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WO 2008/ 106616 PCT/ US2008/ 055354 | NHALER Enbodi nent s
of this invention are related to nedi cal devices and

waelzwg/1awhé very devices, specifically to del i vREEUSK008/055354

aerosol i zed drugs, to inhalation of drugs for
delivery to lungs and gastrointestinal tract, and to
i ntranasal drug delivery. 5 Devices for delivery of
aerosol i zed drug subst dh¢ERE.ER ncl udi ng dellvery Vi a

nhal atJ. on . kno in t r cl in
U b s KRaH sty ABag foef SeReShot B e
devgc)ég ??éogfg%ﬂﬁﬂﬁdﬁ@uimﬁf &rosBFM&i;&Gi itg lil)haWIglkﬁf ggﬁgs&br .
| GKe et a W X et a
delpyerysq 1@@@3@@8@{9@6@611&@“ andet%wnw@'ﬂ% dRBva et al .
6, B8R4 forkiliveey bRRREIMcA dR sabstancd, MORIBE delB)ryRay i es

et (10 al. The above patents al so provide an overvi ew

inhalptiqn, prediewi iy the ait.iexamplevingging P8 ﬁ’é‘le‘étﬁ tN9n2-8%90%s and
6, o&@%mquﬁ% Al B?ﬁgﬁan@fan@@ﬁﬁﬁﬁé 137k 'zgl‘bﬁﬁﬁilkb gl ation

| i'very devices i s known, including metered

6 9ab%833 bYrﬁhlak@reé al..Neld 18P 7 by Sox efray. @%%@9 by vl as ek,
i.7€ :
67IPATIR CokBOPk o 4 2un Py TGS A Ml s
al. Ay doud patents s ram:ideiﬁl @etvicresiivagbuschervgolzatist axdc es to
1nh211 &mo(@wg dt [leesd dose inhalers typically use
ressuri ze o aerosolize the drug substance.
D| sAadnga bﬁ@&&sobiatlbﬂn amhnhaila’nmh drug delieery dedias ecknbon,

ifficultjes to contro)] del i se aof the dru
incts6 malfetd %ﬁalr?%le@p@ Blizsts ey g iners deppd vaporie, and
othErEsystbinb, Rethi diff@ardes fel &l tb FRtHAGE 4 cBfierde Bﬂﬁdrdsbﬂﬂm@ﬂﬂ and
various surfaces in the nmouth and in the throat of a

deliystyj od dfug spbices tp dis natisnt Metergd dpsgdirhalegs GpigYystiBst ances
pre@iriZ das B dbrROMGke (ﬁfﬁ% sUBSENM. @ﬁadirﬁﬂta%@w fese 1Hfﬂ@ér§£r§

Passi ve dry powder inhalers rel patient's
relgtgislp |drfﬁ§\éh§s t@wr{srioi the gelifiered dgreetf drecdramenbatancs sad fopeqdralg
hids A b PaeBGifingSondab o RS
aer?ééﬁ %@a&er{?%f“é q’? ?nsutplg%f%t%l one ?& ﬁrgs%rngy Osuch aegm
thepmoitteanid gmthe dirroatelf @ pationt &ihalatienr @quemd@wdmg drog subptaoeeas
the efficjen f
« a6 8 NG PR n L LY BB pelcrylyion the
patieaedliaspifarcoyreffdretopletagempate amichetosolae Idr@\,sabstﬁﬁe be tithatation,

nde dence .of. t he inhal er .
ST Aol ey SRS PSR P Rt St e mechanical o
ele&HES bARSLH drder tdlenprétRdite ficiencpat p@mer d¢aggicpdtdhahd on,
the drug aerosol particle size be | ess th
aCTEYOHERIORO0 HPEFASH e IRRBIEOR S arna%ﬁeg'/ e RisRC Adap e

be‘rgt g%;%lfh%?rg 8¢ ihRbenddfidel of BleYntalr gﬁ%nlah{!’égﬂ';ﬁ&ﬁ?l tf&ggféhvery

mcrons. Larger size particles wl >
of ¢rug pubsiaects ta the tunes efsutakerd i inlplatian, the drupacrpspd partele sifel

hasdg b@le‘ésetﬁ% &bo\ﬁé M mffond %&%{ Efeﬁégaﬂl}olegﬁﬁar%%out 6 microns, and for

gastroi ntestinal tract patient. There Is a need
deliveryi tndeapdueg Iessahaprbneti3td misraps. largr sige partieles wilhbegoliend

to 0 AR Bfafid Rl Sﬁﬂgggtfenpgntd%%?eﬁﬂllt bl BV e STNOl @

ation one
gastlhrn&smﬁab tract séthe patgent. Thereés @ meed kcincraase dedjuagtities of ﬂemg

dea ion.a aer osol
thai)@%ﬂ’g{g' erﬂﬁha i/arfj 8%%@1‘3 %??ﬁﬁ%slogflg g dyhe a st efﬂga}laﬁ gt i on
patdt@, e gewithle 96¢ iohRde-four kooRR! Bl Sis Mo aﬁﬁﬁﬂé iS2hse the speed
of ge’aggreéatior? and aerosolization of powders by dry powder inhalers.
Dry powder inhalation devices described in US Patents No. 5,694,920, 6,026,809,
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1 WD 2008/ 106616 PCT/ US2008/ 055354 6, 142, 146, all by

Abranms and Gumaste, utilize vibratory neans to
waelzmggewyat e and aerosolize dry powder medi caRGCDHSH008/055354

delivery to the patient as an aerosol. US Patent

Publ i cati on 2005/ 0183724 by Gunaste and Bowers

di scl oses a synthetic jet-based nedicanent delivery

6, {116 ChlleyCA HRRSSA GifinasR, 1iz8 | lbYatord heaHdIe ﬁéirggfk%a@fan& he
d hal 0

i nvention conprises a device for inhalatio
actostlizs g1y pasvlermedjcasion far slalivesy, tothrepasiont as ainaeybsof. USGRatant y
Publili i ' fil wi.th a dry
)06 9P Sy B0 Dl Ll
medésgment dehivery mathgd egrbappagius.aer osol i zi ng and ej ecting of

t he fromthe contai ner, for . i.nhal.ation
by Vo0 o ARBOARER o R b BrE PP s B Bl
acrdizediiwg awtisiaatdsywiop@on s ihtgh fEQudnhe vibidrad @upRath @éditainer

rimari for dru jection,. via synthetic

ﬁlﬁégt | %éiryo?o“écleﬁgrrug S%E’ﬂ%n i%?%u%‘f %‘fl&&@ﬁ% T84 Dhowder
dedgpeapatinee acrovnliging eiid cjdting 6Bt @B Sul e freh Ml ddhinkfol he
.contajner is E)sed primarily for ingress of outside gas
IMBrRUgR Py f RS (Be ComPRiREIC R S seripiaer aresubsiatiallygpposite
thd Vibrdt hrtf 2€luded phibRriHHBBLES ediBnf 24 bPMeti VRGP b@ALNEd

when perform ng experinental testi'ng of t hg
meshaneEs e Alegtingrthe prvdsy Bem e donipinat. iAo krastone atber apsrture & thn
cohtfin@! iatde@ Bﬁﬁlﬁﬁ?%r BEE QPR kAL AR VitE fhre c\%t%itﬂer. .

observations of substantially faster aerosolization

andUep@eetpbigsdts, agriluspaiad by the examplostd folewcapra bbthined whén

<8P A 1 i SO

ross-se
an wihelatiaf ardror eerbsudizatontdedite, Witk opsceainds dfRuientially faster
shqg.vvitn(% adc.ontt ai I’ilﬁr Wi tdh a drﬁgdésub jgjiance coypled to a
BcrOPpFagyAnd sigetign gt dey nogvdgrs gs yeed as sanapivaet agtosalizge an
suteniogiyeger hntdtee om@@swgeréwpﬁ&ﬂaan |820Wi ng a .
contai per with a drug substance coupled to a vibrator.
o b sl R clbsterdion ik af A poby Gmeg ! L peseat invention

sh@ViROS b wath aldd@ RBSGRB LoldpliashivdRatorShow ng
contai ners wwth a drug substance coupled to vibrators.

Fi ghies? js& cosepestional viopi S narmbedisersiof By peavbrd diivstian. of
sh%vflﬁg PESRARS: Wil \eRid s%ﬂﬁm%@ SR OG ViGNt @l Ner Wi th a

| substance coupled to a'vibrator. Fig. 5is a
cr obig- S etcraspradetiona wicpfof seveeal ethbatimeonds ofithe preseht inkention
: i nV. ' j i with a drug
R AT R b L A
cr oBig- s atcrpmadctiviad wienfof am embdiidenefithe pfeséh énventment
drug substance

invention show ng a container, with a
showatig s %o&l%tl%er Xm\gia&r‘% %‘P&aq?ﬁ C?i‘ipge.d tgayibraore hss-sect i onal

Vi eRigof isarbastsdtrthas viefv df Beveiil eaBdlimeny &fthd frosehiiawniion

i nhal ation devi ges. Fig. 8 is a cross-sectional view
Sho_é’\““%‘i?“@ﬁ‘i?&d‘i" ‘ﬁlﬁeh rug pubsigicefoaplehio Vibig@Rt i on  showi ng an

i Nheik; 24 is QRrddeYdcEbnal view of an embodiment of the present invention
showing a container with a drug substance coupled to a vibrator.

