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Mdul at ed Aerosolized Active Agent Del i verwlFi eld of the Invention 5 The

present invention is related to the le Hﬂmﬂmrery of an azcgiA\p@ gapnt
formul ati on. r rticularly, it is devi ce for QOA
delivery of %wg@@ge agent formul ation for<fncreased system g&l)u 6%

bi cavai l ability of J I -0t O N ung. The
bioavailibility is Iflﬁ\?rlg%iéet%l?%a\qﬁg%la}’égf‘%ﬁr&%%ﬁe&dﬁ?ﬁwer% e@?(}?ﬁﬁﬁg} aerosol i zed
active agent in a manner that is independent of patient instruction and
flow rate nonitoring. Background of the Invention Effective delivery to a
patient is a critical aspect of anfiekipddbebvgntienr ug 15 t herapy. Vari ous
routes of delivery exist, and each has its own advant ages and

di sadvantages. Oral drug delivery of pills, capsules, elrixirs, and the |ike
i s perhaps the nogfe FREUARMRALMRIERE 18e ﬁmﬂwn@k@t&ﬁv@r&%fgﬁgétﬁ%gemﬂ the
di gestive tract before they can be absorbed. Subcutaneous injection is
frequent |y aforrafifaconi Wore pattieufady, it isst mathod dnd dedet for enimoniancdelliengoft he
delivery of proteins, but enjoys a | ow patient 20 acceptance. Since

i nj ection ofanAHYs ,agg‘Hcfﬂm&%la"%éf in§reagrbSystemip Py ?‘ﬁ%&l“é Ofithy acHYe #8BHuent | y
be a source : j i MRk | [V ut es of
adm ni strat i\ﬁ%a éa%)v t1§f£rfotﬁgggﬁqgg%e?%gg:a%xﬁ@iilﬁfsﬁa&%arsgé]fS)gé{r?) %la}’lﬁg% ranasal ,
i ntrarectal , fliwkstavaghdwrosotinell aub eragent in &l @lannerthiat i2mdePendantiof puliert
interest, pulnmonary drug delivery relies on inhalation of an active agent

f or mul ati%on B§redEnRRd] rdQMPREANMLet i ve drug within the dispersion can
reach the distal (alveolar) regions of the lung. This may be acconpli shed
using a patient driven device where it is the inspiratory flow that
aerosolizes the active agent fomEmkabimiothedsvenliog drug di spersion or
aerosol device that uses a conpressed gas or propellant to 30 aerosolize
and deliver the active agent fornul ation. WO 00121594 2 , 9 AP R 2003
PCTNS99/ 23698 Itoﬁa.s been found that certaln,drugs are readily, absorbed
through the al vedFPBFCtPEHTNC 8PANS 154 Br“b‘iat!)ﬁﬂ’egﬁ‘?c?ﬂVﬁk“iCS?f.fUIlﬂﬂgmnary
deliverysis tHé:raf)yC"J"aﬂE)hé’ QAL SXist BRd BRhIM4SKY oRh aacaﬁfgegﬁn@nd

pol ypeptides whith are difficult to deliver by other routes ©

adni ni st r at i dsadvSutapes uDrabdagydetiedriy wé pillsi sapetifes alixire apdtie likeris pyrhtpnthe
delivery and for |ocalized deliver o treaf diseases of the lu . El'liot
et al, Aust .m%é’ﬁf‘&‘ir’r‘?“tﬂ?th‘i‘g@i‘s ‘?S‘%/}Qé‘?gﬁérf %’8?@!3 Bb@‘eldfgésﬁﬁ‘?diﬂci‘ E%gredel i very
of sem -synt i NS . I ; i i abetic
chil dren an&ng%%ﬁejr%grl%grﬂteﬁé? h})gjt%g&%@%‘%ﬁgﬁég?%&%gﬁ ?@Eﬁ%tlggé etés(fclsjrn t hese
children, tayslehtiodglz ddligest frichideipctiie délivadpg of poteins, basenj®w a(13@-pahedt as
conpared to subcutanequs delivery., Laube et al., US Patent No. 5, 320, 094,
noting BP0l i ACCENaNCE. mintsap csiomeiiiHes sl asdnswing gue@dnersAimes|aday¢gh i nsul i n
had been deldyver at i er - o the
pul nonary i ndé%ql%feﬁﬂ}f th %Qﬁ’cégr ??ocrirbgﬁi&t? Ic))lrnhpgnv\%f‘%kgﬂ%f oE?\%gﬁda‘? é'%@gggeio‘f evel s
to within aJjiainBiratianpsve distizen develdbpedhinphidivgstiraraderiraf tinttdhiasal,

intrarectal, intravaginal, and pulmonary delivery.

25 Of particular interest, pulmonary drug delivery relies on inhalation of an active
agent formulation by the patient so that active drug within the dispeision can reach the
distal (alveolar) regions of the lung. This may be accomplished using a patient driven
device where it is the inspiratory flow that aerosolizes the active agent formulation or
using a drug dispersion or aerosol device that uses a compressed gas or propellant to

30 aerosolize and deliver the active agent formulation.
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15 problemresulted fromthe | oss of drug in the delivery systemand/or in
the oropharynx as a result of the nethod of delivery and that the

maxi m zation of deposition within the lungs should inprove gl u@ds&PRo#6Y ol
in the bl oogg dor1s94der to achi eve maxi num delivery, Laube et pgdrnosyorzseds! ed
the inspiratory flowrate at the tinme of aerosol inhalation at flow rates
of I'ess than 30 I hh&b&dnolitd BaB&thaiPdrBELaraRladi BRBrbd theSudH theaf/eBlaput €.
The delivery systemincluded a nedication chanber for recéiving the

i nsul i n, arregighldatecdp oo bloedichrdagén. vihilmbnstyalelingulis parnaslanly phomesimg, and a

flowrate | jmti aperture to control, the inspiratory f]ow rate. Comonl
assi gned US}OPHFé{%BVﬂ%pCT ipé%ff’inéﬁn‘gﬁ? ,“ﬂiszwplf%’t"g‘(’jd‘?ff‘f'éﬂéﬁd{?gVEer)h?tﬁ‘S'E hesi s Y
and noted t del i £l 3 ) iters per
ot e or ovioHies Bf ARG, SHA! VulRlopdld el By 3} clfDe bANOH ikl © PR

period tshandehiveryeandi fos fuicalédedrdglifdrove fradt discaddylos cietingdt al , US Patent Nos.
5,34, 838 and 5,672,581 describe the delivery 30 of a neasured anount of
aerosolized insulin. The insulin is automatically released into the

i i rat fl t hei tQ. | j i f t i ni
)P o AbCR 2ve W B oo b B PR hesdiels ok S e b PR g
i nSpi rat or ygeYiQbyBY sefni-dyRAttEHman in{IHAI th e REpifRNY ¢RAGUThHNE@bdtye sends

information to a mcroprocessor, and when the m cioprocessor detern nes
that an optdhatdienpaidrietérmincdddhateswag prssible to wohteolidsabetea dh debse thiddren,

m croprocessor actuates the opening of a valve allow ng rel ease of insulin.
The 51 e pi B BPBR Gl PR LSRG BB 06 a5 AP RIRtse 1o SEoRsmEops
liters/ secoagaq)/vgrgd Ltalage ¥ONUNR pag?mmo_t. 99zb,@@g?n&fng}‘ml%va%e%un%% of Btid; 8

liters. WO 819 descri'bes OW I nspiratory ow rates as being f;ey to

i ncreased ditudiestlefréssed yhaasichodgpasulin bad bdendieligared &l the ¢ured neh@of the pul nonary
route. In order to to obtain the target flowrates (1 S-60 liters per
m nut e}, t Hetigetgihad respendaddn the RidmonEy inghbn thasamyesuffiaientfor leavesingaft o 0. 21

(cm H20O) . ERO 692990 .B 1 descr.i hes _deaggl onerators ,for .dr) r. i nhalers
bnd notes (HERC FiETS lauds PRGN AGPradaneel eudt A PP ute el i Bince of < ne
del i vergd dpsBlemnesfied fesnPtHeabiseo fidnalini tROdSfvednsysithphiRfloPAWHE bropBasaRl - The
deaggl onerators respond to increasing flowrates to vary the geonetry of a

channel t hrasagksuliviche peitpdrofdghieary and thehids anaximizatien afjddpesiionegithin
pressure dr increase.than uld be seen in the abgsence pf the variable
geonet ry antgg{uﬁlﬁf Slb?uigi"'ﬁ@mf/ 8%%?%‘:08??]68tt%]?/g{oag'aalg(fraﬁretf’ & ﬁlgﬁc GV ange
of flow ratRsiverVeL Aot AP ARIIEH MefGirklddy oW raRidl tife 8f A&64d1vel y deliver
an active agent 20 via the pulnonary route in a confortable and
repr oduci blighatativment flow rates aféess thepl 36 litersmeinnteand, mefembly abautdl? flow rate
foll ovvez% bylitgrs rr(lai;x{lt%d 'l%fe Jéli%‘r? rsysftclergvi\ﬁcluded a medication chamber for receiving the

insulin, an outlet aperture through which the insulin was withdrawn, and a flow rate

limiting aperture to control the inspiratory flow rate.

