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THE | NVENTI ON A nunber of techni ques and devices are currently avail abl e
for adm nWQ 48536 drugs to the respiratory system Anong PEEHPO213328r ed
dose inhalers (MD) or dry 5 powder ighalers (DPI') can be used to deliver
drug fornulations in the formof solid”™ powders. Several powder properties
t hat enhance delivery to the pul nonary system have been identified. For
exanpl.e, it has been found that particles which have a tap density |ess
than 0.4 g/cnB and an aerodynam c di ameter which is between about 1 and 3
mcrons are well suited for delivery to the alveoli or the deep lung. If
delivery to the 10 central or upper airways is desired, particles having

| ar ger aerodynam c di aneters, ranging for exanple fromabout 3 to about 5
m crons, are preferred. Furthernore, particles having a geonetric dianeter
greater than about 5 mcrons are believed to nore successfully avoid
phagocytic engul fmrent by al veol ar macrophages and cl earance from the

| ungs. 15 Methods for producing particles having desired characteristics
that can be tailored and optim zed for delivery to selective sites of the
pul monary system and in particular to the deep lung, continue to be
needed. SUMVARY OF THE | NVENTI ON The invention generally relates to

- produci ng spray dried particles having certain 20 properties or
characteristics. The properties discussed herein include tap density, 18
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particles to the alveoli or theAdPRpAY DRg YIpar PROCESShavi ng a | ow MVAD,
coupled with a large VM& are preferred. 5 In one enbodi nent, the invention
relates to a nethod for producing spray dried particles which have

target ed aer GHYTROROUNDRKF THEINVWENTIONt ance, tap density and/ or '
aerodynam c di aneter. The .net hod includes atom zing a,liquid feed and

controlling the rﬁa?'ézlfl]ﬁﬁré’f@?? Hes 9 deviges fg sug sty ¢y ailable ven adgapisteriag t o
form particl gguddayiHeGeddi@iory system. Among them, metered dose inhalers (MDI) or dry

5 powder inhalers (DPI) can be used to deliver drug formulations in the form of solid
powders. Several powder properties that enhance delivery to the pulmonary system
have been identified. For exampls, it has been found that particles which have a tap
density less than 0.4 g/em® and an aerodynamic diameter which is between about 1 and
3 microns are well suited for delivery to the alveoli or the deep lung. If delivery to the

10 central or upper airways is desired, particles ‘having larger aerodynamic diameters,
ranging for example from about 3 to about 5 microns, are preferred. Yurthermore,
particles having a geometric diameter greater than about 5 microns are believed to more
successfully avoid phagocytic engulfinent by alveolar macrophages and clearance from
the lungs.

15 Methods for producing particles having desired characteristics that can be
tailored and optimized for delivery to selective sites of the pulmonary system, and in

particular to the deep lung, continue to be needed.

SUMMARY OF THE INVENTION
The invention generally relates to producing spray dried particles having certain

20  properties or characteristics. The properties discussed herein include tap density,




targeted aerodynam c dianeter or targeted tap density. The liquid droplets
are 10 contacted with the drying gas, thereby drying the |iqui8Qttobee2s0s o
produce spray dried particles having the targeted aerodynam c properties.

I n anot her enbodi nent, the invention relates to a nethod for producing
particl es whoohiossanel udes atonmizing a liquid feed to prodeceusizqeszd droplets
and contacting the liquid droplets with a drying gas which has a dew poi nt
between about 15 0 C and -40 C, therebhy producing the particles. In a
preferred enbodi nent, the particles Nave a tap density |less than about 0.4
g/cnB. In another preferred enbodinent, the particles have a VMED greater
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dropl ets and cendlac#ithgldfeviicuuirdpieaRliets with a drying gas having a dew

poi nt which_corresponds to _form ng particles having the targeted property
or properti®s. In gv Bﬁilmeml@}rems@re%mﬂapdf%@rqdaﬁnwm&ﬁ,d VMGED
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particles have a tap density less than about 0.4 g/cm’. In another prefemred

embodiment, the particles have a VMGD greater than about 5 micrometers (microns or
pm) and a MMAD between about 1 pm and about 5 pm.
In other embodiments, the invention relates to methods for forming particles
20  which have one or more targeted or desired properties, for example, a targeted or
desired tap density, VMGD and/or MMAD. The methods include atomizing a liquid
feed to produce liquid droplets and contacting the liquid droplets with a drying gas
having a dew point which corresponds to forming particles having the targeted property
or properties. In preferred embodiments, values for the tap density, VMGD and/or
25 MMAD for a particular powder formulation are measured as a function of the dew
points of the drying gas, From this correlation, a dew point corresponding to a desired
or targeted value of the tap density, VMGD and/or MMAD is then selected for the
particular formulation. : .
The invention is advantageous in producing particles which have specific
30 characteristics. For example, in inhalation applications, particles can be tailored to

enhance delivery to a specific site of the pulmonary system. The spray-dried particles



manuf act uri ng output of particles having specified characteristics,

maxi m zed. Ot her advantages of the invention include quick dry8 GQrtabdr 2005
production ease. 10 BRI EF DESCRI PTION OF THE DRAWNGS Figure 1 is a
schemati c di agram of one enbodi ment of the apparatus which can be used to
carry out HhgohRypption. Figure 2 is a plot show ng the gefpahaihen between
dew point of the process gas and the tap density of spray dried particles
whi ch i nclude DPPC (60% by weight), 15 |actose (20% by wei ght) and al bumi n
(20% by weight). Figure 3 is a plot sHowi ng the correl ati on between nmass
medi an aerodynam c dianeter (MVAD) and the dew point of the process gas

for spray dried particles i.ch..include. DPRC (60% b i ght | act ose (20%
by wei ght) an rcé'f ﬁ#r!’%ﬁif Eﬁ%ﬂvf%i“&%‘?‘)@hﬁ‘ﬁ@%%?‘gﬂe gﬁoggaélgﬂﬂ%q showi ng MVAD
as a functi on sfodgesmip giopbrtitglovapdrieletdaim@mionahd affro A plvda IV eabiitpei ght)
and DPPC (10%075% wej gatshtg} ﬁl’nAl LED DESCRI PTI ON OF THE | NVENTI.ON The

f eatures and PPTITES 39 weligmited for psevie Avinery derdniale devigesgng pehibit lopge
invention or fs.uaHh AR heh MroR3hl & AE ihRer dention, will now be nore
parti cul arlg/ described 25 with reference to the acconpanying draw ng and
poi nted out?in the Tdeaisthods ghibe wetiongre siploteconsngea and feprotleriideaBe,

enphasi s i nst el . ; 11 J. prinekpl of the
i nvention. Th sgﬁgg%n]g%%ﬁggrpg@g%dqcﬁﬁlg%é‘fq}en!ﬁlg%t&?‘?gurgeéﬁg%%rh i%%ts t he
sane item or alesieguiromitiest Processstepd andiwasted enatenidie cat Boddidsdindthe parti cul ar
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i nvention are "SHH mﬁ‘?g\%?u Pﬁgﬁr(ﬁﬁ?‘%%SBﬁlgW%fﬁPte%?cF’iW?%ns of the
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vari ous enbodi nents wthout departing fromthe scopé of the invention.
Shown in Figure 1 is apparatus 10, which includes spray dryer 12. Spray
dryer 5 124 prghegait Iggﬁ FERR | atom zation assenbly which

i ncludes a rotating 9(gl;s_ ﬁ?ﬁ?ﬁgﬂﬁ?&é\brea liquid feed into droplets. The
rotating disk typi &Figuyl speckansgic disgtahi of onbembaingent of tenapimoans wGclOGA t o
about 55, 000 r. ti er. u.nute (rpm. Alternatively, hydraulic pressure
nozzl e atoni zzibi%}ugeﬁf,tgp\%yﬁtlﬁedn Aetitrat i ¢ at oni zation, sonic atonization or
ot her atom zi ng t e®Figura2Bs, platshdwiaptheicordlitbondictween 169 pidtoflies process gas

and the tap density of spray dried particles which include DPPC (60% by weight),
15 lactose (20% by weight) and albumin (20% by weight).

Figure 3 is a plot showing the correlation between mass median aerodynamic
diameter (MMAD) and the dew point of the process gas for spray dried particles which
inclnde DPPC (60% by weight), lactose (20% by weight) and album-in (20% by
weight).

20 Figure 4 is a plot showing MMAD as a function of dew point for a formulation
of estradiol (90% by weight) and DPPC (10% by weight).

DETAILED DESCRIPTION OF THE INVENTION
The features and other details of the invention, either as steps of the invention
or as combination of parts of the invention, will now be mote particularly described
25 with reference to the accompanying drawing and pointed out it the claims. The
drawing is not necessarily to scale, emphasis instead being placed upon illustrating the
principles of the invention. The same numeral present in different figures represents

the same item or an equivalent item. It will be understood that the particular




10 enployed. In a preferred enbodi nent, spray dryer 12 is a Mbile M nor,
EX Mbdel nmanufactured by Niro, Colunbia, MD, O her commerci al$ Dciober 2005
spray dryers fromsuppliers such as Niro, APV Systens, Denmark, (e.g., the
APV Anhydro Mdel) and Swenson, Harvey, IL, also can be enployed, as can

scal ed-up S @yosshyers suitable for industrial capacityppfpéiftden |ines.
Comrercially avail able spray dryers generally 15 have water evaporation

capacities ranging fromabout | to abgut 120 kg/ hr. For exanple, a Niro
Mobil e M norTM spray dryer has a water evaporation capacity of about 7
kg/ hr. Apparatus 10 al so includes supply vessel 14 which holds liquid feed.

Liquid feed ca%ﬂg%?%ys llﬁg‘(’?t}l va%gseoleb4 Oyo(t\’a[ﬁs@?qmﬂraﬁé)ﬁ&%gl ?%dl]}lggf from

its conmponent & I nUoUSs™ no roducin feed

can be enpl oyeags indentieAOWhe pﬂmciﬁmefeme ofﬂ;pmwatmamb@beampmemmmd with
addi tional supply vessels, t sho n Fi gure Erom supply vessel 14,
liquid feed i SmpofiEanisgvihg %%P ﬁn%rt c1880 ef‘grthqlﬁ‘é‘?‘@ﬂli‘:e by rmeans of |iquid

punp 16. The flow rsab&n &l Fighte §Bs §p8rafu8 €0 WHlieHiinbludds sl agref BX Speaysiyery 25

dryer 12 can be controlled and/or nonitored by flowreter 18. in one
enbodi ment , 5 12 peferablyeanlays 2 géntiélsd glomization a%selablyafhlcbzn@rdeaarqtﬁwgr ate

ranglngfroma t

preferably at cgci(? 8‘\;/1v1%‘r3a l'e&elf)%irlr l?{rlrg'eérom lgtgt %2%&?%?1 “%Hl aﬂ—%g%t 100
m/mn. Cher m&dtﬁelrmgerﬁahﬂﬁ}omawaﬁét@mhbsﬁe(wo raisanmumtet(tp@l) art For
exanple, in larger s dr nodel s ui e direct ray
dryer 12 30 at e“F"’rt'é’%ryr %%P@Fsﬁbe HOFHRM %’ﬁ?ﬁ{’%%{" 3&?“1381 ofr ey B .
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whi ch can be aqueous, organi c_or, an aqueous- ani %]Ie&?ol vg& ueous

sol vents i AB| LaRployedy Iﬂ%\@?@ﬁé%emmw’éﬁﬁyﬁﬁﬁ 158 | es of
organi c sol veng ulfe[&ﬁlrﬁfjﬁrNr%'tCoﬂﬁﬁmi‘%l Offct &thé}cmﬁir Mﬂ%l@sﬁwyerﬁs for

exanpl e, et hano ’propandl , i sopropanol but anol Q he
organic 5 sol v@mgupphcﬂsmntél damhroaABVrﬁdﬁtem&rﬁep@@ﬂ%@&aém ABH#’@@&‘?IBM@ED

di chl or onet hane I oro C ¥l et her
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t he co-solvent, in an anount. ran I.n fro O(V vol une.

In a nore r}rseflg’r"’?@’&teéﬁ’ﬁ’@&’iaﬂ%?ap Wg OP%uégFﬂa%ogtb%ﬁk n the co
example, a Niro Mobile Minor™ spray dryer has a water evaporation capa01ty of about

7 kg/hr.
Apparatus 10 also includes supply vessel 14 which holds liquid feed. Liquid

feed can be supplied to vessel 14 or can be prepared in situ, from its components. A.
20 batch or a continuous mode of producing liquid feed can be employed, as known in the
art. Apparatus 10 can be provided with addir:ional supply vessels, not shown in Figure
N :
From supply vessel 14, liquid feed is directed to spray dryer 12, for instance by
means of liquid pump 16. The flow rate at which the feed liquid is being fed to spray
25  dryer 12 can be controlled and/or monitored by flowmeter 18. In one embodiment,,
liquid feed is directed to spray dryer 12 at a flow rate ranging from about 10 milliliter
(ml)/min to about 120 ml/min and preferably at a flow rate ranging from about 40
ml/min to about 100 ml/min. Other feed flow rates can be employed, as known in the
art. For example, in larger spray dryer models, liquid feed is directed to spray dryer 12

30 at a flow rate ranging from about 5 to about 10 liters/min.