Fig. 7 is a cross-sectional view of embodiments of the present invention showing

inhalation devices.
Fig. 8 is a cross-sectional view of an embodiment of the present invention
showing an inhalation device.

Fig 9 is a cross-sectional view of embodiments of the present invention showing
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Fig 9 is a cross-sectional view of enbodi nents of the
present invention showing 2 W 2008/106616

WEDIBUBB0O8/ 055354 i nhal ation devi ces. Fig 10P¢BUS2008/055354

cross-sectional view of an enbodi ment of the present

i nvention show ng an inhalation device. In the

drawi ngs, like nunerals refer to |like parts or
inh@afodrdesicdshr oughout the 5 several views. A

cross-sectional view of an enbodi ment of the present

i nvdig | bk aiczoss-sectien viewaif py ethbddirsent af i praserfinyention A
ﬂMh@&%hgﬂmgQQhaémgoupled to a blister or container 110

whi ch cont ai ns drug substance or substances 120.

Vi biaths :dram@gsdalﬁs yencgalpieter to likgpaunerdeataes thi@ghout the
sebdr@nsdycer, or a mechanical vibrator, an

el ectromagnetic vibrator, a 10 nagnetostrictive

el erfesross-soetiopalhiew of doreatbodignenestiizapresent 1ﬁﬁenmown in the

o | nt, Z0 a tuat is utilized,
sc?e;n%%tlgzg[}l 1ﬁus rg’tﬁg 1r§€1lghg%0 1br§%5 I’f@(ﬁl& cQ 1gpréﬁ:éﬂ1@ta1ggd a
1 10thidhl uoﬁtam@ dylrugGlibstink 6 subinBy 1200, vfbrd%rrmn Rhh Bleshigh

i ezo actuato desi gns known in the art can be used,

ACTURIOF OfcI$7g, rapstiucqtoRr aif?ff?ﬁf%ﬂ vibratogj gn elgcpmagnete b,

marglnaéﬂnﬁlvefétemeﬁt SERBrEbr & HRRhshisnf A€ kddvNa i eYart. In one
ng@ ymeric, piezo materials and actuators 15 base&

flilneat p giege %‘%‘@t%ﬂ Wilized, synicaHy pensisting ¢fpepiezaseramic
eleficRf aﬁfd%rrﬁetalyé 9(5 hgﬁﬁ’lﬁﬂ%rglp or H?.’qulzpﬂ dgé"léry ﬂe% %(ftl?z{t?err i

ener gi zed omn int
degignedinown !ryfbﬁ ela IciluybeaIStcta nrrq:atdmggbte Ine1dtrnutecd tc,wnmemduoérs and

n anpl i.tude, to.the |ezo
P GRIERE Lok SMEDRATSo B0 3B b B BBl
ba$e|de>q melrymee;s pieanmhterials exoh, befutitizedex aitpdt@ss. Wlblhtd%ﬁlid%tbd’ii

L& |n t e fron1 bout, 1 k t o about 100
p“{< flg&hlaggrg Aores £y (5] ) h,v%] R ﬂfeﬁlét PUPRY G e e R r om
tyadatly hlt&ﬂatiﬁlglzlebmc ahoet: ofdppldpziate &RGuendBPIddt B nRE, to the

mechani cal _oscillations fromabout 1 mcron to ‘about

Plegp) CompqngRtsP igenieaITS tyaedio veays &tse:t?anmmurz@m@ambqr @seéffor
exathplé Fith Ronat frlquBhdifieh el rﬁﬁl%g i3 a\Béﬁt' 1 dzeto AR ll'@(pl@fz

several frequencies sinultaneously, to transmt
margyPigalht i s yitrapenie nange row abpr 30é<blﬁﬁ<aahmer 454K, afithe

amﬁ:flﬁgé@fr}ﬁé’chﬁlca\f b%ﬁlﬁftlb%&ﬁ Boduftl! gﬁr&{ ?)'le)lﬁ%% rﬁlttl%ﬂsr];;z:ai(#o

hundr eds nore typlca he vibra
pegky é’du@wclﬁwascambim%\bbtaungz itk leither dixabmmmaoe febdgendynor
eI LD, b gt Bl BR  0

cordainadil 0.yThe (fmpilmdy bOvibratibradan @dngd 110m 1653 fiadi 14 to hlidrb@&sS
rture 150 substantlally

t le j.ection
1Z mor€ Aol g GG s T Ay 25 el bt BOKIE. In
theenelineht Bbwh ilBig SUREARCB0 120 dirké SeMA witebsthidls 1180
r or S caq%ﬁlso enter contai ner through apertures
m“%% lsﬁﬁgﬁﬁéPW’ fRCantAasr 1190 has at | east one side wal
apecéithiferd90 hé{BrHt Te'ﬁst'oﬁe Bk eﬁb‘t‘ﬁbﬁta%%ﬁr@h by suBRRRRY 8p oglte

vi brator 100. Side_wall aperture 200 is not use

vibggterd0p gpd wrvieg prgnayiipiar sisetonnfdrysepbtanse 420. H@Weg%sowsaﬂe

air 81§ can also enter container through apertures 150. Further, container 110 has at
least one side wall aperture 200 which is not substantially opposite to vibrator 100. Side
wall aperture 200 is not used for ejection of drug substance but permits air or gas to enter
container 110 from outside and thus facilitates deaggregation, acrosolization, and

ejection of drug substance 120 from container 110 via drug ejection apertures 150.




10

15

20

25

30

contai ner 110 fromoutside and thus facilitates
deaggregati on, aerosolization, and ejection of drug
wastesece 120 from container 110 via drug ej eRCT/UH008/055354
apertures 150. 3 WD 2008/106616 PCT/ US2008/ 055354
Drug substance or substances 120 are provided as a dry
powder, but other fornms of drug substance are
pos $irtyd bstance for asbstlan«:q:lsl il 2{) ot peakled As zSd]ﬂyg)b@d@rplbm Otherhforms
fg ggﬁ bst ance .inea ]g cangke used, as
of SiERPOETgS fg POTILE Srkbes OB ofiiy Siage catpeentiy Hofibance
(¥t tiig OGRIbE sl & wamhera&mhga@bgmes OF drap SiksRAAtds @hfibined
t her eof . quﬁger addi tives, suc har maceutical |y

WHEEPEDi: TG Rt & ORI SoI A YN GERNISSS. aich 2 can
phahnsQcdtiRalfddadive &gr&&ﬁts%@d%&%ﬁ%' a%éﬂté Y:tca&':ﬁi' aYs% v ra&kg:d to
S

subst ance or substance tal ner i s made of

theyghagmacepffcglly active grugsubpines ereubaangss: aI s I n one _
embedhampt 119fis g (an?ecteﬁ ITS dt@‘“f'%ﬂl@&lte ﬁl% ik, qg néllo I'S

a blister pack nmade of forne &rrof or med
enboflimentfithe fresent ineanden, speaiberi 119 igroblistee packmmda of ¢add formed

orftlfélath fOI[HIJE!dtﬂlml Rt d-\lglaféﬁ E%‘HE%% 1J ln%tal q lz{ylerl ns,

Barrier coat e mata Mer | c ib it
pobymisodictadlivt fod tlad figmyp mmerlcnalehmataktnc ot palgmerat filchsi In an

enh_') Qimegt’ Q %@eﬂﬁﬁﬁ}l&& ll?ist%teiﬁl i 91)% dl’cl‘,%rgta]lner i l%tls a &nge use

I Sl ng ‘'géene
blistelnpacb pdlmrrlsugl genearhlly hicelapyramidal semitspherichlp plliptidat, oil§111111ar

and fl at m ar 12, wherein, to art 111
torft 11 2 PR o BGh BRE 1 St eatt 68 el 1 (1B B Bt F o e
hemenmatymeﬂsd i@mamotha by ekt kndwiGh ue amglnbmalng Bt Aot Ninke&d

pressure sealin

55 to glondl n% thermal sealing g

to ling. ﬁ@essvawa%trseuktr.aww sepling BN thadfeeelfireg obr

bob@ad bigalthhd 13 & aMoSehenGREIBsh&h InFi PAMAhe afealdif Gontaet | N
the area of contact between the top part 111 and the

beytsen Bimtqpanart 111 and the pptigny pary Hig- Viraypic i 1 shodp iredifect contact

withank B&lom Wit N2fdr8dntiQLigen part 112 of container 110. A
nunber of" possi bl e shapes and forns of blister pack or

confdiupber af posséleshape asd ﬁemapf Wlister ya®MmmtalnerH|1 gsrc 3A

soeaR0 s 11541 0 oleh 3 108050 PhIB cSAPSRAGTFES:

