WO 02/ 085326 PCT/ US02/12320 -1 Control of Process Hum dity to Produce
Large, Porous Particles BACKGROUND OF THE | NVENTI ON A nunber of techni ques
and devi cep @esnyrrently available for adm nistering drugsyigtibeo
respiratory system Anong them netered dose inhalers (MDI) or dry 5 powder
i nhalers (DPl) can be used to deliver-ldrug fornulations in the form of
solid powders. Several powder properties that enhance delivery to the
pul nonary system have been identified. For exanple, it has been found that
particles which have a tap density less than 0.4 g/cnB and an aerodynam c
di anmeter 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 |arger aerodynam c di aneters,
rangi ng for exanple fromabout 3 to about 5 microns, are preferred.
Furthernore, particles having a geonetric dianeter greater than about 5
m crons are believed to nore successfully avoid phagocytic engul fnent by
al veol ar macrophages and cl earance from the lungs. 15 Methods for
produci ng particles having desired characteristics.that can be tailored
and optim zed for delivery to selective sites of the pul nobnary system and
in particular to the deep lung, continue to be needed. SUMWARY OF THE
| NVENTI ON The i nvention generally relates to producing spray dried
particles having certain 20 properties or characteristics. The properties
di scussed herein include tap density, WO 02/085326 PCT/ US02/ 12320 -2
vol ume nedi an geonetric dianeter (VM3) and nass nedi an aerodynam c
dianeter (MVAD). Rel ationshi ps anong these properties are further
di scussed bel ow. | n Caedol yEPHoBss Famtitdity esPioduddiearged, Poadus Faktidldse deep | ung,
particles having a low MVAD, coupled with a large VM3 are preferred. 5 In
one enbodi nent, the invention relates to a nethod for producing spray dried
particles Wh&ﬁﬂcﬁé%&nh%bQﬁﬁ%ﬁ&ﬁﬁb@ﬁNﬁﬁﬁkc properties, for instance, tap
density and/ or

A number of techniques and devices are currently available for administering

drugs to the respiratory 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 example, it has been found that particles which have a tap
density less than 0.4 g/cm® 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. Furthermore,
particles having a geometric diameter greater than about 5 microns are believed to more
successfully avoid phagocytic engulfment 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,



aerodynam c di aneter. The nmethod includes atomzing a liquid feed and
controlling the noisture content of a drying gas to a |evel selected to

f orm par twoloe®sizas/i ng the targeted aerodynam c di aneter @CTiEoyetsed tap
density. The liquid droplets are 10 contacted with the drying gas, thereby
drying the liquid droplets to produce,spray dried particles having the
targeted aerodynam c properties. In afiother enbodi nent, the invention
relates to a nethod for producing particles which includes atom zing a
liquid feed tqQ produce liquid droplets an contacting the liquid droplets
with a dryi nPlyae mgianeeerstye %@Wﬁ@bw %ééﬂasa@eﬁéean@r%me%wgmafsp C,
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of the dryi nGrgas adddyfbihiy daheter 6 @fdef tafid SRy PThOligEiardrqaasad Ng to a
desired or targeted value of the taﬁcg de_nsI?ty,_%NGD a%d/orqﬂMVAD is then
sel ect ed 10 or cantastedouith theudraing feas, tharehy ding Theliquid drplen ta grodesesprayghiteds i n

produci ng partj.cl es which have.specific 30 characteristics. For exanple,
in inhalati oﬂﬁt{glﬁ ﬁ%vé]ilg @%‘iéﬁ‘fgﬁtﬁ?P%Sﬁ%‘?“&‘éﬁmé’sﬁleéi lored to enhance delivery
to a specific sitegn@ahoth@nHddRAR the SHBhOORA reldtes BRI M¥thEd khreRickigc! es WO
02/ 085326 PCT/ US02/12320 -3 produced by the nethods of the invention have

i mproved aerpatitiey whichrinelndes atenigihgraliquid fred fe prddess ligad dpeplets end

aggl oneration and i nprove oywder . flowability.. The particles are well
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15 0° Cand -40° C, thereby producing the particles. In a preferred embodiment, the

particles have a tap density less than about 0.4 g/cm®. In another preferred
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



deposition in the nmouth, throat and in the inhaler device. 5 The nethods of
the invention are sinple, econom cal and reproducible. By practicing the

i nvent i onwgpradsisi on can be optimzed to form ng particl gg1hgsobngs2e desi red
properties. Process steps and wasted materials can be reduced and the

manuf acturing output of particles having specified characteristics,

maxi m zed. O her advantages of the i nenti on i ncl ude qui ck drying and
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 th@redusechby 8ip methgdy of the inyentign have dMBIGvad agmeolizationtngd i on bet ween
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features and other details of the invention, either as steps of the
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i nvention. The same nuneral present in different figures represents the
same itemor an equivalent item It will be understood that the particul ar
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departing fromthe Scope of the Invention.
be used to carry out the invention.

Figure 2 is a plot showing the correlation between dew point of the 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
include DPPC (60% by weight), lactose (20% by weight) and albumin (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 more particularly described
25 with reference to the accompanying drawing and pointed out in 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



Shown in Figure 1 is apparatus 10, which includes spray dryer 12. Spray
dryer 5 12 preferably enploys a centrifugal atom zation assenbly which
i ncl u_des W0 210853269 di sk or wheel to break |iquid feed i nicaygioeptats. The
rotating disk typically operates wthin the range from about 10,000 to
about 55,000 rotations per mnute (rpq) Al ternatively, hydraulic pressure
nozzl e atom zation, two fluid pneumati’c atom zation, sonic atom zation or
?)t her at](c)m zi gg ';rte)cgnl ques, as known in the art, also can be 10 enpl oyed.
n a preferred enbodi nent,  spray dr is a bj | e M nor X de
(rjran uf act ]thr ed eBPOSFRGRLS eidhe iRyERIONFS )S/]@"H%gy W&M{Y& {ﬁ?tfcﬁp aé\?iaﬂolt gtﬁ(l@ll\{gtﬂﬁ’ng
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scal ed- up Spbﬁmodﬁmﬁﬂ§wﬁhomﬂ%bahngﬁbnnhdasmnmdﬂmuap@ﬁumw production lines.
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its components. A 20 batch or a continuous node of producin uid feed

can be enpl oyfelthmﬂ? rRpgOMbeel 0100, 10 AppyPa 108 1qgLipRT P AIBYY g\ﬁp d with
addi ti onal @P ﬁ%tgfgfye ﬁy@%uhc pére?sﬁ? WL 12 fg&ﬁ#réﬁon Yoo ﬁﬁ%rﬁéﬁﬁﬁﬁl a‘ébﬁﬁ%eﬁionldf

liquid feed i ryer 'nstance means of |iquid

punp 16. The hhRwidii-atiet owh@rmtdrhﬁlﬂgaeammma kinswhéi tig dredlsb oarspg ay 25
dryer 12 can be controlled and/or nonitored by flowneter
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exanple, in larger spray dryer nodels, liquid feed is directed to spray

155y il e g ot st o R o
aqueous, or gaff dystrl caga?}gf(ﬁfgd&ttllon linGs, dCé)mnrglleyccllaﬁfy avaﬁ%lg g‘f)}tay }‘t{%?s*keﬁér'au? €
15 have water evaporation capacities ranging from about 1 to about 120 kg/hr. For
example, a Niro Mobile Minor™ spray dryer has a water evaporation capacity 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 addi“cional supply vessels, not shown in Figure
1, |
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 m/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.



