B show a rigid chamber 200 suitable for restricting thé
inspiratory flow rate delivered by a nebulizer according to the invention. As described
in Laube et al, a rigid chamber 200 is provided having a proximal end 202, a distal end
204 and a main body 206. The proximal end 202 has an aperture 208 that is sized to
accept standard disposable mouthpieces for use with hospital nebulizers. The body of

30 the device 206 has an opening has an opening 210 of a size suitable for coupling to an
external source of acrosolized active agent. The aerosolized active agent formulation is

delivered to the chamber 200 through opening 210. The opening 210 is then covered

11



pi ezoel ectric nmenber is described in Ivri et al, US Patent No. 5,586,550,
which is I ncorporated by reference herein. Propel | ant
systens may i nclude an active agent dissolved'in a propellant or 5
particles suspgggpded N @ propellant. Both of these types obckRsssasli Ons
are descri bed In Rubsamen et al, US Patent hb 5,672,581, which is

i ncorporated herein by reference. In order to obtain the

increased bi oaWah hayh¢ perpsolizegractive agens isgputined pithindlas ghawher 200. Thegisidly | bed -
above must be ¢Hadoh b&fhihdn ﬁwvdﬁemt:ermstnrtm%ds&Q@eﬂeeapAﬂeﬁ&re£114fsh%£tat e of
the 10 active agent forrmulation to 10 | |tersﬂ£ m nute or | ess. Figures
1A, 1B, 2A, 2Bvhega patient inhglgs the Activs@gensfosmulatiertiheougles mowtbpicesratiaciid tved by
devi ces using g, r 7B show
alternative flow con ro? me ﬁﬁﬁc’%gg ;}:Qb?tﬁ‘éac% a%?ﬁfogﬁ‘{l#&l‘—“éé\?%ﬂ

3A devi ces.5 Wadtlor balgpad @lliters pehmiroievi ces for delivering the dry povvder
active agent fornulation as shown in Figures 1A and 1B, the device 100 15
contains a flowrestricter 102 with apertures 103 that limts the

inspiratory flow t gnder to restrict theifspR@6ryTlodiih® o h pl'c?&&nﬁﬂt%ﬁdj's%tao t he

i nvention. Figure 1A shows ? 5)(3% oded vi ew t he devi ce descrl bed in
WO 96/ 09085.  BRFtErPE foseanhaler (MRD 300 say be previged witlap g restrictey S02 as shogent i nt o
the base 106 qf FigifesdB'%n@SB afll Rurthe WL &ibtf 1iadbd ir for

di spersion of theéﬁagtlve ent. Lever 110 is oé\}gir(?g' MDFQ?GE the blister

104 int o ploacevitlpgmoutizpie mcsans!dabqsmi@sé% ’Khﬁpmhlwmm%@iﬁtehe blister
104 and rel ea%&&ﬁ%&e%ﬁ@s‘éﬁ m)c EﬂacedHWthteQnO Phof%&%)é’n?sﬁg%s? %1}_&1' ﬁb%f the

capt ure chamber pa I ent I'S nmou I"'ece 114
and the aerosache meuthpxectelwé isorigidiy aftmhemﬂoaha pmxxmsl andBmiofathnbdingrhe fl ow

restricter |ters or, | ess. 5

Fi gures 2A ané‘@gls S‘FF &agwh?{)a%%ag GPS% Bffﬁﬁﬁoﬁézﬁd&‘@ﬁ?‘}%i cting the

i nspiratory flfomnulaion ivkelehsead irgsl ciaynbar 306bt11ht dietal ehdGQ4 of dl@m’b& 306 Coritdivent i ON.
As descri bed in Lau i)gei et al, arj g chanber 200 is provided having a
proxi mal eld 20w sigrier scaseas??? prertares i 8ps soRyyn i ditgurerdhs spoxi mal

end 202 has anhaReh b pficAPBhdleaihe iativeiag&l fdrPulation thABEILIAE prkARl 8AdB08
di sposabl e nout hp| eces for use with hospital nebulizeérs. The body of 30

t he device 206 Hzfgn%hvéﬁﬁeﬁ%&mwraﬁ%%w@fﬂmcme agerdiforgulatipe bl e f or
coupling to afpaintaine®itloPbla 16 RFCRr RfimAET 0SOl i zed active agent.” The

aerosolized active agent fornulation iIs delivered to the chanber 200
t hrough openi ng 210. The opening 210 is then covered
20 The devices of Figures 1-3 use a simple orifice as shown in Figure 4A to

achieve the desired inspiratory flow rate. The rate of air flow thrc:\ugh the orifice is
proportional to the square root of the pressure drop across it, and in this case the
resistance (R) is constant as shown in Figure 4B. In order to obtain a flow rate of 10
liters per minute, the resistance required is approximately 1 cm H,0*/Lmin" . This is
25  accomplished by including a flow restricter with a total orifice atea of approximately 2
to 4 mm’. In the embodiments shown in Figures 1-3, there are 8-12 apertures of 0.5 -

0.9 mm diameter which will provide for this type of flow.
Figure 5A shows a valving arrangement where the resistance increases with

30  increasing flow rate. The proportionality of resistance to flow rate is shown in Figure

5B. Such an arrangement allows for comfortable inhalation at the desired flow rate. As

12
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such that the aerosolized active agent is contained within the chanber 200.