SAWBDCYO); sylmbisal dhpw*(Flgn 3E :gxd 3E), velnich is alemhc&mh& Figc ) andr

0 I a H). The di nensi ons of
s éﬁ)bg&ﬁle?raf%ﬁal N ongﬁ%n‘g%oﬂlr‘?%%f are fromabout 1 nmto
aboiﬁhe amemmns rof coraaimdr @t Q inaomd efmbadimadiart frdm alout O nabeut

soio A B i s TRAEGR 5 ShIEGp B Trishl hpever

1argewemanenconkawneamp1tohﬁﬁ beniedi ARRBidingtth qnsiinaémfroﬁ Mn @flother
mgont ai n%r 110 is_from about 3 to about 12 mm
pimenfethg famster plontsinge 1018 fomabeyt Srip ab {2 mn, avha%@t

heid TdntdiRG 190 NEMsHh bt Do Hokkd26hACt 1 On apertures 150
are_from about 10 mcrons to about 1000 microns, with

pr e dlwgnsinnmef divg siscHonARFTaBe U 05 fiere pbvs 19 Bicamnsde
abotf? 206 nidtons, A prife AR B meRSorQ frof a@@ut%l thicRRE(LBE&S5 0§ 00

are fromabout 1 mcron to about 1000 mcrons, with
migrpies: PAmedions ofesidesi vorlsapeitwres 200 e (r@B abrdug | onegron t» el 000

migfglg)s, Whekt 'iape?esfred Idﬂné?lgl%ns from about 25 microns to about 500 microns. In one
embodiment of the present invention, the total area (cross section) of all drug ejection
apertures 150 is at least two or more times the total area (cross section) of all side wall

apertures 200. In another embodiment of the present invention, the total area (cross
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enbodi nent of the present invention, the total area
(cross section) of all drug ejection apertures 150 is

W@200Be&®I6 two or nore tinmes the total area (crRGEUS2008/055354

section) of all side wall apertures 200. |In another

enbodi nent of the present invention, the total area

(cross 4 WD 2008/ 106616 PCT/US2008/ 055354 section) of
se@ioh) (qfallglnfé S&tibP FpeRBRE § 55 8t 1P ﬁ{fegtnﬂfs th@%ﬁﬁ alfei: rc(?osg' mes

he total area (cross secti on)
Se%@e}qf@lléglez@@apqrh@esﬂ@ﬁber of dr ug eJ ection apertures

1507}, S kbt c%rhé,’ gga%gp&{?ms"i’%@ i frdh rrbo%PO?‘r{eW:’j Wil ng

e ectlon aper I'N ano er e
nufnbermf dhigiejecBort aperttrea bfiLin afothéFlembodimbeirbenify fRintigbowed {o

ures 20 om of
ab@d?g fhe bgrp%rs dl%r%agl r'fs%()gﬁ #%&Q%?PSBH Mﬁ‘gb ngEbsig
of ﬁldmwall alieau&s 20hincmnethardadddireat bdilfg fedie 1 s BSent
i nvention i brat.aor 100 i.,s di.rec C led to
omiris abod et He ey Sieiidn Sbraor int ety coupled to

cothifi®@Ns D @NGhBSubshtigy e S Bmesidn & the OmteakiBR of k0 on
the coupling surfaces, so that the areas of coupling

copfpingrdil P @ isrearpling serlaces. pa diekthe regs of caumbing obepreesepnding
surRBd 61 vﬁlﬁﬁtoﬂ-m a"flﬁ %oﬁMchrthG taﬂe%{llks‘{anhgl% thet E@ne Q§sh§@9¥]WF1§p

I n anot

F
1, @I?r%&dﬁlﬁéﬁ 3¢ alth:eg ﬁflégéﬁherleﬁlbeﬁme@tmf thesmm ipvenfijrgs .
sh(?wn 1§’%1g53f’3Aa§]ﬁl aﬁ&“‘BGdalfﬁ% 6n‘§ %?v@tat&'l?é Qltﬁ%rg ?srﬁgﬂacr v

l'arger” or “snall er nen3|ons 0 A her 110
dllmmsmh%oféhﬁ;mntamgr lsu)rtfnah@@upmm‘ wirfa¢esRefeving oow kethe

e AL EF S %enh MR ERE s R 18%oR R il S

to son@irer MECYian hﬁahanfcﬁl&hqbecrer o 1n1eg1TaEgh aBo,pk kholv@Qn F&S 58 h@wn
j 140 s shown in

5A, ,0or _throu r
rpiy an§is e 4F 21 SR G Barh Anaob s plse R eapmted o
corﬁzﬁiﬂéra 10 @bmklef of & RAnGiInee] 10f(erhbiRliBe had sﬂ@xﬁfn)li’%rator 100
?n‘gﬁ ment. not shown). Vibrator 100 can al so be
canflsg @OW%@]YW@MM inpide pheopurykl Odembesdimentmalr 110
shdw@ybodi ment not  shown). 20 The di rectl onal ity of drug

ej ection apertures 150 shown in Fi 1, 2, 3A through
3F, The, dirgpiépnslity 9f drys sieatian apettyrenkH0 1>W@rn Tigs: pehdidiubough

3F10 aﬁcf‘ﬁsts%taﬁ dﬁlfﬂ&%nglforgélg rgﬁcﬂaaé goot et urf%c% of O%ra%ifgﬂﬁ or

‘of coupling bet'ween Vi PNt aioner
to thkplaee Qﬂweuldmgécme@malbratcy 10@éndsiod@ingal 10, apie the deectlﬁﬁmhty

of gi(geo‘%p?fpe nrte% %dol i s @a{aﬁ%ml P grggell i ng%grre%c\%éeﬁ \ﬁtorfrlg{) 'oF %l%f)
plasaof ooummglbﬂmeeﬂ.mratdﬂOMWCoﬁtahﬁf 1 . Howtved othkt diyectiGtaligf
rtu 200, can be.used, as 0 in Fig
of GBIk SHhand S b b L B B i1 DS 3apet s Fowharsty diped o
ejeftdhAPértdss 136 @mdh&mam fﬁeﬂ)eﬁctianm@m%%ﬂ AbBefr viirkbaton!

100, or to the plane of coupling between vibrator 100

or tglef R%%ﬁwépmmah%weeawabrgﬁoa boqlealri |cont@ip@rlt1 Orand splowalir e
ape@tgf;es QG@QE ﬁ@tt %%tiﬂlaﬂyaﬁa"i‘élleﬂo tBlszrfaQe SUEERGL1 R oMb AL

0, pl ane f coupling between vibrator 100
Of@ﬁﬂlﬂtgdwt%ﬁehé’rbf%qldoomd?qiiltﬁm?éﬂm| on of an enbodi nent of

th eln‘?)ﬁgéﬁcm of'aH\éﬁ‘l‘BB&Ql@nt ot %%ré@@ﬁt lﬁ%h@&l, ngon actuation of

vibrator 100 and initiation of vibrations, vibration energy is transferred to container 110

whereas drug substance is ejected from container 110 though at least one drug ejection
aperture 150. In one embodiment of the invention, a synthetic jet of fluid, which can be

gas or gas/drug substance mixture, is established through the drug ejection aperture 150.




10

15

20

25

30

vi brator 100 and initiation of vibrations, vibration

energy is transferred to container 110 whereas drug
wapstemece i s ejected fromcontainer 110 t hougPCEUS2008/055354

| east one drug ejection aperture 150. In one

enbodi nent of the invention, a synthetic jet of fluid,

whi ch can be gas or gas/drug substance m xture, is

Sy ﬁ@l&tﬁglet' i§ BiRshctdizQU@Mhd: AR A nRlveistih Both BREKLIY @rokg?: S
08/ 106616 PCT/ US2008/ 055354~ Synthetic jet Ts

aperhas ROt simpltangoustfgnmatipeof youtiags i batb sidergofitre dpottire.
SyQﬂhEtﬁ:cﬁEt'uQQ sf %alg %PH?Pd %FP&BGVH %sg gklgé& f tl?é ﬁ%ﬁg@&ﬁ{ﬁ%tenzed

formati on vortili ces on es O
by Gighsheadijets plegas pﬁ@th@fﬂugh@n@ﬂtlmg feu an msﬁdenmamertcb)sem ese

chactﬁﬁelr |v@ﬁ1 fifld Erﬁgm%: a?]uei r@ﬁgfl%t?lg %@%ﬁat%g ﬁmﬁftfgﬁ%ﬁnes%o@%h%ﬁfoﬁlgg .

| ets of gas or from an
s0 ihat Buid exyed lod from Sheodhambeeris replienilsheti Ibyifthidesmtceing g chmeber

T T T

andDBO\ﬁ/érSI intlich Iﬂb@hbébg;yhthalcq BamRIto gds R Rtihfugde an HedRLEFRE
de to US Patent Publ | cati gn 2005/ 0183724 by

dirpgligRt PUhCS S VAR PRI R i S F e SKpHheeiefsangygequire

estbbIBhhént 9BScol®iti vitged Whiok!edh RRst@blishéd orleRardiIt b
di rections, synthetic jets can continue in efyl nitely.

