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INHALER  Embodiments of this invention are related to medical devices
and drug delivery devices, specifically to delivery of aerosolized drugs, to

inRA N $eHfrugs for delivery to lungs and gastrointestinal tral€ TAGes 055354

intranasal drug delivery, 5Devices for delivery of aerosolized drug
substances, including delivery via inhalation, are known in the art,
examples including US patents Neip, 694,920, 6,026,809, 6,142,146, all
by Abrams and Gumaste, 3,948,264 by Wilke et al., 6,971,383 by Hickey
et al., 7PPBETBPEDR BrEiis do1ch9 Bywdisbescs aryineaigyery
Glenoxaspeafic7 439t by DelaMpecidiage! alinkhRA6:6450ysRavies et
108k, ahove: palenis Alseionde. an, ueview ol Yatius,
aerosolization andinhalation devices and techniques: 3\¥ange of
aerosoliextfshiarie e afisfoapliord et devier Sudiermislitsetuting
nigtesechdoseinhalens: nebuliagnss fonpowdsr inbalers. termal

Y [ h ems, with, differe late methods and
S S o7 B St bOREETs the
patiEnté Metbiee desd inHalee7typicelyt abeo sl ireBuyas th.aerosolize
thertrem sybsianae: Risadvaniageoitoesaiinhalers Bieaelaledai9es «
dairﬂﬁlljlti sto ciontrof the decliivered dose of the drug substance and to
speel AT AGrESSl ARt e FoBLTRY Y pArFERE AFSRYIHY Wi tepositing
onehoudesiurfaresdashtigenouth and in the throat of a patient. Inhalation
devices, delivejing spig AuPSIANGRS. A58 SaRANder.are knawn as dry

powder inhalers. Passive dry powder inhalérs rely on the patient's
iSRG REBrs o dehalgrgraghu dhdhaaredniiatales Spsmmaersers, and
inthalatiormavivilh dictivencleyrgaatie ninhalie i dypiaade inpul-adeitionsdl and
, hanigal or.el ical enerqy.in order,to.improve the

L e eoee the
inspipafsReatsrcseteutroingiabyatien Distity agagendhesp Snbatis ere
inspictiotyflaniindependence ol tha inhalgnparformanca: dymicallefaks

I\ f drug substances.to the lungs of a patient via inhalation, the
e R Rl B B e e
phe farthIgorbissth Broaboin it rivislatenidivicte iveryrivedeepsibagdesss
than ghaut éémrk%w@%ﬁﬂ?al%fﬁiﬁ_ﬁﬁ%Py?ﬁn@&‘é%ﬁﬁ%@x%%@%mﬁéjth
antgetpr%?st ?Q;y}e t}?r(l}tcgpd as a I‘eSéHt WI||P delivered to the .
DO At B AT A S A S PR AP FREPS T A R StP R e e ibaftion.
gadntties dfvapeirder tihbalehytyowiienint aldiscant capnblediaerosoticngr
@BE&HQ&%%@R@'%Hﬁﬁﬁg%ﬂ?é’v@@9@@3?@&@0%&@&9@%&%@@5‘3gﬁfQHir _

seconds. There is also a need to increase the speed of deaggregation and
ASPSRIGISRdA PGl ey AR IRttt By piswariinhstition
tevicespileseyitied inikhonPatentSiNon &i60k920h6026,8Q911/G:k 421146, all
By ARAIE A CHIASIE llze SIAINLeANS I deaggrsaate and,
aerosolize dry powder me icAtion for de ivery to the F?atlerﬁ as an aerosol.
brsipbirdite Baphesidl 2iosro 1aay Pl bules tenate Bowins toeiddss a
syinihetic Jeiphascdsmadicane ahdalivery Magihedapdanparaius dsinane
AResLohe Preselt dveRiian. nere Js Rraviisd & dy Rower innaler
adapted to hold a container ﬁavmg a dry powder grug SUbstance disposed
FisioesHIdentaitbr Riirg deTe dst w5 Wring e Sraqeendjiseibn dperture
anciatieast:oRrRs takeBRATHRANtha Mk YLelemention spupling
with said %?{%tlgignermwﬂergjn said Cé)n&[%iner is, held Wghin said inpaler ith
B Al feast One Grlg SUbSANCE Ejéction aperturdBC At 8t St s st
Bpjsesitecsita Yibastorylzatialefrondeanty davdarisasteirsair intake
aperturg lesatedpthaidhansubsiantalinapppsiesaid yiratory elesant,
and said vibratory element is adapted to vibrate said container and eject
said drug substance from said cont?iner through said at least one drug
substance ejection aperture. In a second aspect of the present
invention, there is provided a dry powder inhaler, comprising: 15a
container having a dry powder drug substance disposed therein, said
container having a top part and a bottom part, said bottom part sealed to
said top part; a vibratory element coupled to said bottom part; and

at least two apertures in said top part, wherein at least one of said
anartfiirac ic crithetantiallyy onnocite caid vvihratory element wherain at laact
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25a 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 30 top surface is in
communication with an air stream inhaled by a patient, wherein upon
6. 8etuationiof saidawibrato G saididrugiis ejeated fremsaidatleastonsl acrosolize
aperture in said top surface and picked t]o) by sajd air stiean iphaledbByicas
dr%a‘i’& Vf)aeﬁe’ﬁ]ﬁ Wﬁté%{)ir% Isa(%%g% ‘%géﬁ) to]ﬁepgpelrturse In saigl wall is adapted tolc_a 0
20ceiveTan bir fromoutsidBoreaidiederainer nihetic jeagf, mgdicament delivery
mEmRodiment.afhe invention comprises a device for inhalation of
35aerosolized drug sybstances, wherein a high freqyency vibratoris, ... ..,
coupledts’¥ 56?%??\% FilEdW ifﬁvaenéirofﬁg%’v%lé’%pa%ié% sHuabds(%é %%(?ae{/ig'ggﬁgﬁsépte
toofothe vibrater esult inldgaggkegatingbstierosbiizirg indejecipgemmdaving at
18, S HRJ%%%&&I{(%%&Q&OQ%@% r.ior inhalatiqn Ly ApatigRtuRNenerMdigory

apertures’in the confainer are substantially opposite the vibrator aJAd are
clerser] ftifaRliPsor Bhay GraEREIT IR SyRRGCIBRIRG b Sther THeEHaNsmE V™
«@f gjestingiherpowdenfrersthecantaineloftdé asboneidihepapaetsrg inbratory
e}gm%&qz%ﬁ‘ 05 R %Sasetdo ! 'E?raﬁ'l;Xﬁao E#M%Sﬁc%e%%ﬁ{get'i%ssﬂgs@ﬁlftfm? Hﬂﬁosite said

contdiner. nexpected results, as illustrated in the examples to .
vitoitiow, drererolbrdingd vilanTpersiThi iy expedi aE ey upisg and eject said
JRnhediments:otihe.prasentinventian foruseasian inhalatiogatidleperture.

aerosolization device, with observations of sypstantially. faster. -

- dot of ; ; Her di haler,

aerosolifadicr Al éig%t%%héf%ﬁe‘g‘o%" élrgﬁ,n’at{spﬁf/@eI]IS é"ggggb’?ﬂﬁi i

cagrosodizing substantially larger quantities 10of dry powders vs. prior art.

Fig. 1 Isaac8595§§é§%90%aé \Gﬁ’%%’@é} %mg@giﬂﬁﬁﬁ% inﬂ?(%d@lf eseahindentiefainer
showing a container with a drug substance c%ldeled. 0a vit:;[(ator.
hasiige 2 1P PUFGEL BRHRIR RGN PR L B SERIRCHL BFHE Bresent invention
showing aibanigirknwithvaupidgeubstanee pouplet to a vibrator. 15Fig. 3
' a crosypealianal.slek&f RPLRIRIEMARTINAIA At R PIREQ! Ve is
showing containers With a drug substance coupled to vibrators. Fig.
subjgieiisaprestifioridl Vil ORar S diRTETE of tHéSbPé“s?e#t WA fRfGH s 1S not
sBREWIRG, @ saRtRIBaE With@r€tig:sbstance: cpupletittian vibratoribratory element,
Fig, 5 is a cross-sectjonal view of sever - ' S DFES o e
MR SBE i ot er o & i S BCIANeS SoLmIaar st s
vipilarartoskment.  Fig. 6 is a cross-sectional view of an embodiment of the

present javentianghoningne pRIBEBINETNINS akigsphstarce egupleddoisbaler,

vibrator. Fig. 7 is a cross-sectional view of embodiments of the
“Yre8g&ftinvention showing inhalation devices. 25Fig. 8 is a

cross-sectiomahaisw iof ahaimbouifment bbthefpreseneifidentdbn showing

an inhalgtti]g&td&]\éiggerﬂg 9 isia &r@ss-sectional view of embodiments of the
present invention showing 30 35 WQ 2008/106616Pa/US2008/055354

inhalatich leavieeegperture 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 actuation
of said vibrator, said drug is ejected from said at least one aperture in said top surface and picked
up by said air siream inhaled by said patient, wherein said at least one aperture in said wall is
adapted to receive an air from outside of said container.