10 solvent in an anmobunt ranging from about 30 to about 85% by vol une. The
liquid feed can have a neutral, acidic or alkaline pH Optionf$QOtctobep2D05
buf fer can be added to the solvent or co-solvent or to the forned m xture.
Preferably, the pH can range from about 3 to about 10. In one embodi nment
of the invephhARssbhe |iquid feed al so includes a biol oghgplkmnahe active
(bi oactive) conpound, for exanple a therapeutic, prophylactic or di agnostic
agent. Bioactive conpounds or agents %I so are referred to herein as drugs
or nedi canents. The anount of bioactTVve agent present in the liquid feed
generally ranges between about 0.1 % wei ght and about 100% wei ght,
preferably between 100% 20 Exarrpl es of
b1 o 01 cal 1y act i ve g ired el Ao Phch PR aarepiiolala op et
conpounds, pr QdrginiSco-fdtt. d@@eo&@bk@nt@ﬂichﬁ@&brlﬁﬁﬂéwaﬂdat&%dﬁhﬂéraiC acid
sequences having, therapeutic, pr.ophylactic or diagngostic activities.
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conpl ement ary JNAr eanfANA cARshl, théthindi, bro&aﬁ:?d?%&‘cfph?ah&l@nd Bibndid ROEHBSmicThe

agents to be incor por at éd can have vari et bi ol ogi cal activities,
such as vasbactwlvpatsdepdidednt awemtd@uted\v@p@@mm@rbon@rdmm@neth@mqhbrm@nn,ant s,

| mmunorodul 2t dlg SRR Su, BOREAKSeAURAL S BB N L BRI BIR0Rmy e

anti biotics, nse |gens
with a wide rc&g:gmc @l vennis ethehe r If\mmg;hrvemamerh;ﬁomeme amomnteﬁmgmhesolmt vveen

100 and 500, 000 gr ans nmol e. 18 Ccto % é{ﬁ‘gg b02/ 326
PCT/ US02/ 12320°3 e?ﬁéeﬁtf”qt&?aoﬁ% {0 AR TARETE TR AR 10 fod 8‘&9? Yor | ocal
delivery w thigiihe mlawide pesied éﬁb@ﬁﬁ&itsthé Qfgaﬁlb eolwxﬁﬁtﬁ&eﬁt iPfhe@st hna,

chronic obstructive pul nonary di sease ysenma, or cystic
fibrosis, oP f® Vegw@ammtﬁwﬁwnahnmwﬁa f§5%>dérﬁ'e§unef or the treatnent
of diseases such aspeYghiiGeddl Bl S g L84 L5 d peta 5
agoni sts steroids, antl cho |nergi§gs 1rla Ieu ot r@eneﬁod@@?@?& ast hma.

O her specifi douﬁehmgddﬂddo &q«snhfsntlonm sadesnt o ther fermesttmixiung. t Ryefetably, hunan
growt h hor rmneLFLG ﬁ%ﬂ“ ﬁé: E?”& %oupf(?fadot ropi n-rel easi ng hornone,
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col ony-stimul ating Ha&ﬁé@ﬁboﬁnﬁmt?&ﬁhé invidioa thy liqiid fdad nlyo heldach biblbEicildl at ed
peptide, s tosta .testostergne, pro terope, estradiol, nigotine, 10
Pentanyl . *Hor ceRTC iR St e e A aments, Pehyesicat G thol yn
sodi um agent, Biocactive compounds or agents also are referred to herein as drugs or

medicaments. The amount of bioactive agent present in the liquid feed generally
ranges between about 0.1 % weight and about 100% weight, preferably between about
1.0% weight and about 100% weight.

20 Examples of biologically active agents include synthetic inorganic and organic
compounds, proteins, peptides, polypeptides, DNA and RINA nucleic acid sequences
having therapeutic, prophylactic or diagnostic activities. Nuclsic acid sequences
include genes, antisense molecules which bind to complementary DNA or RNA and
inhibit transcription, and ribozymes. The agents to be incorporated can have a variety

25 of biological activities, such as vasoactive agents, neuroactive agents, hormones,
anticoagulants, immunomodulating agents, cytotoxic agents, prophylactic agents,
antibiotics, antivirals, antisense, antigens, and antibodies, Cotnpounds with a wide
range of molecular weight can be used, for example, between 100 and 500,000 grams

or more per mole.



salneterol, fornmeterol, albuterol, epinephrine, L-dopa, and di azepam as
well as nedicanents that primarily target the central nervout8 &ctdbes 2005
ki dneys, heart or other organs. Diagnostic agents include but are not
limted to i magi ng agents which include 15 commercially avail abl e agents
used in poﬁ&g sHf ssion tonography (PET), conputer assﬁgﬂzﬁﬁﬁpgraphy
(CAT), single photon em ssion conputerized tonography, x-ray, uor oscopy,
and magnetic resonance imaging (MR). Exanples of suitable materials for
use as contrast agents in MRl incl udebbut are not linmted to the

gadol i nium chel ates currently avail able, such as diethylene triamne 20

pentacetic acid (DIPA). a geﬁ adopent ot at e di.megl um ne, . wel | as. iron,
magnesi um mngan@@?‘q‘@a EF%E‘@“&W%FH%?WEE‘gﬁ‘ﬁgri‘?ab%img’?wtge usef ul
for CAT and X-fugySudhi§ hiies thiogé ﬂ&t@é&ﬁ%ﬂa&iﬁ% hridhi® obftftctivd SulBMRRPMSease
adm ni stration, such as ionic nononers tyfgl led by diatrizoate and

i ot hal amat e, AGRPPHAPhHRsABNETCEstcfbrOsEs OF lehwiicaés g,;eails%meﬁteﬂe?m@m gensfer sol |,
non-ionic 25 i ' - Jadi @‘Hﬁj’f i | rs, for
exanpl e, ioxaggﬁ%&eah%?%tr}?gﬁ?dg%ﬁ%ﬁ ?ﬁglﬁ}gée a%gilbfelaona Skeg%ﬁgso%ielﬁt&%s). In a
preferred ehbodomsnsteroidsj gpickblihengtbs pmtlevithétene nedifterafor ssthphro (Pherispeiifits, such
as, for exanpl a ..phosphati dyl chol i ne. . phosphati dyl et hanol axni.ne,

Dhosphat  ay oitbEErBiE EERITHAE i a cel it BB e ORI SARLET

conbi nati on t kekfedin, doRadonepiaaéiedingdivimondOutchtziphhsmiont tetasitg Borgoghdogenous

to the lung. Specific exanples of phospholipids are shown in Table 1.
Conbi nat i ons Pfﬁﬁas%ﬁwﬂqcpsﬁe&eloehﬁﬂawlgtalgﬁéct@r&p&&@d»Parsthmd&wgpomé WO

02/ 085326 PCT/ 4 s i 5 i ¥ Cl12;0
02,002220 TSRS Bl Falhonh, Bl DBt s s (120

Di pal ni t oy Fphdepml.inggathisteong elopidins; GyRRPONE sslieyiate ploptelmsadivmgdy | chol i ne
(18:0) DSPC Ds%%?e\f&?ﬁ%&%f, 'aﬂ%{ei:&,oépin@&r(ng ]&d&})a, and diazepam, as well as

medicaments that primarily target the central nervous system, kidneys, heart or other

L

organs.
Diagnostic agents include but are not limited to imaging agents which include
15 commercially available agents used in positron emission tomography (PET), computer
assisted tomography (CAT), single photon emission computerized tomography, x-ray,
flucroscopy, and magnetic resonance imaging (MRI).

Examples of suitable materials for use as confrast agents in MRI include but are
not limited to the gadolinium chelates currently available, such as diethylene triamine

20 pentacetic acid (DTPA) and gadopentotate dimeglumine, as well as iron, magnesium,
manganese, copper and chromium.

Examples of materials useful for CAT and x-rays include iodine based materials
for intravenous administration, such as ionic monomers typified by diatrizoate and
iothalamate, non-ionic monomers such as iopamidol, isohexol, and ioversol, non-ionic

25 dimers, such as iotrol and todixanol, and ionic dimers, for example, ioxagalte.

Liquid feed can include additional component(s). In a preferred embodiment,
liquid feed includes one or more phospholipids, such as, for example, a
phosphatidylcholine, phosphatidylethanolamine, phosphatidylglycerol,
phosphatidylserine, phosphatidylinositol or a combination thereof. In one embodiment,

30 the phospholipids are endogenous to the lung. Specific examples of phospholipids are
shown in Table 1. Combinations of phospholipids can also be employed.



DOPC 0Di | auryl ol yl phosphati dyl gl ycerol DLPG Di nyri st oyl phosphati dyl gl ycer ol
DVPG Di p al m toyl phosphati dyl gl ycer ol DPPG Di st ear oyl phosphat i 4§ IGptygber 2005
DSPG Di ol eoyl phosphati dyl gl ycerol DOPG 5Di nyri stoyl phosphatidic acid DVPA
D nyri stoyl phosphatidic acid DVPA D pal m toyl phosphatidi c aci dDPPA

Di pal m t oylwetmsgheat i di c aci d DPPA Di nyri stoyl phosphat i pyireschazsd ani ne
DVPE ODi pal rnitoyl phosphati dyl et hanol am ne DPPE Di nyri st oyl

phosphat i dyl seri ne DMPS Di pal mi t oyl phosphati dyl seri neDPPS Di pahnit oyl

sphi ngonyel i n DPSP Di st ear oyl sphi ngonyel i nDSSP 25Char ged phosphol i pi ds

al so can be enpl oyed. Exanples of charged phospholipids are described in

U S. Patent Application entitled "Particles for Inhalation Having Sustai ned
Rel ease Properties,"” 09/752,106 filed on Decenber 29, 2000, and in U. S
Pat ent Application, 09/752,109 enti t I edapRalticl es for Inhalation Having

Sustai ned Rel ease Propgrties"', on Decenber 29, 2000; the entire
contents of both are i nPB‘I“BﬂPHP}&HPIT‘?QFi@PI?PhW %@ ence. 1BLEEt ober 2005
Dimyristoylphosphatidylcholine (C14;0) DMPC
5 Dipalmitoylphosphatidylcholine (C16:0) DPPC
Distearoylphosphatidylcholine (18:0) DSPC
Dioleoylphosphatidylcholine (C18:1) DOPC
Dilaurylolylphosphatidylglycerol DLPG
Dimyristoylphosphatidylglycerol DMPG
10 Dipalmitoyiphosphatidylglycerol DPPG
Distearoylphosphatidylglycerol DSPG
Dioleoylphosphatidylglycerol DOPG
Dimyristoyl phosphatidic acid DMPA
Dimyristoyl phosphatidic acid DMPA
15 Dipalmitoyl phosphatidic acid DPPA
Dipalmitoyl phosphatidic acid DPPA -
Dimyristoyl phosphatidylethanolamine DMPE
Dipalmitoyl phosphatidylethanolamine DPPE
Dimyristoyl phosphatidylserine DMPS
20 Dipalmitoyl phosphatidylserine DPPS
Dipalmitoyl sphingomyelin DPSP
Distearoyl sphingomyelin DSSp

Charged phospholipids also can be employed. Examples of charged
25 phospholipids are described in U.S. Patent Application entitled “Particles for Inhalation
Having Sustained Release Properties,” 09/752,106 filed on December 29, 2000, and in
U.S. Patent Application, 09/752,109 entitled “Particles for Inhalation Having Sustained
Release Properties™, filed on December 29, 2000; the entire contents of both are

incorporated herein by reference.



WO 02/ 085326 PCT/ US02/ 12320 -8 The phospholipid can be present in the
liquid feed in an anpbunt ranging from about 5 wei ght percent1§ @ctdbernd00s
about 95 weight % Preferably, it can be present in the particles in an
anount ranging from about 20 weight %to about 80 weight % The

phosphol i piyds (s NDi nati ons thereof can be selected to, ntroll ed
5 rel ease propert| es to the spray dried particles producedﬂgs;o%ﬁg@net hods

of the invention. Particles having cgnt roll ed rel ease properties and
met hods of nodul ating rel ease of a bfologically active agent are descri bed
in US. Provisional Patent Appl ication No. 60/150,742 entitled "~ Mdul ati on

of Rel ease From Dr Povvd Fo ation lin trleanS|t|on
filed on August 25, iB%e% ‘{faglbe%ﬁe &D%?lé‘i%ﬂgffgﬂfnﬁg?wa& @it on
09/ 644, 736, fidbed 500cight @ersnt 23) to2BOK abit OB wietphit %4 tpkﬁ“er"alblpdumttse@fbs@itm

Rel ease From Dry Powder Fornul ations”. The contents of

i ncor por at ed H&FRArHCles y ap amennt puging fromabpyt 29,yrsight P4 to aPPI“t&HB‘EeFE@F Yenbodi ment
of the invention | itgujsbshRaidsBF bR SMELALAE se1dfed tHSRHNBRRITRA t he

term"surfactant” refers to any agent which preferentially ‘absorbs to an
15 interface Weleasedrrpexiigs torthe spedyiried pmgie%proweﬁbﬁﬁlemw@qdﬁ@%tm myentiset ween

water and an %%?Hs%aﬂﬂé %&%ﬂeﬂ%ge e&e!’ﬁ{cﬁ&étﬁ&is oifﬂ}oaﬁl%ﬁ%%e@% eRpgani ¢

solvent/air interface ant's g &Rera y possess a T & noi ety
and a |i pophi lbidogicdllytagtivesagert atehhtc,nbeddehSaRIsumbnai@aﬁeﬂt mppﬂ:mmmaNd cles, they

Sim 1 ar1y coatOi AR Ped MotatsnaR R e T chEPEvas o ey BY i on.