organi ¢ co-sol vent. Aqueous sol vents include, for instance, water and
buffered solutions. Exanples of organic solvents include, but are not

limted two@leedrel s such as, for exanple, ethanol, nethgraysopnspanol ,
i sopropanol and butanols. O her organic 5 solvents include but are not

limted to perfluorocarbons, dichloronethane, chloroform ether, ethyl
acetate, nethyl tert-butyl ether and others. In a preferred enbodi nent, the
organi c solvent is ethanol. If a co-solvent is enployed, the anmount of
organi ¢ solvent can he present in the co-solyent in an anmount rangi ng from

about 10 to about 1969iH§ed ipeludssea sotypnaw 2P PEFEYTUS EEHYE PHEhIIICE e

organi c solv S D t Al vent: | n]F&%P {ng from
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or al kal i ne pbilutions.i Brahplys oforpimic balféms inchidedsut ackthest lintitddhe, Aathobsrduchr

co-solvent or to the fornmed m xture, Preferably, the pH can range from
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prophylactic or diagnostic activities. Nucleic acid sequences include
genes, ant( senbeniin ascuewt vwhigils fyionabaus 36 serphavr8dtelyvamneor RNA and
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cytotoxic agents, prophylactic agents, antibiotics, antivirals, antisense,
anti gens, andhaptidandings froBpalpoitiddsaiut h0a wi de range of nol ecul ar wei ght
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15 active (bioactive) compound, for example a therapeutic, prophylactic or diagnostic
agent. Bioactive 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 RNA nucleic acid sequences
having therapeutic, prophylactic or diagnostic activities. Nucleic 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. Compounds with a wide
range of molecular weight can be used, for example, between 100 and 500,000 grams

or more per mole.



The liquid feed can include a therapeutic agent for |ocal delivery within
the lung, such as agents for the treatnment of asthma, chronic obstructive
pul nonar ywdj @a8s2¢ (COPD), enphysema, or cystic fibrosis, prifonispst em c
treatment. For exanple, genes for the treatnent of diseases such as cystic
fibrosis can be adm nistered, as can heta 5 agoni sts steroids,
anticholinergics and | eukotriene nodi Trers for asthma. O her specific

t herapeutic agents include, but are not limted to, human growth hornone,
insulin, calcitonin, gonadotropin-releasing hormne, | uteinizing hornone
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al buterol, epinephrine, L-dopa, and diazepam .as well as nedi canents that
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em ssion conputerized tonography, x-ray, fluoroscopy, and nagnetic
resonance i magicitgpipMRnadotEspanseleasing hosong Bnisining hpamaenefreleasiggheymonent r ast

agents in MRl J ude but .ar not limted. to,tl dol ini um.chel at es
currently avSHIRED-E%athyEbignERtiprlafot B GRS I8 AP RERaR 8% orey
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copper and chrom um arrp1 es of materials useful for CAT and x-rays

i ncl ude il8di dentirgd.arbrethistareng, slonfdane, seppolanune selicydate.iremphnisotiumsuch as
i onic nononers, typifi.ed di atri zoat.e and .iqthal apgte, non-ioni ¢ nmononers
such a5 T opartaSeroh SmEP MMl RuRGBrIe o R Are SS8e s SEldhch as
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feed can include additional component(s). In a préferred enbodi nent,

liquid feed iongdneedes one or nore phospholipids, such as, for exanple, a
phosphati dyl chol i ne, phagsphati dyl et hanol am . ne, phasphati dyl gl ycer.ol,,
phosphat i dyl serin ,1a%tﬁ)(§§b %%?f’itij’#'uﬁ?)gﬁ“t%? ngf limgit %Pﬁ&ﬂg@ﬁ%‘?tgg%gg‘f@d}lﬂe one
enbodi mengs, %Qnﬁl{&?cilawiﬁig@tfreggéﬁs Bt 8 PIAGSH HSssion bR glapRY (PEBEEIhifer

exanpl es of phosphol ipi a
assisted tomography (CAT), single photon emission computerized tomography, x-ray,

fluoroscopy, and magnetic resonance imaging (MRI).

Examples of suitable materials for use as contrast 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 iodixanol, 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.



shown in Table 1. Conbi nati ons of phospholipids can al so be enpl oyed. WO
02/ 085326 PCT/ US02/ 12320 -7 Table 1 Dilauryl ol yphosphati dyl choline (Cl12;
0) DLPC womusseoyl phosphati dyl choline (Cl4;0) DVMPC 5 PCT/US02/12320

Di pym t oyl phosphati dyl chol i ne (C16: 0) DPPC Di stearoyl phosphati dyl choline
(18: 0) DSPC Di ol eoyl phosphati dyl chol Lne (C18:1) DOPC

Di | auryl ol yl phosphati dyl gl ycerol DLPG ™ D nyri stoyl phosphati dyl gl ycerol DWPG
10 Di pl m toyl phosphati dyl gl ycerol DPPG Di st earoyl phosphati dyl gl ycerol DSPG
Di ol eoyl phosphati dyl gl ycerol DOPG Dinyristoyl phosphatidic acid DVPA

D nyristoyl phosphatidic acid DVPA 15 Di pal m toyl phosphatidic acid DPPA

D pal mtoyl phosphatidic acid DPPA D ?@lﬁt oyl phosphati dyl et hanol am ne
DMPE Dipal mitoyl phosphatidyl et hanol anmne ISPPE Di nyri st oyl

phosphati dyl seri ne Dw%ila&yglﬁmoﬁﬁagﬁylcmm@qm yl serinepgpeS D pal mtoyl
sphi ngonyel in DPSP Di st earoyl sphingonyelin DSSP Charged phospholi pids

al so can be enpl oyed. Buiapmpstedpldsphatatyipbaliag(@Ho@phol i pi dPMPE descri bed in

U S. Patept Applicatiop.entitled "Parficles Anhal atio Vi ng

Sust ai nedglReI ease Pr op@r‘%rﬂ‘@g?ylpg@}’g%éyi‘%@ﬁ?? {(2{36®n Decerrbi%Png, 2000, and
in US. Patent ApplicaidiQfeylRi¥s ﬁgidmogﬂg {1iglgad " Particl ggpicor | nhal ation
Havi ng Sustai ned Release Properties™, filed on Decenber 29, 2000; the

entire contents of bot Pideeylphwsphgoykheline@ll€iln by ref er eddPC

Dilaurylolylphosphatidylglycerol DLPG
Dimyristoylphosphatidylglycerol DMPG
10 Dipalmitoylphosphatidylglycerol 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.



WD 02/ 085326 PCT/ US02/ 12320 -8 The phospholipid can be present in the
liquid feed in an anmpbunt ranging from about 5 weight percent (% to about
about 95 wej @ss#He Preferably, it can be present in the partiwbass2on an
anount rangi ng fromabout 20 weight %to about 80 weight % The

phosphol i pi ds or conbi nati ons thereof ,can be selected to inpart controlled
5 rel ease properties to the spray dri'(§d particles produced by the nethods
of the invention. Particles having controlled release properties and

met hods of nodul atin rele se of .a bi oIo cal qu@gtlve a ent are descri bed
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filed on August and rovi si 10 Pat erit Appl i catl on
09/ 644, 736, ft]nd edticles AugushoidBran2i@Fromabdut 2Revdiglhit|% td m:mhmB@wf:(ght%
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to a agent prefe sorbs to an
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feed in a5 anRufhcd &'ﬁgéé?ﬂvforlﬁﬁﬁlsmble phases, such as the interface between water and an
organic polymer solution, a water/air interface or organic solvent/air interface.
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. Surfactants 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 include but are not limited to hexadecanol; fatty
alcohols such as polyethylene glycol (PEG); polyoxyethylene-9-lauryl ether; a surface

25  active fatty acid, such as palmitic 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 %.
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amino acids can also include amino acid analogs. As used herein, an amino acid analog

includes the D or L configuration of an amino 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, -Cl, -I and -F) -O(aliphatic, 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), -



i soqui nolinyl and acridintyl. Suitable substituents on an aliphatic,
aromati c or benzyl group include -OH, halogen (-Br, -d, -1 and -F)