The di st al . end 204 contains a.flow restricter 212, in this case a
series of apertures 214 such that when a patient inhales the active
agent fornmul aswoeyartmsough a nout hpi ece attached to t hecrpsmnesse 208,

the inspiratory flowrate of the active agent fornulation is maintained 5
at or below 10 |t ! . : . [ to restrict the
inspiratory fl 3Jvlv{hrt§{ %@g@!ﬁ%pﬁ%@wgﬁt thaﬁs{?teaﬂcesa%(t) ]elér‘#p(é“q’ﬁ{ute ‘Q?ﬁlac?ger ed dose
i nhal er (MDI) 2ffroximatelyel pmdLOUbohinli th a flow restricter 302 as shown :
in Figures 3A and 3B and further described in Laube et al. The MDI 300 is
shown- 10 with a nout hpiece 304 and a rigid chanber 306. The proxi mal end

308 of the - NDBighRi62ChoR94 vilvingdapigetheitavheR th @SiStande dedrbiResWidf h of a
patient. The distal_end 310 of t he nmout hpiece 304 is rigidly attached

to the proxinaindsiging flowspie.c hhisgransement isysgful where angsrospkbolsicar bed” such t hat

when oper at ed, g@;HesE i [ : i j S
rel eased into gﬁgnber 1%%%%@%%@?3?&&%3&%{%@@ cclﬁgﬁ%aéﬁagggwc%ﬁﬁb#s 15

a flow testri ctbeingalowed taincrhase togyer 19 litass pez snimpte. Sfheprapogiondity ofwssisthman i n

Fi gure 3B, suc ] tient inhales the active agent
formul ati on th?%ﬂ%ﬁr?tﬁéggé%%%$&%n 308 of the nout hpi ece 304, the

inspiratory flowrate of the active agent forrmulation is mai nt ai ned
at or below 10 liters inute.. . 20 The devi ces of Figures 1-3
use a simpl® orifi cg’gﬁge{%%ﬁsFﬁall‘—‘inéﬁfr%“ﬁﬂe’ftd”herethe resSipnce gt aﬁgg?"'r ed
Jinspiratory fl quedexképt fokli dedited ffw tel The pMpbrASRUE LFtrEbatES fo TR fafe is .
proportional to the square root of the pressure drop across it, and in this
case the shewey inFighee 7R _J he resigtance phih liters perrminpte Meuldib§ur e 4B. I n or der

to obtain a fl fnih® and ' wod 0 MeSiS:
required is apgyrsoéﬂﬁ%?él agmgrﬁ%tatgirrﬁ %@ﬁ?é]%f]ﬂ Bg}oﬁ]ilésm?gﬂ%;de%%g%?npl i shed

by including am#.ow restricter with a total orifice area of approximtely 2
to 4 me | nt he enbodi nents shown in Figures 1-3, there are 8-12 apertures
of 0.5 - 0.9 mmdi anmeter which will provide for this type of flow

Fi gure 5A shows a v #livalsompoasiblasipe scemewhahlessaletifable teproside traigingnea pawsts Wi t h

30 increasing flow rrate . .The proportionali of. resistance to flowrate is
Shown - i gur 8908 S sbl i Bl R8RrEa SRl e Pevgn Gt SRR frafisbiel
inhal ation at tahér idhet 10Kleds pevininafee. As .

20 The following examples are illustrative of the present invention. It is not to be
construed as limiting the scope of the invention. Variations and equivalents of this
example will be apparent to those of skill in the art in light of the present disclosure, the

drawings and the claims herein.

25 Examples
Materials and Methods '

Materials |
Crystalline human zinc insulin, 26.3 U/mg was obtained from Eli Lilly and
30 Company, Indianapolis, IN and found to be >99% pure as measured by rpHPLC.

Human calcitonin was obtained from Ciba-Geigy.

13
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12 with the arrangenent of Figure 4A, the resistance at 10

liters per m nute woul d be approximately 1 cmHJerr]/Lmin[err]. °

Fi gure 6A shows a val ving arrangenent where the resistance decreases with

5 increasing ‘gd,ﬁwﬁﬁte. This arrangement is useful where an3RisaRkssP0! US
eliv

can be ered slowy enough to ensure that it has entered the

| onwer airway prior to-the flow being allowed to increase to over 10
liters per mnute. The proportionality of resistance to flowrate is
shown in Figure 6BLow mélecular weight hepaiif) sidfunt AUINRYEe tholedhlit WelgiR-6aotgenent
where the resistance is high at_all flow rates except %or the desired
f1 ow-rate. Thewﬁr"éﬁ‘éﬂef‘if@ﬁbggﬁ’/CBFW%‘S&SP%%MQ'O flowrate is shown in
Figure 7B. The resistance at 10 liters per mnute woul d be .25 cm

H2 err]/Lmn[err] and greater than 1 cmHerr]err]/Lmn[err] at other
than the desired fIGyelosporin A, BMR gradé&was obtained as a powder ciystallibsifrqpmastdot e, but