Briefly, an embodiment of the invention comprises a device for inhalation of
aerosolized drug substances, wherein a high frequency vibrator is coupled to a container filted
with a dry powder drug substance. Vibrations of the vibrator result in deaggregating,
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Fig 10 is a cross-sectional view of an embodiment of the present invention
showing an inhalation device. In the drawings, like numerals refer to like

parts or features throughout the 5several views. A cross-sectional view of

an embodiment of the present invention is schematically illustrated in Fig.

I. A vibrator 100 is coupled to a blister or container 110 which contains a
AGIsubstance QmsulstanGes ddbavibralar AO0samberar pitZRmatuato patient.
or piezo transducer, or.a metchar]ical Vi rator lﬁnoel%qgmgg]%gtciyggr 101, 1sed
P9 GBgNeIBEHEVE SEmant St Sther CHBRLERY PRBCHSnSm, Aa Khownin &
piiveasity. for dne: emibedimentyshpiéy (edotuatotlis utidedistypicatipctoadhstipgy der
efamiczaceramicgle W&tﬁ%&ﬁ%@é@” 6,006 QE SIthREMPHRAFRNIOF ingress of
bimorph design. Piezo actuator designs known in the art can be used,
CRHERFRAY U HEY BRSSP  air transducers and piezo-electric sensing
elementsinAdditianally.ipolyniericapie 0 aterialdand &dtuatorsrd sbaged when
pg{%o%%Exmf?{'%;l%%%%m&tﬁcgal%%ﬁ@ &%&@sl&%@%%ﬁ&@rs’t&rﬁt YiRraiors 826 as an

N piezo actuators are enérgized, as known in the art, by supplying o
igaletive pelirsraspsrbanyion drrsging BlebtivadGhent DPHppfobrier acrosolization
affeguensies apdamplitudectoathepigie compenknteRivzaativalomtynadites

%od\_/ariou resonant fr%'quencies can be used, for example with resonant

9 're‘c?(LPé}r%lglé mt réofagfﬁge from about 1 kHz to about 100 kHz, 20more

typically irgthle iltrasoniecesinegd fiom absueBOKHEd absist ASSRMZDgRgon
SRRty ofmechanisalessiliations.fremabaytdomicron to about 50

microns peak to peak. Vibrator 100 is fcapablﬁ gf vibtratling, with eiither "

fixed or V&Hable freHrEHes Br sl BRIt tanE5Tely, "ard 12"
shiravisgrittheivibraiibry inguwehsentdodimded omtaiivertdr1 0. The frequency of

Vi bratlonf#? Q rang %xg%met?i%ﬁ.aqha@\; Jﬁtzsé%mi‘ %q{ﬁ&gm%%é( Bz 9¥@sent invention

typically the vibration frequency is from about 25 kHz to about 50 kHz. In
shpwisatsadiEnt Lo s g ABHRIET OGRS Hirect contact with
containerig1@ angd thus-isciredtlyisoupled tnbahitainenl 8. prese@iomtainen
110 has at least one drug ejection apertur sibstantially opposite
RV oarcfﬁrﬁ}gﬁ é%r‘\i/%rﬁa psrllrﬁ%kﬁﬁ}? fé% %ﬂ%ilc{ﬁo%\éog{ dléu'_g substance 120.
HoweveFipuisitle 306k orifasicapvaroseriel eoResiiesnthiulh eipsituprention

shbRfnFLtherecontainer Ll has.at deastonevsidesnall aperture 200 which
is not supsta tiallg opposite to vibrator 10%. ide W?lg aperture.200 is not .
used for efectiSn of é%ﬁ’egcg'%ast\z}a}ﬁgeofﬁ' Bermite air or a%grtegegnilgrelmon sowme
a comtaieer 0 froproiside anglthius fadliitdees deaggregation,
aeroso”ﬁéi.of'dsaQq'rgig—gya%:le drbg seRsianGSh20ram seuAINSl Al Wabwing
_drug_ejection apertures 150. Drug substance or substances 120 are
BN EFEESS: dry powder, but other forms of drug substance are possible,
such as figuid or gassAssingleicompanent dnhgdsubstangbe(peatdragycan
Slpo% H}sgeegﬁ iﬁ‘ﬁa‘é’aﬁ" several drug substances, or drug substances combined

on . . e
with éxcipients, such as lactose, or combinations thereof Other additives,

such as Bigairharstitiedinpihuete igietients ddaygraydtsiigshes me
etc. can also be added to the pharmaceutically active drug substance or
substances. Container 110 is made of metal, plastic, or composite
materials. In one embodiment of the present invention, container 110 is a
blister pack made of cold formed or thermoformed film, with film materials
being polymer, metallic foil, multi-layer

-2 -
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10polymer-metallic foil clad films, and barrier coated metallic or polymeric
films. In an embodiment of the present invention illustrated in Fig. 2,

containgidkif is a single use blister pack comprising general%ggmg%wmﬂs%
pyramidal, semi-spherical, elliptical, or similar top part 111 and flat bottom

part 112, wherein top part 111 and bottom part 112 are hermetically
sealed to each other by methods known in the art, including but not limited
1B¥ssbeitlilsgicthermal sealing, pressure sealing, ultrasonic sealing, and

the likerAren;of bording;or.sealing.113 is also schematically shown in Fig.
the z%re,a of contact t%iet\zltve(;%rl%{f'zt%fegrt%o%n p%%rﬂeﬁoaﬁgﬁrgs tOVFPeRt 112.

21in

\/gih?;‘a”fg% OB 1L Hidirect contact with flat bottom part 112 of
containkrtid Gawings, likk mumber efcpassibic.shaprs:and fesms ek blister
pagkargantainer 110 arc 20schematically shown in Figs. 3A through 3F,
including flat top conical shapes (Figs. 3A, 3D, 30); cylindrical shapes
(Figs. jgcé‘?fﬁ' SEYORRhIEHS e sabsiure i IEide #ream semisspherical or
cohivatishipis(Figs i3Gie3F. Btih:Tha simensians,of saniainer, 110 in one
W&ﬂl@%@ﬁ%ﬁ% I;r m alagg%t 1 mm to abqut 30 mm i_n diameter, angln from
about 1 ram to about 30 mif it Neight Hever DB R gt i srapiseo
CEHEAMEFS P10 Wardbesu i zetedordraing rtoothis inventionbaanethss »
embadisnent;dhediametenof CoPARST.LAA A ANA) 10,3001 12

MM uqlié%ttgeig%i%ht otf contajner 110 is from about 3 to about 12" mm.
The dimensions of druy ejettisi ApSEHE I ine e mapsarTtemicrons
teassutEo00mlirdndy withipeeierred dinensions deomnatiow HQ,microns
t@-akoutp0q ;38.miecr imensions of side wall apertyres 200 are from
ab()%)ltg ) micron%ﬁgﬁﬁeo%g& m%?r@%é%%ﬁ HB%V ervad HitHeHEHE SR
BBGUTSE TSP St 508 AR S0 IMSHe Rrmboima: okitheupresent
iPreenhtionotinectatalcavenn(atos s sestian)-ef allsrugRieelionapertures 150

iSiableasliwe,r ' total area (cross sectjon).of all side wall
z?pertureStZOOt%IﬁHgfr%r(l)gtﬁaeprgl %%1} 0 i%%re]taof Pgesuﬁp? SRt 4%?}8%?8?{%(3, total

BReR (o d e RPN SRt ejoetiia femuresed Baiisiatliedst fiveetimes
therdetahprmay Gess sectionhebalbsige.wallaneruies0Q, The nymber of
g

ejection apertures 150 is from 1 to about 10, with number of dru
B R hLF ST aRT b KA a0 o
BakotipicaHe fiamibescoisideaalinapentiielsi 200 isdons kinaleut 10,
wilinuenlTerohsidel wallapsiures 20000 an iment being from
&elﬁ% %ﬂljna Op(?o%rgbodignentt oé the g?re,se%_t Einv%%%%&%@%ﬁs i}%c%grté)ctly
Colipled 1o contanar T £ BRAHAS s taheraiRethe samblaifireivsrons as
riestal rienisisies ofthiticonthineri1d @ontheheoipling sustases: goiMat the
@eaA8PH COURING.Of LOUT 1di faces of vibrator.100 an

ntaibn_er 110 are@ulbﬁﬁﬁgﬁaﬁgg%%%eﬁos %%r![}gf’rjll Ifl%;%t‘ih%‘g@& 3D,
e 91 G TR BB OP RS adenbinyshkn I
Shontrpitinteigsh2wd A, BE, lanth3Ry dimansionsifovikeatarnloQ:are larger or

a%@%%@ﬁs%;&{@%&ﬂé%% Oogot{.}%l%gq%iner 110 on the coupling surfaces.
Referring now to the embodiments of the present invention shown in Fig.