- al i phatvigco2/ss2st i t ut ed al i phatic, benzyl, substituted FHerwednznbszoaryl or
substituted aryl group), -CN, -NO2, -COOH, -NH2, -NH(aliphatic group,
substituted aliphatic, benzyl, substi tl(ljlt ed benzyl, aryl or substituted aryl
group), WO 02/085326 PCT/US02/ 12320 "**710 N(aliphatic group, substituted

al i phatic, benzyl, substituted benzyl, aryl or substituted aryl group)?2,
-COQ(al i phatic group, substituted aliphatic, benzyl, substituted benzyl,

aryl or subs®Y(elirhatic gFap. gitstipyed aliphbpiie benzybnbeithisA densyl &vies sHbsite

aliphatic gr , nz | d . Qr bst.i I
aroup)) - S lgreTenSOQaR s siRlAkca Ao Yepdit BbLiRLARY .
benzyl, ar omatylor subsEtied aryLigredp)arCONH, c-CANE Hliphatiy) sutdtin@édNiphatitiZroup,
substituted benzil ic or aromatic group can_al so have _an _aliphatic or

substituted & betithied bgnad, aaylswgl?ﬁtwg%@ryl grogphstSH.ubedirhaticohat i c

| . i . . i tuted |
o oup oo 4 SURREHER BIAREHE g MR B B R PR T Y
substituted besnybndNHICENEANHDaXeubiRuted beRAyEic B B diid @Rdup. calldliolhelag an

am no acid substituent can increase, for exanple, the |ypophilicity or
hydr ophobi ci @ abphatigtoysabstiduticdh aliphetie rampiasie sabgituenidAomhbtitited afiphatiber of

the suitable am no acids, am no.acid..analogs.and salts. thereof can _be

bt ai ned- comfeitn apre s APeToL b ARR PR 28 & e RS RasiA % A ne
art. 15 Synt @ﬁl‘édti@uénﬁPh%hﬁétﬁﬁte&-hﬁé‘plfh@i%?édbb@t@tedfﬁém@ﬁ@muﬁstiﬂlﬁd@é&@m gﬁg Wit s,
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an ami no @gei &yhildfic te@Rnily&s are described, for example, in Green and Wauts, “Protecting
Groups in Organic Syrthesis”, John Wiley and Sons, Chapters 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 tendency

25  to partition in the nonpolar acid which is at 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.
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Such conposi t Applation 09644820 8td an Anggist 2%,3009i efifled A Pl B 50, 662,

filed on August, 25, 199 entit.led, ".Formil at i f.0r... § - Welat v
Por ous Parti c’g s to %‘?’rﬁ‘ 8@.0%5. ?ﬁﬁf%ﬁt’ ﬂ}fptﬁgc}ﬁ(l: Siogﬁoﬁér%ﬁ?%g%?lwe}gmﬁ; gﬁgust
23, 2000, entllegéfr&%gtiﬁg{emgnﬁ}étﬁn for Spray-Drying Large Porous Particles”;

the teachings o are incorporated herein by reference in their
entirety. In a prehemoter embodimenhef the inyentiepite Hiquidifoed dncludes %&Oﬁbﬂat%
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15 Such compositions are described in U.S. Provisional Application 60/150,662, filed on

August 25, 1999, entitled “Formulation for Spray-Drying Large Porous Particles,” and
U.S. 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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15 passing it through pressure pot 20, after which it is combined with a second gas stream
which is not humidified. The second gas stream can be obtained, for instance, directly
from the gas source, without passing it through water.

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 including atomizer 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.
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._1

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

invention is Super-Dew™ provided by Shaw Moisture Meters, Ltd., Bradford, U.K.
20 This hygrometer uses a molecular sieve adsorber with an outer conductor of 24 K 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
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princi ples and techniques are known in the art. For exanple, spray dryi ng

i s discussed by K Gvasmbma)'r dryingringiplysyind dechnimiboatie knowotin thelst. Wdrey &
Sons,  New Yor le<)tamp €, spray '(I:lgrllé[ 1rh'gctzussseod]c byvﬁ aste{selnl' 1():1“%7 ?'gll%tg?-fjanggoo?d' Jo%

15 Wiley & Sons, New York, 1984, the contents of which are incorporated herein by

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 exhaust 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 a 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



reference in their entirety. During spray-drying, liquid feed directed to
spray dryer 12 is atom zed. The resulting droplets are contacted wth hot

dryi ng gagoMoeks2bas a controll ed noisture content, as diggussedabove,
t hereby renoving solvent fromthe droplets and formng 20 spray dried
particles. The exit tenperature of the 5dryi ng gas i s nmeasured by

t hernocoupl e 34. Generally, this terrpé}éture ranges between about 35C and
about 80C, preferably between about 40C and about 70C. Apparatus 10 al so

i ncl udes cycl one, 36. Cyclone 36 typically use eptrifygal, action to
separate the Bpiiglesdpyiag aﬁ%ﬁ%@¥%S%ﬁ%>%ﬁ%l&3%fJaglg-sfraléag‘?S}Wﬂbﬁ? D§RSHHY gas
and 25 sol ve ; &ll,m]ygg' i j ndui t
38. Spray drig uglglg?]irlc es gsﬁée}log{nﬁg?zlgdezgg ?gﬁ%%ﬁg&g%?‘gn\&%ﬁgﬁd%&ﬁﬁecti on

jar 40. The c@juakPlaefdrs pliasoprabeised Copatrdllal B Reansithd esten(\émhkalitshnelogy.r ol | ed
tenperature and relative humdity conditions,, for exa at 22 C and 15%

. . | e,
RH. In a pref &eredNOrasadieabye™ nplament AYlierpmetics Apstuaeas Cotp- o8y & i on

have a tap . 3 Si | ess .t h i ahi a
tap densi t)? ofg’oﬁgﬁs ﬁaﬁélﬁnsé@dﬁ? %&%8%%}%%&@8?@%@@5 gée%{a%e(?%igl\g}agb R
" aer odynani calchybé Babiminad tidift 8% methMd 6f WSBBMK Behsatyeni\@app¢dIBaB$, United
PCT/ US02/ 12320 -15 particles having a tap density |less than about 0.1

g/ cnB. Tap dei¢itesPlramatapeirecontienivon, Rockydlie P kY r Spptmeeni AMP-4081.,1 1982
killed i th t but ..not, |.i m.t to th
:/I 1:r ogr olcgsso%e%%@ﬁ&ég&@ﬁr@gﬁoﬁé&nﬁg%lf& %?ﬁkdg %%%%n%%%g{/{&m&%d NC)

or a GeoPycTMpbhwkisti®ite. (M cronetrics Instrument Corp., Norcross, GA 5

30093). Tap density is a standard nmeasure of the envel ope mass density. Tap
density cHnh be detBhernweldpamiassylenbity ofeantiseirapic pigtclpis defined g5 the ragsd ofthsped

AR R PR e e e R N e
density incl U%ﬁclbgé(f’ IH AL c2UbliRfRt SOKE HBnBGYH thddHrBdISs Bivie 4@ eV Elopelidasthe
envel ope mass density of an isotropic particle i's defined as the mass of
the particl e ddhsitydefdedsythanreboni Gid glom’spher e envel ope vol ume within which it
gﬁcngpeeggls gs ed. l&erggy%aglqpa 1?}11%?1{' Igargc];leé ﬂfvei anp\{rg e}rrie rs]i’ze,tehg, P %lhrin%ln?esdiar}lave an
15 geometric diameter (VMGD) of at least about 5 pm. In one embodiment, the VMGD is
from about 5 pm to about 30 pm. 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 Ile, (Coulter
Electronic, Luton, Beds, England), or a laser diffraction instrument (for example
Helos, manufactured by Sympatec, Princeton, NJ). 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 refetred to herein as “aerodynamic diameter”, between about