Surfactants MEYon@biRg MAKPTRNSRSOT flkd @@Aagusaza heyapRW. sq\wltpxdma@ﬂﬂst ic
agent and increase bloavallablllty of the agent. In addition to | un

surfact ant $0  Jigtent Applicplign Q&IPS %"f@fbﬂ%‘é o2009; wigh theitidle (Mogpia
sui tabl e surfaghand g{%%@&é}lﬁoﬂﬂﬁl %’He@oﬁ Htsb?bcﬂlﬁilér]%ene 4t edﬂe?éxﬁy

al cohol s such as polye | ene glyco yoxyet auryl ether;
a surface 25 Mccﬁmecerlatthe}reamew such as palmtic acid or oleic acid;

g yoochol at e, sur apkile ok gL TEb P A PSS GhAgRE P =
Monool eat e) ; anel Iteyém,xa@mim "shifectaii't fefeed iaaby sgent \bhchopleﬁeemhamynb&dsres {oi ﬂui d
feed in an, rmunt ing from ti t 00%\Q/e A algout 5an
Pr of er abi 15 | R DB PSR R B HiEbPBLS YR Do eaHReEn Bl ng
from about 0- TorBi cPtlyriér bSuBRO N byaiky/Br WRIrAABS or’rgahth LRARAI AL,
Surfactants generally possess a hydrophilic moiety and a lipophilic moiety, such that,
upon absorbing to microparticles, they tend to present moieties to the external
environment that do not attract similarly-coated particles, thus reducing particle
20 agglomeration. Surfactanis may also promote absorption of a therapeutic or diagnostic
agent and increase bioavailability of the agent.
In addition to lung surfactants, such as, for example, the phospholipids
discussed above, suitable surfactants inchude but are not limited to hexadecanol; fatty
alcohols such as polyethylene glycol (PEG); polyoxyethylene-9-lauryl ether; a surface
25 achive fatty acid, such as pahmitic acid or oleic acid; glycocholate; surfactin; a
poloxamer; a sorbitan fatty acid ester such as sorbitan trioleate (Span 85), Tween 80
(Polyoxyethylene Sorbitan Monooleate); and tyloxapol.
The surfactant can be present in the liquid feed in an amount ranging from
about 0.01 weight % to about 5 weight %. Preferably, it can be present in the particles
30 inan amount ranging from about 0.1 weight % to about 1.0 weight %.




WO 02/ 085326 PCT/ US02/ 12320 -9 Met hods of preparing and adm ni stering
particles including surfactants, and, in particular phosphol1pQOttobar 2005
disclosed in U S. Patent No 5,855,913, issued on January 5, 1999 to Hanes
et al. and in U S Patent No. 5,985,309, issued on Novenber 16, 1999 to
Edwar ds et yah 9208586 t €achi ngs of both are incorporated hepejpsbihef erence
intheir 5 entirety. In another enbodi nent of the invention, the liquid
feed i ncludes an am no acid. HydrophqQbic am no acids are preferred.

Sui tabl e ami no acids include naturall'y" occurring and non-naturally
occurring hydrophobic am no acids. Exanples of am no acids which can be

enpl oyed i ncl ude, t.-are.not limted.to: .glyci.ne,. graline, alanine, 10
cyst ei ne, nethioni E\g?th?/glofﬁrg?aqné%l %e,mJtSth%%?aﬁgaegl%@P@ﬂ%f%?ta%tﬁ’eaﬁy’lIgl ani ne,
tryptophan. Ryueticalaf phbsplyslipiip wbdisciesni oUEC Palent Nos;$350e 3 Hkduedior Tadnbariyt ed t o,
| euci ne, isoleucjne, __alanipe, val]ne eny] al_ ani .ne, glycine an

t rypt ophan. ArﬁL’j ﬁ%%atei}@ewjiﬁgﬁuq Wi}'s@é‘tmﬁgﬂ‘bﬁgﬁéﬁ%ﬁﬁuﬁq h 8Y%%%b£é9% no
aci ds can al sGo paweRip Lo eThe RRIMIARRbERG he¥ incOfforHidd HAEEHAEY RRrAes Bhdinc! ude,
for exanple, beta-am no acids. Both D, L and racem c 15 configurations of
hydr ophobi c3 arfitiitstiaci ds can be enpl oyed. Suitabl e hydrophobic anmino acids
can al so include am L d red ] i.d _.anal og
i ncl udes the D or p%%r??e?g%?a I %ﬂg%gpeéﬁveg% tggziglﬁlgqﬁeg\%:&rll%{% %gmﬁ%})ﬁ%\% ng
formul a: - NH H3HdRpBGhic amiireraeida aiR praferaad. Suitffiasmino geidziaclude sanlysity t ut ed

al i phatic grou a _benzyl oyp, a subst.ituted benzyl ou an aromatic
group or a sutﬁ%‘(’lfrflﬂ% %%‘@%’Pb‘%&?#@oé?%]ﬂ)gbﬁwp ﬂlacamﬁl?é’fgﬁqs'%’ffﬂﬁ’%esﬁg?m%rrespond
to the side chgide whichaaiBé ethplbyodiRmEid] tiit BE MimARed BCETinproii€ dlahRie i N,

al i phatic gr oups i nclude strajght chai ned, branched or_ cyclic C 1- C8

hydr ocar boh8 PPFERS-4PERIEHAD Vel Pudint Gratisisolgitien Phawtliie dpptahat wo

het er oat ons  SUgbrAS] INdtSRERE amANYEAY itlude bl At HAHEA ), 1008LE RofRBhal N one or
nore units of unsaturation. Aromati'c groups I nclude carbocyclic aromatic

gr o_upfsds uclh ?ﬁliplh@nwﬁnzﬂ)h@ﬁdlalmglﬁyine %nﬂldl'ymtimé?ndaeﬁminb@ciéﬁ ‘éﬂlﬁah isluge Ioulos such
as i mdazol yl, iR .t r ol yl,
y cg]ex%gﬁ#lgﬂs of El?drgﬂﬁ)?ﬂrc]: gfr%ﬂ%% can 0¥ B¢ it plllcr?&?f. %—ﬂg&t}? | Y

benzot hi enyl of Urany r'soquin intyl.
Sui t abl e substdctureing smmn aeids fkuid) ddri example,dregt-intine acidee rBog DO atjracengt ude

B L
-COOH, - NH2,  -ali@ddiddhah ko HcRuPamind WHIE ahdlolse AsalbédHedin, Gm aB1d%¥1d analog

substituted benzyl, aryl or substituted aryl group), )
inclides the I or L configuration of an aming acid having the following formula: -NH-

CHR-CO-, wherein R is an aliphatic group, a substituted aliphatic group, a benzyl
group, a substituted benzyl group, an aromatic group or a substituted aromatic group
20  and wherein R does not correspond to the side chain of a naturally-occurring amino
acid. As used herein, aliphatic groups include straight chained, branched or cyclic C1-
C8 hydrocarbons which are completely saturated, which contain one or two
heteroatoms such as nitrogen, oxygen or sulfur and/or which contain one or more units
of unsaturation. Aromatic groups include carbocyclic aromatic groups such as phenyl
25 and naphthyl and heterocyclic aromatic groups such as imidazolyl, indolyl, thienyl,
furanyl, pyridyl, pyranyl, oxazolyl, benzothienyl, benzofuranyl, quinolinyl,
isoquinolinyl and acridintyl.
Suitable substituents on an aliphatic, aromatic or benzyl group include ~-OH,
halogen (-Br, -C}, -I and -F) -Ofaliphatic, substituted aliphatic, benzyl, substituted
30 benzyl, aryl or substituted aryl group), -CN, -NO,, -COOH, -NH,, -NH(aliphatic group,
substituted aliphatic, benzyl, substituted benzyl, aryl or substituted aryl group), -
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substituted aliphatic, benzyl, substituted benzyl, aryl or sub®Qctobed2005
aryl group)2, -COQ(aliphatic group, substituted aliphatic, benzyl,
substituted benzyl, aryl or substituted aryl group), CO\IH2

-CONH(alip bstituted aliphatic group, benzyl, benzyl,
“aryl or suggﬂjit;utszg aryl group)), -SH, -S(aliphatic, 5 su s?ﬂz}d%%g

al i phatic, benzyl, substituted benzyl, aromatic or substituted aromatic
group) and NH-C(=NH)-NH2. A substi tut@j benzylic or aromatic group can al so
have an aliphatic or substituted ali phat| C group as a substituent. A

substituted alj ti.c rou an enz t ut zyl,

aryl or substiI}T‘fﬁ)‘J;13 Pﬁf‘ﬁiﬁ'ﬂ‘t%ijsﬂﬁﬁat?u ﬂg’ Q\b’é‘ﬁ f“iyl U8 tlﬂ%t?‘i;hati c,

substituted ar d@)zptce@m@héﬂétgaﬁlpb@lamﬂne& ﬁ@ﬂ@u&@e&@n sﬁ’tﬁﬁﬁt&@b@m?[ nor e
or

substituents. 1fylng an am no acid substituent can increase

exanpl e, the |W@p mhsiﬂ@teslyn& gronp)dr%%br‘éowl(@mhm sbatitutedphhatie greup.whi ch

are hydrophily ngd Whis Clughs , aci d anal ogs
and salts ther eg?y ‘can % al ne comﬁr@ke?l gli F p% ﬁglf 5 gﬂrj?g%é synt hesi zed
by net hods &nonhstitted dliphatia, berkHl, Sipatithted bcnzwlea]tmmat}qelssuhst&utdé&omabed for

exanple, in Geen.a . n u in O ani c i "

John W1 ey anf@@ngngéﬁﬁew%f@ﬁ[an S"}bsg%% H%I?—W&Fop saisﬁ Eer ally
defined with r@&ﬁpﬁdﬂeb@g&b@ﬁuﬁdhﬁpﬁaﬁ@@mﬁﬁ aPdsubBtOEht. aAIsdbdﬁﬁitémphzalcnonpm ar
sol vent and wat er. gthObl c am no acjds are those aC| ds_, which show a

pref erence forgrewaﬁaﬁ 2 heppibeHbstityied benrylAryl s RBERI AN o8P 8% no 20

aci ds can be eypiRERedA AbsAruMALAREE LG HeP £BNEHOS sWhiiale S BRou pas the
value 0.5. On. such a scale, anmno acids which have a preferericé for water
have val ued0belanwe ae onmereshbstitientsaMadifyiag an pmabdridiulstifugnt qao istsase

sol vents have | r hobi ¢

am no acid reffgrrésﬁ. gﬁaﬁg%%ﬁﬂhégﬁyﬁ%@%bm% ﬁﬁﬂmﬁf%ﬁn %JI%Q‘JM yﬁgcal e has a
val ue greater iorrophilial to 0.5, in ot her wor ds, has a tendency 25 to

partition in the nonpol.ar east ual to,tha of chine.
Bonbi nat i ons of - hyd BuehP Eba i Hh Bkt ﬂpgaclﬁ%ﬂi%%w@ Y ror o,
conbi nations e damreanb@ﬁiefmam@domeem@be bynhekiRécEhEheRbdsainbyn ﬁﬂh&hﬂtl oning in

water) am no acids, where the overall conbinatjon is_hydrophobic, can also

be enpl oyed? oBisH i teelmignes are dgicabesh farsxampledin Gresaiond Wkl “Bragecsie nor e
phosphol i pi ds ©fo,su% BekAEEMiRYis ¢ FBnAWERy B SHR! @¥BHrs 5 and 7, 1991,

Hydrophobicity is generally defined with respect to the partition of an amino

acid between a nonpolar solvent and water. Hydrophobic amino acids are those acids

which show a preference for the nonpolar solvent. Relative hydrophobicity of amino
20 acids can be expressed on a hydrophobicity scale on which glycine has the value 0.5.

On such a scale, amino acids which have a preference for water have values below 0.5

and those that have a preference for nonpolar solvents have a value above 0.5. As used

herein, the term hydrophobic amino acid refers to an amino acid that, on the

hydrophobicity scale has a value greater or equal to 0.5, in other words, has a tendenc};
25  to partition in the nonpolar acid which is af least equal to that of glycine.