PieERFRFRIGE > SR PHEERwrY aectoglbw&g;orr Enediiec pacpreaterapingludingent  of
freglfeﬁéi% B fiVBNURSnIMHs %d%@tﬁaﬁ?& sﬁ aRd bRl ons BF esBXAIRIS: of

y piezovibrators, and quire a conbination o
streygedtistaingd,mad zapeadaible Sb’litb¢tlsrd¢tﬂg frequenci es, orl fice

di C I jons for .
R b e L R
shasym) whemnoxppleacSuanRabéwbnang 10 wide &/al'-l:lagemﬁq zwmeanﬂmmitsiﬁerair

o G B AR TP B85 B e g e

effajper ¢jention 200 entsiahe 10 HivhdRugEjEctiod bpgase 150 (@Nt er

SR S PR DL - 4 ok B B SR e uati s of G

su&téb&%@&}faﬁlel@@mﬁ%éﬁ%t&f 48 ebRshdraMp.aperture 150 (as
schemat| cal | own by arrow 207), increasing speed of

ej eRefpwine any t‘qﬁlﬁnY iap eabodimentof he Peashrd inveaan is sliganlas a of
schl@ﬁhﬂngresﬂe%aagn Bf@@y%%&é}'nﬂﬁfer JCJ, gngf? Etader 1 1 vibeMot ©

an enbodi nént ent I nvention Is

1005, h@dmﬂ@a\g channel9enfgew @hanegiﬂ@@ elmvm indig. 3 inofthgcrpsvithar

[

s VARRES air SR g a9 Bk B g R Gl o arkf BBl
124 gjeatibn fiam conedsr T l10pvuid diypton evmhaer @@ylomlsnndleatéd bmmrmgz 207.
neral | endi cul arl. tio dru

g8 bRinndl BEBERITHEE T otk Rl b o bRy i
ﬂoﬁiigg $eﬁdrao]|y pafalltihe tie) ﬁgtg&)@mﬁ Hﬁlglsﬂ&t&FQé BZH);%}&UG;E frf&WcﬁﬁZmer
. ow c nne sho in is o t
11‘}23&.1%% irepiion g algfpeé tl%%’#@ﬁ‘ﬁx\& g 20 PowRgst gtéﬁ’g}egﬂe
arrP@eabdtebf thOfSWI Ehath &S00 b th® Eorfiditkd 1 SO/RS (hagete, ¥hbreby air is
ejection fromcontainer 110, with the direction of

Moy IRg ifeg WeTei complen drikuer Mitgspedinte Soiwoepargile} Hew andyross-flow
(bR B Scvn) mm%m%ﬁ By Bk gm%t ftllleoa‘i\f i€ h@%@'wﬁ% fad

the container "110 are p033| whereby air I's Vi ng
ﬂow whapnplc08, witihgt enterpngtal seoyvni hytaenow& ai Qa{trd eydingdleerdevice for

inhR3HiGH dsShold By 8p0ss- T 1 ow

Upon actuation of vibrator 100, drug substance 120 is deaggregated, aerosolized,

and ejected from the container 110 through drug ejection aperture 150. The sequence of
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30 (enbodi nent not shown). Upon inhal ation by the
patient, the air is flowng through the flow channe

W@®s/10betdr ai r enteri ng as shown by arrows 310PGERTUS2008/055354

exiting the device for inhalation as shown by arrows
320. Upon actuation of vibrator 100, drug substance
120 is deaggregated, aerosolized, and ejected from

thd de@or@atia, rd%séh]zgtldnhﬁ 6 Mgi S£64hRA 18P RobhRestafly
The sequence of 8/1066 PCT/U82008/055354

Prochedingais dsrabg v @ré@i Wb@%@@ threcrpesases gavcbeajcetingn of
sm%lfdﬂeo%ﬂ?%r%&%@c%gl '11§arBIQ)trdsi? ﬁeg%aélﬁ% bh Yhe g@faﬁfélee?sddf'?ﬂrb

t he above order, erern esses can
prasessuvith thg esd Wﬁllllt baiegodrag substarcedah slectad frvmlcyntamereﬂrw through

e e e A L S

chfmelrA00 oh¢rasoh ef th& mgtsmrsmugmlzoas thenibeirg Eckddaip by RREAMIGRir

rgs dru ub t.anc appearin
3 18‘ 0195186 o? o8 alngh nlée]sglg%m %:Imcss 2(él ﬁ %‘f‘%ﬁerg%f[?g{‘%\n ce
1nh’hﬁﬁg pa$16nthte shdmi bychripcRO OThedndryss S basiae it thadugh sidd Yall

tai ne resulting. in dru substance

e B e haSR Py B 20 Heute S Hhdah e hsraceiin, gostgiian.
and¥je@ioh ONIra2 Qubsthié: 12@9]51615%1 Rhg Qb’&tﬁh dferfikds 150r ough si de

wal | aperture_200, as shown by arrow 205, facilitates

pr oRefsEngmopde figr &aembadimanod sl nresantiivventiarnis slrawn as a
scHRiragd bmrﬁio@w m&p%ﬁtﬁ%ﬁm&@p{)oﬁgﬁw eféwlﬂﬁ;a%ga Lgn

apertures” 150. Referri now to Fig. 8, an enbod nent
ougide phiahgerdwdn t8Q a9 éﬁpcpseg sqvgabﬁcmnh@erawmmmmblodi@g a

coﬁﬁlxerﬁqmdraﬂoF h@d ?ﬁ)w\%cjl elairb gﬁirg er%g éx})/(f’ %g,but%rz %.&Qing

hin an out sl
to electprap drlmevbuawr 104 artdweher nlhatoarc qomppnnmsmf:the ineddr UBKtIRLY

1o AR BT S50 8% e BELSLRD Sig 2ig one oy
enefye®iirce gadhl ay ]})dﬂtdﬁyﬁadqh \blihalt & bl@@mﬁfaﬂy ﬁgi@argem@smm gr a
0 ents, of the inhaler ter i s serving or
fucl 0T GHET gCBR SCIPORIE O STBSHNTS ILRG. § 6 PRFRE meash 400,
forp@drdify Srug aectif a@ayureseama LENASREIN SGRrtees [ RatalRE &i&lidter 110;
ack, which can be imary or rechargeable battery,

addiiong! single flose drug, cori e 46?nsm§ﬁra42 doniseriRing dstectinghal er
1ns§1|i‘é¥1‘6ﬂ by B ubdrOr pAlicAl Sdapled ‘i&&é@&t ﬁﬁ?ﬁﬁ@orﬂ' 0 flowfbg 2 uRrSS Shdvh

drug Hectlon apertures and or sid ertures in
by agewsd [Rend srterpinnggted: to plegtroniQ@reai 662 fogtvatevihgloe 100sd
druge #g%‘?‘?%h %%:%gcﬁi%atlo% roc%gsn§gr{sor4éég il Qe at%E/Scla{r)]g)l ago%ptther w1tth
eledﬂmeﬁtoardrtmp iciratitoy %befrdefebtmg Iingsem:e lasda streagthsifi aitvflowtiy the

nn ct i C C|r
e Ao B S ERERE PP b Bty g eBviFes ol e
46eme pooldimakhory mm&s& theS@atietas w2l ad Gptionstfdescatolipters and
| ectro rd and circuitry

bl.e th b
indigg arb“%‘sljd@’ts érgd??aﬂﬁgr w%%%sﬁ‘b c A e t:hC oﬁelb‘ferya?qd VETRRY i n
optid€. Arov BIVALEs &R BeifPinhABEbY e bi’&nﬁj Ch&fikl meﬂrd)\tld’es Qfcess

air flow Patient feedback devices 460 and 466 are

of gytsade adi 1A §ids aved gpgrture e dhat prenagmation ofgiiratas] Ofeufsidg gir

caritel P8R ind}A36 2SQURL Y S8R D05 1 ndi cation di spl ays
Indicating to the user the status of the drug delivery

andReferring new tobigi BesibodimeninoBRe prskrpninverition ges shgwn as
sche&gl‘?é @&e&)ﬁtabﬁr‘?oﬂﬁ& &)gs%er 1&@&%% LafiBls0 %r{iﬁﬁerq(fﬁ;,%x%rein

drug substance 120 is provided in single use drug packs 610 and 710 arranged on a