[the i B gradéywas obtained s  powder _
dovi oo whi ch 1 Cose PPl MR R RO8 RUEREhgufs BRAT Car ns 1o imspive at a

flowrate at or below 10 liters per mnute. 20 The

foll owi ng exanples_are illustrative of the ]g)resent inventjon. [t _is not to
be const r ued ~&4&ap is?ﬁ”tniaﬁﬁmf’?l Sl fentex Fr hdowEndatornFaty AcqidFreens and
equi val ent s ofy4skibgined from MHATRE. K WMKakeePB yapparent to those of skill in the
art in light of the present disclosure, the drawi ngs and the cl ains
her ei n. w5 Exanpl es

Materials and Met NQ@Syerol sulfate was obtained from Profarmaco (Milano, Ttaly)
'USP mannitol was obtained from Roquette Corporation (Gurnee, IL).
15 USP lactose was obtained from Spectrum (New Brunswick, NJ).
Glycine was purchased from Sigma Chemical Company (St. Louis, Misspuri ).

Sodium citrate dihydrate, USP was obtained from J.T. Baker (Phillipsburg, NJ).

20
Ethanol (200 proof, USP, NF grade) was obtained from Spectrum (New
Brunswick, NI).
Powder Production
25 Insulin powders were made by dissolving bulk crystalline insulin in sodium

citrate buffer containing mannitol and glycine to give final solids concentration of 7.5
mg/ml and pH of 6.7+0.3. The spray dryer was operated with an inlet temperature
between 110°C and 120°C and a liquid feed rate of 5 ml/min, resulting in an outlet
temperature between 70°C and 80°C. The solutions were then filtered through a 0.22

30  pmfilter and spray dried in a Buchi Spray Dryer to form a fine white amofphous
powder. The resulting powders were stored in tightly capped containers in a dry
environment (<10% RH).

14
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Mat eri al s Crystalline human zinc insulin, 26.3 Ung was
obt ai ned fromEli Li 1y and 30 Conpany, Indianapolis, IN and found to be

>99% pure as neasured by rpHPLC. Human cal citonin was
obt ai ned fr oWaE¥HAI%ei gy. PCT/US99/04654
13 Low nol ecul ar wei ght heparin sodi um salt
(average nol ecul ar wei ght [err] 6000) was obtained from Si gna
Chem cal, St. Louis, %I osporin A, BMP grade was
obtai ned as a pode‘PWQFFW&!“W&%@7%PBWP‘a ifoRi were madg BSPrAYIHEYIBR At

serum al bum n ent ex Fr-V, Low En was
obt ai ned fromcmbmmgllrﬂﬁngbmmkeﬂl@@mnlp@)mm delomzedwaterwnhl%imynﬂl sul fate

was obtai ned f . P .manni t ol
was obt ai ned 1”{ Bl ﬁ%@? 5%9 @d(rcg%#%ﬁ?fgnh(a %Jﬂ%\fgess I hfmlxm'fgv as SH% dn?fg
| act ose was Ohtmlbma@rafytmmﬁpa@as uperatble witBanl Rfebitetiperaiily between 110°C and

A ycine was purchased from Si gma Chem cal Conpany (St. Louis, Mssouri).
120°C and a liquid feed rate of 5.5 ml/min, resulting in an outlet temperature between

148- 150 H
[err] )azﬁcéf?%‘ﬂd: Ak cofisliink bl 6Ho i (’)I?Ie b )&P_re was preglargdllg_}F ee) urman

70°C and 80°C. Once the aqueous mixture was consumed, the outlet temperature was
maintained at 80°C for about 10 minutes by slowly decreasing the inlet temperature to
10  provide a secondary drying. The resulting powders were stored in tightly capped

containers in a dry environment (<10% RH).

Powders containing 93% low molecular weight (Imw) heparin powders were

made by spray drying an agueous mixture containing Imw heparin. The mixture was

15 ptrepared by combining 6.9 mg Imw heparin per 1.0 mL deionized water with 0.5
mg/mL HSA 2 pH of 6.9. The mixture was spray dried in a Buchi Spray Dryer that was
operated with an inlet temperature of 140°C and a liquid feed rate of 3.8 ml/min,
resuiting in an outlet temperature of 85°C, Once the aqueous mixture was consumed,
the outlet temperature was maintained at 80°C for about 10 minutes by slowly

20  decreasing the inlet temperature to provide a secondary drying. The resulting powders
were stored in tightly capped containers in a dry environment (<10% RH).

Powders containing cyclosporin were made by spray drying an organic solution
containing 1.5 g cyclosporin A and 50 mL ethanol. The solution was spray dried in a
25  Buchi Spray Dryer using a nitrogen atmosphere containing less than 5% oxygen (with
N, atm <5% O, that was operated with an inlet temperature of 100°C and a liquid feed
rate of 5 mL/min, resulting in an outlet temperature of 70°C. The resulting powders
were stored in tightly capped containers in a dry environment (<10% RH).