5, vibrEYOP 10! CARMARdRE ALk ieSioncaTainels) sabsiantataghasical
R oI B S Vibrainr 100 som Aloe b aulod o AT S
| | . \VIRr r n ntainer
e el b Sl B B A G100
Ieashoarsdds e dispedan dteticbispartaliyeinside gbosntaing bl 00. Side
Wehbadiraend natosheym:r ejection of drug substance but permits air or gas to enter
container 110 from outside and thus facilitates deaggregation, aerasolization, and

ejection of drug substance 120 from container 110 via drug ejection apertures 150.
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20The directionality of drug ejection apertures 150 shown in Figs. 1, 2, 3A
through 3F, 4, and 5 is substantially normal or perpendicular to the top
siwihasesphilpeator 100, or to the plane of coupling between vi r .
and container 110, while the directionality of side wall aperturé?.?é%g%lgﬂ%/O:’:‘354
substantially parallel to top surface of vibrator 100, or to the plane of
couplin% between vibrator 100 and container 110. However other

directioR&Ry PSERerertirEents0 Aha200vak beauise doases onwntia: Figss
36rang SilaMbereinding, %@EQQHqﬁgﬁﬁtlégg.sAléQg%:gaﬁ%Og%m%(lﬁosqlbsta ce

p g)gg%u[ar to the top surface of vibrator 100, or ane of coupling
betiween %&?8%‘&%0‘%&%%%?5%6%i@ssiﬁaﬂéiaédwalﬁ%ﬁﬁéﬁﬁ%@m@qﬁe
noitsapsmtialiychasdiiebto topstisfatkaiivbatardaQdanteshadplane of
cpupline-heesniocalor 40N and agplalng 419,30in peration glan,
errII]b diment of Fe present invention, upon actuation of vibrator 0"and
ihlﬁé’?fgrriln%?e\%c TGHE G iBHERSP BRe gy L tHaEferred to container 110
wheredsodtigesulistanedsisf ejeates ffomocontaings Th:theuah,at least one
dnigLierion ] mbodimen 1f tfrlei vention, a ]
s(}/négetic jet g@%ﬁ%&%ﬁ\%@h@ ggngaascgﬂ g]améfdﬁ?gsgmsﬁ Bstancs ﬁ%&[ﬁlrg’,lig‘id
SEHFRRREH Sl i g diselidiviapatturst Betldy fksticljetis::
ahvéractenizelddrfothabdiferlyichis-oneming:in bashidirecsions dhratigh apgyture
150 With.simu ] lon,Qf yortices on both sides of the aperture.
mthetic jﬁ#r% %%%%ﬁsfrgrr%% S Khown o%'héggnéﬂéﬁferﬁﬁ %%55}??81"?& is
1 O £8E Y Rigr apRberReiseb s éslab tiver fiokd v asl btking rarsiaitr
mmifimtimaramldr.fmomd)' rﬁq&aamnimwfm;;{%ﬁm%ﬁia%?a%@t%ig.lgl}gét?fm )
finultiple times throu n orifice, so that fluid expelled from the
R EIL R R e e
Etedingchermm owlisrserate sralublidationiC 805431 837R4 Iby: Gumaste
anstiBpwiesampicts desssibas: B tGdeis DY 19,083 AViPg,fyQquah an

ifice in both directions, thetic jet n.continue indefinitely. Forming
e e T o P MR e et i
Bétlelthbideagarol laxdnepleinby!plezovibrators, and may require a
combinatignbef TRRGiRAFAISIAS HNGlHeing f L%&PSP&%S%%QQE?& ar
dlgwenﬁlo s, and container shape and dimensions for esta fis ment of
S AR e priREBRY sfstréite fatdomemipahtarendéarig. 6,
aft. EMBBHimdindotthehqpresBint inBenti GE InNbRArBto? isd5show vharein

b&ﬂ%@ﬁﬂt@ﬁ%&ﬁé’éﬂﬁ&ﬁ&ﬁ%%s_sj'@?ﬁ@hgq_oerture 200 permits outside air

or gasﬁ%gnter contajner 1 Sr?s schematically shown by arrow 205) and
thus faciTitEETLeRE P BKEHOH SR cabpdmarae S Rahrrlgaiéction
epetitfe150 dasischemtiealyahowimby arave @0 iinereasing.sheed of
jecti Ntiti substances capable. of being ejected from
e S e SP o
TReAtR RS TR 504 SEkb It i piaserratibie ebaurdy mowdbildnhaler,
isoghprisingahentainer bhOanibraterad0Q,1ang:a flow channel 300. Flow
chan , i, Fig.. 7A is of the crass-flow type, whereby air is
AW b S B S Ll
ﬂéj%t}é?ﬂgfi%‘ﬁﬁ%ﬁf&?h@i@fm? dimardiree fiom obehieSejmitionsi® itdioated by
rateons 20128 chheriia channel, 300 Ghowmdin g 1B48:8h B8 sout 1000
nerally parallel to the direction

llel-flow type, whereby air is flowi e
g oA OB G G A ISP 0 i eedney
FRbodjeetion theircaresd ipyeaiirow! 207 perar{grosiintenetifiténar ingements
phithedlow ﬁh&l&ﬁﬁh&@@ﬁﬁﬁ@éhﬁl&ﬂ@ﬁ?ﬁ%ﬂeﬁ%@&% resRiDIgr Xmi?l&%%éélﬁ" is
) ng-if, & more com athway intermediate between parallel flow
el Pt ialite B R
patient, the air is flowing through the flow channel 300, with air entering as
shown by arrows 310 and exiting the device for inhalation as shown by
arrows 320.  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 the deaggregation,
aerosolization, and ejection of drug substance 120 is not necessarily

proceeding in the above order, wherein all three processes can be
ncerirrina cimiitltananiicelhhr or conceciitinvvelyvy in anvy order denendina on the
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Referring now to Fig. 8, an embodiment of the present invention is shown
as a schematic of a dry powder inhaler with an inhaler body 480, wherein
within and also outside of inhaler body 480 are disposed several of the
inhaler compénents, including container 110; vibrator 100; flow CHEMHE
300; electronic board and circuitry 462 serving 15 to electrically drive

vibrator 100 and other electronic components of the inhaler. Battery 464 is

seviing foxeneigizios:lagiieRicicomuonents,anthutiaiar spld hattery
C

can be apy energy source such as battery pack, which can be a primary
or ?e‘%%&%%%%% %‘5‘[‘?@?@‘?‘8?@ el cell. Other optional components of

inhalerStsowmtinr Rigir&are:piergiagiracsis 406n fornipscing, diug ejection
%ﬁf%‘f@?(ﬂﬁgecﬁ&%&.ﬁ“r@@%&ﬁeﬁé%grocnt%ul:’)r}i?ﬁrngl{t EQSte Tf%%%%%i%ﬂan d

20additional single dose drug containers 450; sensor

de ?é‘&én@‘“ﬁ%‘ﬁiﬁ%%ﬁ“ Sh BIF Atk @ o ranehis Gasptad dovdetbcvitispindtory air
fiowdsyral Uiseras shinn dyafrewso3hdandintercganngoted to electronic
circuit 46 yate virator 100 and drug ejection and aerosolization
process.%&%ggp %%gg?g%%% raﬁ?l%ggﬁg% e }/‘(?)égr{'“‘étt(ﬁeplQ gﬁ?ﬁiléffg R Hdard
SRBRHE iR 28 brerulstadinily fresarcéandistrendth Gfeisfonoftibe
2binheder ansh aptionpliy:the ditectionalite afalr flow, Ratiept feedbagk,