carrier tape 620 and 700. The direction of tape movement is shown by arrow 650. In the
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of outside air to side wall aperture 200 so that upon
actuation of vibrator 100 outside air 30 can enter

waeemsaddees 110 as shown by arrow 205. Referri nBCTUS2008055354

Fig. 9, enbodinents of the present invention are shown
as schematic representation of dry powder inhalers
wWth a nulti-use container 118, wherein drug

enfbdPisdeANBi6wa 20l 1g 4 rsf?lgle%éjdﬂug padk 981 Park §&e§é§%thoﬁ?dﬁﬁﬁqgﬂ%

and_710 arranged on carrier tape 6

63Qwhishiis eolleged emp @%bﬁﬁé nng exipgsing Gwe subytanger @0/ f@SEctiomyia
drﬁ ecaoe{\@)eégggllg& @r@é’t?}ﬁf% bod %§ &1%% ?l?o%«f@ lgl%%‘iiapn%% is not

remwé froth smgifhusa drugdmksgﬂﬂ hptds ﬁ@&rmﬂ Idfore o gy@inl eatehegi on
, sin r.u tance 120, f

i R B B O TP B SRR P B

ap@tuwdﬁ ﬂrzdﬂmu(usotorstwu § islin delitavgwith pari&3Bpd 0nabugh

R DEPLE G5 U DR PR SR e 10’

acmﬂm alu efectldeBrug Substagoe106 tHIgugtlejédti i kdpeats B501@0tsfdehir
ection via drug ejectign  apertures 150. Milti-use

en@%ﬁ?%‘fiw&fr 113 pg showm by augh 246 viamdetivatlapeige 20Q péile agosolized
driebupstgie b&@%ﬂhﬁ@&b)bih@ pARIKARLhANn 63 &t 93800 ayg%mmeg Cinto

i nhal ati on the patient, vibrator 100 is actuat
flopyfihanng] 30tip Ff@“@rh)@l‘f%{k?’é@ance 120 through ejection
ape
Sﬁrﬁraﬁ§ ik 9£§236!h§g' A6stcE 12(%5‘?31%3182 g{%@é@% 61%81% 710

shown arrow 205 via side wa
cmaﬁmchlz@ﬁofmecfplsﬂgd switstaaregdrednrparmivh &ipe d0b The Higection
n
o BB U SR 501 5 APy o ORI i
podkiety 0@ Bpe at(Lrugldsuﬂnslmame eorﬁazﬁ)er|1$8 Dﬁﬁl\:ﬁlldﬁdlsd: dSbnEdnﬂ:g €8 iuse

r acks 710.. ¢ r.isi cket s a ded on
corlg?.cgg?t CALET ARG AN %H B}P? Sg lega tef&mg’ ﬁ%o ngP%CtI on
inlﬁfatlbralpbethﬂpak&ﬂ? RibrdtG 1$)|b MR, ahﬁMcﬁﬁé)druggﬁﬂstaH% 120 :

carrier. tape results in ening.o poc ets o
thf?‘%éle?ti‘eﬁ %Pﬁawqﬁ%quér i CORIT 1 825 shpWmbYHTQY 2Qs e
viaGeRtvaillngsrtkd 800, WhAOBdreolizat dikl s‘ﬁﬁé’tiiﬂc@ s thRR& Qe ]%ziﬁ"eﬁ’ttég h

conpr essi bl e gasket or Oring 600. Upon inhalation

YHiebypaomel?P and pip ingewing 100 flpw channglad08ddriveh b patjeats i ng
M1fH 5 t hrough ej ection aperture 150.
' atg%gHmé§?Bg§?é%gl%ontalner 118 as shown by arrow 205
vi alls gecinabf amgpercs ir@n(er 1 Miviah be pefoosal 1rmmﬁ1a11¢13a gefore

1s i.nhal th t 20
L Ly s

folld!IWiS vteainbylepiatitaatel $or use Iapdrtmt‘as Gmthe Idmgscbmmme]kate @Efoe&v

The |erc ertures in er can.be
ot gt st bRy B e hS g 400 s BBiRE m e s
casE ef tapebgzad Hep ?Jackls 81 ORCeRRASH sHRAEd, ok BPelbRNE PHUAIT10 is
rates as ol lows; the inhaler is activated for

0P‘?5‘§ and, then (ipe subsiancq 79 iypqiepoligndiea theaptiont és iphaking guoush
theGhtalte rIn %ih@}‘érﬁ@aﬁﬁéh% the %beﬁ%%élﬁé J)fyinayldﬁél %ﬁgg' Pabks

means O, or lidding materi al case o

ocwwtoa%@fdlywa@mbeﬂew Gy Hagerrtéh@véuelwrogw@mﬂ@al oror
mebiPRRIASAY sRAUSRpinkDr e&ctr(gg%ﬂ% acRRfr, L Bl P8rator, all

subst ance '120 | s aer osol | as the pat| ent i's
optionhldy dctigatedhbyoinbalation detecting sensor 420.

In another embodiment, as illustrated in Fig. 10, multi-use container 118 is
utilized to deliver drug substance 120, whereby side wall aperture 200 is connected to a

source of drug substance 900 via a conduit 910. Source of drug substance 900 has at least
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the inhaler. In other enbodi nents, the opening or
pi erci ng of individual drug packs occurs

wa@ewsmeisical | y upon i nhal ation of the patient,P@HD9200$1055354

el ectromechani cal or 30 mechani cal neans, such as
spring or electromagnetic actuator, or thermal

porator, all optionally activated by inhal ation
twel of @6fel dOGsDEDRQ rsu%?agce M. Qﬁﬁftl%f RIRQELRRY 20 @élvered to a
illustrated in Fig. 10, multi-use contal ner

patignt fs coptgolicd by dhej tinaing aﬁtbg aciytion afibe davie, onlyer sebgﬂr ém@mg
acH@l c{uaﬁ’tﬁ? bf &é‘il@erg&) Qru §u&9aﬁ£?%§%%t:&1§%lhng ?t?o e vﬁ’) A& 100.

subst antce con
sub&then e@b@m@ema@d@mphc@aw off tha@dn2o08) &0 &ﬁﬁﬁnplated Drug

subs ance
BTSRRI B i 1L 0205 VO
magéeatiemior ireatmeniof plih.ewthing, dniphyseima ctgordé briohehitie t)u;at ﬁl‘mbs1s,

t or det
R G S RN T T
diseamator relibing gyrﬁp:tbmabf odisdafe wh&hrcﬁ?v‘ﬁrehcﬂ.lﬂ%e dekd36lized form to the
e nments a |icatipns of the invention are
pa%%ﬁm i‘&?ap Eg/oﬁssyétﬁﬁ&%%&te for the delivery to
[pdri€@038R 1 RBTheCEbIABN éht, VIRCS £t indiiordTs kAL HEIAGPRRASsolized
HEdlﬁftIOQBﬂt treatment of pain, asthma, enphysens,

drygfiop o tfgrdntranpse] deliveryporakdelivery.cupaelivgryapeskis
sulfdc8 ALINRAL In MlotRPYmSIdiEEnt @ﬁuﬁﬂfrhgﬁnﬁfi i€ dQlvered using the
preventing or treating a disease or reliving synpt {ons
present fpvgité@ase when delivered in the aerosolized formto
exdA\gpr Pt i ent and having | ocalized and/or systemic
effect. 10 [para 0038] In another enbodi nent, the
pr edemide] inbadertdewice similaste dhe desiged shoen 1raﬁgdsﬁqlca1mbli ofdr ug

o 85 sHADOLOLL AR G LB ANES S bR 18 |

apatedshed sideriyoldl apeetotes, x@asluthzdddn etpegmbmlreestiag i Khe desice had

. deliyered using the vention. EXAMPLE 1 15 A

ot SrcTinateR o owetld BN Sk 'K Ris e o onA 1 1

modifid aif Aranddafd bdafutturcdy Kiida Wckiorfdst Bhn Rhd BEELS
haV|ng only drug ejection apertures or both dru

vibggtere { hegpiezogswiaton Mesaciateddpifeseqrnds %@%&dywe@ 90%fabte time
at PrbdubAG DB R A% REL VBB @) t1ﬁ1@§1td fifluen alg%fgfx {AEE, NAhing

i ntegrated el ectronics and renov nne
betyiearyhesgdiequansies papstatg oph0 Hz (ch@d@fcleéd%matmg woltsdeioer
] f S
opdfBHLAE 180080 DY h R by &6y 1 ocﬁf%agéna%%%u”?‘%ﬁ%i%ﬁ
usesle@ axnwbete ﬁm dlemaztmhtorvﬁ rbhﬂél%'lth‘ appfwlmateig semaitspherfcaketp emic y
10% of the tinme at .a fre of 34.4
oot Ef g 2 Boelsuts SphibEelafns Mo hgovser Bt o o
aer&%hkﬁloﬁdliﬁe)heighﬁbfﬁhe blftelr Waﬂéﬁplrd}@nMSﬂytS@gﬁm(th the dlameter of