Commonly assigned US Patent Application 60/078,212 tested the above
25 hypothesis and noted that pulmonary delivery of insulin at less than 17 liters per
minute provided for increased blood levels of insulin in a shorter time period than

higher inspiratory flow rates.

Rubsamen et al, US Patent Nos. 5,364,838 and 5,672,581 describe the delivery
30  of a measured amount of acrosolized insulin. The insulin is automatically released

into the inspiratory flow path in response to information obtained from determining

N



Sunmmarty of "'the I nvention 25 Accordingly, in one aspect, the present
invention is directed to a device for delivering an aersolized active agent
fornulation to the lung , of a human patient. The device conpri2s®#PR Wow

resi stance nm t hat nodul ates resistance to the flow of l;‘:l:i?”
aerosolized ag(k]{)%gggent formul ation to produce an initial targe ng?o%/\‘?g? ate
of the aerosglized v for tdion w I esi st anc m)dul at or
modul at es t he 357 E%f%baﬁggtg?lﬁaé&ﬁg%bﬂdpﬁ ?2%3{11!: gp@n%enﬁor' &I oW rate

noni t ori ng agshtinaliyedehdé H¥éraibh @a microeédedr? 5@ 4/ hén 11 MR8 sor

PCTNS99/ 23698 I n anot her aspect, the present invention is directed to a
met hod for dédtervanésrihatam cm@malxemag@rtbe fespiratprtdyele is geached,itheigs of a human

patient. The method co rovi d| erosoliized active ent

o il i | on WHPTSRoRAEBiEs S Sl Aor e AP N el ) e by 3
period ofs Iom;sxratt&@vma»\eﬁaté;saﬁl%raég&ﬁﬁf% PR 0. 190 X O%idrl/BetoRE andi@ure 1 is
a schematl c of an énbodi nent of a dry powder active agent fornmnul ation

del i very devwdemeﬁs inhbe rangenf fram.abbat (F1 gpue.& likers.s a graph of the
concentration of the aerosol delivered fromthe device of Figure I . Figure
3 is a graph of the resistance of the flow resistance rmdul ator of the 15

devi ce of Figure ‘9&7 574080 d Q0L %splatcﬁgrﬁw rdeSs & yotﬁ i B€ased

resi stance of the f ow rate COI’I’GSp resi s own'1n Fi gure

3. 20 Fi gur edag Aekvery BRd Epeisien ogaagbaela/efrédowva Mpﬂlﬁ{dﬁﬁryqfouiehem oPdeeRs 1 on
and the corresponding flow rate of the associated device. Figure 6 is a

gr aph of 10t heobtpnaheatargsh flowtralgs oS- %hﬁeesmes Hu%litﬁ)g thendevieaiesistapte Wagure 1 at

varying flow,resitan 25 Fi ure7|sa
graph of t hedss Hﬁﬁ‘ﬁ% got ’tBISItB%g? H%i]t( Efé? %{9%25@1@\} dc%é SFigure 1 at
varying fl 0V‘ﬂ€a§§l’ohﬁﬂﬁ&§ S oWa! fHATRAs rdh@h@ttes At aflﬁ @Edirabld tg%@uc@ theS @
graph of the confortable inhalation rates of patients using the 30 device
of Figure 1 atflorarayd depehiiense péictdahvered dese and/or respirable fraction of an inhaled
powder aerosol. The deagglomerators respond to increasing flow rates to vary the
15 geometry of a channel through which powder laden air passes resulting in a lesser

pressure drop increase than would be seen in the absence of the variable geometry and

that provide for more effective dcagglomeration over a range of flow rates.

We have now determined that, in order to effectively deliver an active agent
20 viathe pulmonary route in a comfortable and reproducible manner, it is desirable to

maintain a low initial flow rate followed by a period of higher flow.
Summary of the Invention

25 Accordingly, in one aspect, the present invention is directed to a device for
delivering an aersolized active agent fortnulation to the lungs of a human patient. The
device compriscs a flow resistance modulator that modulates resistance to the flow of
the aerosolized active agent formulation to produce an initial target flow rate of the
aerosolized active agent formulation. The flow resistance modulator modulates the

30 resistance in a manner that is independent of flow rate monitoring and patient

instruction.



~2,.9"APR 2D03" WD 00/ 21594 PCT1US99/ 23698 Figure 9 is a graph of the
i nhal ati on vol unmes of patient using the device of Figure 1 at varying flow
resitances at a confortable inhalation rate. Detail ed Descri pgiSoAPRf2M3he

| nvent i on §V(§Q@2]@5psent invention provides a nethod and devi ggrhiRhe/iiaes
pul mronary delivery of an active agent fornulation where flow resistance of

the active agenin hiBilagbdcOhé freéartiifventioh s dirdted tHHEMEIMGE Tér RMvedSng
surpricsing in that it provides for 1 o increased blood |evels of active
agent in aageetivsrageis fermuldtior s bduengsl of arhamreerpatibetf iThiet msthod'cdoiprives agent "
as described herein includes an agent, dru coppound, ~ 5 conposition of
mmtter or  ROHAPE B ReRso e B0rh e AR RO by Fesre e g an

benefi ci al j;igfifRALA folldwed! mgﬂg% b QeLk; | ements, nutrients,

drugs, vacgyne , v?fgninsfﬂg%d ot her beﬁe%icg% 55g’géntsr- As used herein, the
terms farther include any physiologically or pharmacol ogically active

subst ance that produces a localized or systemc effect in a patient. The
active ageResripsion @heddewrgsi ver ed i ncl udes 20 antibiotics, antiviral

agents, anepileptics, analgesics, anti-inflamatory agents and
bronchodi | ators, and may be inorganic and organi c conmpounds, including)

Wi thout |im tatFiiire PisUOscheiiatid o8l eMBolineenPef 4 BRAIWdenaEYRSageadr ener gi ¢
receptors, cholinergie receptors, the skeletal muscles, the cardiovascul ar

system smburhilanes debery daeicobtht iovemsignat ory system synoptic sites,
neur oeffector functional sites, endocrine and 25 hornone systens, the
imrunol”bgi cal system the reproductive system the skeletel system

autacoi d syst enﬁigiuwisaJ LB bRl c%ngerﬁmglﬁwmé RYRbEIE vet e dth $am ne

systemthe central nervous system Suitable agents may be selected from
for exanpl devippbdfiiiameHari des, steroid, hypnotics and sedatives, psychic
energi zers, tranquilizers, anticonvul sants, nuscle relaxants, anti parkinson
agents, anal gesics, anti 3o inflammuatories, nuscle contractants,

anti m crobi al s, | gl arj i i tives,
synpathonineticgﬁﬂ%%?%ﬁg%%?%ég?Qgﬁgggﬁ%?ggﬁgh§g6§§%§&%$g°&gggy§é§9203 WO
Ob/ 21594 PadVLSHH 236 A% sglih@idni sTgip&lysi ol ogi cal effects, diuretics, lipid

regul ati ng agents, antiandrogeni c agents, antiparasitics, neoplastics,
anti neopl astics, hypoglycemcs, nutritional agents and suppl enents, growth

suppl ements, fats, antienteritij,s .agent egtralytes, vaccines_ and
di agnostic agen%-%gture ‘E}?zfn%'ﬁ%soé*‘heé'gg?t\%&a%@h? goﬁs%%ﬁfmﬁpc}“ﬁ}%q? ention
i ncl ude butesgifcosHown i HiSeke 3.