' 460 and 466 are praviding sensory feedback to the patient as well
B R T SR P e Tt W trbincap e
dtattrs’bf the Tt dend iy amdvatioustdptionsit Aftbw 326 showsair being
inbaleth Bizthe, patisnta@hanash22RRIoMRs AckRSS OhQUISIde aif.lq side
‘éé%‘!&?%@%%%}%%o %o thﬁ%porl actuation of vibrator 100 outside air 30 can
enter containar T10'AS Showh'isy Sip5we stsces. Bebranampwentie Fig. 9,
arsgmements bf thesprisentimventionial sHovmas BENeMAas be coupled
[ tien.of | rs.with a. multi-use container 118,
ol T e (S0 DG 25 anc
%ﬁ)%?fﬁé‘rf&%%%#‘&é‘aﬁ%waﬁ@sz@aﬁa)rm.lﬁ%eaaiaté@tt@mm@)@
mokerrdriDisshewidey aronB5e: 1nthentambeaime Bk SROWR L EIgL @A,

' ; e covered with a.lidding tape 630 which is
R RS TITRC LT
8'drug ejection apertures 150. In another embodiment (not shown),

lidding it &BOngi Ol TGOy yad@éf@ghﬁlfli&le 4@ AMGHRA ig,@%@:@%éﬁgh
o, Qre or on enterin uitiuse ontalne_r t us exposing
B A 0 R e T M ee
eobtainer afreyslinedishract wWithicatilé rid pen628:th i6ughicohepiessibiaity
gaskelar Hring:600 Wpandahalatianiy the patient o518, IS o he

ctua Cgﬁtpusb%jgctin%.glrugi @st nce 120 through ejection apertures
B0, “Outeidesir ertars g8k auﬁ P’gf@rﬁ@i%c}\}\ﬁ] VYO besTirstisdivall
dpertines200 amhile) aerdsolizéddGdmigistiRstadeadbaingyinhdledby the
i8Rt ird ing into flow channel 30Q. is
e e A
VIOV SirigHe e ety haoraor 100ty pdekend sfieaysd folded
ayrritselfairanged-antandalirientape:y 0. stecd reatiancef taps mavament is
sHgusn L aNRuK OB BEUling.GRITier [ang 7 00 results in opening of
15pockets of tape 710 under multi-use container 118, with multi-use
contalhEPTTE THPEB A ittt 1BF Papse™T DO P BRGRCIRIBRESs e
askel oF Hdingi606 dpomirhalationiby thesatientsmipatoLdQis: 110

, Jhus.ejecting. drug. substance hrough ejection aperture 150.
e e S R
AHPBRTuteY2 B0 R Hlinsebnt Y rsntsabstinbetisimhakddy i patlent
gaso2@shdwnshysarewnB2@and-aibiRbeming. inte.fowchame 300 diven
by patient's inhalation, is shown by arrow 310. The piercing of apertures in
container 110 can he performed immediately before drug substance
delivery to the patient. In one embodiment, the invention operates as
follows: the inhaler is activated for use, apertures in the drug container are
pierced 25either simultaneously or sequentially by piercing means 400, or
lidding material 630 in case of tape-based drug packs 610 is removed or

sheared, or tape-based pouch 710 is opened, and then drug substance
120 ic aarncnlized ac the natiant ic inhalina throiriaoh the inhalar In nther

f/OSSS‘Sé



Ao}

10

is

20

25

30

two or more doses of drug substance 120. Quantity of drug substance 120
delivered to a patient is controlled by the timing of the actuation of the
deWiCRsPfbY @ sensor detecting actual quantity of delivered dru
substance 120 and controlling actuation of vibrator 100. Other”
embodiments and applications of the invention are contemplated. Drug
5substance for the delivery to the patient can be a vaccine, DNA or RNA
fisgmentjanedioaionfal kealruetal Rafd. AR RMENMSE AR Ehroni
bi&g&péti%,o%%ig.fig[toslis, COPD, diapetes treatment, or any other
medication capable 61 preventing oF tréstifsy ¥ digbagdesel giure.

- SYptSistbracdigrsasdiwvhien ideliveraddn thalatiogelizethfDroHeteizd

patiegs areihavinglocalized andlorsysigmiseffestA0lpay 00381 4n
?ﬂ% er enﬁkﬁgdjment th%f;%resent invention is used to deliver aerosolized
:

ug not for ARSI SESAB AT S 5 SRR BRI e metifaryslegoritice,
delieruidreskeouifaceddhivelry: itnaioiNerdam todinent adiguighug
fermuiation is-deliyerg Ing th Linvention EXAMPLE 1 15A
moc{ﬁel inhaler device'gs?)rﬁ%?%g%?é&g%ei%ﬁscg Cc))I\l/vlfl'lHal)rsl |g‘§.3 %&}Bga%%éteof
GBHIRg it her BiRstepe hadie o ANe dhugsefuctivnlapash mesriicbathoth
divrgtejectionhapertures andisid envaihiape W%}@@ﬁ%ﬁ@ﬁ% i, require
experimental test e devige had inte afe 2lectronics and a
removable _fléw%th{%ﬁﬁri%eeﬁg}l}ézo?ac'tgu ato rg[gg%ée% ?81?1“&“*;1}%8% ifed air
FEASHEE A IR SRy R s e Etrsite paapatewasdlisbaas a 20
oL 103 116 A 5 H8ALACY of 35 KL A L0t R e s

0 e at a frequenc : z an o of the time at a

frec??gé#c ggé@fnﬁ f&‘?ﬁ%"%@&&ﬁ%%“é‘lﬁ%%}?&en these frequencies at a rate of
10 Hz Ralsyies ensy inlierdatingnboltagatof dpproximdteln 160R2OR MalS is
ganaraladay oy sbackAuibied stepevelaiNessetio asiate,

%he Sitezao actuattor. Alfodl ter \ﬁ/ith approximately semi-sphefical top an
St boHar AL (b 28 5L e G RYAmEY cOntATH A misihary
péiecientiae rdsoliz atiotThE2h éightiofthiedilistesavas appreximately 5.5
emandaRedi t ' _ he.base was . .
a roximﬁly%ﬁ@&im@ﬁﬁgg é%r%{gsog? ?ﬁﬁ?&%@%}rﬁ%ﬁ e idpe
%‘ﬁ’gwqﬁcﬁ?ﬁbl§@f BeiRe Birstes s serigiecsf Afuminum foil coated with
pogig:;ﬂfcrlﬂmrsﬂ@éigom a!ﬂdfﬂﬁHQEBﬁaﬂjtﬁﬁ%frﬂa&bﬂﬂ@f]; ; ﬁgfﬂ@smﬁﬂg@ﬁy
se Qe Ofher ni-spherical) part of the blister was
Fiercedéw%%%fégﬁjQﬁg%acéilijg?n%g%g{?u?%%edsﬁﬁgﬁsePﬁﬁgnﬁ%%ﬁc‘fljiosﬁ’@rﬁﬁ?érons
Qlarahe fies §h€-m§$ %éq:?@}9@@%%?@%ﬁhyww&ﬁag7éjmm@mm 150
st b e st il e S
S 1with at least one side wall aperture. 200, similar to Fig. 3C.
trlggéjd%gé\%t%d a}arqné%err(a)@fil e old G SEGHB rdReiceipfby Ao 207,
HisdleurehanrabiP Gstwvnti Siag ARt heofldw whelimdloof the dehicdwiass
festallished st 3ehliters Meuminuie.Am M) using.a MAGHTR,R lgmrg 'c;:rrgf% ner

H(BS%%{ was fi]legl witlh 1variab]e quantities of a model thy powder, and
testing o%etﬁléegc] Favimetric CeaTAREE HOMY O BrdE A waep affoirmeerigtder
%W@txpém@ﬁwlwndiﬁ%wameompm rénkalgesivis atrpresenied
TR AS GRS SER0.T AR RMEhUIGKBECIT ESUIIS were