30 Powders containing 2.3% albuterol sulfate were made by spray drying an
aqueous mixture containing albutero} sulfate, The mixture was prepared by combining
0.60 mg albuterol sulfate and 25.68 mg lactose per 1.0 mL deionized water at a pH of
15

e e



Sodiumcitrate di hydrate, USP was obtained fromJ.T. Baker (Phillipsburg,
NJ). 20 Et hanol (200 proof, USP, NF grade) was obtained from
Spect rum ( New Brunswi ck, NJ). Powder Production 25

I nsulin powdeseg@isg Made by di ssolving bulk crystalline i ngthisdobsgsssodi um
citrate buffer containing mannl tol and glycine to give final solids
concentration of 7.5 and pH of 6.70.3. The spray dryer was

operated with 4 Tbﬂ!@tx“v“ewwmﬂnéd maNlreépmémeﬁ@r@@%mrwxﬂmlem C and
a liquid feed o , t erature

bet ween 70[err] %Eg?\tg&é)gfgé rdgnaal{?gﬂg%)édur{afggrflgo\;\ﬂg{rgﬂf%e&lu?glf’ta through a
0. 22.30 [ err |iemperhtirerbetwesn %ﬂ%@a&d&ﬁwﬁ RheareBuiiy po&dbayweﬁrs}ﬁed inaightly m a

f whi t Th ( wd t di
ightly CSpSZ‘.?rrB%eﬁtcavtﬁm"?ﬁ%e&wonfeniféﬁ"ﬂ%ﬁnﬁﬁt (<l0% R,

14 Powder s cont ai ni ng 26. 7% human cal citonin were
made by spray drying an aqueous m xture contai ni ng human cal ci toni n.
The mixture was prepared by conmbining 1.9 ng human calcitonin per 1.0
L dei oni zed VR n%;glg 3 ng/nmL 5 mannitol and 0.9 ng/nL citrate buffer
at a pH of 3.85. The ture was spray dried in a Buchi Spray Dryer
that was operated Vbt patsipleisize éxsmbsnmfabmp@vdmwn@npmqwl@s@ centfifugal

Lemper ot ur o bebamisAiliéh n SRR Byt SR anh Ry BBl T

was consumsd, thdnm\mctd ietSedispepserfad L (Micramsetrics, Noteruss) t @A) eTheatioi e eont¢rt f or

2 Secondary drg PNGOVHE TR ERLIT DB S B Pt Nher A%ped

contai ners i n Moidfuye Bt rmmemsol(péﬂ:ﬁ%sﬁld)msmbuuon was measured Bawgiemcaaent ai ni ng
93% | ow nol ecul ar we t. (1 nmw) arin _powders were spray
drying an aqueBWacte Qfg?fF'éV Pﬂﬁp ré/)@‘)h dpa F?lwefe#ﬁ@ser#t;&‘ﬂ\% @é@ 15
evaluated using the Inhale Therapeutic Systems’ aerosol devices, similar to that
15  described in WO96/09085. The DDE is defined as the percentage of the nominal dose
contained within 2 blister package that exited the mouthpiece of the aerosol device and
was captured on a glass fiber filter (Gelman, 47 mm diameter) through which a vacuum
was drawn (30L/min) for 2.5 seconds following device actuation. DDE was ca]éﬁlated
by dividing the mass of the powder collected on the filter by the mass of the powder in
20  the blister pack.

In the case of insulin, the integrity of insulin before and after powder processing
was measured against a reference standard of human insulin by redissolving weighed
portions of powder in distilled water and comparing the redissolved solution with the

25  original solution put into the spray dryer. Retention time and peak area by rpHPLC
were used to determine whether the insulin molecule had been chemically modified or
degraded in the process. UV absorbance was used to determine insulin concentration

~ (at278 nm) and presence of absencc of insoluble aggregates (at 400 nm). In addition,
the pHs of the starting and reconstituted solutions were measured. The amorphous

30 nature of the insulin powder was confirmed by polarized light microscopy.
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15 prepared by conmbining 6.9 ng 1nw heparin per 1.0 nL deionized water
with 0:5 “ mg/ L HSA a pH of 6.9. The m xture was spray dried in a Buchi
Spray Dryer that was operated with an inlet tenperature of 140[err]C
and a liquidweekn®te of 3.8 m/mn, resulting in an BUT/DEAI/04654 !
tenperature of 85 err]C. Once the aqueous m xture was consuned, t he '
outl et tenper intained at 80[err]C for about 10 m nutes by
slowy 20 de?%gfé&trgat%g inlet tenperature to provide a secondary drying.
The resul ti ng powddn grder to examine ihsteffeesdf 'f:hnngtbsghﬂiqratcabimbda&mmners in a
dry environnment (<10% . P} S C orin
wer e ‘made by rs‘bb?a(va&a%{ztw ml(;iar%edoacnécn I%an% 3 i d? \Aﬁi falswer® é%se{l letﬂ%s%}‘ﬁatgﬁg

cycl osporin Atamimﬁ@pds&seithﬂmﬂlow?dmm@lramﬂomize&\&mamay dri ed in a 25

1o AT

Buchi Spray Dryer using trogen  at nosphere containing |l ess than 5%
oxygen (wi th N2 at éég’r’ was operated with an inlet tenperature
of 100[err]C and a quu ¢5L1 imnrate of 5 nl/mn, resulting in an

outl et tenperature of 7 err C The resulting powders were stored in
tightly capped cont ai neBSLimincorgreateenvi r onnment (<10% RH) . 30