Combinations of hydrophobic amino acids can also be employed. Furthermore,
combinations of hydrophobic and hydrophilic (preferentially partitioning in water)
amino acids, where the overall combination is hydrophobic, can also be employed.
Combinations of one or more amino acids and one or more phospholipids or surfactants

30 can also be employed.



18 COctober 2005 WD 02/085326 PCT/ US02/12320 -11 The am no acid can be
present in the liquid feed in an amount from about 0 wei ght 18 Oztaber20E®
wei ght % Preferably, the amino acid can be present in the liquid feed in
an anmount rangi ng fromabout 5 weight %to about 30 weight % The salt of a
hydr ophobi gy@pHgassaci d can be present in the liquid feedpdpy@pppunt from
about 0 5 weight %to about 60 weight % Preferably, the amno acid salt is
present inthe liquid feed in an a nt ranging fromabout 5 weight %to
about 30 weight % Methods of form g and delivering particles which
include an amno acid are described in U S. Patent Application No

091382, 959, filed August,.25,, 1999, . .ent| " j i no Aci ds
e PRI aGiRyo SiRty: BR A, el Riin dpo gl RnFue Y

to Form Porous Par ray yin Patent 10
Appl i cation 094&dds o3@bbitl 60Gvediht #4 QusieraBly, the o acidtchn beptesetiis thyfligBidp| e

Amino Acids to Form Porous Particles". the teaghi of. kot

i ncor por at ed tfé@dépﬁnBVOWté%ﬁ@é“?q‘?“‘i%gPlﬁﬁte%& %i’é’fl{/]ﬁ)s‘f’?‘}g]g St?heegago ddi ment
of the inventi opﬁafc bl ta baesk jrashid e Rudaedt th abeunt iohebyuknd a

mul tival ent netal "salt. One or nore phospholipids al so, can be ing%}‘t{i%ed. 15

Such conposbt i weightdh to Abeuiclivight ¥ Rueferabiyy Bo poing g salh i Hresstip e 50, 662,
filed on August 25, 1 L y .t d LiahiobY Wiethgdd-e¥ ge

Por ous Parti cl %‘,gmagﬁ%%gﬁr%aéfog%boﬁgf) |1 at?gﬂﬁ%gﬁ%(gﬁ,l 05 fi Iéed on August
23, 2000, ent ifoheilg siddetivbitg prticles whicBindydeRnypintny acikagedmenleddn Paxti cl es”;

t he teachings of both_ are jn herei n fer ' hej
entirety. In aPgmé P*fé&%ﬁﬁﬁ%ﬁ@%@f’ %Feﬂgnﬁuéﬁﬁtgg‘flggg eﬁ%@ u?glg@i;% |lijerm 20
citrate and cahgidénA&d i8FosePoBLOBRiNG D Ing Spendrpingf idab S, Faedegr adabl e
polyners al so can be included in the liquid feed. Partj Je§ i ncl udi ng such
pol yneri ¢ rit eAplication @/¢fds2P fikdpniAperst : ,20%9,[egﬁﬂed|\gj_%e 8%%1?35’ % ssued on
February 23, 1333, ﬁ%ﬂ%¥0q§ phticiel”; thetdiBhih @aFBbIMGE: BEorpaiicd herdih &y

incorporated herein by reference in their entirety, and in U S Patent 25
6, 136, 295, i ssmfukroaiObtivbmiret4, 2000 to Edwards et al., the entire

can al 50 i nel ude. a RaPEpTHBRAREALAhalSa, v Il Akt uadieabbBiie {ecd
pol ysacchar i degoictyeati ageultitalebakabealt. Oyodrooex phdsplelipps else canshe ipdpdaddes,
281))5/ peptid 6185’ Slic%tcgl)lllpgs%ignss ’arei (ﬂagcrn%gg {ncljgolg%%léllggaﬁ ApBﬁ(%%LBQ @6/? §O,66:§,8 ﬁl@& o8 ber
August 25, 1999, entitled “Formulation for Spray-Drying Large Porous Particles,” and
1.8. Patent Application 09/644,105 filed on August 23, 2000, entitled “Formulation for
Spray-Drying Large Porous Particles”; the teachings of both are incorporated herein by
reference in their entirety. In a preferred embodiment, the liquid feed includes sodium
20 citrate and calcium chloride.
Biocompatible, and preferably biodegradable polymers also can be included in
the liquid feed. Particles including such polymeric materials are described in U.S.
Patent No. 5,874,064, issued on February 23, 1999 to Edwards et al., the teachings of
which are incorporated herein by reference in their entirety, and in U.S. Patent
25 6,136,295, issued on October 24, 2000 to Edwards et al., the entire teachings of which
are incorporated herein by reference.
The liquid feed can also include a material such as, for example, dextran,
polysaccharides, lactose, trehalose, cyclodextrins, proteins, peptides, polypeptides,

fatty acids, inorganic compounds, phosphates.
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liquid feed ranges fromabout 0.1 %to about 0.5% and hi gher18 Satober 2605
i nclude biologically active agent, excipient, phospholipid, surfactants,
salts, buffers, netals, and other conpounds. Also directed to spray dryer
12 is a dryy The term"drying gas"” is used 5 herghfd hangeabl y
with the t)tgrfér; '(‘%%%gess gas". In a preferred enbodi nent tﬁ%ﬂU%OQ%‘l%csifty | evel
of the drying gas is controlled. Exar‘rP es of gases suitable in conducting
t he met hods of the invention include ut are not limted to, air,

ni trogen, argon, carbon dioxide, helium conbinations or m xtures thereof

and others. Nitrog s is preferred. .1 /1 as ich h specified
noi sture | evel cane]{)hgt%%lrc%?fnﬁr?;wgd’gﬁ(ﬁgs]ﬂfg?g{l'fviflge%flg es&%mg?oﬁlggrlr?“otﬁ st eam
i njection, sprawiigs%ankbighd0 Svkdiida® haludeBdldglcaMglichige adeqt bvigieies and ot her
t echni ques or eilgui p Bigt%]g;om inthe art. In a preferred enbodi ment of the
i nvention, a fR &hoge » SYrpgans, spliso P Eerey gstalso gid ther GofPAREHn in Figure 1, is

hum di fied by bubblA189ditdotel is GRGNIVRNSEs a drPing BXA ML Tl diymmoRRATS Qkdl t

t hrough pressure pot 20, after which it is” conbined wth"a second gas
stream whi eh heseimiterehangesblyivath thaigem Sproenssigagashatnrefamedocanbodimenbihai ned, for

i nst ance, dirqﬁ“- i thout i J.1. through water.
Ext ernal spray r%lgléé%&%?ﬁ%gﬁgﬁgﬁ?qe&? ﬁ’(‘: &?Sgogsggér?ga {oa%r]iezngr and heater,
of ten are pr es®wnducting themusfilacls of tha rveamnlindudeshit arstroeliphat topaie uitiogad,
industry. In another, 20 enbodinent of the invention, dryi g exiting
from such an &X¥%r ﬁsé?o%‘g?ﬁf}e’g‘%w’ ° gmf‘? O%B&ﬁtgﬁrﬁ%%“étog’gmi ﬁflr‘iﬁ?fl ng
atom zer and hegisfefei@t shown in Figure 1, is directed, as the humdified

drying gas, to spray dryer 12. Optionally, additjonal drying _and/or
heating of fhe gas £ Erig™ iRk has,erspecind moistarg leyelkap be forpef bY adding pnent  may

be required pubiokd9 alght g&%@%&@ﬁ%@%@bﬂ,@ﬂ@é \’;\%ﬁ(i%ﬁnv]eﬁtior%’f_’ga-glﬁfenai!n W rate

of one or both streans can feg ( W i'n the artT to obtain a
dryi ng gas havetigicuetiadiotled tacyiigues ceequipmenhknowldn thexenpl e, val ve 22 as wel |

and vary gas f1ow apiebile TRBelal Pl Entton, SR 8 FREVAT RESERES | 1 one
enbodi nent of rdashowmie Fignen, is ivrddifiedrbyinttiling it thae et mutedfot@ampk bgont r ol | ed
to an accuracy of at least 1.0C a O preferably.is l.ess than +/- 0.1 Cin
dew poi nt. 1? n Hﬂfﬁﬁéthi?ugf‘ﬁ S%W%%Srﬂ%eﬁg’hf{’lglmd“ﬁ LOnSAT 5RBd by

hygromet er 24.which is not humidified. The second gas siream can be obtained, for instance, directly

from the gas source, without passing it through waier. _
External spray dryers or other equipment, including an atomizer and heater,
often are present in manufacturing facilities in the pharmaceutical industry. In another

20 embodiment of the invention, drying gas exiting from such an external spray dryer or
from another apparatus inciuding atoﬁizer and heater, not shown in Figure 1, is
directed, as the humidified drying gas, to spray dryer 12. Optionally, additional drying
and/or heating of the gas exiting the external spray dryer or other equipment may be
required prior to introducing it into spray dryer 12.

25 The flow rate of one or both streams can be regulated, as known in the art, to
obtain a drying gas having a desired moisture content. For example, valve 22 as well as
additional valves, not shown in Figure 1, can be provided to control and vary gas flow
rates and thus moisture levels in the drying gas. In one embodiment of the invention,
the humidity of the drying gas is controlled to an accuracy of at least 1.0°C and

30 preferably is less than +/- 0.1° C in dew point. In Figure 1, the dew point of the drying
gas is monitored by hygrometer 24.



18 Cct ober 2005 WO 02/ 085326 PCT/1JS02/ 12320 -13 Dew point is the
tenperature to which the drying gas nust be cooled, at consttDgtobss2065
and constant water vapor content, in order for saturation to occur. If the
dew point is below O C, it is often referred to as "frost point". Tables
for the couygisiRn between dew and frost points are avapéphiis1ii5

net eor ol ogi cal applications 5 and often can be obtai ned from manufacturers
of hygroneters. The relationship betwen dew point, relative humdity,

absolute humidity and dry bulb tenperature is expressed in psychronetric

charts, as described in Perry's Chem cal Engi neering Handbook, Perry,

MGaw H I l. A pref ; f suyd the dew point of .the drying
gas directed to 1(}%Sv%§§§}ﬂg?ﬂ%§gn§e£at{{rﬁg ‘E{é‘gis}%go |$16asé]9ur§1{?er%r°{eguartf ace. An
LED | i ght sour eestahtipressure and tmstanti watarvagotich@ent, ianeder & lsgtafatonOie oaturofft i cal

sensor. A platjnumresistance ther.nopete nbedded bene the mrror

surface perm t@egF?S?Bmﬁ’&ﬁ?Fa?’ﬁ’rq rf'gﬂdf? We'{?f‘?‘f@rast RS &rat U?I.té‘glieﬁg’rgjreyi ng gas

flows, a dew | gy@érsioR bEBveeddy AddEd¥ FoiMs arS WV AiRBR in ﬁaetesmz%ia‘al SHpBYAaR e of

such a hygroneter is Dew PrinmeTM 12000, manuf act ured b¥ dgg 15 Tech, of
P

MIford, MAS THY ofien syt erbiaingdfingempeiagiyprs oflpremetersr Therelsiengbin about 50

mrror 15 proviaey oy bl ikly, fiphhe fiflata Rl U Sl B0l 1 °
sui t abl e hygr oempressediin peichivanstrisehans hodesaibied ircRarnyls Clgpnoed Ebgiseeringvent i on i s

Super - DewTM pr gvi de S Moi.sjure Meters, Ltd., Bradford, UK 20 This
hygr onet er use a%d%on%f’g%ﬁy’zi\?%a‘g\%ﬁadsorber with an outer conductor of 24 K

gol d and can neasurfpthfsstediditiod ofignehiving e ddRPofat oBhbeRinFRANGirRfed@xpr essi ng

hum dity levels in the_drying gas, such as, faor __exanple, absolute
humidity, rdl eSPF%Y&EY?f&ﬁ,m‘%‘Qeg F%ﬁ%ﬁ@%@%@{fa%wl%h%we oPn er  unit

vol ume of gas findruh@ac8Red RALLSoPS! opiicdllstRRbr. (LhMinuk ts e thifoglER: Oy ed.
How 25 these are cal cul-ated, neasured or converted into one another is

known i n the a¢mbeddphhangath (he mirer supfpeneroits dess nipmitpringafithesgingrt h sol vent s
th th t : | i | s -
othéer than wa Eh%fﬁ‘ruré? Ofg&;&gﬁp? ‘,égsgfilog;gs, Y& lak%t fg%}ﬁ)glgoetg? c‘?rrsuﬁ%@. agueous

sol vents, as kno Int can N such cases,
i nst ead of usi spgeific dxapiplgoipash hbygrorgeter isPew Pt 1 Mifi0shamdachoat rEdgst he

0rYing, 02 STPASYE s, ATRSHLh e SORSILLAL B oLl o, 20, B0t
Cct ober 2005  50° C to about 100° C. A suitable chiller which can be employed to cool the mirror is
provided by Polyscience of Niles, IL as Model 1162.