W

obgaiped, wherein presence of one or more si : _aperturegr(r}%sé%ﬂgd in
(ORI AP ITRPER Mo Riahaldar T uat s s minisd larsadribmesh dantity
kel Whtvctreberfectivelvejesietoampaed with conRditionsror
ivitaeLt sidg,wallapertures, Comparison of tests 1 and 2; 2 and 2a; 3 and
3a; 7 and 7a; 9.and 9a indicates 10 that side wall aperture resulted in

very SIEMACRRE FHeEREhT ilafaHcuisiats peiadsapeaire.shstarizathen
apdanmsakomtthecsariner ddnditions dvighblisterswithous sidecwallence of
apertures. Also comparison of tests 4 and 4a; 5 and 5a; 6 and 6a
indicates that without piezo actuatign, no appreciable clearance was
detected even when side wall apertures were present. Side wall apertures
enabled very high gravimetrie clearance of regular 15quantities of powder
from the blister, i.e. quantities of the order of 3-6 mg, but also very large
guantities of powder, for instance of the order of 15-20 mg and as high as

37 mg, wherein practically no powder ejection can be observed from
hlictare 1indear came conditinne withot it cide wall anartiirae ac
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20occurred fast, sometimes in less than a second, and faster vs. blist(_ars
without side wall apertures, which have not completely cleared even in 4

g as not seen that any appreciable amount of pow%er was .
Zjﬁected%?é%ﬂgde wall apertures during the testing performed. TABE P

Powder in the blister, mg Apertures in blister Dosing Procedurg Powder
cleared from Mister, mg Gravim etric Clearan cc % Test conditions 5.037

Addr den ejectiomapestisrs:&isida wall aperie Riskced Piszo.actuatedy.

VAGHUmBUMR.Aghated 4 007 92,40 Blister with side wal aperture

actuate %wth piezo 4204 4 80 Ei CL TR HrETitiras Hiarcet e zo

a%?ﬁéf@ﬁ?‘%ﬁ%@ﬂ AYsaPAPYabtuetedol @88 @dn8ly on the parameters of the
process, with the end result being drug substance 120 ¢jected from container 10 through
drug ejection aperture 130, and aerosclized drug substance 120 appearing inside flow
channel 300. Aerosol of the drug substance 120 is then being picked up by stream of air
310 outside of container 110, resulting in drug substance 120 being delivered to the
inhaling patient as shown by arrow 320. The ingress of outside air through side wall
aperture 200, as shown by arrow 203, facilitates process of deaggregation, acrosolization,
and gjection of drug substance 120 through drug ejection apertures [50.

Referring now to Fig. 8, an embodiment of the present invention is shown as a
schematic of a dry powder inhaler with an inhaler body 480, wherein within and also
outside of inhaler body 480 are disposed several of the inhaler components, including
container 110; vibrator 100; flow channel 300: electronic board and circuitry 462 serving
to electrically drive vibraior 100 and other electronic components of the inhaler. Battery
464 is serving for energizing elecironic components and vibrator, said battery can be any
energy source such as battery pack, which can be 4 primary or rechargeable battery, or a
fuef cell, Other optional components of inhaler shown in TFig, 8 are piercing means 400,
for piercing drug ejection apertures and or side wall apertures in container or blister 110;
additional single dose drug containers 450; sensor 420 for sensing and detecting
inspiration by a user or patient, adapted to detect inspiratory air flow by a user as shown
by arrows 310 and interconnected to electronic circuit 462 to activate vibrator 100 and
drug cjection and aerosolization process. Seasor 420 is preferably capable, together with
electronic board and circuitry 462 of detecting presence and strength of air flow in the
inhaler and optionally the directionality of air flow. Patient feedback devices 460 and
466 are providing sensory feedback to the patient as well as optional dose counters and
indication displays indicating to the ser the status of the drug delivery and various
options. Arrow 320 shows air being inhaled by the patient, Channe! 220 provides access
of outside air to side wall aperture 200 so that upon actuation of vibrator 100 outside air
can enter container 110 as shown by arrow 205,

Referring now to Fig. 9, embodiments of the present invention are shown as
schematic representation of dry powder inhalers with a multi-use container 118, wherein
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

#5354
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Blister without side wall aperture actuated with piczo 2a 3.169 2 side wan
apertures and 4 drug ejection apertures pierced Them actuated, Vacu um

RvARRstaied 3.061 96.6% Blister #2 repeated after 2 side %ﬁéﬁ%%%%g%ﬁ .
pierced WO 2008/ 106616PCT/US21108/055354 19.028 4 drug ejection

apertures pierced Piezo actuated Vacuum p pump actuated .05 5.5%
Blister without side wall aperture actuated with piezo a 17.977 Side walll

apartdiecanshdnaring 2jetionaReRIBRS: nacks 610 arc covered with a lidding tape
630 which is collected on a spool 633, thus exposing drug substance 120 for ejection via
drug ejection apertures 150. In another embodiment {not shown), lidding tape 630 is not
removed from single use drug packs 610 but is perforated before or upon entering
multiuse container 118, thus exposing drug substance 120 for ejection via drug ejection
apertures 150, Multi-use container 118 is in contact with carrier tape 620 through
compressible gasket or O-ring 600. Upon inhalation by the patient, vibrator 100 is
actuated, thus ejecting drug substance 120 through ejection apertures 150. Outside air
enters container 118 as shown by arrow 205 via side wall aperture 200, while aerosolized
drug substance being inhaled by (he patient as shown by arrow 320 and air incoming into
tlow channel 300 is shown by arrow 310,

Similarly, in Fig 9B, drug substance 120 is provided in single use drug packs 710
comprising pockets of tape folded on itself, arranged on a carrier tape 700, The direciion
of tape movement is shown by arrow 650. Pulling carrier tape 700 results in opening of
pockets of tape 710 under multi-use container 118, with mulfi-use container 118 in
contact with carrier tape 700 through compressible gasket or O-ring 600. Upon
inhalation by the patient, vibrator 100 is actuated, thus ejecting drug substance 120
through ejection aperture 150. Outside air enters container 118 as shown by arrow 203
via side wall aperture 200, while acrosolized drug substance is inhaled by the patient as
shown by arrow 320 and air incoming info flow channel 300, driven by patient’s
inhalation, is shown by arrow 310.

The picrcing of apertures in container 110 can be performed immediately before
drug substance delivery to the patient. In one embodiment, the invention operates as
follows: the inhaler is activated for use, apertures in the drug container are pierced
either simultaneously or sequentially by piercing means 400, or lidding material 630 in
case of tape-based drug packs 610 is removed or sheared, or tape-based pouch 710 is
opened, and then drug substance 120 is aerosolized as the patient is inhaling through
the inhaler. In other embodiments, the opening or piercing of individual drug packs
occurs automatically upon irhalation of the patient, through electromechanical or
mechanical means, such as spring or electromagnetic actuator, or thermal porator, all
optionally activated by inhalation detecting sensor 420,

In another embodiment, as illustrated in Fig. 10, multi-use container 118 i3
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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creed Piezo actuated,Vacuum pump actuated 17_.903 9.6%
Blisterrepeated with side wall aperture 12.215 Side wall aperture and 4

ted for 20 sg onds
diHg-Bigstion apertures pierced Vacuum pump ma onds ¢ nssss
0.634 5.2% Blister with side wall aperture exposed to pump air flow forssss
S; No piezo actuation a * 11.581 Side wall drug ejection apertures pierced
Piactuated, Vacuum pump actuated 11.483 99.2% Blister #4 repeated

Withe piezew@isatidirug substance 120. Quantity of drug substance 120 delivered to a
patient is controlled by the timing of the actuation of the device, or by a sensor detecting
actual quantity of delivered drug substance 120 and controlling actuation of vibrator 100.

Other embodiments and applications of the invention are contemplated. Drug
substance for the delivery to the patient can be a vaccine, DNA or RNA fragment,
medication for treatment of pain, asthma, emphysema, chronic bronchitis, cystic fibrosis,
COPD, diabefes treatment, or any other medication capable of preventing or treating a
disease or reliving symptoms of a disease when delivered in the aerosolized form to the
patient and having localized and/or systemic cffect.

[para 0038] In another embodiment, the present invention is used to deliver aerosohized
drug not for inhalation but for intranasal delivery, oral delivery, eye delivery, or skin
surface delivery, In another embodiment, a liquid drug formulation is delivered using the
present inveniion.