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



density of |ess than about 0.4 g/cnB. Aerodynam cally light particles have
a preferred size, e.qg., a volune nedian 15 geonetric dianeter (VM3D) of at

| east abowio @/08%326n one enbodi nent, the VMED is from abouyictoysmiigs2about 30
gm In another enbodi ment of the invention, the particles have a VM3
rangi ng fromabout 10 mto about 30 gm I n ot her enbodi ments, the

particles have a nedi an di aneter, nass Oedi an di anet er (MVD), a mass nedi an
envel ope di aneter (MMED) or a mass nedi an geonetric dianmeter (MMGD) of at

| east 20 5m for exanple from about 5 gmto about 30 m The dianmeter of the

spray-dried p&PPRich 8@ andgpowh,dp) &1 2 firteygmppdisignt. e MMEABUF BefWgsh APUAR

el ectrical zoneg sehsi 5i nstrument such as a Miultisizer Ile, (Coulter
El ectronic, LAFOANC BELE: "ﬁﬁgl and), or a laser diffraction instrunment (for

exanmpl e Hel os, mamifREHhALyrodyIRAcRRamEEl SadeRteriWned HdafloyiRShr umMent s
for measuring 25 particle dianmeter are well known in the art. The di aneter
of particles ignavatatianglseitiug methodrwgerehypbatimedopoenstmblemfpadiclds tasetile a
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particles preferably have "mass nedi an aerodynam ¢ 30 di aneter
al so ref er r ed mdtirstrgeiliguakimpaegeo (MORDI Althrzatt énstruntpatsweleioh edsobet emplopediod

about 5 m In another enpodi mepnt of the inyention, the D i s_hetween WO
02/ 085326 PCT/AOSHBIEASISynans ﬁ%ﬁ?rsimﬁlr‘%%‘omr ﬁ%@&f Bﬁéc?&zef v
enbodi nent, t MyAD ) i ,
aer odynam ¢ ditagrsréter”%lzllrll1 %%?%@%ﬁﬁgﬁéﬁﬁqﬁg%%ﬁgﬁgé S“g‘?%@? ?%Hrgﬁgfiéijs&}’

settling nEl hdost., Sheyrep§Ad.ne tinme for an ensenble of particles to settle a

5 certain distance s used to infer directly the_aerodynam c di aneter of
the particles. An iTigiscedynampicKliametes daesri RS Rulaied HadheggiaiAnaer odynani ¢

dianeter (MMAD) is the multi-stage liquid inpinger (MSLI). Alternative

i nstrunents which can be enployed to determ ne aerodynam c di aneters

i ncl ude those known under the nane of a;err@ﬂii@trapTM (TSI, Inc., Amrherst, M)
or under the nane of Anderson Cascade Irrpacf”or (Ander son

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 aerodynamic diameter of between about 1 pm and about
5 um, preferably between about 1 pm and about 3 pm, are more capable of escaping
inertial and grax.fitational 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 pm are preferred.

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

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



10 Inst., Sunyra, GA). The aerodynam c dianeter, daer, can be cal cul ated
fromthe equation: daer = dg = P tap where dg is the geonetric dianeter,
for exanp® @2nwssIWAED, and p tap is the powder tap densit yycTigsoRParaicl es
whi ch have a tap density |less than about 0.4 g/cnB, nedian dianeters of at
| east about 5 m and an aerodynam c di_ gaeter of between about 1 m and about
5 m preferably between about 1 mand about 3 m are nore capabl e of
escaping inertial and gravitational deposition in the oropharyngeal
t he

region, and are t eted t ai rwa articularly the,d | ung.. The
use of |arger ,a%ﬂ]ﬂ)tradegg&%&58Sélﬁaflgfaé%et?%O%fﬁg’%e&gﬁﬁ?%g%%%sang iahglg[e@#éﬁ ngarS% abl e
to aerosol i ze OhGeRIdyh&hRMHiddctb @ BeaERh hBout 108798 ab&B5Q8A! particles such
as those currently uséd for inhalation therapies. In another enbodi nent of

the invention, the Ipacmpeti®s thamellemraiaiivelyolsaserasdiclatehs larger aatodgnanaitaiy ed

to herein as "mass density’ of |ess than ahout O. cnB, Particles also
havi ng a nean lgﬁhﬂﬁlélfes:ﬁefﬁ@gml%@o‘%dlﬁn aﬁag}%eré)gagﬁeag@bﬂqtér@np@lgq &Y ed.

ond aer odynamETL BB SRR M RaiEh ISR, BRATSHERBY veolP RlbcfpRAEA !
08/ 655, 570, fidngdlcarmnbBfromAte kgh alucwh bzl excdludione of e phaittesiferme the phygocytes'

reference in its entirety. In a preferred enbodi nent, the aerodynam c
di aneter of pavioseliespanaPiagoaytpsisel rrefelps by plueelar magropipees Aignishes

PCT/ US02/ 12320 _ - out Q. [ C and a nean dj.aneter bet ween, about 5
m and about - sgrsrinielh et Pabis iRteodThabnd 4R0E s dmck v anbRe i ke
about 5m I n GRBRRLIBBY: 60-63ADEA! Krdnfd, 2L ¥&d StrARBSEY PP, Ihé | Bp. Mg, 1ar.ger
aerodynamcally [light particles, preferably having a nedian di anmeter of at
| east about0 5 H8-7504b9Elanarsl Rudtchtand MyllarpR &1. sl Comgrs Ral. | 32: 2632d2 p1Regoclen ¢

cngul{rent by SLYe g mer sihades, and closrance [Lomins Lungs, ydue Lo
Chagocy oL A ks et yaph ey SR 4100 e sl
Bi omat eri al s Feqfed 64itHid @@@cropkagnfos cotnplbte @anticlSphagesstosiB. , Proc. Soc. Exp.
Med., 107: The particles may be fabricated with the appropriate material, surface
15 roughness, diameter and tap density for localized delivery to selected regions of the
respiratory tract such as the deep lung or upper or central airways. For example, higher
density or larger particles may be used 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 aerodynamic diameter ranging from about 3 to about 5 pm are
preferred 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 lungs 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



10 748-750 (1961); and Rudt, S. and Muller, RH, J. Contr. Rel., 22:
263-272 (1992). For particles of statistically isotropic shape, such as

spheres wiwgvygsizh surfaces, the particle envel ope vol ungpdiguppingi nat el y
equi valent to the volunme of cytosolic space required within a macrophage
for conplete particle phagocytosis. Thg particles may be fabricated with

t he appropriate material, surface 15 r ﬁghness, di aneter and tap density
for localized delivery to selected regions of the respiratory tract such

as the deep lung.or upper or_central ai.rways..For ex l.e,. hi r densjty
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varying sized eﬂ%l%bé’lz&%rﬂe@hﬁo BRTRLS, alP b Eﬁ;giéétéd %eﬂazh@t% SUTE: Qluafll T T erent

t herapeutic agent” naybe admnistered to tar |fferrent regions of the
| ung i n one adm ni skhedbwdap d@BitPanatticks dsvhasmall aerndypenddania g campireson
rangi ng fromabgut 3 to about m are referred for delivery to fhe
central and uppé %ﬁt%i@%e?omasp srE ety g BHYY RIS Cece pltiarto the
ranging from %99&513&3&1@r@@91’é}%te§ \Ghla AT e?ﬂsﬁ&d }Ieﬁficéi?hhc\ﬁ [e¥ ilfl Qeroldi® deep
l ung. Inertial inpaction and gravitationfal settling of aefosols are

predom nant 2Sletleq@ediit TopicsbcPlannsweutical Sdiencas I Maly&danD.Jaki Qlonohelinhendl ungs
during normal breathing conditions. Edwards, D, A., J._ Aerosol Sci., 26:
293-317 (1995K-KTRddhappr-92nkld> Stutteas: Medrtisan; Scipifigdshishesmd 99N bydles in
proportion tot%ﬁ,&lgass of aerosols and not to particle (or envel ope)

vol une. Since e Site of aerosol deposition in the lungs is determ ned by
the mass of the aerosol (at least for particles of nean aerodynam c 30

di aneter greater than approximately 1 n), dimnishing the tap density by

i ncreasi ng WO 02/ 085326 PCT/ US02/ 12320 4,48 §¥rticle surface irregularities
and particle porosity permits the delivery of larger particle envel ope
volunmes into the lungs, all other physical paraneters being equal. The | ow

tap densityyp j |5 Joye! i o]
tho act ual em o ae B B B o ARG PRrsch

rel ated to theaerdsokparttlopim thphleeaadicgivatefithe ihmifolndg (~40%) ddetnsgorcan chemni cal
principles in aerosol delivery," in Topics in Pharmaceutical _Sciences 1991
(eds. D.J.A @emdaamic dgnmeterofieppraximayly fg=3 o, Heyders) o @haf vierasoddtiar m