20 Figure 5 are superimposed graphs a flow modulator of the invention and the

corresponding flow rate of the associated device.

Figure 6 is a graph of the inhalation rates of patients using the device of
Figure 1 at varying flow resitances using maximum inhalation effort.
25
Figure 7 is a graph of the inhalation volumes of patients using the device of

Figure 1 at varying flow resitances using maximum inhalation effort.

Figure 8 is a graph of the comfortable inhalation rates of patients using the

30 device of Figure 1 at varying flow resitances.



to insulin, calcitonin, erythropoietin (EPO, Factor VIII, Factor [X
ceredase, cerezyne, cyclosporin, granulocyte colony stimulating_factor
(GCSF), al pha-1 proteinase inhibitor, elcatonin, granul oocyte 90‘@%

col ony stinu bdrsdaact or (GMCSF), growt h hornone, human gr owpdTliRyssB5k9s
(HG&H), growth hornone rel easing hornone (GHRH), heparin, |ow nol ecul ar

wei ght heparin (LMQ{IDeGi!thg@ﬁHF%fQHC AhRRAon VOIS ST BRI AR LS 1R GLi& N gammm,
i nterl eukin-2, lutelnizing hornone rel easing hornone (LHREI) , somatostatin,
somat ost at i nFizgned bgtsvarying flowmesitantas@od comfortebkniphalasomramal og, follicle
stimulating hormone (FSH), insulin-like growh factor, 15 insulintropin,
interleukin-1 receptor antagonist, interleukin-3, interleukin-4,

i nterl eukin-6, interleukin-10, nmacrophage col ony stinulating factor

(M CSF), nerve growh factor, parathyroid hornmone (PTH)» thynosin al pha I,
I I'b/111a 3 nhDbtfalled Destkiptied ofthe ilfivesfisn n, respiratory syncytial virus

anti body, cystic fibrosis transnmenbrane regul ator (CFTR) gene,

deoxyr ci bonucl ease (Dnase), bactericidal/pernmeability 20 increasing protein
(BPI'), anti-CW i baody. .interleukin-1 receptqr, 13-cis retinoic acid,
pent ani di ne i set ﬁ?%%%ff%e?{'t leﬁﬂfo&pgpv'gﬁﬁ?5‘[6&0%@?5913? «g?retﬁ?)lpu PR e,

becl omet hasog@;véhPéfeRiapivd fent fotAlRtiBRWIBR: B T&EISIR JPUdeRantL dgeracet oni de,
i pratropi um brom’de, flunisalide, cronolyn sodium ergotamne tartrate and
t he anal ogueformabptinn sstvariad ovithniinagy oHliesingerdiontih eurpbisng in Avtt inpeoddestos may
further conpri segfég)én cleic acids, present ﬁ%@%&re nucl gi c, acid nol ecul es,
viral vet} or®creg Qo leYrls phraghive gt B} ggom qudfepredugbledpaniekd or
incorporated within [ipids or a lipid-containing naterial, plasm d DNA or
RNA or other nucleic acid construction of a type suitable for transfection
or transformation of cells, particul abtfynicehd s of the al veol ar regi ons of
the lungs. The active agents nmay be in various forns, such as soluble and

i nsol ubl e 30 charged or uncharged nol ecul es, conponents of nol ecul ar

conpl exes or pharg l.Qgl ca > Eg ?‘% i ts may be
natural ly occurri %&R/e%'ﬁo%%géig@meg&k%@%%isd.ang %9%0%5%8"8’3 nmol ecul es
or they may &gnpRtmbif k! or Rixodsaete whichipreyidedsonepitmnhedsgiof oftene
naturally occurring or reconbinantly produced active agents wth one or

nore am no akdngScigb@fertol higendudas foqlsy faedrsupplamenist pwEeRrigedrughageamaspr i se
live attenuat.ed .or killed vi S i tabl . USe as_vacegi nes
' her ocol | ooaEniRy et blrgCodneitR P St LA heloi e @iny Affich fRinde any 0

above in a fgHyaloiaditmy ok PRarniaSols dichiph@ivie@ubRatdFaR@pYodiRks ¥ ®dcklizelig
aerosolized active agent formulation may be in the dry powder form it may

be a sol uti osystesue plens ionpasients clire active agrnt e gan bedelivsred mchudes be i n

adm xture with.a suitable | ow bail.in oint, .t o highly volatil

oropel | ot - dorutt B aagie 0en Pe i ktsic ARt ol B my be

i ncor por at edy bRt iddlIAers2 8IS bZRdrdld MR REANHE c$r9f>6ﬂHd§,ti'n9mdﬁ@gw‘ith§ﬁt the use
of the term"agent” in no way excludes the use of two or nore such agents.

The "inspi r aliritgtidr, owgs athech dcson the petipheralatesveat advhiner pictrbeepaes,abholina gid
active 15 agent forpulation is delivered. Tgae amount of active t . .in the
Ger osol | 2ed ETYS HE SR GRiRGIeas P FETdI OV P SHAPTATBORD TS SS=ar P1op8
deliver a thgrapeslis ﬁé&m}’sﬁgﬁtf‘c‘?&!eX,%eQFHEH@Eton‘unEGSna@E&és‘,"é‘nc?&?igle ah® achieve
the desired result? 1Tn practice, this wll vary w dely dependi ng upon the
20 partizul aiforagaatystdnise tieamearninblogidal $y¥seene,ahelrdpraductia eystdme, tle skeaiael
t herapeutic effect. ) ) i .

system, autacoid systems, the alimentary and excretory systems, the histamine system

the central nervous system. Suitable agents may be selected from, for example,

polysaccharides, steroid, hypnotics and sedatives, psychic energizers, tranquilizers,

anticonvulsants, muscle relaxants, antiparkinson agents, analgesics, anti-

30  inflammatories, muscle contractants, antimicrobials, antimalarials, hormonal agents

including contraceptives, sympathomimetics, polypeptides, and proteins capable of



However, the device is generally useful for active agents that nust be
delivered in doses of fromO.001 ng/day to 100 ny/day, preferably 0.Ol

ng/ day to 50 ng/day. The present invention is based at | east izng Rt 280 t he
unexpect ed %s%r\{?g“i on 25 that when an active agent is deli vel;' 923608
pati ent at P lally lowinspiratory flow rate, the bioavaiTabiTiITy of
the active agent increases,a osed tp . ] ctive agent i.s delivered
at a const aﬁﬁmﬁﬂg pﬁyaﬂg)lglcia}]g@fcgg{% 6“fr§“°fsr g%\aﬁr}gg‘e’?“q’i%?ﬁeb%’ grﬁleaﬁﬁ €8 ul ati ons
sui tabl e f oLgdR€ anflpirasitiBs, 2e6plhsticaVAinESiladtits] MeR gHYmiR, MAMGS P agents

sol utions, suspensions or slurries for nebulization and particl es suspended
or di ssol vedndwugplementprgypeth supplenings. fasswaatisnteniis agents, tloctralyptes,ivactines

pr esent 2.9 APR 2003 WD 00/ 21594 PCT/ US99/ 23698 i nvention include

amor phous albd §RERRRIGA8ENS yst al | i ne acti ve agents and-ni xtures of both
anor phou? and crystalline active agents. The dry powder active agents have
a particle size selected to permt penetration into the alveoli of the

| ungs, that is, Exefmpiahifacite agenmassfulradihdningestiet iacludddi)aronot!ipnised
preferably less than 7.5 um5 and nopst _preferably less than 5 um and

usual |y bei i) nsulinpealeitonin, qythroppigtim(EB FLﬁﬁtqrnVlﬁLEﬁ@%}X, ceredasge| i ver ed