EXAMPLE 1

A model inhaler device similar to the designs shown in Fig. 7A, capable of
working with either blisters having only drug cjection apertures or both drug eiection
apertures and side wall apertures, was utilized in experimental testing. The device had
integrated electronics and a removable flow channel. A piezo actuator based on a
modified air transducer manufactured by Murata Electronics, Japan was used as a
vibrator. The piezo actuator was actuated for 4 seconds and was driven 90% of the time
at a frequency of 33 kHz and 10% of the time at a frequency of 34.4 kHz, switching
between these frequencies at a rate of 10 Hz {duty cycle). Alternating voltage of
approximately 160-200 volts gencrated by a fly-back circuit in a step wave-form was
used to actuate the piezo actuator. A blister with approximately semi-spherical top and
flat bottom was utilized as a single nse container containing model dry powder for
aerosolization. The height of the blister was approximately 5.5 mm and the diameter of
the blister chamber at the base was approximately 11 mm, with the shape of the blister
similar to the shape shown in Fig, 3C. The blister was made of aluminum foil coated
with polymeric layers. The top and bottom parts of the blister were thermally sealed to
each other. Top (semi-spherical) part of the blister was pierced with 4 drug ejection
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

ncedle with diameter of 240 microns was used to pierce side wall aperture. A flow of air
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Side wall and 4 drug ejection apertures uierced Vacuum acuum pump
actuated for 20 seconds 0.072 1.0% Blister with side wall aperture

exposesinal flow for 20 s; no piezo actuation 5 * 7.316 Sidew{_%g%}%ﬁmm

drug ejection apertures Piezo actuated, Vacuum pump actuate

acu

pump actuated for 20 seconds 7.22 0.025 98.7% 0.5% BIi;ter _#5 (with
side wall aperture) repeated with piezo actuation Blister with side wall
afyertghalesposddioshir flavdevice was established at 30 liters per minute (LPM)

using a vacuum pump. The blister was filled with variabie quantities of a model dry

powder, and testing of the gravimetric clearance fron the blister was performed undesr

varying experimental conditions,

The experimental results are presented in Table 1. As can be seen from Table 1,

unexpected results were obtained, wherein presence of one or more side wall apertures

resulted in a significant increase in the speed of drug ejection and also in the quantity of

powder that can be effectively ejected, compared with conditions without side wall

apertures. Comparison of tests 1 and 2; 2 and 2a; 3 and 3a; 7 and 7a; 9 and 9a indicates

that side wall aperture resulted in very significant increase in clearance of the powder

from the blister, when compared, at the same conditions, with blisters without side wall

apertures. Also comparison of tests 4 and 4a; 5 and 5a; 6 and 6a indicates that without

piezo actuation, no appreciable clearance was detected even when side wall apertures

were present. Side wall apertures enabled very high gravimetric clearance of regular

quantities of powder from the blister, i.¢. quantities of the order of 3-6 mg, but algo very

large quantities of powder, for instance of the order of 15-20 mg and as high as 37 mg,

whetein practically no powder ¢jection can be observed from blisters under same

conditions without side wall apertures, as demonstrated by tests 3 and 3a; 7 and 7a; and &
and 9a. It was visually detected that the clearance of the blisters with side wall apertures
oceurred fast, sometimes in Jess than a second, and faster vs. blisters without side wall
apertures, which have not completely cleared even in 4 seconds, It was not seen that any
appreciable amount of powder was ejected from side wall apertures during the testing
performed.

TABLE |

Powder in
the blister,
mg

Apertures in blister

Dosing Procedure

Powder
cleared
from
blister,
mg

Gravim
efric
Clearan
ce %

Test conditions

]*

5.037

4 drug gjection

apertures & side
wall
aperture pierced

Piezo actuated,
Vacuum
pump actuated

4.807

95.4%

Biister with side wall

aperture actuated with piezo

4.204

4 drug giection
apertures pierced

Piezo actuated,
Vacuum pump
actuated

1,035

24.6%

Blister without side wall
aperture actuated with piezo

2a

b

3.169

2 side wall
apertures

and 4 drug ejection
apertures pierced

Piezo actuated,
Vacoum
pump actoated

3.061

96.6%

Blister # 2 repeated after 2

side wall apertures pierced

10




for 20 s; no piezo actuation Side wall aperture and 4 dmg ejection

apertures pierced

6a Side wall and 4 apertures pierced Piezo actuated,

\agudie, Rdmp actuated 5.015 97.9% Blister #6 (with side Wal%@@ﬁg%@msg 354
repeated with piezo actuation 7 17.139 apertures pierced 4 drug ejection

Piezo actuated, Vacuum pump actuated 1.67 9 7%

3 19.028 i Pi . 59 : . :
.02 4 drug ejection \;;:l?u?]:tgifl{;’ R 3-5% Blister without side wall
apernies pierced actuated aperture actuated with piezo
3a 17977 : éiiq.wan aperture I\’/};fgu?gtuated, 17.003 99.6% gill:rer #3 repeated with
# drug ejection pump actiated wall aperture
aperiures
pierced
4% 12.21s Side wall aperture | Vacuum pump 0.634 5.2% | Blister with side wall
and 4 drag gjection | actuated for 20 aperture expossd 1o pump
apertures pierced seconds air flow for 20 s; no piezo
actuation
Side wall aperture | Pievo actuated, . .
4a 11581 and 4 Vacuum 11.483 59.2% | Blister #4 repeated with
* drug ejection pump actuated piezo actuation
apertures
pierced
i i ape: . s
5+ | 7388 ::S&Wﬁ aperture Eizfe‘g putp 0.072 | 1.0% | Blister with side veal
drug ejection for 2€ seconds aperture exposed to air flow
aperiures
pierced for 20 s, no piezo actuation
Side wall aperture | Piezo actuated, . N
5a 7316 and 4 Vacuum 722 98.7% | Blister #5 (with side waf]
# drug gjection pump actuated aperture) repeated with
apertures
pierced piszo actuation
Side wall apertore | Vacuem pump e o s
#
6 5147 and 4 actuated 0.525 0.5% | Blister with side wall
drug ejection for 20 seconds aperture exposed fo air flow
apertures
plerced for 20 s; no piezo actuation
Si rin iex . . .
6a| sizp | Sidewallaperture | Pieso actuated, 5015 | 97.9% | Blister #6 (with side wall
and 4 Vacuum
* drug gjection pump actuated aperture) repeated with
apertures
pierced piezo actuation
T " a
7 17.139 4 drug ejection Piezo actuated, 167 9.7% Blister without side wall
apertures picrced Vacuum pump aperture actuated with piezo
actuated
7a | 15.469 Side wall aperture | Piezo actuated, 14.487 93 6% Bflster #7 repeated with
and 4 Vacuum side
* drug ejection pusmp actuated wall aperture
apertures
pierced
8% | 23.949 Side wall aperture | Piezo actuated, 23.636 | 98.7% | Blister with side wall
and 4 Vacuum
| drug ejection pump actuated aperture actuated with piezo
2
apertures
pierced
-~ =
9 131582 4 drug sjection P,; ¢20 actuated, 0.229 0.6% Blister without side wall
apertures pierced Vacuum pump aperture actuated with piezo
actuated
02 | 37353 ch:{e wall aperture | Piezo actuated, 27105 99 39, Ejhster #9 repeated with
and 4 Vacuum side
* drug ejection pump actuated wall aperture
apertures
pierced

11
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Blister without side wall aperture actuated with piezo 7a Side wall and 4
drug ejection apertures pierced tezo actuated, Vacuum pump actuated

M 82:936%Y Blister in repeated with side wall aperture 8 SI%Wégzm}éﬁﬁ 1
drug ejection apertures pierced Piezo actuated, Vacuum pump actuate
23.636 98.7% Blister with side wall aperture actuated with piezo 9 37.582

4 drug ejection apertures pierced iezo actuated, Vacuum pump actuated

* Tests with at least one Side Wall Aperture

EXAMPLE 2

Experimental testing was performed using an experimental setup similar to the
setup described in Example 1, but with a proprietary piezo actuator G9 tuned to resonant
trequency of 34.5 kHz, driven 90% of the time at a trequency of 34 kHz and 10% of the
time at a frequency of 35 kHz, swilching between these frequencies at rate of 10 Hz
(duty cycle). Alternating voltage of approximately 160-200 volts gencrated by a fly-back
cireuit in a step wave-form was used to actuate the piezo actuator. Powdered insulin was
used, and demonstiated & very good clearance from the blister. In the experiment, a
quantity of drug powder considerably larger vs. typical quantities of 1-3 mg per blister
was used. In two tests a blister containing 5 mg of drug powder and having a side wall
aperture, in addition to four drug ejection apertures 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, 2 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 elearance 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 c;an 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