Powders contai ning 2. 3% al buterol sulfate were nade by spray drying an
aqueous m xture containing al buterol sulfate. The m xture was prepared by
conbi ni ng 0. 6Qnhate 'H'iebipblﬁi‘c(ﬂyslsmk’f @ae Candek, C3) 68 powvdesiahdaovas@atedio0 nl
dei oni zed vvat er._ at a

15 adminigferghe a%%wh?%&aﬁ?‘ée REY ROpiey Taifhesass of IuRe- P s B Dryer
that was oper gééx‘itﬁ{ §ﬁxs@ﬁ\ po%exts described wm@weqn@d%o @ﬁ@ér%éﬂagesadi\ﬂ aliquid

feed rate of resulting in an out] et enper at ure bet ween

64. 7[err] C andnweép'& the mhalep Theaghaler |dFFQ°fﬁQMh%P%W‘%§ md rrediced an aeresofht | y
capped cont ai b deheflichioh M WAHERTn o oH{A3E &Ridbpromimately 2 c?nEPxWi‘?fol lysis

The particle size distribution of the po neas ' qui
centrifugal  chambediThenelamg ofithe holamg@ham@srwmﬁmfﬁamqn Qflaeieél? ze Anal yzer

fol |l owi ng sp S| g@)[ ' I [ s 11 . rics,
NOT Cr 0SS, g%pﬁtgg%ﬁ)re%tﬂ ?>2 1S, gﬁ}\@%ﬁgﬁb& Wa?ﬁgsx g%\gg (o %apﬂlﬂ'ﬂ\g gxMaﬁ\EQ
the aerosol cloud, ambient air was pulled into the chamber thereby pushing the acrosol
cloud out of the chamber and deep into the lungs. Each 3 mg dose of the dry powder

contained 82.5 U of insulin.

20 The subjects were trained in the breathing maneuvers for inhalation of active
agent. The steps were: (1) Subject exhaled to functional residual capacity and
wrapped lips around the mouthpiece of the inhaler; (2) A cloud of aerosolized active
agent was dispersed from the blister pack into the holding chamber of the inhaler; (3)
Subject inhaled at the designated rate until total lung capacity was reached (this should

25  have removed all of the aerosol from the chamber); (4) Subject removed mouth from
the inhaler and held breath for 5 seconds; and (5) Subject exhaled gently to normal

expiratory level and resumed normal breathing.

All subjects fasted at least eight (8) hours prior to insulin dosing and were
30 required to refrain from lying down, eating or drinking caffeinated beverages during the
first six (6) hours after dosing in order to standardize experimental conditions. Blood

was collected at 30 and 15 minutes prior to insulin dosing; and 0 (just prior to insulin
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of the powders was measured by the Karl Fischer technique using a

M t subi shi CA-06 Moi sture Meter. The aerosol particle size

di stribution was nmeasured using a cascade " inpactor (G aseby Andersen,
Snyrna, GA). j vered dose efficiency (DDE) is i ng
t he I nhal e Th&pgﬁgﬁ% C Systems aerosol devices, simlar to%gg@g%
described in W96/ 09085. The I s defined as the ercent age of the

noni nal dose d4osingk §nk0aPthS8: 45 5%99 E20p] 805 244 39hand 368 minites aém the gtartief

nout hpi ece of Bpﬁ, hagEgsol device and was captured on a glass fiber
filter (Gelman 7/ nmm di anet er) t hrough which a vacuum was drawn
(30L/.m n) for 2.5 seconds fol I ow ng devi ce act uat i on. DDE was cal cul at ed
by dividing the mags. | Lect ed efl r 1 ss of
the powder in 20 ﬁxr&l ?é’gt vas ﬁnegg eac?\ gbjec? nor ?lsni%tgdg mgﬁxeﬁﬁsul in,
the integrisy pﬂmdms;uﬁunmohelﬂaveww 16aftt70% TPredttedrionagdsaiueg To deteritiie
nmeasured agai nst a reference standard of human insulin by redlssoIV|ng
vei ghed pBhethes mbalafon i Aerkve agrnt apedercpysad hrapchoconsiichgher-ather ghange

redi ssol ved sgh ghmsbaawfﬁd&ubm Ex?oﬁnet@%z@'a]%@heﬁ&ﬂé& bR B dhd 30)60 ahd 605 PT Ay
dryer. Retention tine and peak area b were used to determ ne
whet her the |rr§mpteﬁafﬁpﬁﬂ@é£m@fﬁ@r@ aﬁ@%@ﬁ@ﬂﬁ&?&h%ﬁ&ﬂﬁdﬁﬁ% tighe point, eaglagr aded

in the proces gg o] S rmne insulin concentration
(at 278 nm a é’éhncee 0 %seiz:e %ogﬁn&?&ﬁl e aggregates (at 400 nm. In

addi tion, 10 the pHs of the starti ng and reconstituted sol utions wer e

nmeasured. The anorph 3 u of. els YES 01 it d by
pol ari zed Iight ni @r gllégroto%btaﬁ%eg propnate n?haieg%llcj) rgtep,gvgects weEre al vxe\ge

16 the odtput‘ﬁiomhé’ m:halnuitgl measurement device dnd vair¢liastnictedas ayitaimatche
effect of change t he rat I nhal atjon on _the ai ity of
hhal ed_act | vahauBRaoRTap e Beares B o S Bl o tor drvies oA IR0 LAE

fol | owi ng peakra@uahaammdasiadqpprbﬁm&w 15 Rcondb OPdYitHLTS Eﬂﬁiﬂﬂiﬂﬂ@umﬁat«:

10 L/mn 5 Lmn 25 L/xin 5 L/m

35 L/nmin ol rlgléﬁlaéx,on required approximately 6 seconds. For the >35 L/mm inhalation rate, the

subjects were instructed to inhale as rapidly as possible.
Examplc 1 - Insulin Powders

20 Insulin powders were prepared as described above and administered to patients

.....

peak insulin concentrations were as shown in Table I below.