dose efficien . he e [.Sc330%. | | %..preferably
250 and of t SHELEDb: ks b AR Sl it B SR P B bout. 1. 0
- 5.0 um magfotéTRakeARhBRLE AT E, e bR ge dofory stivhulatigfade® UM MVAD
and prefer a%l y 1.5 - 4.0 um NM&D.giIThesge{jrrny po eer actisvle uagter%tg ?L o have a

moi st ur &0 c oGMES Hewwthhormon hamgn grovghthormeua(HGHh growhdtvomond % by

wei ght, and preferably b bout 3% b i ght. Such acti nt powders
are descri bé@eﬁsﬂlg\/@r@‘é’}“ﬁﬂf&é‘@n eRﬂB“Q%’Pé@%,gPWe t_ F@W“r{!&@gﬁap ed by
reference heygittion BNRY Rfterfdrbn BRY in%rfERﬁlsga%rﬁa,tiﬁtegl‘é‘%lg){-ezr, 1dtém|&§{r$ ksHe

particles, such as those wth MVD s between 10 an um so g as the
MVAD s of t hdeparg haoimene {LHRLD ,lseinotwstatif), somatGuathn paidgs dlobsling ectckedde,i bed,
for exanple, in PCT publicgations 97/4401 3 I’]l_g WD 98/31346 the

di scl osur es VBPPEFFFENA08: [lticlF sematabne Remerne @3 elngiluhtike s BsiRter

ti 3 .at i ] i 2 d
condi i ghe. AT PRI B BB SRR TREBATR et ve

agent , usualihtyridukic-6yisitédukiiel 0, efiatrophagdisicony vprdluiating fAeby SMOCEB), ahvey
acceptabl e aqueous buffer, typically a citrate buffer having a pH range
from about 2rqvghdactan parghyireid hegaane (P hyamasinialaha b, IHExirhibiter. @lpher om
0.0l % by i tQ %:h i o1 L . 0 %.1 % e

sol utione. bk ndeS YY) R nboll Xl Aokl fRuetprhs

avai | abl e f rQNIEOHTERTR jadens Upk i RIB>nGtledse ADNhEd) SbablehicldappermiekdilityBuc hi
(Switzerland) and the like, resulting in a substantially anorphous powder.
These asbr pinsicasisgielcin (RD. A MY artibpdy.dateplgukindplisrenteral 3-eis retingdeium
drying, or evaporative dryin f ui t active agent | ution under
condi ti ons ta‘blgpPS'%&E‘é ‘Pﬁ#%ﬁ%&ﬁ%‘%@r%@%ﬁr gl:ettaﬂ‘i%ter ﬁ%‘r%‘ﬁﬁﬁs active agent
formul ati onh8QoRERdstiRiSRPioRSte3RiatlcRHoMéheice i & buli&soRidedd&engar ti cl es
within the desired size range. Dry powder s WO 001 21594 2; 9 APR 2( 7?93
PCT/ US99/ 23 Ga8tram tinvieomidm flenisalydea cromdien sodiame exgetaaliné taerftoamd th€he

crystalline dry powders may, be prepared b rinding or jet mlling the bulk
cryst al | i ne 2BHPHUFS 2g9BILS a“ﬁ'@“’%ﬁ@f‘is\&eoféb%?ﬁ/ovgomlr@%ﬁmi !ﬁ‘éy SHEheE RPMPHSFent i on

may opt i29 nahhéﬁei@%cfﬁ@,@e%@ as bare nucleic acid molecules, viral vectors, associated viral
particles, nucleic acids associated or incorporated within lipids or a lipid-containing
material, plasmid DNA or RNA or other nucleic acid construction of a type suitable
for transfection or transformation of cells, particularly cells of the alveolar regions of
the lungs. The active agents may be in various forms, such as soluble and insoluble
30  charged or uncharged molecules, components of molecular complexes or

pharmacelogically acceptable salts. The active agents may be naturally occurring



1-wth pharmaceutical carriers or excipients which are suitable for
respiratory and pul nonary adm ni stration. Such carriers nmay serve sinply as
"bul ki ng agents when it is desired to reduce the active agent co c§ 'fn
in the powder which is being delivered to a patient, but may gjcg,g%%ggi;gg o]
i mprove the MAYEISYbi1ity of the powder within a powder di sperst evi ce
in order to provide nore efficient . and. reproducible t0O deliver t he
active agent %}Pﬁ% S iproeY h&ﬁ%f’f‘%‘%ﬂé?ﬁ%@é? S Y 3% eanﬁ_&%\?g{he?gent
such as fl O‘A’%QGquMo&UHiri“g%l%b&ﬁn%]ﬁ%tty%rf)éﬁdeh'at:ﬁvl/c?ag@ﬁ@lﬁiﬁ%r}érdr'?ﬂo@@ﬁ)irﬂpmer
filling. Such exci'pients 1 nclude but "are not limted to (a) carbohydrates,
e. ., nhonosaacidsrddissorsistdtiedasFurthar tthsactivgaiganttrogeconyirise dise atténatdroose,
sorbose, and the like; disaccharides, .such as | actose, trehal ose,

cel | obi ose, &Higdrvimises Ruatablefer g Va¢GiRes- 15 such as -

2- hydr oxypropyl - ~3-cycl odextrin; and pol ysaccharides, such as raffinose,
mal t odextrins, dextrans, and the |like; (b) am no acids, such as glycine,
argi ni ne, asparti cAzessdlizél actiaeagendfotinulayish’einbgns thy/ sdtive ag@itds Hbfnddi ke; (c)
organic salts prepared from organi ¢ acids and bases, such as sodium
citrate, sodibencdacoopanaliontighissuiiahlgferauimenaryslslivaim Fheewsasaliged active

t romet ham ne _hydr.ochl,ori de nd the like: ( peptides 20.and_proteins such
s aspar t ameperm G Ugdray BE e Soeb &P Sl P OF A e BBl B BT ol <.
such as mannifyehy, tobk!Heb@ized2BE ity B ikRdmiixRFEHRA b G tBIOBR Bilif@pSiher S

i ncl udes | actosé, trehal ose, raffinose, maltodextrins, glycine, sodium

ci trate, Ihumhighdevelatikel fropdllantubids tabaimddrsto@db thihmotr thapovecketivaegént maggent
formul ati ons, may be deli.vered usi nhal e Therapeutic Systens' dry powder
i nhal er as d&§&GORATAEH ‘W@W?ﬁ@gg@ IVERSFY f?ﬁ@@?wagﬁé@tﬁ@wﬁfﬁv
reference, byt p Hed 1€ ubd ONWES escri bed bel ow.
The dry powders gdggﬁgﬁggeggggéép?v%%tedul%s?ng a@nrg%rgggﬁl %ggg' i nhal er as
descri bed by Laube et al in US Patent No. S, 320,094, which is incorporated

30 by reference herein or by a patient driven device such as that described
iii US Patent No. The3gmpustoryHowFatesisithe Seporiea whinh thepapwiized pdivsin. 2

, 9 AP R 2(! g en\{\?o%lgr}ghgé dlg@'&é@%l 23698 Nebulized solutions may be
prepared by aerosolizing conmercially avail able active agent fornulation

sol utions. These solutions may be delivered by a dosineter, that is a
nebul i zer that delivers an aerosol in a controlled, bolus dose, such as the
1 s Rai ndrop, prodiesemaypt ¢factiyeasméHhibetacraspbizedasti vy ageni OAmplatige sl bped by

Laube et al. her et hods_f.ar iver . utd ons, sus i ons _ar
slurries ar eﬂ?cugégglrofjﬁte’&mﬁ?a%%ggﬁgéﬁ aetﬁ e’éf)?‘jtlﬁ%ﬁkgii‘%cgivg gt tpcg?éé %Eglf.e BMevi ce
that uses a vd lhidJenbe dediRAQEACTH bfaclTBeI Gk Wil vaBSCideReRpérdidg/iponghe @l , US

Patent No. 5,586,550, which is incorporated by reference hereln.
Propel | ad sypsitigniar pagnti the bemgatyaef the conditiomant thii desoed/bdrapentie gffeshel | ant or

particles suspended in a.propellant. th of. thes es_of fornulations
Bre descri el RniRndifar Beerd Busela Fris® HESHEe HYER T Sy BRATRLR
i ncor por at ed gh&ss @Ry J.®f19hEAsE10 10D mg/day, preferably 0.01 mg/day to 50 mg/day.