Another suitable hygrometer which can be employed in carrying out the
imvention is Super-Dew™ provided by Shaw Moisture Meters, Ltd., Bradford, UK.

20  This hygrometer uses a molecular sieve adsorber with an outer conductor of 24 X: gold
and can measure dew points as low as -100° C.

Other means of expressing humidity levels in the drying gas, such as, for
example, absolute humidity, mole fraction, partial pressure, weight of water vapor per
unit volume of gas mixture and parts per million (PPM), also can be employed. How

25 these are calculated, measured or converted into one another is known in the art.

Similarly, the invention can be practiced with solvents other than water, A
common such solvent is ethanol. Other non-aqueous solvents, as known in the art, also
can be employed. In such cases, instead of using a drying gas having a specified
moisture content, the drying gas employed has a specified concentration of the non-

30 aqueous solvent vapor. The solvent vapor concentration in the drying gas can be



WO 02/ 085326 PCT/ U502/ 12320 -14 expressed, as known in the art and
essentially as described above for water. Such a drying gas t&a@dteber 2005
prepared essentially as described above. The flow rate of the drying gas
directed to spray dryer 12 is nonitored by floweter 26. Valve 28 can be
provi ded t i flowrate, as known in the art. In 5 i ment, the
flowrate %éﬁﬁdg%?yi ng gas directed to spray dryer 12 rgﬁggg{ﬁ??‘g?n about
50 kg/ hr to about 130 kg/hr, preferably fromabout 70 kg/hr to about 110
kg/hr. Oher flowrates can be enpl oi}é‘d, as known in the art. Drying gas
is heated by heater 30. O her nethods of heating the drying gas can be

enpl oyed, as known in the art. The inlet, te ragu of .the dryi gas is
control led 10“5H&7’8 FESp e Wﬁ??ﬁ?@g%&: c’%?{gb@gﬁgorrﬁafeff, g‘ﬁ’?‘% ng gas
i s supplied todsigagas dinyies prdparadies@nlidiye daktbed dbgtoreen about 80C and about

200C, preferably between about 85C and about 175C. Ceneral  spray drying
principles and techhpg i ras of thedyins ieps divsated fq spravshyer &% ssvponitored Way dryi ng

i s discussed byiolmeldrssevavt bs Eaﬁme%yovﬁaeu&@%ajmﬁgm%,"as O GADin theatVhey &

Sons, New York, 1984, the contents of which"are incorporated herein by
reference i t et embadithenstthe dow ratnef thpdraipg drs/diregted o spraydlryesdd ratigessfoarad t o

spray dryer 12 4 ! I (0] . th hot
dryi ng gas whi 8%0%‘%3{%&@%%%? ?ﬁgﬁ %Egﬁsm?%%eﬁgrtgygé%%%? ?ﬁé@r &agéﬁggggg)gﬁove,

t her eby renovi Qthes dowenits danbmetnpyett, aphbmeiia iade aitor M ng 20 spray dried
articles. The exit_tenperature of the_dryin s,is. nmeasured b
ltoherm)coupl e 34. Geﬁ@fl%)@ﬁ?]{eﬁﬁeggi’gmﬁg‘t éFbggF’g%‘é%Of@S?tW@g]?‘F%% £3538% and
about  80C, pr gt ey, REARANN BRAH! THORIARhRRANE o 7R dryiiRNAE AlchsirolRdal SO

i ncl udes cycl one 36. %cl one 36 typically uses centrifugal ~action to
separat e t hid sppdior raeniteepddyderimecquplede e Genmialiy, daingssas is sgpplied frspraydkydrng gas
and 25 sol ven MR SR et df o I j ondui t
38. Spray dri egzoijga??#?fergs are %?%te’%u?ed f%g#%cﬁgﬁgg%zerﬁy%%%ﬁ%g% | ection
jar 40. The coBbétamsdibewrld§°C.dried particles can be stored under controlled

grmerat e and oL e LS AT Mt SR Gy BB 8L 37, , 0, L2
have a tap 30 extensé, byral dgngtihdiscuaied by KO MhsgisGiBSpriaDiying lemdbbukeTohave a
L2p donel ! s IR B SR LS e Tl S5,

reference in their entirety.

During spray-drying, liquid feed directed to spray dryer 12 is atomized. The
resulting droplets are contacted with hot drying gas which has a controlled moisture
content, as discussed above, thereby removing solvent from the droplets and forming

20  spray dried particles. The exit temperature of the drying gas is measured by
thermocouple 34. Generally, this temperature ranges between about 35°C and about
80°C, preferably between about 40°C and about 70°C.

Apparatus 10 also includes cyclone 36. Cyclone 36 typically uses centrifugal
action to separate the spray dried product from exhanst gases, e.g., spent drying gas and

25  solvent vapors, which are removed from cyclone 36 via exit conduit 38. Spray dried
particles are directed from cyclone 36 to powder collection jar 40. The collected spray
dried particles can be stored under controlled temperature and relative humidity
conditions, for example, at 22° C and 15% RH.
In a preferred embodiment, the spray dried particles of the invention have & tap
30 density less than about 0.4 g/cm®. Particles which have a tap density of less than about
0.4 g/cm® are referred herein as "aerodynamically light particles”. More preferred are




18 Cctober 2005 WD 02/085326 PCTJU502112320 -15 particles having a tap
density less than about 0.1 g/cnB. Tap density can be neasuretl8 Ontobst 2005
instruments known to those skilled in the art such as but not limted to
the Dual Platform M croprocessor Controlled Tap Density Tester (Vankel
Technol ogy,wo 62ds¥326 NC) or a GeoPyc(tm instrunment (M cropgf[hg&ﬁzgzgstrurrent
Corp., Norcross, GA 5 30093). Tap density is a standard neasure of the
envel ope mass densi ty. Tap density caﬁ be determ ned using the method of
USP Bul k Density and Tapped Density, ited States Pharnacopeia
convention, Rockville, MD, 10t' Supplenent, 4950-4951, 1999. Features
whi ch can contr} | ow t ns I I xture
and porous st rpﬁlg‘[ lfrgél% &%agﬁgg%ﬁtg?s%ﬁ%yﬁ%ggb g%m tﬁ*%ﬂ?nﬁh, | so%ﬁ%gslu%:eﬁ
particle is defuyusitigastrivnentsassvnd tlioh@sk:ﬂﬂﬁrm thelaet sda:h/asdﬁdndmjanﬁﬂadatorﬁlal mum

h I h wh it nbodi t
of"the [mvent: e PEemMiduntadbion Cantadon Bendy Tede W amil retebBh acs ¢ han
about 0.4 g/ cm%:arf\@q‘c%ya@%pﬁw Mt a\@ﬁf&me@ﬁ&%ﬁﬁﬁﬁ@n@&? efigictosd ci ze.

e.g., a volune nedi an 15 geonetric diameter (VM) of at east about 5 m
I n one enbodf mSAP93)t Aep dewsily ise stapdasdmatryre oftheanyelopayoess dgsityn Taprdeasiot her

enbodi nent of t ent. t f about
T mto about S0 b TRERN S nink BE e P mitf bRy M T BB SO0
?:\/ﬁ/rErﬁ); er, nmass Smeh Ezm—j:dacad pati eatrnv(;ﬂWE))d Rocavilte g DrEx &ap?lemame&s&sp?f)g% agm e][

or a ma medi eonet ri i,a r of a m, for
exanmpl e from a%% i‘l“?‘%a’éﬁ?ﬂﬁ‘?b m“’ngﬁﬁ ﬁ%‘@? e ?‘ﬁW{ﬁﬁ“@d
particles, for wxaspk&urbhe VMED, ‘can be neasured u5| ng an el ectrical zone

sensing instrunment such as a Multisizer He, (Coulter Electronic, Luton,
Beds, Engl ah®), or d&he gaeloranmssdeasiiysh ail H@F‘PHJWCI? fselefinsdpsicanasppf the |

manuf act ur ed b a@é[@ﬁhﬁ&dﬁ%ﬁ%ﬁﬁg&ﬂ? P@Goﬂuﬁé Mélli%b@easu“ ng

25 particle d| ter are arreter particles
in a sanple w Iehclosedn@eoxweqwndumwgt prmnvfalabmﬂbe mmﬂﬁszi@vqmrwdm@ BHEPOSi ti on

and net hods of nt hesi rkbution of size of particles in a
sanpl e can be sdg%fsétgt gffsf‘t%‘% H?hg}ﬁﬁ ‘mal deposition to targeted sites
within the respirat Webbd&ﬁmballyﬂghtpiytmhe@d dpreﬂefrgchilzepargr,h%lﬁﬁlemeﬁfaﬁr ably
have "mass nedi an aer qdynani ¢ d| aneter” al so referred tg herein

as "aer odyné?n ECRetE fi@fneter qf gdenst about 5 pm  one embodiment, the VMGD 1s
from about 5 pm to about 30 um. In another embodiment of the invention, the particles

have a VMGD ranging from about 10 pm to about 30 pm. In other embodiments, the

particles have a median diameter, mass median diameter (MMD), a mass median

envelope diameter (MMED) or a mass median geometric diameter (MMGD) of at least
20 5pm, for example from about 5 um to about 30 pm.

The diameter of the spray-dried particles, for example, the VMGD, can be
measured using an electrical zone sensing instrument such as a Multisizer le, (Coulter
Electronic, Luton, Beds, England), or a laser diffraction instrument (for example
Helos, manufactured by Sympatec, Princeton, NI). Other instruments for measuring

25 particle diameter are well known in the art. The diameter of particles in a sample will
range depending upon factors such as particle composition and methods of synthesis.
The distribution of size of particles in a sample can be selected to permit optimal
deposition to targeted sites within the respiratory tract.

Aerodynamically light particles preferably have "mass median aerodynamic

30 diameter" (MMAD), also referred to herein as “aerodynamic diameter”, between about

1 pm and about 5 pm. In another embodiment of the invention, the MMAD is between




1 pmand about 5 m In another enbodinment of the invention, the MVAD is
bet ween 18 Cctober 2005 WD 02/ 085326 PCT/ US02/ 12320 -16 about 18 Qptobarl2005
about 3 m In a further enbodiment, the MVAD i s between about 3 p.m and
about 5 gm Experinentally, aerodynanm c dianmeter can be determi ned by

enpl oyi ng ayvo@i@sdkati onal settling nethod, whereby the Fbﬂﬁdoﬁﬂiszé‘”
ensenbl e of particles to settle a 5 certain distance is used to Infer
directly the aerodynam c di aneter of t particles. An indirect nethod for
nmeasuring the nmass nedi an aerodynani c dianeter (MVAD) is the nmulti-stage
liquid inpinger (MSLI). Alternative instrunents which can be enployed to

por osi zor Tt ( Fobet ) ShERERE By BB AT P MRES] 1 AR aB OB s cae

| mpact or (Ander@ﬂmd%uﬂm@h Sunyra, GA). The aerodynam c di aneter, deer,
can be calculated fromthe equatr on: deer ~ dg"lp tap where dg is t he

geonetric di anet er, Brapriasniaily @l'qdh%ﬂﬂm@me@h@ﬂd)etde’f@me bieerprdoxdeg a t ap
density. 15 Pargraﬁﬂagéﬂar%uﬁﬂ hiai6y %/hte%egm el eﬁﬂgé&éﬁgﬁhgc'r% 1&sehuy cI1e.

nmedi an di aneters |'eadt abdut an aero |arre er of
bet ween abouf Icegmdtsthnad)leusedt6m§md1rp¢tbfftmabddynmmteabbuhbpmgmamd about

3 gm are nore ¢ e esca |nert| ra.vrtat ition
in the oropharyn‘%g F&?%%é ﬁmeﬁsﬁﬂng?jgn}aﬁsr@% Ogly’g rlﬂ ularly
t he deep |ung. niflg- stagehqxﬁdhﬂm@tmsnmeAnaﬁg%uﬁs&ﬁiﬂeﬁtk%oh%aﬁ&e’iﬁbl Hageous

since they are ze nore efficiently than smaller, denser

bl e.to aeroso
aerosol parti CI%EEHEWE ﬁeragyw lampsiers wslude thessdeopeyindes iag name sl Aetosizaies. | n
anot her embodi @Rt mRf, AdiRrd NMANG, ler tﬁ%n%f%ﬁél@&l @ﬁgﬁie% Mghﬂg&soﬁass

density, also ref erred to herein as "mass density" oOf |ess Pha out 0.4
g/ cnB. Part i@ dast, uea, KMi ng a nmean di aneter of bet ween about 5 p.m and

about 30 p.mare pratersegh MRt dPnShl ke ARAABG L ELALLORSH p_beteen

mass density, mean |arre aerodynam ¢

S. Application No. 08/ 655,570, bl ed on May 24, 1996, whi ch is incorporated
herein by reference inits entirety. cﬂ a referred enbodi nent, the
aerodynam c di aneter of particles having s density less than 1 8

COct ober 2005

where d, is the geometric diameter, for example the MMGD, and p ,, is the powder tap
density.