12
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0.229 0.6% Blister without side wall aperture actuated with piezo 9a *
Side wall and 4 drug ejection apertures pierced Piezo actuated, Vacuum
pampasivaied 37.105 99.3% Blister #9 repeated with side WQJ@H%%ME&H%% 4
Tests with at least one Side Wall Aperture EXAMPLE 2 Experimental
testing was performed using an experimental setup similar to the 5setup
described in Example 1, but with a proprietary piezo actuator 09 tuned to
&S0 Higkfrene ol 8416 donbidiagirilein 309blofdheniime alcadseanancy of
3akéz anel A0 ALNG Hipe Al adieduency of 35 khz, switching between
these frequencies at rateg%%lo Haz€ du%%ﬁee)g%\%etr%é |€r”1gf\§§ﬁ%é%90f
AP BTN 1 861266 Vo fsgererhtacbbyia thaphoketifeditinestep
vaawe]& ﬂmmguséﬂimmpuat&dm&@;%@&H&%%};@%Wﬁﬁt%% i I%ﬂ{ls%%
HSEGa0 mensirated.a very good clearance from the blister. In the
exp??rémnfg:zd% quantity of ¢ %ﬁéﬁﬁ%\i&réar%gf ) ?%ﬁfﬁé%‘é‘fl%wt%zbe top
qnl_?‘a1 S OO &I NS P relesuisiad mitelio test-aMlistéerconitaining
gimt?wwgfmw@ef' i’@g‘gd@aM'l'”@@tﬁigi%sfégg/a%@é%%.gn%?%i9%&%1%%{{3,
fug eiection &R strate .6% and 95.9% clearance 0
powder from thegéflﬂsgt%ﬁrp éﬁ ﬁ%}%{—'ﬂ%ﬁ% S ACRUREEH LML 6t askemsnvie Yalas
TR IhRtTtise Aduid Sleataredidinith waistewenthan Hiseeonds.ofa
pmqmca@naawamawmlésme_%és@ﬁglé_@%!sé@&a&f}imé%%&%Qg‘é%eﬁfig?\é‘é?f? '
is cleared front 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% éakllwken filled with much lower

ENAMDLE 2

AUAMITRS Of NS, JF; PR BRI 2 Mg 7o EXAM Gravimetric | Test conditions
Shape blister, mg actuation | cleared from | Clearance
time blister, mg % .
10 | cone shaped | 4.006 4 sec 3.902 97.4% Side Wall
* Aperture
11 { cone shaped | 5.514 4 sec 5.454 98.9% Side Wall
*
Aperture
12  cone shaped | 3.764 4 sec 2.516 66.8% No Side Wall
Aperture
13 | Cone 6.769 2 sec 6.617 §7.8% Side Wall
* | shaped flat Aperture
fop
14 | Cone 3.194 2 sec 2.984 93.4% No Side Wall
| shaped flat Aperture
top

* Tests with at least one Side Wall Aperture

As can be seen from the Table 2, unexpected results were obiained, 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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Using an experimental setup similar to the setup described in Example 2,
a test of a model drug powder blend with lactose was performed Wlt!‘l very

ce, wherein 6 mg of the blend cleared with 97.5% rjaylmetrlg_ Ny
g&%%ﬁ?ﬁgfn a blister having a side wall aperture. The saméq |§tse2r{}so s
without side wall aperture, 25demonstrated much lower gravimetric
clearances. EXAMPLE 4 Experiments were performed in a setup
shiifdYi¥éthe experimental setup described in Example 1, but with a
non-moglifieg Murala RISCITORies Al ansducer serving as a piezo
actuator, hg{%ing resonant frequencyt(ﬁ)%r}[\(ﬂ(é %ﬁzé‘ﬁ’?éﬁ% ﬁfﬁ%ﬁ%’%ﬂl
FOSHREF rESHh 6 ARG S ctall st b actisadcdy Biaaliyimthectamgesfrom
303aa B ki ze Flovwsofinid thioughpthe Hﬁﬁ@@c%&@@é@@&gﬁin%gaﬁiﬁgﬁn
USIG REHM R Plaglic conersha ed‘yop and cone-shaped, flat top
blisters with flat m%%ﬁgail botgéa%né\%v‘%eréﬁ hét%iliuzsé%ggsv Singfehise ‘38 figdPs?
JORTATSTHY %%H%r%%éPiFB?Céeé‘r@s%ﬁf&ﬁd}*ﬁﬂs@ﬁwm@me@m@@mzed
ikegonespbatinglyWige:Shiand RRhe @lkﬁtﬁﬁp\ﬁﬁb &@(ﬂ.@oﬁqaseﬁﬁqlﬁaé@

192008/055354 taop had straight conge top, while

R i B g% reb et
A& S e satareNy oreii]oFhié s ot ahiablisteis waisirough side
approximatelyodi® Rutandibeifiapries afdae Hlisterehambar af ihe base
\g@&ggpﬁ%)@m@etrely 8 mm. Blister tops were made by thermoforming o
PVC or PETG plastic 5and thermally sealed to the blister bott_om, mao_le of
polymé&t- St WihitsAssenndris topgbafeo Mt blistersowad piefesdwith 3

hplesresingopetallicneadien 240 icioRs iR dianeten %%%E&Qa%sdmg

lection apertures, similar.to Fig. 3D. In some experiments, the side walll
R e et i rarrmuns A o

WM?é@gémiahttﬂaEitg@S Bise38] BGiA needls mrﬂtia]r Ieat %ﬁgﬂrqiﬁﬁtg %?%}ag; .
e s s o 2R R W e TR S owder
in ?h% ghsfé © Y BRsgE e fthio Aliive b e flesdsraistroinnbtisoabe migptic
@ralimethoCléeranideodkiigst. congitiarisldeons shapedda06:4 ses
was manually removed from blocking the plastic capillary tubing inlet and thus from
blocking the air intake inte the side wall aperture, the second flag indicaled notable
increase in air jets emitted from the drug ejection apertures on top of the blister. Thus is
appears that side 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 mode! 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 apei'-mre helped increase the
jetting of air laminating from the blister by providing an air supply into the blster
unexpected results were obtained, wherein a significant increase in the speed of powder

¢jection and also quantity of powder that can be ejected was experimentally observed,
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3.902 97.4% Side Wall Aperture 11 * cone shaped 5.514 4 sec 5.454

98.9% Side Wall Aperture 12 cone shaped 3.764 4sec 2.516 66.8% N(_)
Side.WyallAperture 3 Cone shaped flat top 6.769 2 sec 6.617 %T%@ﬁ%g/%sssm
Wall Aperture 14 Cone shaped flat top

compared with conditions without side wall apertures.

While the present invention has been particularly described, in conjunction with
specitic preferred embodiments, it is evident that many alternatives, modifications and
variations will be apparent to those skilled in the art in light of the foregoing description.
It is therefore contemplated that the appended claims will embrace any such alternatives,
modifications and variations as falling within the true scope and spirit of the present

invention.
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3.194 2 sec 2.984 93.4% No Side Wall Aperture * Tests with at least one
Side Wall Aperture 15As 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 Jas experimentally observed, compared with conditions without

side wall apertures. EXAMPLE 5 Testing of the air flow in and out of
the blistef haviny deveratidrigejectionapertdas aostdhleast PR S8e o wder
w p rfiormed. Experimental setup was similay to the setup
B e P et Srpance
StifesE Exsiiientsl ahthaso aiy fowireaspstablishethusing:aryatusm: for

Puspes iaddiion aplaste capliandubing s conpectsn fodh -fzid%%%%l said

aperture from outside. In the first test, when t lister was Intermitten
actl Ll WA pRe7E S ctivatn apsensilveiigHvbeighidhgomasichssivetiatory

mewngdowardsdheibaletal theiplastic.capillany 4bing & isterir .
vacuym and/or air flow thr%liéqt{the cgppillary tubig\é; a%d?t%%i&gﬁ%ﬁggg}wgpp%%

10WAI AP ARE Tt Bt RN A S8 B o dfeced drro e ggntainer
ejectiofeeperiutes ortopaf themklisien ntainelithe: sReRR0:{eslqa,8e6ad