The present invention is based at least in part on the unexpected observation
25 that when an active agent is delivered to a patient at an initially low inspiratory flow
rate, the bioavailability of the active agent increascs as opposed to when the active

agent is delivered at a constant but higher inspiratory flow rate.

Active agent formulations suitable for use in the present invention include dry
30 powders, solutions, suspensions or slurries for nebulization and particles suspended

or dissolved within a propellant. Dry powders suitable for use in the present



In order to0 obtain the increased bioavailabilities of active agent, the
devi ces described above nust be nodified in order to restrict tE@ initial
inspiratory flow rate of the active agent formul ati on. W have ufiBR 2Rt
once an ini Wwodo/Qesd od of low inspiratory flow rate has been m3tegd923688d,
the restriction can be relieved and a higher 20 flowrate is perm ssible.
| f the hi ghanvdntiowinctde arpompboussstiab hgeskse drystahignepative ngenss aid in@aors of
frustrated gnd will cease to iphale. Accordi to the invention, a flow
e of 1 osaHAHOmOS aaep e e 2 A 400 gher et ey ST Y 0

liters per m 3and. : L hen ery,. 25 m nute
w | | bepest gﬂbaﬂ%g (sélggggrg&g&%eﬁﬁ?et e@gﬁ?tﬁéﬁé‘ggéﬁ% Ml‘ﬁ)jgshzncgghé}%%%ﬁref erably

| ess than 5 wmeferulls 1@neh whisanedigt dameteatiMMD Borelask, presaablydess thal 7.6wimg thi s
initial period of lTimted flowrate, the flowrate restfiction will be
rel eased andngdmeost pesferehlydessithan pumy prd wyalybeingdpihegengsof (. bwnt et BHBF t he

patient. Thi.s flow rate s between about n Oliters . 1 nut
oual Ty bet vl Rgu: et e 8RB e e PR B e R S30% Bitali
about 15 and-430; IgréREad1PS50 Md b >60% HAABE 2b@sAGFaRATENE i dlsBitution if | ow
resi stance nodul ator wi'll be incorporated into the device. A pressure

sensor in thbodi01.0 -\MD 0O 1R4dS IdedransaepfdyRarAeCBamEENIABI AR HI8ualbyl.Ge 4vi | |

determ ne the onset_ of i nfgal e}ti ﬁ. The fl ow resi stance dul ator will be
set to a hi gH" MMALY apd erefgablyd e 4B oM MM ADanthese daRqydsy activy agets wher e

SLMis l{ter r.m X re)zo ysual l'y
bet weenlldabou Vggﬁn ﬂ%\tg%l&g?%%%ﬁ&%%&/ lﬁ/ﬁggﬁg%ﬁﬁgﬁ&g’e?avégﬁd%gg%%?% .5 and
1.0 (cm H OweiglSl Md pre@dritily Belowt dbduf 3% Wyvadightd Suick hliped apavowdRnE aret he
initial period of limted flow hawassed, as determ ned by the pressure

sensor and td¢scrihed-ie YQHSTXH 83 ard MO BeBR btP. wineh e dworearpisd dvaeferangal at or

will be reset such that it _wll [.OVi Little if_ any resistance,to the
Mow $hi o ettt Bolatr. imil 0 pBEBIE6 Betiveh oy sip B Ber B8 B Rnbitg 1
usual |y bet weghMMBNgbQwedn (CRMdBOhm so/isidsand MNIiagn s Bethegarideditd 0.2 (cm

HO'" /SLM to Accordingly, the normal, confortable inspiratory flowrate
of the pat eritelon B0 foe. Sstlapirtislesdre dascribeérfpt exampy,sn @G T publichbons WiCe

nodul ation i i [ . his syste the flow rate.npdul ator is
a val ve ( 1&%}‘&532289%5 @#Q%ﬁ%fwﬁ“l‘?wwﬁmﬁ%fe inceHorpigd NREIYRY i ce (
104) to contrgfg%entcp_e flowrate of the intake air. Flow neter ( 106) and
conputer ( 108) are only used to assess patient behavior in response to
flowl S restriction for investigational purposes. Pressure sensor ( 110)
measures the onset of inhalation Fnd tr,iggers t he openi ng, of val ve .(100).
Al t hough the f1 olrY BRWdsrsaliratesnt formylatie Ra1E &I ATE B sBay ATRE dr | ven

by a m gy op itiorns WRLE rdB5f AL AHARAGRYE ddEBuREadRRd as well .
Furt her % [ nﬁéh%ggéﬁlgoﬁe%cﬁronsét o@#aﬁﬁa?%tlﬁowjﬁ e%ﬁ?gr a fl oW sensor or a
pressure sefgar, usedllydinkeyst Bk forfl, Kdissolded h 4 phyidiogithier adceptableaqaéoshi s
invention, is that it has been found that inpaction in the throat by
particl es i Buffiropypicallppaitratobyfies hryigg 2kt wngnfommbosiie & dhe peteve
aerodynam ¢, di ARt & 135 G5 S ik Horh 8019 e SAR 1 By weilll, A9aAE294

from 0.1% to 0.2%. The solutions may then be spray dried in a conventional spray

25  drier available from commercial suppliers such as Niro A/S (Denmark), Buchi

(Switzerland) and the like, resulting in a substantially amorphous powder. These

amorphous powders may also be prepared by lyophilization, vacuum drying, 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

30 ground or milled to produce particles within the desired size range. Dry powder



| = kd' Q| = nunber of particles inpacting in the throat k =
proportionality constant 5 d = MMAD of the particles Q= flowrate 2; 9 I~R
20f ?3 PCT/ US99/ 23698 According to the above equation, it is pogsy PR 2083
deliver | arggpopaidoscl es using the lowinitial flow rates of pPORUSIIIGIS
invention without raising the nunber of to particles that inpact in the

t hroat provi desve dp@ni¥anayrdldoybeon atdiwstallitie foemadietcryssaitine dmMep@ddeddimanget he
low flow rate period. Initially, then, when the flowrate is | ow and the
concent r at i oRrePRrady gridingotr Jetgniklingthe pulcrysdallipg actii{gragept. of particles in
the aerosol is at its peak, the particles wll be preferentially delivered
to the deep lung rather than being inpacted in the throat and the

bi oavai | abi l'ity ofrheherwcigemeRaRA of\the prefdit ifvehi6n BAFUPtion Ay BEERSRhed
concentration exiting the device of Figure 1 is shown"im Figure 2. For a
0.5 1it ers aemothgtharmneuyead piristsonsxcipgntsividcte arecariablafomesmfatedyandi r st 0. 1

to 0.2 liters js the g_iB.%hest. agﬁqthhat.after that. the c n(f(entratio t apers
off. It is t REIEATSPLATIEANOT ahe Camise] Mok rery REITRYY &5 BRIHS: 150815 Hrenihe
aerosol at aj Mir@i%eh&e%@h&iv%Qgé}?koh&ﬂﬁﬁﬁ&?& 1HE Goder @g{%ﬁ is bein%

ofile of a u 0

bi oavailibility. The resistance p low fate no ator

acconpl i sh t deSvdred ®hopaticht) bt roay ds@Sservidite impso et tha dspesabilighof e powldam
HO-~ /SLM for an initial 3 second tine period, the valve is then_opcncd
and the resi $t&¥EaPPVAHHPEHHN deyicei OFST eaproyidginaqrg séficient and sensaduycide (i n
this case, 0. .. HBQ) ' | o 2 e en from fl.ow rates of
i gur o a0 0 ndelVeck BFEERve ads g FRptop BAMINE, REATSHEOTO] B8 sy aeeft &

and then traggiHdsOmsvabRit) an@bstidisteddy ePfalliMte hmanBfacRFinstAAGRwWAEPfilIng. of a
further flow rate nodul ator of the invention and its associated flow rate

profile is sBowneiqpipitgnckids buThre nobBingedivc@) carhpkydratgns.§.r om hi gh to | ow
(0.9 to 0.20 (cmHO::"'" [/SLM. for an,initial 5 cond tinme period. As can
be seen 11 oIS Ginds iR iRt sk s yspde TG Path oo RORY e | 1
the initial JxsenenRehdiRed 96cH & hASR, tra?dlbsa,oceﬂeMoa@,obnahﬁanké;aegéroaeﬂﬂﬁs,Up to
about 30 SLM In both of these cases, since the t2 2; 9 APR 2D3 WO