The figures show, surprisingly, that inspiratory flow rates of 10 liters per minute or less
25  achieved higher bioavailabilities of insulin (AUC), and higher peak concentrations of
insulin (Cmax) than did inspiratory flow rates of 17.0 liters per minute or greater.
Further, blood glucose level control (AUC) was greater for an inspiratory flow rate of
9.1 liters per minute than for the higher flow rates, and the maximum concentration
(Cmax) was lower for the lower flow rate. Accordingly, a flow rate below 17 liters per
30 minute, preferably 10 liters per minute or less is desired for optimal insulin delivery and

glucose blood level control.
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| nhal e Therapeutic Systens' (San Carlos, CA) dry powder inhaler was used to
10 admnister the aerosolized active agent powder. In the case of insulin,
3 ng of the anor phous insulin powders descri bed above were filled into
bl i ster packa¥@P94mgs inserted into the inhaler. The i nREFEF9EHSHer sed
n == | oud of nedi cation which was held
hol di ng chanber. The vol une
ipn of a deep 15 inspiratory
breath (>2 Iite;s) hed so that during inhalation of
t he aerosol clogd, into the chanmber thereby pushing
t he aerosol = cl oud} out of the el band deep into the lungs. Each 3

ng dose of the EYy plo; 2.5 U of insulin. 20
i o5 maneuvers for inhal ation of

active age

resi dual capaci'y ani® 1e hpps round t he nout hpi ece of the

i nhal er; (2) A 8l oud| &> aeroso zéﬂ.acnlv agent was di spersed from
the blister pa i ntjgsft he hold?1g'chanber of the inhaler; (3) Subj ect
i nhal ed at the Eesignt ed rate {ntflatot | ung capacity was reached (this
should 25 havesrempvegd all of the aerosd fromthe chanber); (4) Subject
renoved nout h fBom the inhfler and Held breath for 5 seconds; and (5)
Subj ect exhaled"gently t o nor ng| expi ratory | evel and resuned nornma
br eat hi ng. = g AII-Eprqdﬁéﬁf sted at ‘| east eight (8) hours
prior to insulig dos|ing and P SQj;ﬂgq ired to refrain fromlying down,
eating or drinkgng clafif ei nat ed pewerages [during the first six (6)
hours after dosfng i|n jorder to ptéﬂdﬁdﬂlZe experinmental conditions. Blood
was col l ected ag 30 farMo—t5—mmutes—prrorjto i nsulin dosing; and O (just
prior to insulig & ?5 - 17
dosing), 5, 10, 320 3C,§45, 60| 9@ 22P, [180, 240, 300 and 360 m nutes
after the start“éof o the innBal &8iB0
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Spironetery was perfornmed on each subject prior to dosing to determ ne h
their 5 pul monary function. FEV, was at |east 70% of predicted nornal
val ues. To determ ne whet her inhal ati on of active agent powder caused

bronchoconstrjction or other change in pul nonary func iLonetry
was al so perf%&%%ﬁwri or to and 30, 60 and 360 m nut etgbgl?! 294 he start

of each adm nistration of active agent. At each tine point, each

subj ect perforned 3 forced expiratory volunme tests. 10 In

order to obt aif¥ample Zxghmas Galeitanip BAXAEs | ow rates, subjects were able to . i
Vi ew the output fromthe inhal ati on neasurenent device and were :
instructed to try to match their inhalation rate to the desired rate

on the output fromHumen dalsitopim popders atecprap@red/asilescribed abgvgt &Jpon nhal at i on

| ast ed aPPrOX] Rl Slote Do E6AN 0w ks (G, PP I ik MOShRH ARy 10

ATt

i nhal ati on required approxi nat e secon e | ation
rate, the bicanid]abilities andl@vdr tistes toogeakl cémoeritraliad tamthoseapovdl 17 laas passi bl e.
Exanmple 1 - Insulin Powders 20 I nsul in powders were prepared as
descri bed abo¥™¥fty adni ni stered to patients al so as described above.
The bioavailibilities, peak insulin concentrations and tine to peak
insulin concentrations were as shown in Table | bel ow The figures

show, sur pri sif¥gmple 3r-HepainBosvdest ory fl ow rates of 10 liters per ninute or
l ess 25 . gechieved higher bioavailabilities of insulin (AUC), and higher
peak concentrations of insulin (Crmax) than did inspiratory flow rates
of 17.0 liters perLavmelesular wejgkideparin powders mrerprepared apilaseribed labaves &pbev el

control (AUC) ols r & i i I g . .9 1 liters
per m nute thé‘\é@’ or dﬁﬁgﬁﬁ?%%gsfﬁw%#v%PJg{ es?{%ﬁ%pﬁﬁé‘nﬁr&é%ﬂ%ﬁ%%%@ﬁ ration
(Cmax) was | ovuivaviiabilitibssand devesr tifleo o peak eoncémmdorndihagihyse abhovd IM\iteraper bel ow 17
liters per 30 _. mnute, preferably 10 liters per mnute or less is desired
for opti nal i TSP del | very and gl ucose bl ood | evel control.