IigMggglj t flag.was placed above drug ejection apertures on top of the
blister, géél(ﬁ(fé% %3%%%}5%9 was observed moving upwards detecting jets

of air emanatingfraradrugsejedtion BpertutiesssAt dhesame:ticaesthe fisstoated
Losensiiveriohturioht g was ohseryed moving towards the inlet of the

plastic capillary tubing thus registering the vacuum and/or air flow through
the capilfary tubiifg dwéetongrtinesidelonalb dpariire intehe dlisfasisdidg
firsiflageinghsurtionas e the plastic.canilaryfuhing jalet and blocking it

It was further observed that when said first flag was 'mantally removed
from blocking th& pTREHE E3BIIRE FbRGIES Ard tHhessirosnid Oblockingthe is

aicjintakerintadiiecsidewalbapgriue «heosesaed fag.ipdicated notable
increase.in airj[%ts. mljtted from the dryg ejection apertures on top of the

blister. Thus is appedrs thHat'sitE Wairap e HelBRe sHe rasiregbstance is
jettirngrdfiam endnatingdronititheablister byl provici Ag Ak SHRRIIAIN S of said
blister« EXAMP, xperi ere, performed in a setup similar to

the e”xsperimenttzgtilgg{)g){ég%é%%l}irggg}) %%ﬁ%m%ﬁ%&f%ﬁ?ﬁﬁmut activating a
vacuumpump ditddalanesdnyaictirolighithe Hawbhannetidfdhe substance is

exRermeniahseiuRAy %Qﬂﬁlljfﬁ?t%ﬁlg IBQ%%%EW@%}%SF dain thergaéeéb 100 mg.

experiments. In a blister without the side wall apertureffl edwith
mg of lattose, HEIBEREHEE Br BRIy E0hokimss obsekvedn haibliStarsubithnce is 5

sittegpertisres flied:20vith:d B33 andi6: 960, Mg R ACIOSE RAWAEF & a1
clearance 9f (ir%érres ondln%t})/c 80.8% and 93.4% was observed. Thus, it

appears that the SiHe WHi At A HEIBEP frtdid se8etrbetimacerigrlly active
|angindting framsthe blistérty praishng-atairsappty into the blister
unexpegted regults were obtained, wherein a significant increase in the
speed of pow e%:eé?jﬂé%?%r? and 2 s%tlaﬁqaeﬂﬁirf%fl b%\?@’&glrefﬂa??@aﬁ et
wWhagegnsrie bl dbbseivdthm about 25 microns to about 400 microns.

9. The inhaler as in any one of claims 1-2, wherein shape of said at least one
air intake aperture is approximately round, approximately triangular, approximately
square, or approximately pelygenal.

10. The inhaler as in any one of claims 1-2, wherein said container is a foil
blister, a foil pouch, a plastic blister, or a combination thereof,

11, The inhaler 2s in any one of claims 1-2, wherein said container is
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compared with conditions without side wall apertures. While the

present invention has been particularly described, in conjunction with

specific preferred embodiments, it is evident that many alternatives,
mol%i&ipﬁgigns and variations will be apparent to those skilled in the art in

light of the foregoing description. 5It is therefore contemplated that the
appended blaimlfﬁwﬂhkﬁ@rﬁde afyyosuel @é@({j‘i@aﬁ%%]?é{]@gEiﬁ%ﬂ%@ﬁo%qgaterial of
varj within the true scope and spirit of the present

WpL RSO e e -
hatfigFa iy pender. anigrsubstance tispesedinsigeisaiscapiainer

having atjleast J stance ejection aperture and at least OFIC air
intake apé?tu re .qggdg?\%gr%%%r%ﬁg%e%%tc%jrr%sggpztﬁ ﬁ‘g’%ﬂ‘? S B &iement is
wHEPEIP ATl infair@iois Heltheoithinasgiitintiterowith said at least one

drug substancegjegtion-apertuse, | antially opposjte said_ ,
'vibarfltqt% elerriqnt, and said _atﬁlgsgﬁgg%%%gﬁkg a@é)]glr G%e"' Ziléfcg A4 Gpgpment is
than SUDStAntiARy Bhpdeie it viprateryrdlemerlizrmisaldyibratonge for
elemehtiimadapieta. vibrate said container and eject said drug substance
from said gontajner. through said. at feast one drug substance ejection
aperture. ~ 2. The inhalet A Q" £ fetn Shtaciaej S aibstaheesinir
d.&dggrepatet anchiakraselizethwhen:ejecied fom: SRithCONRAINGF said  3-
The.iphaler as in any one of claims 1-2, wherein ejection of said drug
substance from said container proceeds through synthetic jetting. 4.

The inhalér as haiyenessterima ,cuheseir sajth g SUbSIANES: 8:5 one air
ejagted from.said.cantaiper | oximately 2 seconds. 5.

The inha%?gs jir%gny one ‘(b)f_é %?é?%ééﬁ%r&tv%ﬁ%}%?ﬁ%fd drug substance is

ejected fém sdiBCORENHAT Withgravirhelrinslédrantedromtappradimatelysaid
80Rtpfsaidndeug Substance le@BRroXimalaly 100% of said drug

substan(i%. A6 The inhaler as in any one of claims 1-2, wherein said

drug substancé igrﬁir%‘é‘é’ﬁ?iiﬁ%%fﬁ%maiﬁé‘r&h quantity from approximately

1 mg to approximately.d0Qving.a dry Fodie IRNRGHAS IR0 -ﬂfe?éﬁfggid
1-@%%@9@@% %U asfy%s a c%is a drug powder, a mixture of said drug
powder with excipients. a mixture OF $80eral hhafiReatitealy Sotve top part;

ingredients, a mixtureoof daiksevenakphasmacetticafyiagtive ingredients

with said excipients,; o%.a.combination thereof. . 8. The inhaler as in any
one of claim.s 1-2, Whereai(frjl ggl? al'tgfge&aié?%nn%ag’l‘r‘?iriffﬁar%l AhshiiRaEad

oSt otHbaBBLR b5 arRersnsad alberiba0d migroncierein 8. 1dhednhalenid
aspifi@any NeOleAIRG ivaWOGIEIR;SNARG Of, said al feast one air intake, .
a a?{lit%lj’be. I? a I’OXIITE&'[?J round, approximately trlgingUIar, appr xrmaPéW
squaré, 6t & %&ﬁﬂa%’fg PoIygatiar drue subshee ifteatercddrinarydonerafres
craimvsriid] wdppreire said Gonkainedsmasfoil blister, a foil pouch, a plastic
blister, opa cogwginaté% tp%ﬁegf 11. The inhaler as in any one of
claims 1-2, wheré%?sal CONtAHer 95 Prising:
a container having a bottom surface, a top surface, and a side wall;

at least one aperture in said wall;

at [east 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 actuation of said vibrator, said drug is ejected from said at least one
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reusable. 17.The inhaler as in any one of claims 1-2, wherein construction
material of said container is metal, metal foil, polymer-coated metal foll,
polymer film, barrier coated polymer film, polymer, polymer laminate, or
combination thereof 13. The inhaler as in any one of claims 1-2,
whEEIER01B IARoTy Bresmiafpisks brozey setd atosaapidzbaranisdudenaient,

a m&mm@rﬁ@ﬁ. least élfﬂ: ahBadnhal LA Y9 @J@%@é‘é@%ﬁg AiVHEIE Itgutside of
salgm.\éjbrattg.r .&element is adapted tq wbratg atu trasomc frequencies an

aerosol itt drug substance for inhalation by a patient. 15. The
inhaler as in any one of claims 1-2, wherein said at least one air intake
aperture in said container is adapted to receive air from outside of said
container, 16. The inhaler as in any one of claims 1-2, wherein said
container has one air intake aperture and four drug substance ejection
apertures. 17. The inhaler as in any one of claims 1-2, wherein
substantially all of said drug substance is ejected from said drug
substance ejection apertures. 18. A dry powder inhaler, comprising:

a container having a dry powder drug substance disposed therein, said
container having a top part and a bottom part, said bottom pan sealed to
said top part; a vibratory element coupled to said bottom part; and

at least two apertures in said top part, wherein at least one of said
apertures is substantially opposite said vibratory element, wherein at least
one of said apertures is not substantially opposite said vibratory element,
wherein upon actuation of said vibratory element, said dry powder drug
substance is ejected from said apertures substantially opposite said
vibratory element. 19. A dry powder inhaler, comprising: a container
having a bottom surface, a top surface, and a side all; 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
actuation of said vibrator, said drug is ejected from said at least one
aperture in. said top surface and picked up by said air stream inhaled by
said patient, wherein said at least one aperture in said wall is adapted to
receive an air from outside of said container.
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