Scientific Pul%l7i: §{]ﬁ§§5 (119%%%)ﬂ)ue %ythgi? Small envelope mass density, the actual diameter d of

aerodynamically light particles comprising a monodisperse inhaled powder that will

15  exhibit maximum deep-lung deposition is:
d = 3/\p pm (where p <1 g/em®);

where d is always greater than 3 pm. For example, acrodynamically light particles that
display an envelope mass density, p = 0.1 g/cm?, will exhibit a 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 aerosolization to the deep lung for
particles of low envelope mass density, in addition to contributing to lower phagocytic
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



formul a: daer = dlp 10 where the envelope mass p is in units of g/cnB.

Maxi mal deposition of nonodi spersed aerosol particles in the alveolar
regi on of wig@/gssmn | ung (-60% occurs for an aerodynan opcdigdeh 320 of
approximately daer 3 m Heyder, J. et al., J. Aerosol Sci., 17: 811-825
(1986). Due to their small envel ope nazg density, the actual dianmeter d of
aerodynam cally light particles conprising a nonodi sperse inhal ed powder
that will 15 exhibit naxi num deep-|lung deposition is: = 31Vp m (where p <

d
1 g/cnB); where .d js always greater than 3 m_For e e, aerodynam cally
i ght particlé’%lug]?}g?"ead]i%%rg FPfe‘H’Jé‘fq’é Reulicigntix e ,@Bnc_etg?l g/ cmB, will
exhi bit a maxi | £ ;,]%n- i : NaTa2 ' as
large as 9.5 m Ilblfeéﬁ?%(?:drn egg@g parl'f %g’l 12@%5 i) 2%%@%ﬁﬁ%¥gﬁ§lg§%@%f§ﬁ8§ﬁ??@hﬁé§
adhesi on f or cédmt théilsiger sizelpartitloselemoipledgooytogd, 58: 1-10. Thus, |arge

particle size increases efficjency of aerosolizatjion to the, de | ung for
particles of |ow enkhsmBgBodsridheiianentiqn melide eentrollgng the prapsttics Bgfherﬁer%
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achi eved by t liasbseh ind day tlemdibturdd@tientCinethe dfyihgess cahdo oplidided fid @ duce
m crons in dianmeter, preferapl i@between about one and _about three m crons,

whi ch are t herPagimyserlich sophing darge seqmactricd dapensims of-2p XMEP) and o tap/ 085326

PCT/ US02/ 12320, -- ' e r t b .
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results in an tkgdéepalent Ofehd otBEnhah@, dshfgddk@m?,gashakﬁngtwﬂiglﬁgﬂoo?nd)\i@
particles are not phagocytosed. The net hods t he invention include

control | i ni t Heoipfuppeontenbsviym qormarqdrta jheopdimised kypidity levsl sgsulia it gul at i ng
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particles whi o t5¥ed, T6r &xdkfte, I tdntial ddliveBns kenGentr@l GrwayyMED, and | ow
tap density and whi ch have aerodynam c properties that pronote delivery to
the alveoli or For a given formulation, the relationship between the aerodynamic properties of

the particles and the moisture content of the drying gas, expressed, for instance, in

15 terms of the set or established dew point, can be determined experimentally as follows.
Particles can be spray dried employing a process gas having specified dew points. For
each dew point value, properties of the spray dried particles, e.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



the deep lung. On the other hand, using a drying gas having too high or too
| ow a 10 noi sture content, when conpared to the optim zed humdity |evel,
resul ts iwoagossazgrease in tap density, and MVAD and a deqicgas2iiss2yMED.
The latter particles can be tailored, for exanple, for preferenti al
delivery to the central airways. For a, iven fornmulation, the relationship
bet ween the aerodynam c properties of he particles and the noisture
content of the drying gas, expressed for instance, in 15 ternB of the set

or establishe i nt e det taII foII
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enpl oyed can be generated. The 20 correl ation can then yed to
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the deep lung, a dew point of -40 Cis 25 preferred in spray_dryin
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For mul ati ons  ofletédadodd-ifhalerS(MBPI)Q bt inpiit i ttechhifa&Pilsd eaacbmaﬁlslawnet erol can
be spray dried using a drying gas with a dew point of about -20 C A dew
poi nt of -HD C is 3(rouspeiabieidgvices padipethods afinhaletion whickesnkaiuesd toncl ude a
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wei ght per centshitaffeirhaletLsre ﬂeswius@dl 1S, PhentTes.nOOED, DIf9, i8Ged AVARE 5 01r976m61
whi ch include a nedicanment, for exanple one or nore of the bioactive

agents descri Bédeniisbveéal. 4. Bétenté\fedﬁ%ﬁ,% éssuell Febrpany 26e]§}ﬁ1rt9tV@i69ﬂt1m, geal,of
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15 examples of suitable inhalers include, but are not limited to, the Spinhaler® (Fisons,
Loughborough, U.K.), Rotahaler® (Glaxo-Wellcome, Research Triangle Technology
Park, North Carolina), FlowCaps® (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”,



as known in the art. For exanple, particles are delivered from an
i nhal ation device. In a preferred enbodi nent, particles are adm nistered

via a dryweoowess2snhal er (DPI). Metered-dose-inhal ers ( MPJT/ub/12320
instillation techniques al so can be enpl oyed. 10 Various suitabl e devices

and net hods of inhalation which can be,used to admnister particles to a
patient's respiratory tract are known *h the art. For exanple, suitable
i nhal ers are described in U S. Patent No. 4,069,819, issued August 5, 1976

Val enti i ot AplisticioSesS i hietne £ B8, Suishi Shetmomuethiienty, 1000
to Patton, et .axa f j hak S 0 are
not limted t(g,éi}eFﬁlg pF Sn%gllrgy( P? @8%%?&%1{%58{1%1%%%&@’@% § ) % Bthe

Rot ahal er (r) (asawdthdéattidevestorbid iethe dhhaler ireveplacle Te délivelaity a siBjekt’s Nor t h

Carolina), FlowCaps(r) (Hovione, Loures, /Portugal), Inhalator(r)
(Boehr i nger - | r’i@?@lfﬁ@if}’rﬁysgﬁ@i‘ Wa%@l)lgleab{aathweuwé%wmefn(ar Rurthgpgrabqdizent, at least 5

e 1 e AL AT g

adm ni st ered tadmikisterieg ph batmie/brestacio o sudjeet’s tdappatgly tidtepartiplee Endodeday the
(oropharynx and | ar m(;%r’g the I ower airways which include the trachea
fol | oned by biresptaste dHgowHs as high apt Hrdn2S,a80%3 bradadi 9 milkgiams kpwbgh t he
t erm nal bror&ﬁ%%& which in turn divide into respiratory bronchioli
| eadi ng then to fietul ti mate 25 respiratory zone, the alveoli or the deep

lung. In a preferregd eabasicis e 0fm U'éfeectivO %@B1nt0 heai®tie adfouhiigecdasmd Of
particles deposits in the deep lung. |In another enbodi ment of the

i nvent i on, l&elackhigys thie slegradrtherapguticor dingnesistaiiert eriaifieary. Thepetuelreffecve t he

ol rvery to’t ROCRORiAS R e Ero g PEnFTERGLITE! ethuhdfop ot bl
br eat h- act uat e@1isdE Rhe Reticl@HIoLRREitibA f&in@latbi)IhdhBYE 8 AitRnist@AbERhd the