00/ 21594 1PCT 0B/ 22BGHSx yporpydifitayatodextriof andrpe  peacdwoides, suthas fafffirstse,0. 1 t o

0.2 liters is th reatest, th jority aof the active agent is delivered
in the initi graﬁtggg’g%%&e%‘r% %gﬁg%iﬂ‘fe; agino, aridsugh ?%5lyg@€pargm’fbe'del i very
and thus the_hj J: i) f I; fi1 00 i anpl es
are illustraf ?‘J\f‘g‘?&é@“#’%@‘%‘jﬁ’%ﬁaﬁ’ C%J?n@gﬁﬁ %géynfaq‘!ﬂg{;%reé(cﬁ%? g:{ngé %@ng%gﬁ&ued as
limting thefi®apmgant atideardbvased, swoh as\sadivat dirae, soitureqecorbatehsgrebivinne

exanples will be apparent to those of skill in the art in |ight of the
present di scBHSARS, spRBMUEIHGINAKSs ramathemineydrephlorides prd thedikex ghhprertides

20  and proteins such as aspartame, human serum albumin, gelatin, and the like; and (¢)
alditols, such as mannitol, xylitol, and the like. A preferred group of carriers includes
lactose, trehalose, raffinose, maltodextrins, glycine, sodium citrate, human serum

albumin and mannitol.

25 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 resistance as
described below. The dry powders may also be delivered using a metered dose
inhaler as described by Laube et al in US Patent No. 5,320,094, which is incorporated

30 by reference herein or by a patient driven device such as that described in US Patent

No. 4,338,931 which is incorporated by reference herein.



Exanple 1 In order to determine the relationship of flow resistance to flow
rate, 10 volunteers, 5 males (M and 5 females (F) were askedztrﬂ Alwe%{ne
against 3 different 15 resistances and instructed to inhale both maxinally
and at a convood/2usbeL rate. The results are shown in Figures 6POT/USPYIHORES 6
and 7 are the flow rates for maximal and confortable inhalation rates for
mal es and fenmales. Figures 8 and 9 show the vol unes of aerosol inhaled at

t he maxi num and rtabl e inhal ation rates and resi stances. descr.i bed
above. 20 The e NehubAtsh OB FISS BeaTSPE T SHFAFOU RS GorHIERcY S 11 ow
rate is abouf.;0 %e(‘l?ﬁ)h u?ti'o'n'soﬁﬂd}{k. EHEste%fu’tiog?ﬁ]ag'B%Qfs[i%r@&}5 VoS
aerosol delivered at higher flow resistances drops because | Kspl ration

becones nor ahansla pemaizdi fhiat delivieramdadress ircoodmioliad) wlasdésesighangr
increases. |In fact, if resistance is decreased after the initial aerosol

del i very SperRaiedrop, mipdpeed byi Rurdae Bennatle therisp of whishyis descrifred by ILaubrot al.
decrease 25 significantly over the volune del.ivered at a consta | ow fl ow
resi st ance (J(ZIIIII?VBF@OS%{.%@C@?W %b‘gfﬂékﬁ)e@%%?r@??”%?r&cﬁé %beafl?é( Met hods
2; ~ APR 20DR RishhbiS9%1 236 $ardMahey. 573,581 Ciyevdel thatQuisbyBibraiape | nsul i n,
26.3 Ung is obtained fromEli Liily and Conpany, |ndianapolis, IN and
found to be p&@eicpmicenemsberaadescatiedyn vevatak &/ phatsrt MPLICI 845, meichiisol i s
obtai ned fram I;%%uet e C%Eé)orgti on (Gurnee, IL). dycine was purchased from
Si gma Cheni d8¢° Q:WT NCEAGTX™ M ssouri ). Sodiumcitrate di hydrate,
USP is ghgtained fromJ. T. Baker (Phillipsburg, NJ). 10 Powder Production

I nsulin powders are nade by dissolving bulk crystalline insulin in sodium
citrate buffer cdbpdlnngystemuintglincudt gl acdiaegenodgboleed imapropelidntsr
concentration of 7.5 nmg/m and pH of 6.70.3. The spray dryer is operated
with an inl ezantcémémr;gﬁ@l%pmu@én Bptlpef thess txw@fafﬁamdaz@wradmehedr at e

f 5 m/nin, lting i . b 70C 80C. Th
ol utfons. a8 KRR bt PeRHbYG: s EPREL Ml PR S ®ur o 1

Buchi Spray Breysgketo forma fine white anorphous powder. The resulting
powders are stored in tightly capped containers in a dry environnment (<10%
RH). 20 'Powder Analysis The particle size distribution of the powlers is

o, by 1 LS W e R A o TR G 1 ©
(M cronetri cfgcrlNel ab&FSmustVe mddiGiedh Sidef @ reQAE@RAE initial inspiratory flow rate
of the active agent formulation. We have found that once an initial period of low
inspiratory flow rate has been established, the restriction can be relieved and a higher
20  flow rate is permissible. If the higher flow rate is not established, the patient will

become frustrated and will cease to inhale,

According to the invention, a flow rate of less than about 15 liters per minute,
preferably less than 10 liters per minute and often between about 5 and 10 liters per '
25 minute will be established for a peri-od of less than about 10 seconds, preferably less
than 5 scconds and often between about 3 and 5 seconds. Following this initial period
of limited flow rate, the flow rate restriction will be released and the flow rate will be
the normal inspiratory flow rate of the patient. This flow rate is between about 15 and
80 liters per minute, usually between about 15 and 60 liters per minute and often
30 between about 15 and 30 liters per minute. In order to accomplish this, a flow

resistance modulator will be incorporated into the device. A pressure sensor in the

10



25 of 'the powders is measured by the Karl Fischer technique using a

M t subi shi CA-06 Moisture Meter. '|I ne aeros.>1 particle size QIQSGA kbi#z?l on

i s neasured using a cascade inpactor (G aseby Andersen, Snyrna‘ . e
del i vered dow@o@tisp¢i ency (DDE) is eval uated using the | nhal ePGHEFEFEAS ¢
Systens' aerosol devices, simlar to those described in W96/09085. The DDE
i s defined adetibewpédetennagahodnsehel inbaftie. BlasBo8oestsiancaimmsldlagrivvillibea

bli st k t hat ited th hpi th S devi d
ot ur e on Selds a0Eh feSistatee EEr R bPRLES B0 2 (i LRI (e SEAT A oh-a
14 2 9 APR;z098 el af)iqs%aﬁqzﬁy@l%ﬁ{rg NAFHUTIABS bERRYA 283 b/ for

2.5 seconds follow ng device actuation. is calculated by dividing the
mass of the povider HEd)/8Meahdosftenietwédntaboutol).S ahe 1 De(sm IBfO)t 1. Ndovavdetaini n t he
blister pack. 5 The integrity of insulin before and after powder processing
i s measured Qljaﬁ%fatadF@F’?F_@ﬁE‘é‘festcgfffﬂé]:‘edefa] Rerehol lurd Howhas BaSed3F vi ng
wet ghed port eRn Ak BIHhreb bl iy BleSl A AATRERLAG, g d, o) SSol ved
solution with Thé original solution put 1hto the spray dryef. Retention

time and peakesiife WodudilEilbberesasdch hatie il pravedovingle idnytrbdsthmeub ithe
nol ecul e had been chem cally nodified or degraded to in the process. LTV
absor bance wiswuslduds resistance will he bietvegh iabowt Sren  Bdemdh Q) AfSLM 8suatly and

presence of absence of, | | u a at e t. _400,nm . WA t he
pHs of the sgg_?”tefﬂﬁ _agﬂdb-ﬁgggﬂgzﬁt) u&gy g'&# %ﬁ?rg)ﬁ?wg?r_éoﬁn%g&@ﬁﬂ%e/%rphous
nat ure ofjot ha kaadiy tRONESRall ConcoRhbIE FRGirRbrPabarhie @ thd @RbndWigrmescopy. t5
In Vivo Testing In order to exam ne the effect of changes in the rate of

i nhal ati on ogststishbd.oAnaixksipidry systerh fornfleay sde modulation iszhoivndn Figioal .slnar e
dosed with 2 of insulin using,the system in Figure 1. Each
troatnent i IS SO ADE g W MAPLRGE FoGT v ( SOhgaesic OF Hidie AT RE  nhal e
Therapeuti c @mmﬁld%bﬁ!e?'i@4)(t§"é8ntﬁﬁrtﬂmé3ﬁow o@%ﬂﬁ&ﬁé e ePmbfer Hpeat ent