15 Particles which have a tap density less than about 0.4 g/cm?, median diameters
of at least about 5 pm, and an acrodynamic diameter of beiween about 1 pm and about
5 pm, preferably between about 1 um and about 3 pm, are more capable of escaping
inertial and grarritational deposition in the oropharyngeal region, and are targeted to the
airways, particularly the deep lung. The use of larger, more porous particles is

20  advantageous since they are able to aerosolize more efficiently than smaller, denser
aerosol particles such as those currently used for inhalation therapies,

In another embodiment of the invention, the particles have an envelope mass
density, also referred to herein as “mass density” of less than about 0.4 g/cm®, Particles
also having a mean diameter of between about 5 pm and about 30 ym are preferred.

25 Mass density and the relationship between mass density, mean diameter and
aerodynamic diameter are discu.ssed in U. S. Application No. 08/655,570, filed on May
24, 1996, which is incorporated herein by reference in its entirety. In a prefemred

embodiment, the aerodynamic diameter of particles having a mass density less than




WO 02/ 085326 PCT/ US02/12320 -17 about 0.4 g/cnB and a nean di aneter of

bet ween about 5 gm and about 30 p.m nass nean aerodynani ¢ di Br€cdobérs2005
bet ween about 1 pm and about 5 gm In conparison to snaller, relatively
denser particles the |larger aerodynamically |light particles, preferably
havi ng a nddp e20s8i2aneter of at | east about 5 pm, al so cegI/Bspozenti al |y
nore successfully avoi d phagocytic engul fnment by al veol ar macrophages and
cl earance fromthe |lungs, due to size_gxclusion of the particles fromthe
phagocytes' cytosolic space. Phagocytosis of particles by alveol ar

macr ophages di mi ni shes precipitously as particle dianeter increases beyond

about 3 gm KavbgitdM g/ci anded méthn diamebir 0FBét@Ednadbeut 5. prb indbEbohlHBON maky eni s,
L.J. and Strauss, B., Proc. Soc. Exp. Med., 107: 10 748-750 (1961); and
Rudt, S. and MiRfagmaerodynamic diamglt is betﬁé@n abopbl pmaad sbept § py92) | For

part| cles of stati st
surfaces, the part |H(1: @%%3%‘?@%@%%3%@?@%‘%% oxl %5?%:1 %r gﬁﬁ’ﬂaﬁhﬁ%@o t he

vol une of cyt osltght m@mmefewmm awnddiEnnlianaeorf efbagebohd unoatyl @ne
particle pha The cI es fabrjcated w h t he ropriate
B A A o e o N g T AL 3
delivery tO Se'e@lﬂ'fcﬁ:ﬂraﬁ%ﬂr&ﬁ\&le@ingb R td SeikbEREIBR Mfﬁléﬁﬁhclﬁyﬁé'm&ﬁa thB&cdesp

| ung or upper or central airways. For exanpl e, gher . density_ or Iarger

particles my bBataseliaspaes: Phpgosytosis @W%W@@P«ﬂﬂ %Wf@hﬁ%%?tdﬂ?’@lsb‘fs varyi ng

hor apout i . aqEriPiapg o Lt AL LERahdud R SIS B, RABLELH etply e
lung in ](c)ne adrﬁzw::sttenals |7o%106Q(198®rKreniseBJ hadg?;glss,rB a;ﬂroocﬁ;op,aﬁlqruchdai‘m er
central and ool By ket SR el R ah e Pelag T 27 et dfr

rangi ng from alnsticlel of Sta@ddieally &nfaspiarsﬁaga;@Emsrspﬁeﬁ@wltﬁlﬁiugyaﬂfacéspmet he deep
lung. Inertial inpaction and gravitational setiling of aerosols are

predom nant 25 RIERESIPISRE YRIEARIS RERrRXimFieh g uivplendy dhesplpmaateytorlicsaeee| ungs
during nor nal rosol Sci., 26:
%@ﬁ{aﬁﬁ'\xﬂﬂm acﬂﬁlgééﬁﬂg?ﬂ%bot ggmczp Ragocylofe

293- 317 (1995) i nportanc : osit on nechanlsns i ncreases in
proportion to the nddspaficlsemagbd ﬁbwdnﬁthth@appmie@@er(ﬁbrsumel ope)

vol ume. Si n(ffhérgg%ﬁé b(?lgx%et gza tdegs?&cf%.i a%Q cfcﬂehrv%l'gtA éé'ﬂe%?edr ﬁ%%&r m ned by

the mass of es of " nean aer ynam C

di anet er gr eat aespirhiany @Epsek hathe dtep lﬁngnrﬁxppdlomeﬂmMmWyi. rih)rteﬁmlﬂermghby by

Increasing 18 %;eglg‘gr or la%gg% eg I%és(r) l?eS 1:133%8‘ for upper airway delivery, or a mixture of

varying sized particles in a sample, provided with the same or different therapeutic
agent may be administered to target different regions of the lung in one administration.
20 Particles having an acrodynamic diameter ranging from about 3 to about 5 pm are
preferved for delivery to the central and upper airways, Particles having and
aerodynamic diameter ranging from about 1 to about 3 pm are preferred for delivery to
the deep lung.
Inertial impaction and gravitational settling of aerosols are predominant
25  deposition mechanisms in the airways and acini of the Jungs during normal breathing
conditions. Edwards, D.A., J. derosol Sci., 26: 293-317 (1995). The importance of
both deposition mechanisms increases in proportion to the mass of aerosols and not to
particle (or envelope) volume. Since the site of aerosol deposition in the lungs is
determined by the mass of the aerosol (at least for particles of mean aerodynamic

30 diameter greater than approximately 1 pm), diminishing the tap density by increasing



PCTI US02/ 12320 .-18 particle surface irregularities and particle porosity
permts the delivery of larger particle envel ope vol unes i nt8 Ouoben?805
all other physical paraneters being equal. The |low tap density particles
have a smal| aerodynam c dianmeter in conparison to the actual envel ope

sphere di arR} Biossskbe aerodynani c dianeter, daer, is relapeflyd@iHg S
envel ope sphere dianeter, d (Gonda, I|., " PhyS| co-chem cal principles in

aerosol delivery,” in Topics in Phar utical Sciences 1991 (eds. D.J. A
Crornnelin and K. K. Mdha), pp. 95-117 Stuttgartt Medphar m Sci entific
Publ i shers, 1992)), by the fornula: daer d/p 10 where the envel ope nass

i R s U KA
air odyn?msc di ammlepe ?ﬂumq:mpntoyltheggmgl :gl:a)‘lJ @th?—ph?swamparhlagtdebemg eclgual al .
erosol Sci., e to ma nvel ope rmass
density, the act uaI Ig]l i‘??’é%‘@ldg?fl M&%?WﬁﬁéWﬁQTIPW ‘é‘? son
conprising a me%&a&r&mm m@ dmerh&ﬂomﬁncaﬁn@&blm;,as reRed AL

deep-lung deposition is: m (where < 1g/lcm; ere d is always
greater than®3 e Paaﬁspé%aﬁﬂ&mter a&ﬁ%&%amP@éﬁlwchepwi PrARlesan aerosohat

di spl ay an envelppgy “ﬁ?% Ip@t%@ﬁf’fu}?ma@em”ccg Sg:zegéeg 7807 (}%4 Ip.§ Ahbmrﬁméim% I mum

dep03|t|on for 20 parti avi ng envel ope dianeters as large as 9.5 Jun.
The increased pakt Mifle).gipz@5-11, Stumghééediphmﬁmnnﬁﬂ@mwmsw%),fo@mg
Visser, J., Po [ 1'[echno| ogy, 58: 1-10. Thus, large particle size

i ncreases efficrency of aerosolization to the deep lung for particles of
| ow envel ope nass density, in addition to contributing to | ower phagocytic
| osses. 25 The aerodynami c di anmeter can be calculated to provide for

maxi rum deposition within the |ungs. Pfevi 6 ﬁ%ly this was achieved by the
use of very small particles of |less than about five mcrons in dianeter,
pref erably between about one and about three mcrons, which are then

subj ect to phagdey bsksvelipelmst p rsnnmﬁltsrndgtcnﬁlbbxm&l dkno&bemoﬁﬁ@ﬁd&é@:rsed

02/ 085326 PCT/ LTSO / h h I’ t which are
sufficiently Ii% %méwiegqﬁga%olgrreglgﬁlgﬁﬁek i~%5'$3 Sdotrs Toran

aerodynamic diameter of approximately d,..~3 pm. Heyder, J, et al., J. derosol Sci.,
17:811-825 (1986). Due to their small envelope mass density, the actual diameter d of
aerodynamically light particies comprising a monodisperse inhaled powder that will

15  exhibit maximum deep-lung deposition is:
d = 3Mp um (where p <1 glom®);

where d 1s always greater than 3 pm. For example, aerodynamically light particles that
display an envelope mass density, p = 0.1 g/cm®, will exhibit 2 maximum deposition for

20 particles having envelope diameters as large as 9.5 um. The increased particle size
diminishes interparticle adhesion forces. Visser, J., Powder Technology, 58: 1-10,
Thus, large particle size increases efficiency of acrosolization to the deep lung for
particles of low envelope mass density, in addition to contributing to lower phagooytic
losses.

25 The aerodynamic diameter can be calculated to provide for maximum
deposition within the lungs. Previously this was achieved by the use of very small
particles of less than about five microns in diameter, preferably between about one and

about three microns, which are then subject to phagocytosis. Selection of particles




characterization "aerodynamcally light"), results in an equival ent
delivery to the lungs, but the larger size particles are not1plQcgobyt 2645 .
The net hods of the invention include controlling the properties of the
spray 5 dried particles by mani pulating the noisture content of the drying
gas. For expim®ssst has been found that the noisture ppesgilhilet e
drying gas can be optim zed to produce particles which conbine |arge
geonetrical dinensions, e.g., VMa, ang,low tap density and which have
aerodynami c properties that pronote défTvery to the alveoli or the deep

l ung. On the other hand, using a drying gas having too high or too low a 10

noi sture contengy: d . i mzed 1.0 ¢ evel, results in
an increase irrl% 3%%%2%?%%%%&%%%&:%}? ecclzermelgis{g!ﬁgirll@&/‘@ﬁl The latter
particles can deracaiiraior therddynansixatydight”), fanltpineh eqandlémideltiely ts @ietuiig, t he
central airways. Eor. a given fI%rrruI ation, the relationship between the

aer odynani ¢ pr oIS @gersze pertigles atemptahagoexiosd he noi sture content of the

drying gas, expressethe nfeftfods fsthebeentioh chRletotFMfthé H8p&als Aheaplgb! i shed
dew point, can be deternm ned experinentally as follows. Particles can be

spray dried enplisfiradicls by waugelatingthomoisties eppient ofitherdniag spoifier sxanmly it each
dew point valu 1 : : '%g,-[g%a%; i .0
density, VMDD, %aﬁﬂ%%gggﬁgn éﬁg nné%gﬁrare}g%@%ngf)ﬂf rel or‘f&{)%;tso hgjfl&fiﬁ%f’%g%epoi nt
and the tap derpsitiojes whideombineNavabeowetrichhtimeesionsoi. s VMg endlopitayed can be

generated. The .corr.elati,on. can then be oyed to .sel ect ew,. poi nt
which results ic%g?l o gvrh%%lthia‘(’)ena%?dyn%%l? fro® F@g}) thgf\ﬁr%otag@vpg&oﬁ&g\éepp%s' I'n
one enbodi nent thé déebeuﬂgnhmrthéaherd}&m,aﬁnglaﬂg@:mﬁhmbﬁge@oﬁigﬁofbtbroll@ﬂaby g
enpl oyi ng a_dryi ng gas havi a dew poi nt rangling hetween about 0 C an
about  -40 &Zg ﬁﬁ?lgt@%aﬁ?ﬁﬁe’ét: Wg%rcomﬁg%@e gelized idity Irgelasepisinmy, a dew

point of -40 Cih§ead iiPas faisfifdnd MMEADANI 8 6¥drEie RATIIGS, Cthelalt P e 50
wei ght percent of DPPC/ human row h hornone or hGH A dew pol nt of about

-20 Cis pref ertedpiloest fog cxappieion nrefaronig deliveryie tharestd 8irgays16/ 8 wei ght

percent of DSPC/ DPP L it epal i .
74.5/24.0/1.5 wei g it °%§E1§%§nftﬁﬁow%P@F%%@%@ g%“ﬁﬁg%oﬁelgg%rg@é‘%ﬂ%é’?‘gpﬁl%eﬁ °f 4ried
using a drying thapartiglesnnd thtenoigorerontont of feulryin® gasGxpresshdyfopimstatcepfr - 30 C i s
ant | body sudh 48T oL ECR B BhORRiaeus o8 8s St R sl o Sgows.

humani zed nonoGtaetivids cambé Pagiiried Gnpiitg PRRCed: GRIHR NFRpasHdaNRly R, ey / DPPC

by wei ght percent
y 9 P eacl% dew point value, propetties of the spray dried particles, ¢.g., tap density, VMGD,

MMAD, can be measured. A correlation between the dew point and the tap density,
VMGD or MMAD over the dew point range employed can be generated. The

20  correlation can then be employed to select a dew point which results in the formation of
particles having desired properties.