Application, "H gh Efficient Del'ivery of a Large Therapeutic Mass Aerosol ",
WD 02/ 085326 Rg/MiggE/ qarldton ofthe pgishi, ead severilyoof the sBONtoBB or chnditioh Being 9,

2 e TR 0 e e LS NS B b STt
particles §f oiRdart Bsihd SorlvahBb@ coRERPARAL QeleSbiiRlchy R dpBropriatdd ect’ s
conventional pharmacological protocol). In one example, effective amounts of
albuterol sulfate range from about 100 micrograms (ig) to about 1.0 milligram (mg).
Acerosol 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



respiratory systemin a single, breath-activated step. In a further
enbodi nent, at least 5 5 mlligrans and preferably at least 10 mlligrans

of a nmedi g@@nksi2e delivered by admnistering, in a singlgir®atusoeto a
subject's respiratory tract particles enclosed in the receptacle. Amounts

as high as 15, 20, 25, 30, 35, 40 and ?9 mlligrams can be delivered. As
used herein, the term"effective anount® neans the anount needed to 10
achi eve the desired therapeutic or diagnostic effect or efficacy. The
actual effective anounts of drug can vary according to the specific drug
or conbi nat i oPOPYFEFBRMAgRIMRLian diamstere for exEPlsp theigngs bWRERAE ofpm and
formul at ed, tQ& &pﬂﬁgﬂﬁ adm ni stration, and the age, weight, condition of
t he patient, angd-sev rity of the synptons or condition being treated.

Dosages for a partiTHé géseRfinyeitfoncaill BeefufRérandbRRdd Dy réRfeneé tothe ifslRswingKi | |
in 15 the art using conventional considerations, (e.g. by neans of an

appropriate, conlsntingegtmplear macol ogi cal protocol). In one exanpl e,
effective anmounts of al buterol sulfate range from about 100 m crograns (Q)
to about 1.0 mlligram (ng). Aerosol dosage, formnul ations and delivery

systens al sp moyberserregedN or a particul ar therapeutic application, as
descri bed, for exanple, in Gonda, |I. "Aerosols for 20 delivery of

t herapeutic and di adwedspidtpagensesl inghash expasimpintsawas y Mastecilgx, MadelC2Q00i freth
Revi e in The tic.Dr ryier tens, .6: 273-313, 1990; and. in,.
Vor en. - Aer 0QuTe B BEHG AT BRRET A TFEY 2 RCOR G Gioes fIRV IR 38R OMIE UMl
Principles, %@%&%&s% fMQn&&e\fzés%’ProM&EW.b]eB%’Eeh \ﬁlér@m%ﬂ;?acuﬁé@ﬁy EhdreRiger dam

1985. The particrfes of the invention can npl oyed 1 n conpositions
suitabl e for Rhsely SgitdeldndeThetHygrdmetpuiChillaaused syes taddew PamedxBiudele000uch
conpositiops ¢ inclu t article r(]lgqa phar eutically acceptable
carrier fo 0 a(iﬁ'iq%ﬁ 'g?qhag/ﬁgﬂrdgg/l‘g) MP&‘%}H{?& l}éﬁ“céqnﬁﬁ@?qsoﬁ)aﬁlﬁ APSY S vi a
 nhal at i on. ThavBeié MindopR™Mold, AGHNICLR!, EOIHAIRDOTHE hidilYerARRA QRS 1 at €
phar maceutically acceptable carrier, such ds a liquid, for exanple saline,
or a powder, fSiR4aviMAOZBrveith siraigha vhihes, dles fiomalNmo yCalysibayMITh@ie caltectien co
30 delivered with | ar]gef carrier partjcles, not including a therapeutic

g

agent, the | at¥a¥asgo pgleeprsiirg Nysbigy ¥39o0 - 22 possessi ng nmass nedi an
di aneters for exanple in the range between about 50 m and

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
850 ml ethyl alcohol, 200 proof, USP. 200 mg B-lactose anhydrate, USP grade, from
Spectrum Laboratories, Laguna Hills, CA, was dissolved in 150 ml 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



about 100 gm The present invention will be further understood by reference
to the followwng non-limting exanples. 5 EXEMPLI FI CATION The |iquid punp
used in t{epe/experi nents was a Masterfl ex, Mdel 2000 frgor/Eeba2Par mer

I nstrument Conpany. The liquid nmass floweter was Promass 64, while the
gas mass flowreter was a Promass F. Bo% wer e manufactured by Endress and
Hauser, Switzerland. The Hygroneter/Chitler used was a Dew Prine 1, Mbdel
2000 10 (Edge Tech, MIford, MA) / Model 1162 (Polyscience, Nles, IL). The

spray dryer wa bile Mnor, EX Mddel, fro iro Inc., .Colupbia MD. The
S om zer used el K0 bEAPIRODBRE G Po oL BiSe, Wk SR SR o

Col umbi a, MD. Ih@orBLéfEd bl jar was a 1L glass jar (Niro, Colunbia, M).
Exanple 1 15 A fornmul ation 1 ncluding 60/20/20 percent by weight of DPPC,

| act ose and al bumThewasayphgipg med casictl obt wsivsg a ARE feed rate of 48 ml/minute and a
(1, 2-D pal mtoyl -sn-d ycero-3- phosphochol i ne), obtained from Avanti_ Pol ar
Labs, Al abast #¥OCea} 8agatetof 383%51%- T RERFGSSHES t)Ofth%Eq%ﬁW}lZW%ﬁ aattadiigm
Sigma, St.c Lowi ) ie%ga > d allowed to warm
to room 20 %e%ﬁ%ﬁ@&%&%éa Iégfkogpbg??aﬁgllggjtégggﬁtg%? m nutes. 600 ngy
DPPC was di ssol ved The oti&G@priy deyihy parahmetehodre sR60n jir Dadile 2 bidPthe 2136 padnts

B-1 act ose anhydrate, USP grade, from Spectrum Laboratories, Laguna Hlls,

| . .ag
CA, was di ssolcPEdoyef a1gehayn indjablear Alsa shawn i Tabind are the tapglensifish dEkhe
clear, 200ngy ﬂﬂl?ﬂ‘% i A i he above aqueous solution. The pH
of the aqueou%us?o u |on?%ﬁgg§d§%§8g§ﬂfgleéwi on anal yzer, nodel # 25 355,
fromCorning Inc., Corning, NY, was adjusted to 8.1+0.1 using |.ON sodi um
hydr oxi de sol uti on. The aqueous phase was slowy poured into the ethanol
phase with continued stirring until sol @bk became clear. 850 nl Et hyl

al cohol, 200 progf5—USP—was—ptaced—7ntotjhe—tt—glassbottte—wth stir bar.
150 ml of UBP st drRie wWhidet WadOutetgdaw t h| Tapep WO| 02vI085 3pBIMPETD/ US02/ 12320

" 23 # (°C) (°C) Point | (g/cm® | (um) (pm)

(°C)

1 110 58 -22 0.104 7.61 2.96

2 110 59 -15 0.124 7.47 2.92

3 110 60 -6.4 0.24 6.4 3.15

15 4 110 60 0 0.28 6.15 3.29

5 110 58 -39 0.169 7.2 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.



et hanol phase by slowy pouring water into ethanol phase, with stirring
until the solution becane clear. The spray drying was carried out using a
liquid fead qpageref 48 m/mnute and a process gas rate gict@dosgidaeour. The
pressure to the rotary atom zer was adjusted to 5 obtain a wheel speed of
about 18800 rotations per mnute (rpm 4The ot her spray drying paraneters
are shown in Table 2 and the dew poi nt% enpl oyed are shown in Table 2.