) teI 60- 200 volts er at ed back
the@f? ﬁ@&’éﬁ'f %@@P@amﬁe@b@ Miffs B“G E bfﬁ%r
SI@Ia%Qh@@bm@wn ifFiBl 3 S tIRE bMdtdrivas Bﬁﬂ@éﬁf mhﬁhm f011 coated

sem -spherical top and 25 flat bottom was ut|I|zed as

with pRlyRgTie layere Téﬂ@ﬁ@paaq@lépt% Rk Hitheplissewpre dhaymplbiggaled oor
cach @RS Alob %S%Hl Qﬁherla'l? DI bIREer & QJCé(ﬁJVﬂ 4 WA ejection

approxi matel y 5 and the diameter of
apertures using metallic needles 320 microns in diameter, similar to Fig. 3C, where only

two drug ejection apertures 150 are shown. In some experiments, side wall of the top part
of the blister was pierced with at least one side wall aperture 200, similar to Fig. 3C. A

needle with diameter of 240 microns was used to pierce side wall aperture. A flow of air
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the blister chanber at the base was approximately 11

mm with the shape of the blister simlar to the
wabmpaowhown in Fig. 3C. The blister was nade BET/US2008/055354

alum num foil coated w th polyneric |ayers. The top

and bottom parts of the blister were thermally seal ed

to 30 each other. Top (sem -spherical) part of the

thioligtSthe HoW@BanRblest eiRleWict Badestiblishe@ hETL 1O perdRB i YT BNT)
using nmetallic needles 320 microns in dianeter,

usg Aivpgum Ry dhe bigster e Filledowitty variable qugniigiesq@aradshdry
r shown.
PO g S AN earho® BT (R RLE: TREhtorid s,
Va’é‘ﬁnglf‘éa%ftm%t?écgﬂd@@m,al | aperture 200, sinilar to Fig.
3C. The eib%ﬁﬂt:ﬁal%stuhs Sl [‘@érﬁéd 19:_l'at7ﬂé(1) 15‘% 8351%@3 %@?orﬁj‘??oqe
pierce side wall aper ure fow o
unmgﬁdmamﬁvmwm %séreﬁmdnce toﬁ ougmdrhsdd walhapertures

res%ﬂé}i“ t%%%w%rﬁqn&%a\ée gl V\gas °l éc’c?lﬁlg Igcf %@}qg Ithev%lgntlty of
pomdd:rl tbad cavi eheffeatt velodj ectegiyl arm;jardde;sn}monaumkhodf dide Wall

andtetln c .cl ear nce
B PP ol SR P a3 it Sy e
thet emei ivall apsturdresiilted BxREY digfdasd inbresulid SeaRe PF @6 9&&&@
As can _be seen fromT unexpect ed

fr e PR B Spva et the jpras eanditigpe o Sufiebiien ShebioReile

ap&rivels. WRb borﬁﬁ%ﬁfs&%ﬁésts 4 81Ut £6hd $3; 8aid &!’Ehﬁlbaﬁ@é%hat without
increase in the speed of drug ejection and also In the

picg a¢tbatiop. nfappiseible cleataage vera detoeedsvier cthiew sitly wall mtexsts

R R i e i e S e

qu@mtlegofamwd@dmnm dle(bastaSI A Quarttigivs fitikeorderl of 3f6peg tbut adso very

nt e ar an
A B BSOS 37
wl@&quormmailyc noqnmdelvm tdtioty bmﬂieejbserwdtﬂnmu bhﬁdrdﬁhdﬁaéahle

ertur SO co arison of t
coffiSon Wil side SRl RRES: SHREOUERDG iy Gkt otd &
and9a, KRS BuAD] ®tdeted Wad e QAT HRUSRBMBN 5N Htlifes
wal | apertures, were present. Side wal|l apertures

occuigf fast sqrpstimesiylessghana seend; @dcfﬁséeafvarb@éte@f\mﬂ@gm%rwails

apé]’tﬂl?é@t Wﬁkl?ﬁav@fnop&\‘iﬁ%elff Eieared n M & $dcBhds. it was nd W thdt h&S
of the order of 3- ng, but also very large

aplaerafrhler Qi @ﬁpop\@mfﬁs, ejgcesel fiopstideeall apbrieheduing dhe tedting

perfolt § mg and as high as 37 ng, wherein practically no
powder ejection can be observed fromblisters under
same conditions wit houfFA'Bi[erl vval | apertures, as
enonst I a; ang .7a: and

rouGlI%| ALARE o | P G AP eefo ol "0 Sy Wil
1Y stlers with si de wal | aperturf%h 20| peeMr [ ed fast,
sonetj/inmes in | ess$ than a secondjstand | st ef vs.
blistlers without [side wall aplertmgres, whi ¢h have not

1*

5?%);’{3' Qtdﬁlg)!ec% ear elicevemtcin 4 secopels) dsho\ 3§1ls{%9&lth Q&

preC| é(bq“@narmunt of powd¢r was|ejecte

from §Pefl¥ ap BFPEFEEdduri nig t he {est i ng?Perture actuated with piezo
per fq raﬁrtgre J §LE 1 ## Powder i n*Apf:r tur es |n blister
My r1 ULEUUIE aviny T L i, L1 OITS
2 425 4 drug ejection gf:céﬁéfﬁﬁfl&j 1035 246% Blister without side wall
apertures pierced actuated pump aperture actuated with piezo
2a| 3169 | 2cidevall Piezo actuated, 3.061 | 96.6% | Blister # 2 repeated after 2
apertures Vacuum
*E and 4 drug ejection | pump actuated side wall apertures pierced
apertures pierced

10




t he bl

ce %

WO2@8/1068% 4% Bl i ster with side wall
side punp actuated aperture actuated with piezo

i ster,

cleared etric ng from C earan

blister,

mg 1* 5.037 4 drug ejection Piezo actuated,

Vacuum

apRCT/US2968/655354
wal |

aperture pierced 2 4.204 4 drug ejection Piezo
actuated, 1.035 24.6%Blister wthout side vvaII

3 1ap88r t Uy Lu%ﬁ ced Péacyumdpunp apesslurfe Samt L Ao WV\AO Lide wall
pi ezo| , Qavagun@gn? si de wal | [Piezo i‘tH' j od with piezo
3 061 605 RI | stlg¢aed? repeatpd aftgr 2 ;nprtur es
32| 1¥awuupd! %?EYVGH FHUug \ﬁ‘é”é?‘?t?ﬁln punp @obtugt eckosi| BEsSRAT ppeated with
x apert L£rced pmglpgglmr es plerced |10 VO3 %g%gGGlG
PCT/ USg 31 055354 "3 19. 028 Pi ezo act|uat ed, 5.5%
4 dr ugpiede@ct i on Macuum punp Bl |ster Wit hout side wal |
4* | 1apier t udiesvabiperuce d Vaotuwatned apeft U6d gctost ¢ddlisdr with side wall
pi ezo| 3t s sgelion |apead iy & Pi ezp act ugt ed, 170e008exgBeddpump
Bl i st |ePer@mss R‘%ﬁﬁ%at StFoWth 3a 17977 and 4 vaékfen 7208 ne piezo
e-te—€] ! —act-uated—wal—aperture
4 | 1pp%rce agidé Wﬁa api 15,98 WiSHal | abenugsr @ e\ mligu #repeated with
x 0. 634 HuedieiBl i st €oud dfluci de wal | and 4 drig;.gj.66H0N
act uata«gciufeor 20 gperture exposed to punp apertures
pi er cledbrgéconds dir flow for 2D s; ng piezg actuation
s+ | AR 11 3B palSipgrareng | Vacuapeyrur e Pl eggpadt yaded ,Bhs]cg.w{gl&%e wall
99. 2% 1 egtler #4 r?o ated withl and 4 Vacuym o i
ej ect| eﬁj’iﬂb udted“Pi’ezo aftuatign apei?‘ieﬁ‘free%m ed to air flow
P! €r Cl&fitrced for 20 s; no piezo actuation
sa| 7316 | e wallaperture thezo actuated, 722 | 98.7% | Blister #5 (with side wall
* drug ejection pump actuated aperture) repeated with
apertures
pierced piezo actuation
% Side wall aperture | Vacuum pump . s
6 5.147 and 4 actuated 0.025 0.5% | Blister with side wall
drug ejection for 20 seconds aperture exposed to air flow
apertures
pierced for 20 s; no piezo actuation
6a | 5122 :r‘ff 4‘”3“ aperture I\’;:czl‘l’u?gmated’ 5015 | 97.9% | Blister #6 (with side wall
# drug ejection pump actuated aperture) repeated with
apertures
pierced piezo actuation
7 17.139 4 drug ejection f;::gu?gmiﬁd’ 1.67 9.7% Blister without side wall
apertures pierced actuated pump aperture actuated with piezo
7a | 15.469 :;ie4wall aperture Ellae:suz:;ltuated, 14.482 93.6% ISS‘ig:ter #7 repeated with
* drug ejection pump actuated wall aperture
apertures
pierced
8* | 23.949 Side wall aperture | Plezo actuated, 23.636 | 98.7% | Blister with side wall
drug ejection pump actuated aperture actuated with piezo
apertures
pierced
9 | 37582 4 drug ejection Plezo actuated, 0.229 0.6% Blister without side wall
apertures pierced Vacuum pump aperture actuated with piezo
actuated
9a | 37353 :rllc(iie4wall aperture ls;aeczlcl)uerl;tuated, 37105 99 3% ]S?;g:ter #9 repeated with
* drug ejection pump actuated wall aperture
apertures
pierced
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5* 7.388 Side wall aperture Vacuum punp 0.072 1. 0%
Blister wwth side wall and 4 actuated drug ej ection

w0 20082®68@conds aperture exposed to air flow BEBEUSWPEESS354
pierced for 20 s; no piezo actuation 5a 7.316 Side
wal | aperture Piezo actuated, 7.22 98.7% Blister #5
(wth side wall and 4 Vacuum * drug ejection punp