No. 5,740, 79 I's 1ncorporated by reference herein. The treatnents
are: A | nhahad ¢compweing 1108 5 hreainl yomsedfto hsssssl paniemt hidhawoparespone: ®ifrmv of 3.6 a
MMAD (| ar?e PSD), utilizing the standard breathing maneuver and inhal er (no
ranp). 23°B. resHicdioafapinves i iana PHERSEN BESSPIEnP (W Pmepsyss theongetsfze of

3.6 P MAD (13h0800 TR vidhe itk RBehiBRE Bl OO I Richbilit &€ bR ARARGIIAEBY ¢ Y
10 liters per mnute by e
in this case is shown to be a valve driven by a microprocessor, simple mechanical
valving systems may be used as well. Further, in order to detect onset of inhalation,
either a flow sensor or a pressure sensor could be used.
20
According to a further feature of this invention, is that it has been found that

impaction in the throat by particles 1s proportional to the flow rate and the square of

the aerodynamic diameter according to the following equation:

11



system shown in Figure | (ranp). 15 WD 00121594 2 9 APR 2WB

PCT/ US99/ 23698 C. Inhalation admnistration of insulin with a piré |A$he20§3| ze
of 2.6 p MMAD (snmall PSD}, with the inhalation rate linmted to #:

appr oxi mat ewo 021594 ers per mnute by the system shown in Fi REBEUIIN3688p) .
1. s The insulin dry powder formul ati ons have average particle diameters of
| ess than ~ mcrons. The inhal er disperses the powlers and produces aerosol
clouds (puffs) of nedicatjgn which are held in a volune of approxi mately
240 M in a hol ding cHa®¥ Q The vol une of the hol di ng chanber is a m nor

fraction of a deep ingnl F‘%P&{Oﬁgﬁﬁ%q%dé‘?gﬂg{ﬁ%m@thm—gpe' chanber is designed

so that during inhalation o lent alr is pulled into the
chanber thereby pushi rig=aespesiidnatitit copiktahthe chanber and deep into the |ungs.
Bl ood sufficient to provide a minimumof 1 nl plasma was col |l ected from 24
subj ect sSi n hepari ni zeb=MMAD af the@agiedes15 ninutes prior to insulin dosing
and O (just 15 prior t(%_i svyl itn dosing), 5) 10, 20, 30, 4~, 60, 90, 120,

| 80, 240, 300 and 360 W nute&after the start of the inhalation. The
insulin bioavailabilities for sanples taken at 3b0 mi nutes are shown in
Table I as uU mn/nL (mcrounits of insulin per mlliliter of blood

pl asma). These fiApsoabng trotheabearte aqubivan, itris possiblé toodelivert lardeo phoivks usinga

hi gher flow rate proyided for .higher bioavailahility of insulin than the
const ant hi dh% “‘f‘l“B\‘ﬁY@BWr’éfeé O(Q?'F %W’@P'd@%e”é‘f’"f‘i‘g%uf St gber RE condi ti on

of case a : - i i o LRAL Bl ate
ond ol b RIRIAEImp AT droal BoviREMdALIGRH Of wb QU deliflfeli o ©
242% i ncr easfrih@theclasefldv aste poiganr iadtialiyf the; ageenBhe 130 rate WOWAHLER4 2. 9 APR

2ML3 PCT/ 13599/ 23698 Tabl e | Sub{)_ect Nunber 50180001 50180002 50180003
50180004 50r80cwg28g1eDhescmealgobEh, Belisobesumbentfgrgiceligdba aeresel 39811 1

50180012 50180013 .501 80014 50180015 50180016 sol sool.s 501 80019 50180020
2018002 20180035 Honaness 2 pE Rt RlE it il 88 aer BnE & a0, mi o/ m
L) being impacted in the throat and the bioavailability of the active agent will be

15 increased.

The aerosol concentration exiting the device of Figure 1 is shown in Figure 2.

For a 0.5 liter aerosol, the graph shows that the concentration of the first 0.1 to 0.2
liters is the highest and that after that the concentration tapers off. It is therefore

20  important to deliver the initial portion of the aerosol at a low flow to avoid throat
impaction and increase bioavailibility. The resistance profile of a flow rate modulator
to accomplish this is shown in Figure 3. The resistance is high (0.65 (cm H,0)"
/SLM) for an initial 3 second time period, the valve is then opcned and the resistance
transitions to the normal resistance of the device (in this case 0.15 (cm H,0)”/SLM).

25  As can be seen from the flow rates of Figure 4, the inspiratory flow rate in the initial
period is about 10 SLM and then transitions up to about 25-30 SLM. The resistance
profile of a further flow rate modulator of the invention and its associated flow rate
profile is shown in Figure 5. The resistance transitions from high to low (0.9 to 0.20
(cm H,0)"/SLM) for an initial 5 second time period. As can be seen from the flow

30 rates of Figure 5, the inspiratory flow rate in the initial 3 second period is less than 20

SLM and then transitions up to about 30 SLM. In both of these cases, since the

12
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2 9 APR 20f133 W claim 1. A device for controlling the delivery of an
aer osol i zed ta®eicorstage as limynghe peong of Bre invanyaRn VeEelienst andseguiy alpais ofe

conpri sing fLow resi stance nodul at ar .t hat. provj des i,gh fl ow resi stance
of Bt Teast Tt sET LD BPaTR B Las s B el prkh T ow
resi stance idisclostipe) BeS drhRzs hifd ihedRRADEGRIn. of flow rate nonitoring and
patient instruction. 2. A device according to claim1 wherein the high flow

resistance is a 1o resistance of between 0.4 and 2 (cmH20)'2 ISLM 3. The
device of claim1l wherein the lower flLow resistance is a resistance between
0 and 0.8 (cm H20)'2 /SLM 15 4. The HE¥MRESof claim 1 wherein the high

fl ow resistance corresponds to a flowrate of 15 liters per mnute or |ess.
5. The device of claim1l wherein the lower flow resistance corresponds to a
flow rate ofExbkpBOlliters per mnute. 20

In order to determine the relationship of flow resistance to flow rate, 10
volunteers, 5 males (M) and 5 females (F) were asked to breathe against 3 different

15 resistances and instructed to inhale both maximally and at a comfortable rate. The
results are shown in Figures 6-9. Figures 6 and 7 are the flow rates for maximal and
comfortable inhalation rates for males and females. Figures & and 9 show the
volumes of aerosol inhaled at the maximum and comfortable inhalation rates and
resistances described above.

20 The resistance to comfortably maintain a 10 liter per minute flow rate is about
0.3 (cm H,0)"/SLM. Further, the inspiratory volume of aerosol delivered at higher
flow resistances drops because inspiration becomes more and more difficult and less
comfortable as resistance increases. In fact, if resistance is decreased after the initial
aerosol delivery period of high resistance, the inspiratory volume will not decrease

25  significantly over the volume delivered at a constant low flow resistance delivery rate.