18 15

Example 4 - Cyclosporin Powders

Cyclosporin A powders are prepared as described above. Upon administration
to patients, flow rates below 17 liters per minute will result in higher lung deposition

20  and thus increased therapeutic effect than those above 17 liters per minutes,
Example 5 - Albutero! Sulfate Powders

Albuterol sulfate powders are prepared as described above. Upon
25 administration to patients, flow rates below 17 liters per minute will result in-higher
lung deposition and thus increased therapeutic effect than those above 17 liters per

minutes

The disclosure of each publication, patent or patent application mentioned in-
30 this specification is incorporated by reference herein to the same extent as if each
individual publication, patent or patent application were specifically and individually

indicated to be incorporated by reference.
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We claim:

1. A method for delivering an active agent to the lungs of a human patient, said
method comprising delivering an aerosolized active agent formulation at an inspiratory

flow rate of less than 17 liters per minute.

2. The method of claim 1 wherein the inspiratory flow rate is less than or equal to

10 liters per minute.

3. The method of claim 1 wherein the aerosolized active agent formulation

comprises an active agent in dry powder form.

4. ‘The method of claim 1 wherein the aerosolized active agent formulation

comprises an active agent in nebulized form.

5. 'The method of claim 1 wherein the aerosolized active agent formulation

comprises an active agent in admixture with a propellant.

6. The method of claim 1 wherein the aerosolized active agent formulation

comprises an active agent solution.

7. The method of claim 1 whercin the aerosolized active agent formulation

comprises an active agent suspension,

8. The method of claim 1 wherein the aerosolized active agent formulation

comprises an active agent slurry.

9. The method of claim 1 whefein the active agent is selected from the group
consisting of cyclosporin, parathyroid hormone, follicle stimulating hormone, alpha-1-
antitrypsin, budesonide, human growth hormone, growth hormone releasing hormone,
interferon alpha, interferon beta, growth colony stimulating factor, leutinizing hormone
releasing hormone, calcitonin, low molecular wei ght heparin, sornatostatin, respiratory
syncytial virus antibody, erythropoietin, Factor VIII, Factor IX, ceredase, cerezyme and

analogues, agonists and antagonists thereof.
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10. A method for delivering insulin to the lungs of a human patient, said method
comprising delivering an aerosolized insulin formulation at an inspiratory flow rate less

than 17 liters per minute.

1t. A device for increasing the bioavailability of an active agent, said device
5  comprising a flow restricter for limiting the flow of an aerosolized active agent

formulation to less than 17 liters per minute.
12. The device of claim 11 wherein the flow restricter is a simple orifice.

13. The device of claim 12 wherein the flow restricter comprises apertures of 0.5 to

0.9 mm in diamecter.

10 14. The device of claim 11 wherein the flow restricter is a valve that provides for

increasing resistance with increasing flow rate.

15. The device of claim 11 wherein the flow restricter is a valve that provides for

decreasing resistance with increasing flow rate.

16. The device of claim 11 wherein the flow restricter is a valve that provides for

15 high resistance at all flow rates except the desired flow rate.

17. The device of claim 11 wherein the active agent is selected from the group
consisting of insulin, cyclosporin, parathyroid hormone, follicle stimulating hormone,
alpha-1-antitrypsin, budesonide, human growth hormone, growth hormone releasing
hormone, interferon alpha, interferon beta, growth colony stimulating factor, leutinizing

20  hormone releasing hormone, caicitonin, low molecular weight heparin, somatostatin,
respiratory syncytial virus antibody, erythropoietin, Factor VIII, Factor IX, ceredase,

. cerezyme and analogues, agonists and antagonists thereof.

18. A device for delivering an active agent to the lungs of a human patient, wherein
said device delivers an aerosolized active agent formulation at an inspiratory flow rate

25  of less than 17 liters per minute.

19. The device of claim 18 wherein the aerosolized active agent formulation is in

dry powder form.



Human cal citonin powders are prepared as descrihbed above. Upon 5

adm ni stratioh to patients, flow rates below 17 liters per mnute wl|
result in higher bi oavai | abiliti eﬁwﬂ |"(I“ﬂ lli!mwf to peak
concentration than those above 17 lite ample 3
- Heparin Powd&P 2447476 Low nol ecul ar melght hepar "ﬁ?%g@?& are-
prepared as- descri bed above. Upon admnistration to patients, flow

b oavai | abi |11 e<atle FieeP PRREE Ve R ikt ol Rl 0 erams it ove 17

liters per orlesnaut es, 15 Exarrpl e 4 - Cyclosporin Powders
Cyclosporin A powders are prepared as described above. Upon admi ni stration

to patients, flow,rqates. bglqw 17 liter er, m npt i i gher

| ung deposition \% R%ﬁ‘ﬁgﬁ’ﬁgéywi%ﬁ %‘%@5‘30%3?%58&&8“ Pfagﬁ‘fei ‘P’iﬁe “ts‘ﬂ se above
17 liters per mdevicd deSivers an acrosofizedisulin formuldtibiitan spitatbiyaiosy Rew fiss