Al so shown in Table 2 are the tap densities, VMaD and MVAD of the spray
dried particl %%e 2 10 Run T Inlet T Qutlet Dew Tap p VMG MVAD # (O
(O Point (g/gﬁﬁnmﬁ (O 1 110 58 -22 0.104 7.61 2.96 2 110 59 -15
01247472923;:&11@I 29
S 110 25 130 0 16951 3%%’%&1?&% 1%&}%63,{%5 PPCothiholtioth Ryl PolleLabs D
bet ween dew poﬁlabas(dr,nAchagd éésve@ht Yotstiatie], mbtatesisirga Spacteiuh QualigPrdémss,t y of
the resulting_spray dri articles | shown in Figure 2. Figure 3 is a

pl ot showi ng t ﬁ%’("ﬂ@ng\]ﬁlvﬁsﬁmﬁ m@agﬂé?%w@ra%/wlzmeﬁéhw AT degr ees

C of th f
6011, oSt A4S, 00 Il

ew pol nt “range

whi ch have m rpamnme:fs usgd ailﬁrthéMMAU c&rtges;iraylﬂm particleofesied bMdBloydproeess
produced by enpl oy Er_q a drying gas whi ch has a_dew poi nt rangi ng between
about -15 C a@s &UdB grenbgevicpoipbvalpes aie shpxyniaslable Hepdsiigurerhi As sesRd@mtan be

5 63 ARSI S D RIS L a0

about -5 ° C. Higher or lower dew points can be selected to form particles having the

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

Table 3
Run | Tier | Touet | Atomization | Process | Liquid | Dew | MMAD
CcCO|1CO (rpm) gas Feed point (pm)
(kg/hr) | (ml/min) | (°C)

1 110 | 58 14600 85 40 -1 3.05

2 110 | 58 14600 85 40 -5 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.



A formulation including 10 wei ght % DPPC, obtained from Avanti Pol ar Labs
Al abaster, AL and 90 wei ght % estradiol, obtained from Spectrum Quality

Product s, woNewsBngnsw ck, NJ was spray dried using a 70/ 3Gcaisenaiisel une

et hanol /water 5 solvent. The solid concentration was 3 g/l. The process gas
used was air. Spray drying paraneters glsed and the MMVAD of the spray dried
particles forned enpl oyi ng process ga'% at different dew point values are
shown in Table 3 and Figure 4. As seen from Table 3 and Figure 4, the MVAD
was mnimzed when process air had a dew_poi % of about -5 C. Higher or

| ower dew points can be selected to for n@ﬁgh\% cl es having the 10 90/ 10
estradi ol /DPPC fornul ation and | arger MMVAD val ues. Table 3 Run Ttntet
Tonttet Atom zation Process Liquid Dew MMAD ( C ( © (rpm gas Feed point
(m (kg/ hr) (Whdtrs clpingedds: 1 110 58 14600 85 40 -1 3.05 2 110 58 14600 85
40 -5 2.75 15 3 110 60 14600 85 40 4 3.12 4 110 59 14600 85 40 -18 3.62

F5 110 59 14600 85 40 8 3.16 Wiile this invention has been particularly

shown and desgri be ' r : : : ' %E’ﬁ‘%' it
will be underglt' oodq%ye%%gstgfg?lﬁﬁflggsér%yt@ﬁ%{gérrpatg %g%@gg aérc?%e{rjs C afﬁcges in
form and details myybsertiesct@nipgisingithe wepheftit departing fromthe scope of
the i nvention enconpassed by the appended clains. WO 02/ 085326

PCT/ US02/ 12320 - 282)cL AlOBITONiRg the moishuae petentof a drying ges adevd selgeisdiri ng
spray dried particles h%@ﬁg}%?t&ﬁg&ﬁ%@g REVRB T dtoctRd ORGA-Gc gﬁ%‘iér%wg

the steps of 5 (a) contro FSture conte ryltng gas to a
| evel selected to formispery tapy depeitparticl es having a targeted aerodynam c

di anmeter or a o o o
(b) atomizing a liquid feed to form liquid droplets; and
(c) contacting the liquid droplets with the drying gas, thereby drying the
10 liquid droplets to form spray dried particles having the targeted

aerodynamic properties.

2. The method of Claim 1 wherein the drying gas is selected from the group

consisting of air, nitrogen, argon and any combination thereof.

3. The method of Claim 1 wherein the moisture content is expressed as dew point,
15 frost point or relative humidity.
4. The method of claim 3 wherein the dew point is in the range between about 0°
C and -40° C.
5. The method of Claim 1 wherein the targeted acrodynamic diameter is less than

about 5 microns.

20 6. The method of Claim 5 wherein the targeted aerodynamic diameter is less than

about 3 microns.

7. The method of claim 1 wherein the targeted tap density is less than about 0.4
g/em’.



targeted tap density; (b) atomzing a liquid feed to formliquid droplets;
and (c) contacting the liquid droplets with the drying gas, thereby drying

the 10 |wauiahsshrepl ets to formspray dried particl es havipeg/gdee 122 get ed
aerodynam c properties. 2. The nmethod of Claim1 wherein the drying gas is

selected fromthe group consisting of jair, nitrogen, argon and any

conbi nation thereof. 3. The nethod of € aim1 wherein the noisture content
is expressed as dew point, 15 frost point or relative humdity. 4. The
met hod of claim 3 wherein the dew point is in the range between about 0 C
and -40 C. 5. The nethod of Caim21 wherein the targeted aerodynamn c

di amet er i |68S t MR maRQUbs EloTh T AiFein 30 ArackAGaTBLIGY i0feeClnah Rgur gher i n
the targeted aérodynarﬁlc d(lyametaer i's %lgs tlﬁIaigr%3 a%lggt gcgrlné)fg?ons. 7. The

met hod of claim 1 wiantin the targeted tap density is less than about 0.4
g/ cnB8. WD 02/ 085326 PCT/ US02/12320 -26 8. The nethod of Claim7 wherein

the targeted tap density is less than about 0.1 g/cnB8. 9. The nethod of

Claim 1 whereign th ryi i.nl . 0C
and about 2000 5 The el SPCINAT AR o RIREK Bh ok SR Ao
outl et tenperature abbets8®Crandaboit 8¢ and about 80C. 11. The net hod of

Claiml1l further conprising separating the spray dried particles fromwaste
drying gas. 12. The nmethod of Caim1l further conprising collecting the

spray dri e% Pt i Cl’ﬁ%r{letglgcli é@ ?le%ﬁlﬁ v@e&gﬁg%eo(ﬁgrpgggagha‘s %@tﬁe‘t &nﬁﬂ%?athﬂleqm d

feed includes a solven e rom consisting off an organic
sol vent, an aqueousesRdenebbutdseanyd about 80°C.

11.  The method of Claim 1 further comprising separating the spray dried particles
from waste drying gas.

12.  The method of Claim 1 further comprising collecting the spray dried particles.
10 13.  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.

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

agent.

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

16.  Particles formed by the method of Claim 1.
17. A method for forming particles having a targeted acrodynamic diameter

comprising the steps of:

20 (a) atomizing a liquid feed to produce liquid droplets; and



conbi nati on thereof. 14. The nmethod of Claim1l wherein the spray dried
particles conprise a bioactive agent. 15 15. The nethod of Caim1l wherein
the spraywdydgdsparticles conprise a phospholipid. 16. Paidrgdoeg2sor mred by
the nethod of Caimi1. 17. A nmethod for formng particles having a targeted
aerodynam c di aneter conprising the steps of: 20 (a) atomzing a liquid
feed to produce liquid droplets; and 02/ 085326 PCT/ US02/ 12320 -27 (b)
contacting the liquid droplets with a drying gas having a dew poi nt

corresponding to formng particles. having the targeted di aneter, thereby
drying the Iiquid C(L’))pl &P t%@&@ﬁﬁr&%ﬁ@ﬁ&?ﬁw}é@gﬁ%% g 3ROy i ng
particles having a mnim [YInk i : IS e steps
of: (a) atom zing a i q{}!ioé% eoglgfnggé{prOé%@étﬁ?%%ﬁ%ﬂﬁ%%ﬁé@?@&%e?%
contacting the |i quhetebly dfyirefthe ligtid deordety tofprmathe pavicieyg a dew poi nt
corresponding to formng particles having the m nimzed aerodynam c

di aneter; 10 thereby drying the liquid droplets to formthe particles

havi ng the m nigm ze RART g&.ﬁ\g@ : A F r LNg
spray-dried pgrgti cllggnegﬁd&%ucecﬁ% ap estn%l[ 5 %6%?%?9%&&%5‘%?%%&5%9 a
liquid feeds to produaprisinguhélstepsogit ets; and 15 (b) contacting the |iquid
droplets with a drying gas having a dew point corresponding to formng

particles having t &) r eci@redingmlicid edyo pradues beyid draplets e | qui d
droplets to form thg, spray.dil SRR EbFRts Wil Q8688P54 %Pl -\ deRA 320

-28

corresponding to forming particles having the minimized aerodynamic
diameter;
10 thereby drying the liquid droplets to form the particles having the minimized

aerodynamic diameter.