* Tegik Wath atle@P6iid SiaEWaloRealed W th apertures pierced
pi ezo actuation 6* 5.147 Side wall aperture Vacuum

punp 0.025 0.5%Blister wwth side wall and 4 actuated
Exanisy ep ection for 20 seconds aperture exposed to air
flow apertures pierced for 20 s; no piezo actuation
6a BxpefimesaldestingMas ppéarined esiy enzapahangi edyp 5mﬂﬂ;15(a the
9 b 6 ' side.wall. an Vacuum * dru

sl ARt ), b it BB picr Bt ar (R o st

frequsaest ofi3d$ hizedied 9pV e theambarm hifeguencyl 7 3MIHZand ! 0% of the

. €] L on Pi ctuated, 1.67 9. 7% Blister wthout
timEhGERRRRY 52 KOG SE B bt hiisor el pLitehe
(dugyodyule). edtewiatite wol@goof appilodiataedy FodBowalts géﬁﬁiéd,tb?% Lser
.actuated, 14,482 93.6% Blister #7 repeated with “7a
circhit iy & sfem Waveafor ses Hicd terartuatethe piegq astialosrPosideted dnsulimwed

b damedsttkce bAEIEFarRE BOREH: bivsR:] i,ezo
usegﬁnuat ed,sr23. gsv’%@gg 7% B?i ster w ?%@;ilgz&%ﬁﬁﬁ%@a

uapgtygh drugipgerder copeidnurhlnlaceer vr bigice] wertitisn opLimeist blitted
SR oL O s UMY Sy o
apeipesinadditipn todoer dsigieieaiiah kpertures demonstrated 94.6% and 95.9%
clearance of powder from the blister during piezo actuation time of 4 seconds. It was
observed that the actual clearance time was lower than 4 seconds of piezo actuation time.
Thus unexpectedly, much larger quantity of powder is cleared from the blister having a
side wall aperture vs. typically seen with the same blisters but without side wall aperture,
which achieved clearances of around 80 to 95% only when filled with much lower
quantities of insulin, i.e. up to about 2 mg.
EXAMPLE 3

Using an experimental setup similar to the setup described in Example 2, a test of
a model drug powder blend with lactose was performed with very good clearance,
wherein 6 mg of the blend cleared with 97.5% gravimetric clearance from a blister
having a side wall aperture. The same blisters but without side wall aperture,
demonstrated much lower gravimetric clearances.
EXAMPLE 4

Experiments were performed in a setup similar to the experimental setup
described in Example 1, but with a non-modified Murata Electronics air transducer
serving as a piezo actuator, having resonant frequency of 40 kHz. Piezo actuators with
other resonant frequencies can also be used, typically in the range from 30 to 45 kHz.
Flow of air through the device was established at 28 LPM using a vacuum pump. Plastic
cone-shaped top and cone-shaped, flat top blisters with flat metal foil bottom were
utilized as single use containers containing model powder for aerosolization, similar to

the blisters depicted in correspondingly Figs. 3F and 3D. The blisters with cone shaped
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No Side Wall
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93.4%

* Tests with at least one Side Wall Aperture

As can be seen from the Table 2, unexpected results were obtained, wherein a

significant increase in the speed of powder ejection and also quantity of powder that can

be ejected form a blister was experimentally observed, compared with conditions without

side wall apertures.
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described in Exanple 1, but with a non-nodified Mirata

El ectronics air transducer serving as a piezo
W@eigaewrq havi ng resonant frequency of 40 kHzPCPRPUS208/055354

actuators with 30 other resonant frequencies can al so

be used, typically in the range from30 to 45 kHz.

Flow of air through the device was established at 28
EmeDEiSng a vacuum purrp Pl astic cone-shaped top and

con t to e with flat nmetal  foil

bot t8 fgﬁ Y |W12 Eﬁﬁéﬁ%ﬂd@@ln&éﬁw flug gjection
apemmnalan@amﬁeeéldmmﬂ@énﬁ@ fwadBErforabd. 28 érﬁﬁ‘enteﬁ st Rgs L O

the bl i steriqsde picted in correspondl ngly Figs. 3F and

S torihe SR deseritisd i Expmapdink behrguenydenwanpressnan toddisters in
thd@@iﬂéﬁﬁl@%é&ﬁﬁ'ﬁaﬁﬂﬂow Qs Eafblislell AkigDA vARARE pulP: InMakkien, a

cqne- shape flat top blisters had a cone top comn
plgsgic canfl a5y tigiha Wi £ennesied tqithersidearallperip fiom quisidet n the
test,Rhel @leMlikiePvad 1Hf%n§1lttbl§tfy%§lafé@§mh@%? n%é a%&tg} ﬁbﬁwgm

and the di ameter of the blister
lighgyeighp B wad abagrsedmevipgtowsids gteenlettqfrdse pAasne Cfrmldaay tmjamg

. rm d t
AT RO B el p LR AR Gty A SRt
wadl|aperiunel imtdf i blistathehifeogir is peing ejodted faem Ithel dstedjsction Spertures

on%;%t‘%ﬁedbl}é‘l&h 3 holes using netallic needles 240
m-crons In  diameter, thus form ng drug ejection

apeit the ssscondsiiest; 4 moﬁddigﬂitv@iglﬁ EDag Wi p.:lmé abrwpelmg@a&tisla

I o [ art bl.i ster S
a"%ﬁgersc"é’g‘)w% ¢ Wit RGBSR B qbler RGPS | ar
defiectinfgij@s of zﬁr“ema&&lng?i%m brug Qﬁdﬂl(ﬁl apbitited AU HRNEBLE flm@ fhed?tQ

mcr?nsvva sed 10 to pierce the side wall aperture.

senpffiye [igtyrieht W%@g@r\éeféwvar}%ﬁwdwle inlgtes &ﬁﬂo@anq ggpillary
tubT@bth@s re %sterﬂéeﬂhgv&u% aBl/oBLiPiowAsEh tﬁerb Bﬁlﬁrgph‘tﬁﬁ and

avinmetric Test conditions I'1 st

thraleﬁld%ft Yidswell ansrtatg intp di bliple paich st ﬂatgﬂ@utg sugtianed tontge p/m]@
cafilRi® nbRR/E: zﬂldQ)Qﬁkﬁlﬁ $ER vx%s ﬁ%e%sée%dsgggﬂq?ﬁg%d 515?‘[ ga% o

Aperture cone shaped 514 4 s
wag\gjanually rmewed fnom blackingdheeplastia p@uﬂk@y Wbthgdnlstend Zhs FEm

blogg. g% gﬂ déh]%afl\éqi‘\é sﬁ%ﬁxgzgfea e l[ﬁ%\p 05 f?a(g 1an %% di%%ég 617
incBzadeid af jgeemiRte® F4maBe ditg éjectﬁn dﬁertﬁ&islon tqhﬁ‘pﬁﬁblfskeatThus is
appeQ tha%I LiSe wall aperture helped increasing the jetting of air emanating from the
blister by providing air supply into the blister.
EXAMPLE 6

Experiments were performed in a setup similar to the experimental setup
described in Example 2, but without activating a vacuum pump and driving any air
through the flow channel of the experimental setup. A model lactose dry powder was
used in the experiments. In a blister without the side wall aperture, filled with 6.390 mg
of lactose, a clearance of only 28.4% was observed. In blisters with side aperture, filled
with 5.013 and 6.560 mg of lactose powder, a clearance of correspondingly 80.8% and
93.4% was observed. Thus, it appears that the side wall aperture helped increase the
jetting of air laminating from the blister by providing an air supply into the blister
unexpected results were obtained, wherein a significant increase in the speed of powder

ejection and also quantity of powder that can be ejected was experimentally observed,

14
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As can be seen fromthe Table 2, unexpected results
waewrng/1abi@ai ned, wherein a significant increaseCT/HS100&055354

speed of powder ejection and al so quantity of powder

that can be ejected forma blister was experinental ly

observed, conpared with conditions wi thout side wall
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o QUES57F S DGR CEREHTER S Sl e,
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wall aperture fromoutside. In the first test, when

INVEREOT) | ster was intermittently actuated with the piezo
actuator, a sensitive |lightweight flag was observed
novi ng towards the inlet of the plastic capillary
tubing thus registering the vacuum and/or air flow
through the capillary tubing and through side 10 wal
aperture into the blister, while air is being ejected
fromthe drug ejection apertures on top of the
blister. In the second test, a second |ightweight flag
was pl aced above drug ejection apertures on top of
the blister, said |ightweight flag was observed noving
upwards detecting jets of air emanating from drug
ej ection apertures. At the sane tine the first 15
sensitive lightweight flag was observed novi ng towards
the inlet of the plastic capillary tubing thus
regi stering the vacuum and/or air flow through the
capillary tubing and through the side wall aperture
into the blister, said first flag being suctioned to
the plastic capillary tubing inlet and bl ocking it.