In one embodiment of the invention, spray dried particles are formed by

employing a drying gas having a dew point ranging between about 0° C and about -40°
C. For example, for enhanced delivery to the deep lung, a dew point of -40° C is

25 preferred in spray drying particles having a 50/50 weight percent of DPPC/human
growth hormone or hGH. A dew point of about -20° C is preferred for a formulation
which includes 38/38/16/8 weight percent of DSPC/DPPC/leucine/albuterol sulfate.
Formulations of 74.5/24.0/1.5 weight percent of DSPC/leucine/salmeterol can be spray
dried using a drying gas with a dew point of about -20° C. A dew point of -30° C is

30 preferred in spray drying formulations which include a monoclonal antibody such as a




Particles produced by the nethods of the invention and which include a

medi canent, for exanple one or nore of the bioactive agents dé8&dtbbdr 2005
above, can be 5 admnistered to the respiratory tract of a patient in need
of treatnent, prophylaxis or diagnosis. Admnistration of particles to the
respirat orw§y§‘;g§ﬁkcan be by neans such as known |n thePg.hh 02}:fl;)armexarrpl e,
particles are delivered froman inhal ati on device. a pre?

enbodi ment, particles are adm nistered VI a adry povvder i nhal er (DPI)

Met ered-dose i nhal ers (MDT), or insti rt%ti on techni gues al so can be

enpl oyed. 10 Various suitable devices and nmethods of inhalation which can

be used to ad 0 known
'n the art. ForSyLRE! BAddEl Sipd8 BalRd BPhC BBl iR RE B

No. 4,069, 819, hyswgﬂpéugn)st 5, 1976 to Valentini, et al., U S. Patent
No. 4, 995, 385 i ssued ua 2 99 o, Valentin, et al and U. S. Patent
No. 5,997, 848 i ssuef%%éﬁﬁé?“gb %@9@ tﬁ“ﬁislg fhg dryeniiqn apd whishdagludess oy anp| es
of suitable i nhﬁé@éamehn@dr@dﬁnplbuﬁe RforfOf thé bidhdtiRe apeits defiBibEPIIINEIEH 64 )
(Fisons, Loughborough, U K), Rotahaler(r) (d axo-VWellcone, Resear ch

Tri angl e Tech ncﬂdBWSte@éF%he RSPiEFiory Hag of ﬁaahenpmm@acpf@(emepwmpbﬁws oour es,

nerol T zet (1) (NABPLT o ey ‘1d*%%ﬁ“de@%%9%%5%09?@‘%%¥9a3&992ﬂ3€®SP%one

RTP, NC) and otds&newn guibharhsFampample,pattilss @esikhxrelr@lcﬁqnmm ﬁﬁalathm davice. In
Freferal . P AL S B S SRR BEBARh oV
the trachea f alfbieredosryinbilén (aBi) erigstilation &m@émmm@eémpromhl oli and

t hrough the_jerm nal_ Jbronchi oI i .which in turn divide into respiratory

bronchiol i tBading tfERuS Hreedsyices Ardractbads of mbalatigrowlich emée “ﬁ?‘i’éoal veol i or
the deep |ung. akifhnﬂst&ﬁﬁftﬂ:le@@@a?ﬁﬁ%ﬁ@dﬂ&'ﬁﬂﬁato@}tr&clf'ﬁi‘e]dl%{ﬁtthc%l‘t lﬂg 1,t NE

mass of particles deposits in ung n anot her of the

i nvention, del isyiégble mbalarﬁ Wﬁqﬂ}?ﬂlmqgepaé@hN@eﬂ 069, &1 Reigssied Begllst/érly?'fé@ t he
upper airways G, AU e 4 b, %%ssﬁgan LR s, %mttﬁwenﬁm” '

delivery to the pu minary syste art es i's rna sin
br eat h- act uat ecﬁné[b‘.’p,Pa’ast N@Wi‘lﬁé&hssued@e&mwom o0 Ritlonad: al. Rath&nt

Application,."Hi Ef fdci live e}ﬁéher ut.i S Aerosol”
P ot aber " ho B st inRl iklde Fus 9s noHS (5P ‘@gfﬁ’%ﬁf?%?ﬁ’é@%gl 307,
filed June 9, ZQ0Ghborduigh/UKS), RotaK1§er(@1R8-WelGis, BcartieT@mORIRMdIdglS
entirety. In anot h%r rﬂ?%bo%im nt of the inpvention, at |east 50% of t
Park, No: aro r’SEI:?I{)WCaps® (Hovione, Loures, Portugal), Inhalator®
(Boehringer-Ingelheim, Germany), and the Aerolizer® (Novartis, Switzerland), the
Diskhaler® (Glaxo-Wellcome, RTP, NC) and others, such as known to those skilled in

20 the art.

Preferably, particles administered to the respiratory tract travel through the
upper airways (oropharynx and larynx), the lower airways which include the trachea
followed by bifurcations into the bronchi and bronchioli and through the terminal
bronchioli which in turn divide into respiratory bronchioli leading then to the ultimate

25 respiratory zone, the alveoli or the deep lung. In a preferred embodiment of the
invention, most of the mass of particles deposits in the deep lung. In another
embodiment of the invention, delivery is primarily to the central airways. Delivery to
the upper airways can also be obtained,

In one embodiment of the invention, delivery to the pulmonary system of

30 particles is in a single, breath-actuated step, as described(in U.S. Non-Provisional
Patent Application, “High Efficient Delivery of a Large Therapeutic Mass Aerosol”,




mass of the particles stored in the inhaler receptacle is delivered to a
subject's respiratory systemin a single, breath-activated s1&@ctohen2005
further enbodinment, at least 55 mlligrans and preferably at |east 10
mlligrams of a nedicanent is delivered by admnistering, in a single
breath, tovipgiMesRet' s respiratory tract particles encl opgepusP i
receptacle. Amounts as high as 15, 20, 25, 30, 35, 40 and 50 mlligrans can
be delivered. As used herein, the term "effective amount” means the anount
needed to 10 achieve the desired ther é%Téuti c or diagnostic effect or
efficacy. The actual effective anounts of drug can vary according to the
speci fic drug of. canhi | i [ W rticul ar
conposi tion foréﬁ?ﬁ%ﬁﬁégfﬁ% Hg/@?r%%@i %&Eg@%@n?g?dﬁa |°héﬁ,§ﬂg%régr§ﬁgﬁer5%@§ wei ght,
condi ti on of t heferratd iarits entdety. drearetliet pmbdditéne of thefdventon) bt leanshive bHihe bei ng

treated. Dosages for.a particulatr patient can be defernined, by one of
ordi nary skill T#® oﬁ@ei’%gdﬁﬁm @thget“é%\?’eﬁﬁﬁpﬁﬁ%“g E’ieg]é‘?'%ﬁ‘ﬁbl%tss, (e.qg. by
nmeans of an appepihiod! Fste®mGN Y Sidkle Wredth-RRAERD 60b. OB LRAHhR LAHOGERIeN, atllEhsONE
exanpl e, effective amounts of _ al buterol sulfate range from about 100

micrograns (9) Pdizgatandpreferably pt lgash H miHjprams aps medicanarms gelivaredbyul at i ons

and delivery sysh&ns I . i j
application, as desc?llﬁ{ égl, J]%%grlp%?%ﬁnﬁﬁg%@é}%&%geﬁ@é#&?ﬁawgﬁ %gglglg&%%gﬂi%g

del ivery of thepespeaciei dnmwnutsds highests, 80.25eM, $5149 a0 meligianmtcante t ract , " in
Critical Revie ir@d Therapeutic Drug Carrier Systens, 6: 273-313, 1990;
and in Moron, ef 0sol dosage forns and fornulations,” in: Aerosols in
Medi ci ne. Princi pl es\s usdd legrin shestemn thfthbreamonntViateans iheimalnt necdelbto Esevi er,
Anst er dam 85...The rticles of, the inventjon capn be enployed in

CONposi t i oni(?s FPRST tgggﬁi‘re‘f@gma‘?‘ﬁ’ﬁ opdipgnpstis effest ?rr?gﬁ‘i?ﬁll’- noifEFeksieEsm  For

exanpl e, such mbr&qgampa@y 4d361aHA80 tHeRBecPRY dri £6:1€on AR iéh thereof being
pharmaceutical ly acceptable carrier for adm nistration to a patient,
preferably for ‘Blmdnthspadicrlancoppasitiphirmelipsa, hamedpefadminisntion pndthe
adm ni stered al

_ e . . o
carrier, such é’g&?ﬁl%ﬁo@lﬁ%?ﬁg%%gﬁéﬁd?a I ?Pe‘?ﬁg?é%ﬂpg%m%ﬁé rc’ﬁﬁ(ﬁg@f@e%g

admi ni st rat i on tteated. hBosageyfor apartiguls petieehvanHeagteominedy ae of Ordielry skéft md wi t h
| arger carriger particles. nat including a therapeuti.c agent, the latter 18
Cot aber - 2005 wighy e Bt sty (5 B BREl fn BRiRe e an

di aneters for esaveatiénal phaiigcoloxi@EpbRtYIR IR odb xHimp) cfEstian emowatiost 100 m

The present inventigon will be further understood by reference to the
fol | owi ng buterol sulfate range from about 100 micrograms (ug) fo about 1.0 milligram (mg).

Aerosol dosage, formulations and delivery systems also may be selected for a
particular therapeutic application, as described, for example, in Gonda, I. "Aerosols for
20  delivery of therapeutic and diagnostic agents to the respiratory tract," in Critical
Reviews in Therapeutic Drug Carrier Systems, 6: 273-313, 1990; and in Moren,
"Aerosol dosage forms and formulations," in: Aerosols in Medicine. Principles,
Diagnosis and Therapy, Moren, et al., Eds, Esevier, Amsterdam, 1985.
The particles of the invention can be employed in compositions suitable for
25  drug delivery to the pulmonary system. For example, such compositions can include
the particles and a pharmaceutically acceptable carrier for administration to a patient,
preferably for administration via inhalation. The particles may be administered alone
or in any appropriate pharmaceutically acceptable carrier, such as a liquid, for example
saline, or a powder, for administration to the respiratory system. They can be co-
30  delivered with larger carrier particles, not including a therapeutic agent, the latter




non-limting exanples. 5 EXEMPLI FI CATION The liquid punp used in these
experinments was a Masterflex, Mdel 2000 from Col e-Parner |n48Qotober 2005
Conpany, The liquid nass fl owneter was Pronass 64, while the gas nass

fl ommeter was a Pronmass F. Both were manufactured by Endress and Hauser,
Swi t zer | andyvo éh@sstggroneter/ Chill er used was a Dew Pri nmepbruMadel,; 2000 10
(Edge Tech, MIford, MA) | Model 1162 (Polyscience, Niles, IL). The spray
dryer was a Mbile M nor, EX Mdel, fé;{gm Niro Inc., Colunbia MD. The
atom zer used was SL24-50/M02B with Strai ght vanes, also from N ro,

Col unbia, MD. The collection jar was a IL glass jar (Niro, Colunbia, M).

Exanple 1 15 A I |401C | i / 0. percent wej ght.. of DPPC,
| act ose and al 03%1%#%2&%@%%%%% g’gF%g&\é? m%f&n £ bepvyeen at&t%o”mand

(1, 2- D pal m t oydbestri-0Gpcer o- 3- phosphochol i ne), obtained from Avanti  Pol ar
Labs, Al abaster, AL, gnd the al bum n, baovine, fraction V, obtained from
Sigma, St. Louis, MOE PSR ipveninpayllie Gifienrnsemsiood by esfermpede evillovies war m
to room 20 t emphaiifife efigal |y for at least about 20 minutes. 600 ny
DPPC was dissolved in 850" m ethyl alcohol, 200 proof, USP. 200 ng

B- | act ose anhydrate, USP grade, from Spectrum Laboratories, Laguna Hlls,
CA, was diss I\@@E' SP sterile water. Once the solution becane
cl ear, 200ng9al U%Lﬁ‘?%ﬁé?fsol ved in the above aqueous solution. The pH

of the aqueous sol utlihetiguidpasnme ibyhese grbériromtawmad 3/¥asterfen d&ddeH2@0 2D,
from Corning Ing., ,Cornin was adjusted to 8.10.1 using 1.ON sodium
hydr oxi de sol u{‘t?‘)d'li’iP arﬂ?éi"ﬁgm%lggoﬁ’ﬁwed%i‘qgl &@F"‘;‘/E‘b‘@?}?@ﬂwﬁﬁr@nﬁ%@g‘tfmlﬁnol
phase with contthiigsanass lbwinbBewis i FromsRIFUHAwAS GRRBHERA Ly FRBQsdtnl Et hy!
al cohol, 200 proof, USP was placed into the 1L gl ass bott‘rye wWth stir bar.