19. A method for producing spray-dried particles of reduced tap density
comprising:
(a) atomizing a liquid feed to produce liquid droplets; and
15 (b) contacting the liquid droplets with a drying gas having a dew point
corresponding to forming particles having the reduced tap density;

thereby drying the liquid droplets to form the spray dried particles.



20. A nethod for producing particles conprising: (a) atomzing a liquid
feed to produce liquid droplets; and (b) contacting the |iquid droplets

with a drwio@ogesshavi ng a dew point between 0 C and - 40 ggrtdeenghdy dryi ng
the liquid droplets and 5 producing the particles; wherein the particles
have an aerodynam c di aneter |ess than?g?lbout 5 mand a tap density |ess

t han about 0.4 g/cnB. 21. The nethod of°Cl ai m20 wherein the particles have

a tap density less than about 0.1 g/cnB. 10 22. A method for producing
particles suitable for i | ati.on conprising (a) spraying a liquid feed
conprising a l%%ol oﬁeﬂhqar}g’(:?]io\‘}léc%%B lf’feéﬁ%‘%?"gﬁlg%ont acting the sprayed
iquid feed with a Vi nfodamd A i b ptoRatdtiquig BESAABORAI N9 TO 2
targeted aerodynam'(gj’ di anet er ordt%e parpi;cl es,qult helpg‘f)[y’ drying the
sprayed |iquid feedb}o foontactimethpdigtidoiresliets MatlP8dryfagngssthading @ardeprmdnici ng

spray-dried particles of reduced,ta Si t conprising.,(a) aton zing a
liquid feed to produce I9CHIFH Q%r%ﬁ}‘ﬁﬁgsaaﬂ’&%lﬁfoﬁ)drgg&fh&c}%quﬁbgﬁoﬁm id

droplets wigh a drying : poi nt corresponding to form ng
particles h%vi ng the regﬁéc%l%ﬁ%@atggagﬁlgﬁyy; 20 thereby drying the liquid

droplets to form théhesginalye shitieles lnavetah @b@dynadic dfinnetétioss thar atpno e ogl a
particles conprising: (a) atomzing a liquid feed to produce liquid
droplets: and (b) danhdenstty lggs thea abowl428mopl ets with a drying gas having a
dew point between O C and -40 C, thereby drying the liquid droplets and

25 producing the particles; wherein the particles have a tap density |ess

than 0.4 g/ cni®1, WO T/h8&b3P6f Clailth Q8Heiatd &2 partZestiuve bnapdémith teds thah about
spray-drying including atomzing a liquid feed to produce Iiquid droplets
and drying the |iq#H28mBpl ets, the inprovement conprising conbining

10 22. A method for producing particles suitable for inhalation comprising
(@ spraying a liquid feed comprising a biologically active agent; and
(b) contacting the sprayed liquid feed with a drying gas having a dew point
corresponding to a targeted aerodynamic diameter for the particles,

thereby drying the sprayed liquid feed to form the particles.

15 23. A method for producing spray-dried particles of reduced tap density
comprising:
(a) atomizing a liquid feed to produce liquid droplets; and
(b) contacting the liquid droplets with a drying gas having a dew point
corresponding to forming particles having the reduced tap density;

20 thereby drying the liquid droplets to form the spray dried particles.

24. A method for producing particles comprising:
(a) atomizing a liquid feed to produce liquid droplets; and
(b) contacting the liquid droplets with a drying gas having a dew point
between 0° C and -40° C, thereby drying the liquid droplets and
25 producing the particles;
wherein the particles have a tap density less than 0.4 g/cm’.



a gas with a vapor to forma drying gas having a specified vapor parti al
pressure and contacting the liquid droplets with the drying gas, thereby

drying theddgssde 5 droplets. 26. A nethod for spray dryipig/pantbhes
having a targeted tap density conprising: (a) correlating vapor contents
of a drying gas with tap densities of 23rticles formed by contacting a
sprayed liquid feed with the drying ga (b) selecting a vapor content
corresponding to the targeted tap density; 10 (c) generating a drying gas

havi ng said v or onten nd (d), conta rayed.liqujd feed, w hthe
dryi ng gas ha |adn‘?f§%$°r SE%H%d@Hflg Htcm%% %ﬂ%ﬁ%&hﬂﬂl s¢d ﬁocﬂr%@cﬁ
the targeted tap de(ﬂ - and%?ymgﬁt g lilﬁfjdrt)ﬁl%tspfh%%ﬁ‘ﬁtd%ni% f&dnﬁ%r%?/n Yﬁlﬁﬂm@

targeted aerodynam c |aneter sl ng correlati
contents of a dryi rugagamtmmpoammmedrymg@aahanngssp@:iﬁqnh\raponﬂ)malfpmesm@ by

contacting a sprayed liquid fee the dryin sel ecting. a,
vapor content corr eaélﬁ&ﬁﬂ‘iaﬁ'@ﬁﬁ glﬂléldt‘g? é?Ht}‘a@Fg@G‘l%%ﬁ‘i‘Se hea?ba@éyl@gt 6%61“64:)
generating @ dryi ngk%% havi ng sai d vapor content; and (d) contacting the
sprayed liquid fee th the drying gas having said vapor content thereby

produci ng particles having the targeted aerodynam c dianeter. 28 A met hod
for producing spray dried tgartl cl.es having targeted aerodynam c

properties comd i sihgpathnd fof epsay dyingnarticdenhaving 3 seedteddan éFlﬂﬁétbftC(’m&ﬁémg
f d
Corten: G 61 9,050 b GUSl SSLARES A LN Pl o

02/ 085326 PCT /' US02/ 1232GormeDby &unttiafiazpiagedliduid feod \f/ﬁl@ﬁhetdﬂylﬁg @aa I l qU| d
droplets; and (c) contacting the liquid droplets with the dry 8
t hereby drying the (b) selecfing a vapor content corresponding to the targeted tap en31ty,
10 (c) generating a drying gas having said vapor content; and
(d) contacting sprayed liquid feed with the drying gas having said vapor

content, thereby producing particles having the targeted tap density.

27. A method for producing particles having a targeted acrodynamic diameter
comprising:

15 (a) correlating vapor contents of a drying gas with aerodynamic diameters
of particles formed by contacting a sprayed liquid feed with the drying
gas;

(b) selecting a vapor content corresponding to the targeted aerodynamic
diameter;

20 (©) generating a drying gas having said vapor content; and

(d) contacting the sprayed liquid feed with the drying gas having said vapor
content thereby producing particles having the targeted aecrodynamic

diameter.

28. A method for producing spray dried particles having targeted acrodynamic
25 properties comprising the steps of:
(a) controlling the solvent vapor content of a drying gas to a level selected
to form spray dried particles having a targeted aerodynamic diameter or

a targeted tap density;



liquid droplets to formspray dried particles having the targeted
aerodynam c properties.
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(b) atomizing a liquid feed to form liquid droplets; and
(c) contacting the liquid droplets with the drying gas, thereby drying the
liquid droplets to form spray dried particles having the targeted

aerodynamic properties.