It was further observed that when said first flag was
manual |y renoved from bl ocking the plastic capillary
tubing inlet and thus from 20 bl ocking the air intake
into the side wall aperture, the second flag indicated
notable increase in air jets emtted fromthe drug

ej ection apertures on top of the blister. Thus is
appears that side wall aperture hel ped increasing the
jetting of air emanating fromthe blister by
providing air supply into the blister. EXAMPLE 6 25
Experinments were performed in a setup simlar to the
experinmental setup described in Exanple 2, but

W t hout activating a vacuum punp and driving any air
through the flow channel of the experinmental setup. A
nodel |actose dry powder was
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used in the experinents. In a blister without the side

wal | aperture, filled with 6.390 ng of |actose, a
web@anaemee of only 28.4% was observed. In Dbli SREr/ES2008/655354

side aperture, filled 30 with 5.013 and 6.560 ng of

| act ose powder, a clearance of correspondingly 80.8%

and 93.4% was observed. Thus, it appears that the

side wal | aperture helped increase the jetting of air

| am nating fromthe blister by providing an air supply
CLHMP the blister unexpected results were obtained,
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ang jbeipg awepolized wigngiected fjom sigfEBME: havi ng at | east one

drug Sub%ﬁ&%ﬁﬁeﬁs%galﬁn ARElIULR AR BladgaSt one air

i nt ake aperture, bratory element for coupling
adwy powdead d contai ner, wherei n sai d cont ai ner is held

wthin s ha er at

Sub|81t an Ciﬁe 15\J1 ds U rhclgg‘le{j N what remI e(])ectl saldg Sr%lgds Igtglim]e );rom
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SubS ant 1B PP eRBaL e e b s wectgrom i
cofidingdr Mil&kE Bla@byprekiBARAL2 deBor@idapt ed to vibrate said

contai ner_ and eject said drug substance fromsajid

contai nefhe RAJEGH sepg hivheespidgie wosgncs dbytcdsddiom said
coftfaftief Wil gfe dribrc?earange frdi pprofiataRly 856 bikafd BhdRubstance to

wherein rug substance is deaggregated and being
apawxmmlj’k@l%mh@rddi}l@mbetdnder om sai d cont ainer. 3. The

hal ; o .
1077 Gry e S R Mgy PIRERI Do AU SHRERACR L8
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mixEREdSRAIddirug powder with excipients, a mlxture of several pharmaceutically

active ingredients, a mixture of said several pharmaceutically active ingredients with said
excipients, or a combination thereof.

9. The inhaler as in claim 1, wherein said at least one air intake aperture has
a diameter from about 25 microns to about 400 microns.

10.  The inhaler as in claim 1, wherein shape of said at least one air intake
aperture is approximately round, approximately triangular, approximately square, or

approximately polygonal.

11. The inhaler as in claim 1, wherein said container is a foil blister, a foil
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container in less than approxi mtely 2 seconds. 20 6.

The inhaler as in claim1, wherein said drug substance
wo go08fiesied from said container with gravi net PETUS2008/055354

cl earance from approxi mately 80% of said drug

substance to approximately 100% of said drug

substance. 7. The inhaler as in claiml, wherein said

po@hyzgpl%ﬂ@?ohﬁeﬁﬁréé"onﬂih?a%@ﬁﬂhefe@f said container in
quantity from approximtely to approximately 100

ng. 125 gh eﬁﬁ@lqrﬁhlélcﬁmdswhﬁelélsggm 1, wherein said drug
COIﬁMQ&tl_@ilgﬁs%b]es a drug powder, a mxture of said drug

powder w th excipients, a m xture of several

phalivacelheiighaler gs intag ewhergjn echisenttion nzteriakofisniel cofitainer
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vibRed étgﬁﬂ@d)mc Adqueddi® anf) BAbRNizA%id Brug LidkEhck foMRII810R bz i d
container is a foil blister, a forl 16 WO 2008/ 106616

patispir/ US2008/ 055354 pouch, a plastic blister, or a
cony nat
gy, natyipg Ehé{aﬁ?ﬁsqﬁ claint 4; wHdiEn Eepclf'gtl l@z{st&% aiﬂ_?_;ﬁtgk I?E}nﬂre in

wher ei n sai contalner IS reusa
saiheontainet iszdpntad towprsiveialr foonetyidroafisaid conteieed al of sai d

co n1t7a| Pg.frllle nﬁlaie aﬁﬁtcﬁim 1 'Wﬁegém Ea% Longﬁ)e!tr }ﬂgsEJne %ﬁ%tglg

met al rrrer coa
apei‘tutermdﬁcmrylmgrsubsmmbgqmnohapﬂmwse or conbi nat| on

thereof . ,14. The .in r as.in clai a|d
Vi b@at orT)])l Hhaleras in; cgll‘% p‘?’léef ns%&%tg{l?glall oﬁh%(g grklgs stance

is ejecROFAHCRIA drf subsiRic@2RcNdpa@es. 15. The inhaler as in
claim1, wherein said vibratory elenent is adapted to

10 A% br 4 &y Revderiphales fopPFisiBguenci es and aer osol i ze
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The inhaler as in claim1, wherein said at | east one
havingra tpppatkandadwitenpert said bokip pev sealdrie said paerpt ed t o

{ﬁfﬁlﬂxﬁm Lt Qb bgﬁm%%ttoi%a‘?tﬁ tainer. 17. The

s In Ia m 1 rern sal cont ai ner has one
ai rat leastawe apetturea resaidutop pan dvhkmm at krastgpns ubsiidapegures is
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sob LY AR BE Y Piory Sl et T B Wil o
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element, said dry powder drug substance is ¢jected from said apertures substantially
opposite said vibratory element.

20. A dry powder inhaler, comprising:

a container having a bottom surface, a top surface, and a side wall;

at least one aperture in said wall;

at least one aperture in said top surface;

a drug disposed inside said container; and

a vibrator coupled to said bottom surface, wherein said at least one aperture in
said top surface is in communication with an air stream inhaled by a patient,

wherein upon vibrating said vibrator said drug is ejected from said at least one
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19. A dry powder inhaler, conprising: a container

having a dry powder drug substance di sposed therein,
waa0d1ewnt ai ner 20 having a top part and a boREDIS2008/055354

part, said bottompart sealed to said top part; a

vi bratory el enent coupled to said bottom part; and at

| east two apertures in said top part, wherein at | east

apémﬁe Bf saflabslsudfed dndiisked Sp bﬁ%ﬂﬁ&lﬁﬂkhﬁ'lﬁﬁél&%@&ﬂtpﬁne%@' d
rator§3elenent wherein at |est one of Sa

whe ﬁf‘é‘fiaﬂf’r% astcong gpertueq ip stid Wil 43 adgpted fpgeseive a@awrcfrom outside of

saMichitaher Y el ement, wherein upon actuation of said
vi bratory 25 elenent, said dry powder drug substance
is ejected fromsaid apertures substantially opposite
said vibratory elenment. 20. A dry powder inhaler,
conprising: a container having a bottom surface, a top
surface, and a side wall; at |east one aperture in
said wall; 30 at |east one aperture in said top
surface; a drug di sposed inside said container; and a
vi brator coupled to said bottom surface, wherein said
at | east one aperture in said top surface is in
conmuni cation with an air streaminhaled by a patient,
wherei n upon vibrating said vibrator said drug is
ejected fromsaid at | east one 17 WO 2008/ 106616
PCT/ US2008/ 055354 aperture in said top surface and
pi cked up by said air streaminhal ed by said patient,
wherein said at | east one aperture in said wall is
adapted to receive an air fromoutside of said
container. 18
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