6. The device of claim1l wherein the high flow resistance is provided for
an initial tinme period of less than 10 seconds. 7. The device of claim1l
wherein the high flow resistance is provided for an 25 initi2/g nNpRg0Reri od
of less than 5 seconds. 8. A device for controlling the delivy

aer osol i zedwé’cqo?’\}gg“agent to the lungs of a human patient, sai @513/65}{9@2&8
conpri si ng fl W2resi stance nodul ator that provides a high flow resistance
whi ch corre €“to a flow rate of about so 15 liters per mnute or |ess
and subsequenidnyishaWwidasdsa | ower flow resistance in a manner that is

i ndependent of flow rate nonitoring and patient instruction. 18 2." APR
2003 9. The device of claim8 wherein the | ower flow resistance corresponds
to aflowrate .of bet ween about 15 and 80 liters per mnute. 10. The device
of claim 8 WA &S the high flow resistance is a resistance of 5 between
about 0.4 and 2 20\ sdidii j € : ' ; jin the high
flow ressi st ance ?gaéyg’gl)h (ranc?ﬁ?g{r\él lgn&hlmﬁi-ﬁ!ta?a?ﬁ%% %@é?@ogb@ﬁf gggyﬁan about
10 seconds.Cdfipar, Iishapslese I and dourid tolHei 99% bearede nieasuryd of revereahasol i zed
active agent to the lungs of a human patient, said device conprising a flow

resi st ance HBHGI 18y manto!l jsbtained fropr Roquedts Gorporaten (Guwes.db). sElysingé and
subsequent |y provi des.a sgcond~f | ow reasi st ance {4 n.a,manner. that. is

i ndepend_ent\¥%§plfrfwcfg?@ ﬁ‘&matd%‘??‘ﬁ‘éagﬁam%‘ﬁ @ﬁ‘t%‘ﬂ%ﬁ%ﬁ%%h gf’%‘élmsecond
flow resi stange dpfidhde, 1 &ISisloBaiindd Romi I BIBddPYPHiRIpERRL SUANCE. 13. The
device of claim 12 wherein the first flowrate is provided for an initial
time peni od of |ess than about 10 seconds. 20 14. The device of claim 12

wher ei n th%fiﬁiﬁow rate is |l ess than about 15 liters per m nutes. 15.
The devi ce 'SV 4F9U$%%™herein the second flow rate i s between about 15 and

80 liters per mpuiifSpovifrslfte iR HRHLER AL pERAUIRARNMIRS th ddafud 1 7St T ow
resi stance provides a first flowrate an ereln the secon I"ow

resi st ance qgitrare ibdé&sr consxog echahhnol 2t @ycitd to gvedinbladliflocomtehirmisn of . RN
aerosolized active agent_to the lungs of .a so human patient, said nethod
characteri z‘éﬂ"ﬁ;ﬂnérpbs?fdi-?@-% hhespray diver isoraraipd withfandglel wmperauig (cm

H20) ' ~' /.SL or bl 1] i i Ln elliver f_the aerpsolized
active {'igen e];\f/%ernanfl}loa iag&}]?%%"? %E’bagg ‘Iiljlg%? %wy{aher%fvéljré]ill/lrmdn’argfugw Ty ?"o%n%g 2.9
AP R 203 r asinptrafig€bétwesn MEAINAId $d%al Tise dondepeneemen aftefeld @Meoiah & orpeni t ori ng

and patient

um filter and spray dried in a Buchi Spray Dryer to form a fine white amorphous
powder. The resulting powders are stored in tightly capped containers in a dry
environment (<10% RH).

20
Powder Analysis

The particle size distribution of the powders is measured by liquid centrifugal

sedimentation in a Horiba CAPA-700 Particle Size Analyzer following dispersion of
the powders in Sedisperse A-11 (Micrometrics, Norcross, GA). The moisture content

25 of the powders is measured by the Karl Fischer technique using a Mitsubishi CA-06
Moisture Mcter. 1he aeros-] particle size distribution is measured using a cascade
impactor (Graseby Andersen, Smyrna, GA). The delivered dose efficiency (DDE) is
evaluated using the Inhale Therapeutic Systems’ aerosol devices, similar to those
described in W096/09085. The DDE is defined as the percentage of the nominal dose

30  contained within a 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

14
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cach. Inhalers are Inhale Therapeutic Systems Inhalers (San Carlos, CA) as described

20  in US Patent No. 5,740,794, which is incorporated by reference herein. The treatments

are:

A. Inhalation administration of insulin with a particle size of 3.6 y MMAD (large
PSD), utilizing the standard breathing maneuver and inhaler (no ramp).
25
B. Inhalation administration of insulin with a particle size of 3.6 pn MMAD (large
PSD), with the inhalation rate limited to approximately 10 liters per minute by the

system shown in Figure 1 (ramp).
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than 5 microns. The inhaler disperses the powders and produces aerosol clouds

(puffs) of medication which are held in a volume of approximately 240 ml in a

holding chamber. The volume of the holding chamber is a minor fraction of a deep

inspiratory breath (>2 liters). The chamber is designed so that during inhalation of the
10 puff, ambient air is pulled into the chamber thereby pushing aeroso! out of the

chamber and deep into the lungs.

Blood sufficient to provide a minimum of 1 ml plasma was collected from 24

subjects in heparinized tubes at 30 and 15 minutes prior to insulin dosing and 0 (just

15 prior to insulin dosing), 5, 10, 20, 30, 45, 60, 90, 120, 180, 240, 300 and 360 minutes
after the start of the inhalation. The insulin bioavailabilities for samples taken at 360
minutes are shown in Table I as uU.min/mL (microunits of insulin per milliliter of
blood plasma). These figures show that a low initial flow rate followed by a higher
flow rate provided for higher bioavailability of insulin than the constant higher flow

20  rate (an average of 11% increase for the condition of case B as compared to case A.
The combination of low initial flow rate and small particle size further increased

bioavailibility (an average of a 242% increase for case C as compared with case B).

16
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50180003 944 1191 3490 1.26 2.93
50180004 1973 737 2600 0.37 3.53
50180005 3362 4243 7294 1.26 1.72
50180006 2217 2948 5452 1.33 1.85
50180007 1507 1017 2554 0.67 2.51
50180008 795 996 1900 1.25 1.91
50180009 2447 2250 3593 0.92 1.60
50180010 5644 5613 12474 0.99 2.22
50180011 1714 441 2206 0.26 5.00
50180012 523 393 2602 0.75 6.62
50180013 1036 1129 1794 1.09 1.59
50180014 2823 2834 4468 1.00 1.58
50180015 1835 2038 2488 1.11 1.22
50180016 1623 1102 2636 0.68 2.39
50180018 2317 1965 5561 0.85 2.83
50180019 690 1175 2373 1.70 2.02
50180020 1399 1113 3045 0.80 2.74
50180021 681 834 2157 1.22 2.59
50180022 1093 2137 3564 1.96 1.67
50180023 1931 2157 5098 1.12 2.36
50180024 255 134 183 0.53 1.37
50180028 731 822 1627 1.12 1.98
AVG 1644 1707 3594 1.11 2.42
STD 1158 1263 2440 0.58 1.20
RSD 70 74 68 52 50

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

indicated to be incorporated by reference.
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5. The device of claim 1 wherein the lower flow resistance corresponds to a
flow rate of 15-80 liters per minute.

20
6. The device of claim 1 wherein the high flow resistance is provided for an

initial time period of less than 10 seconds.

7. The device of claim 1 wherein the high flow resistance is provided for an
25 initial time period of less than 5 seconds.

8. A device for controlling the delivery of an aerosolized active agent to the

lungs of a human patient, said device comprising a flow resistance modulator

that provides a high flow resistance which corresponds to a flow rate of about
30 15 liters per minute or less and subsequently provides a lower flow resistance in

a manner that is independent of flow rate monitoring and patient instruction.

18
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lungs of a human patient, said device comprising a flow resistance modulator
that initially provides a first flow resistance and subsequently provides a second
flow resistance in a manner that is independent of flow rate monitoring and
patient instruction, the second flow resistance being less than the first flow

15  resistance.

13.  The device of claim 12 wherein the first flow rate is provided for an initial

time period of less than about 10 seconds.

20  14. The device of claim 12 wherein the first flow rate is less than about 15

liters per minutes.

15.  The device of claim 14 wherein the second flow rate is between about 15
and 80 liters per minutes.

25
16.  The device of claim 12 wherein the first flow resistance provides a first

flow rate and wherein the second flow resistance provides a second flow rate.

17. A method for delivering an aerosolized active agent to the lungs of a
30 human patient, said method characterized by providing a high flow resistance of
at least 0.4 (cm H,O)"*/SLM for an initial time period during delivery of the

aerosolized active agent formulation and subsequently providing a lower flow
19
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