Al buterol sulf wders are prepared as described above. Upon 25

admi ni strat ison%aﬁ gg‘l“?r%?ﬁ'g““q‘?ow rates below 17 liters per mnute will
result in higher | ung deposition and thus increased therapeutic effect
than those above 77Thd devics op€ltim 21 wheRin tedfspiratory flow rate is 10 litthepetimsfikeOSUr e
of each publlcatlon patent or patent application nentioned in 30 this
speci fication Péf?%corporated by reference herein to the sane extent as if

each i ndi vi dual publication, patent or patent application were
specifically and individually i ndi cated to be incorporated by
ref erence. 20
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W claim 1. Anethod for delivering an active agent to the
| ungs of a human patient, said 5 nmet hod conpri sing delivering am

aerosolized active agent forrmulation at an inspiratory flow rate of :
| ess than 17 LWB?P@HﬂFr m nut e. 2. The nethod of claim1 wherein

the inspiratory flowrate is |less than 3? equal to 10 ¥§ 04584

m nut e. 3. The method of clai(? wherein the aerosolized active

‘agent fornulation 10 conprises an active agent in dry powder form
4. The nmethod of claim| wherein the aerosolized active agent fornulation

conprises an active agent in nebulized form 5. The met hod of
claim. wherein the aerosolized active agent fornul ation conpri ses an
active agent in adm xture with a propellant. 15 6. The nethod of claim
1 wherein the aerosolized active agent fornulation conprises an
active agent solution. 10 7. The nethod of claim1l wherein the

aerosolized active agen ot mul ati on conpri ses an active agent
suspensi on.

L HH)Iet hod of claim| wherein the aerosolized
active agent formnul afi

conpri g¢g an active agent slurry.
9. The nethod of cl aj\ A BActive-agent is selected fromthe
group consi sti ng

parat hyroid hornone, follicle
stinmulating hor none, NIhg antitrypsin, budesonide, hunman growth
hor nrone, growt h hornpne = Te—Hr none, interferon al pha,
interferon beta, gromh colony stimulating factor, |eutinizing hornone 25

rel easi ng hornone, cjlcitonin, |ow jol ecul ar wei ght heparin, somatostatin,
respiratory syncytial virus an{ibody, erythropoietin, Factor VIII,
Factor | X, ceredase,| cerezyne and anal ogues, agoni sts and antagoni sts
t her eof .
112
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21 ' 10. A method for delivering insulin to the |lungs of
a human patient, said nethod conprising delivering an aerosolized
insulin formulation at an inspiratory flow rate |ess than 17 liters
per minute. WO 11 A device for increasing the bi oavacraibdgstay of
an active agent, said device 5 conprigisng a flow restricter for limting
the fl ow of an aerosolized active agent formulation to |l ess than 17
liters per mnute. 12. The device of claim 11l wherein the flow
restricter is a sinple orifice. 13. The device of claim 12
wherein the flow restricter conpggses apertures of 0.5 to 0.9 Mmin
di aneter. 10 14. The device of claim 11l wherein the flow restricter

is a valve that provi-des—for increasippgresi stance th i ncrdb4i ng
flow rate. 15. The device ﬁai m 11 wherefn ‘
restricter is avalVe that proyjdes for decr eg§ {tance W18

i ncreasing fl : . The device of fcl'ai m 11 whefei mThe
flowrestricter is val ve@provi leg™ 84 15 o gh resi stanck at all
flow rates except the desir flow rate. a7 The dewte of claim
11 wherein th@Q&tiJe agent is selectg¢d fromthe grQup @yisi sting of
insulin, cyclosporin, parathyroid horfon2i2follicle ¥
al pha-1-antitrypsin, budesonide, numaFng(owt h hor none, "
rel easi ng hor e, interferon alpha, interferon beta, growth col ony
stinmulating fac®0” | euti ni zi ng 20 hor none rel easi ng hornone, cal citonin,
| ow nol ecul ar wei ght heparin, somatostatin, respiratory syncyti al

virus antibody, erythrop 'l@ln,aﬁtor VI, Factorflﬁ ceZBase,
cerezyne and anal ogues, agoni sts anhd antagoni sts theret’.
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18. A device for delivering an active agent to the lungs of a human
patient, wherein sai d device delivers an aerosolized active agent -
formulation at an inspiratory flow rate 25 of less than 17 liters per

m nut e. 099/41é . The device of claim 18 wherein the aerosolized
active agent TOrmiration is in drygowder form PCT/US95/04654

22 20. The device of I m18 wherein the inspiratory
flowrate is 10 liters per mnute or |ess. 21. A device for

delivering insulin to the lungs of a human patient, wherein said
device delivers an aerosolized insulin fornmulation at an inspiratory flow

rate of less 5 than 17 liters per mnute. 22. The device of
claim 21 wherein the inspiratory flowrate is 10 liters per mnute or
| ess.
R R
—-_ Flow Flow
FIG. 4B FiG. 5B

FIG. 4A FIG. 5A

FIG. 6B — FIG. 7B

——

FIG. 7A
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