150 mi of USP SH@pqm evisriand. viths HygsoaetaniChler med ¥8s abewiisimelhbBdrin00e/ 085326
Pl US020 1230 (dgh R Ao RERS Miack s A (¥o QML SR 1B, 1h’%tsgra§§§1t}§{‘v%s

phase, with stirring unti ution becane Clear he "spr yi'ng was
carried out usiaddobile ¥Muar, &X Medely e Nab 48 GrlimbinMe Hrehtemizpreebwss gas

f 88 kg/ . h . 1 dj d
o, o 8, eGP Bl B S 1 RS 10

jar was a 1L glass jar (Niro, Columbia, MD).

Example 1
15 A formulation including 60/20/20 percent by weight of DPPC, lactose and
albumin was prepared as follows.
DPPC (1,2-Dipalmitoyl-sn-Glycero-3-phosphocholine), obtained from Avanti
Polar Labs, Alabaster, AL and the albumin, bovine, fraction V, obtained from Sigma,
St. Louis, MO, were removed from cold storage and allowed to warm to room
20 temperature, typically for at least about 20 minutes. 600 mg DPPC was dissolved in
350 ml ethyl alcohol, 200 proof, USP. 200 mg B-lactose anhydrate, USP grade, from
Spectrum Laboratories, Laguna Hills, CA, was dissolved in 150 mi USP sterile water.
Once the solution became clear, 200mg albumin were dissolved in the above aqueous
solution. The pH of the aqueous solution, measured by a pH/ion analyzer, model #
25 355, from Corning Inc., Corning, NY, was adjusted to 8.1+0.1 using 1.0N sodium
hydroxide solution.
The aqueous phase was slowly poured into the ethanol phase with continued
stirring until solution became clear. 850 ml Ethyl alcohol, 200 proof, USP was placed
into the 1L glass bottle with stir bar. 150 ml of USP sterile water was mixed with the



The other spray drying paranmeters are shown in Table 2 and the dew points
enpl oyed are shown in Table 2. Al so shown in Table 2 are the 188atoher 208§,
VMED and MVAD of the spray dried particles. Table 2 10 15 Run T Inlet T
Qutl et Dew Tap p VMaD MVAD #(C) (C Point (g/cm3>(m(gm (O

111058- 220.}§40s8hs 2. 06- 211059- 150. 1247. 472. 92 311060- 6 ,40+.268,45- 15
41106000. 286. 153. 29 511058-390. 1697. 23. 23 A plot show ng the correlation or
rel ati onshi p between dew point (in degéfes C) of the process gas and the
tap density of the resulting spray dri d particles is shown in Figure 2.
Figure 3 is a plot showng the relationship between MVAD and the dew 20

oint (in degre Asca esenfrom |le 2 and
IF;I gureg 2 ang 3, Pht%EI W %ﬁﬁﬁfmﬁggﬁa%rtlﬁ%eth%% Ewt f@ﬁge for

pr oduci ng partlsolmnhbnanjecteaﬂe mnimzed tag denS| ty, WLar%esth VI\/GDdand

| onest MMAD can be produce npl oyi a drying g L C as a dew

poi nt rangi ng bet weelt®iB8Y E?”aéc%}'ﬁlaéﬁ oFee aglﬂ?%.fe%éWBHW%%d%
outside this rqﬁg@sﬁg’ﬁarh%ﬁ@%&ﬂ TiR prédiPe BRthb bt StoMief DabRRedaisgher tap

densities and hi gher N1 VI AD. 18 QOct ober 2005 WO 02/085326 P /USOZ/ 12320
_24 obtain a wheel speed of about 18800 rotations per minute (rpm).

The other spray drying parameters are shown in Table 2 and the dew points
employed are shown in Table 2. Also shown in Table 2 are the tap densities, VMGD
and MMAD of the spray dried particles.

Table 2
10 Run | TInlet | T Outlet | Dew | Tapp VMGD | MMAD
# (o {eo  |Pent |(ar® |@m) | (um)
C)
1 110 58 =22 0.104 7.61 2.96
2 110 59 -15 0.124 747 292
3 110 60 64 |0.24 6.4 3.15
15 4 110 60 0 0.28 6.15 329
5 110 58 -39 0.169 72 3.23

A plot showing the correlation or relationship between dew point (in degrees C)
of the process gas and the tap density of the resulting spray dried particles is shown in
Figure 2. Figure 3 is a plot showing the relationship between MMAD and the dew

20 point (in degrees C) of the process gas.

As can be seen from Table 2 and Figures 2 and 3, for this formulation, the
optimal dew point range for producing particles which have minimized tap density,
largest VMGD and lowest MMAD can be produced by employing a drying gas which
has a dew point ranging between about ~15° C and about -22° C. Dew point values

25  outside this range can be selected to form particles which have higher tap densities and
higher MMAD.




Exanple 2 A formul ation including 10 wei ght % DPPC, obtained from Avanti

Pol ar Labs Al abaster, AL and 90 wei ght % estradiol, obtai ned18Qatobpe2f0sm
Qual ity Products, New Brunswi ck, NJ was spray dried using a 70/ 30

vol unme/ vol unme et hanol /water 5 solvent. The solid concentration was 3 g/ 1.
The processy@afosgpgd was air. Spray drying parameters uggpyuapf.bhie MVAD of
the spray dried particles forned enploying process gas at different dew
poi nt values are shown in Table 3 and Figure 4. As seen from Table 3 and
Figure 4, the MVAD was nini mi zed whenprocess air had a dew point of about
-5 C. H gher or |lower dew points can be selected to formparticles having
the 10 90/ 10 eslﬁﬂ[ag]%ieoi/DPPC formul ati on and | arger MMAD val ues. Table 3 15
Tinlet Toutlet Atom zation Process Liquid Dew MMAD Run.( C( C) (rpmgas
Feed point (m (kg/ by jofmiblateminglodiag 10 aighdt DAPCS6EBindBi&D Avanti Polar Labs
211058146008540; 52. 75 311 146 4043. 12 411059146008540- 183, 6
511059146oo8540%‘%‘?*J‘J?B"n\ffh%r1"%6%(8’}%’?e q\?%ﬁﬁ?‘ﬁ%g‘ﬁ%’ée R Spefim @ngoiw&m and
descri bed wit h N&f Bresers, NI waskpel aréeaiR imd o Riiine A dheheahanolAvatéh | | be
under st ood bé those skilled in the art that 20 various changes inform and

detai|'s maybe rPatTERt HEF &Y specnbRiionaess drerl e prosers epwised wapar. ofprasiying
i nvention enconpasieds td bPnmERATABYH afelspal Bried SarfidilsIBied2 2 Roying process

gas at different dew point values are shown in Table 3 and Figure 4. As seen from
Table 3 and Figure 4, the MMAD was minimized when process air had a dew point of
about -5 ° C. Higher or lower dew points can be selected to form particles having the

10 90/10 estradio/DPPC formulation and larger MMAD values.

Table 3
Run | Tige | Toupes | Atomization | Process | Liquid | Dew | MMAD
OO (tpm) gas Feed point { (pm)
(kg/hr) | (ml/min) | (°C)

1 110 | 58 14600 85 40 -1 3.05

2 110 | 58 14600 85 40 -3 2.75

15 3 110 | 60 14600 85 40 4 3.12
4 110 | 59 14600 85 40 -18 3.62

5 110 | 59 14600 85 40 8 3.16

While this invention has been particularly shown and described with references
to preferred embodiments thereof, it will be understood by those skilled in the art that

20  various changes in form and details may be made therein without departing from the

scope of the invention encompassed by the appended claims.




-25- 1. A nmethod of producing spray dried particles suitable for

i nhal ation conprising: a) selecting a dew point of a drying #8£ctober 2005
corresponding to a targeted nedi an geonetric dianeter, targeted nmedian
aerodynam c dianeter of less than about 5 mcrons and a targeted tap
density of particles formed by contacting,a sprayed liquid feed with the
drying gas; b) generating a drying gas2Saving said sel ected dew point; and
c) contacting the sprayed liquid feed with the drying gas having said

sel ected dew point thereby producing particles having the targeted nedi an
aerodynam c dianeter, targeted tap density and targeted nedi an geonetric
di anet er, {wher i ! E | I [ el | ation. 2. The net hod
of Claim %', V\hgrl{el?tﬁ&% ﬁfe& gae%c?)r%sﬁga i 51%8?%}%%% grs ﬁltafsb?ﬁ fggs&%%ﬁg%n APRIF i crons.
3. The nethod ef C wilertifig avibvepeinn of héryirappad emséspyndite loesiargbfed meabaut 0. 4

g/cnB. 4. The nethod of Claim3, wherein the t density is_less than about
0.1 g/cnB. 5. The HETHEY GpmeR 1atpsied edian perp aaﬁli/??‘ﬁlaefgé%f lrsschan
tenperature of betwRans ahauhs H [Gadbld dpithsiBO8 farilestthenddyet - 6. The

met hod of Claim1 wherein the drdyi_ ng gas has tenperature between about 35
C and about 80 C at canfastipgp preayediquich@edrvith e yingigassm 1 further conpri sing

separating the ra k: i ches: fr I s. 18 Cctober
3008 26 o' 8 Ve Renffeifl's AR o hivip SATLMRALES] KhRG B8P, P, Ot O

spray dried perti céaactifg thitisprapet hpdd teed @lithithe dryidzerme havihhenid selgdied f eed

i ncl udes a sol vent lected from .the gr consi sting . of ap organic

sol vent, an aqueous&:’gV (\)}étnt o ‘Fy%f%“"é%%ﬂgﬁfﬁ@?ﬁ ]&Ymgttﬁ%taééﬁd@?fﬂanfhe nmet hod of
C ai m 1 wherein t heacs@lyaymitrdigtetpatakctddasp Ae¥RY hﬁ&ta@%&ﬁd(}ﬁ&ﬁénvﬁon@ﬂfcnt . 11,
The nethod of Claim.21 wherein the spray dried particles conprise a
phosphol i pi d. 12. AlABEKLEISIeIhiadRaEticlEs apsaibly fopmhplatien.cl es suitabl e for

i nhal ati on conpri si ng:
2. The method of Claim 1, wherein the aerodynamic diameter is less than

about 3 microns.

3. The method of Claim 1, wherein the tap density is less than about 0.4
glem’,

4. The method of Claim 3, wherein the tap density is less than about 0.1
glem’.

5. The method of Claim 1 wherein the drying gas has a temperature of

between about 80° C and about 200° C at the inlet.

6. The method of Claim 1 wherein the drying gas has temperature between
about 35° C and about 80° C at the outlet.

7. The method of Claim 1 further comprising separating the spray dried
patticles from waste drying gas. ‘




selecting a dew point of a nitrogen drying gas corresponding to a nmedi an
aerodynagic diangter of less than about 5 .m a tap density ofl8/Qatobeh2f05
about 0.4 g/cnB8 and a geonetric diameter of |ess than about 30 m of
particles formed by contacting a sprayed liquid feed with the drying gas;

b) generating a nitrogen drying gas having,said sel ected dew point; and c)
contacting the sprayed liquid feed wi t#-the nitrogen drying gas having said
sel ect ed dew point thereby producing particles having a nedian aerodynam c
di aneter of less than about 5 p.m a tap density of less than about 0.4
~g/cnB and a geonetric dianeter of |ess than about 30 m wherein said

particlessgare gubbhiod of Qailnnth@h@éd @ehprikide cﬁl‘@ctiﬂ??ﬂ%%ﬂra?‘cdﬁi‘éh aim1 further
conprising the step of nmaintaining the tenperature of "the dew point of the

drying gas to 8Wtig€suracy of at least 1 C.

9. The method of Claim 1 wherein the liquid feed includes a solvent selected from
the group consisting of an organic solvent, an aqueous solvent or any combination
thereof.

10.  The method of Claim 1 wherein the spray dried particles comprise a bioactive

agent.
11. The method of Claim 1 wherein the spray dried particles comprise a phospholipid.

12. A method of producing spray dried particles suitable for inhalation comprising:

a) selecting a dew point of a nitrogen drying gas corresponding to a median
aerodynamic diameter of less than about 5 um, a tap density of less than
about 0.4 g/cm® and a geometric diameter of less than about 30 pm of
particles formed by contacting a sprayed liquid feed with the drying gas;

b) generating a nitrogen drying gas having said selected dew point; and

c) contacting the sprayed liquid feed with the nitrogen drying gas having said
selected dew point thereby producing particles having a median
aerodynamic diameter of less than about 5 pum, a tap density of less than
about 0.4 g/om’ and a geometric diameter of less than about 30 pm,

wherein said particles are suitable for inhalation.

13. The method of claim 1 further comprising the step of maintaining the temperature

of the dew point of the drying gas to an accuracy of at least 1° C.



