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TEMPLATED OPEN FLOCS OF ANISOTROPIC PARTICLES FOR ENHANCED
PULMONARY DELIVERY

Technical Field of the Invention

The present invention relates in general to the field of poorly water soluble compositions and

more particular to composition for deep lung delivery.
Background Art

Without limiting the scope of the invention, its background is described in connection with
medicinal formulations and compositions for use in pressurized metered dose inhalers. Current
methods of delivery have produced few examples of suspensions with 1-5% (w/w) mass
loadings in HF As that are stable against settling on time scales of over 60 seconds. As the mass
loading increases up to and above 5% (w/w), particles often aggregate within aerosolized

droplets leading to substantial increases in ¢, and thus reduction in fine particle fraction (FPF).

For example, United States Patent number 6,585,957 relates to medicinal acrosol formulations.
The formulation includes a protein or peptide medicament, a fluid carrier for containing said
medicament; and a stabilizer selected from an amino acid, a derivative thereof or a mixture of
the foregoing. Similarly, United States Patent number 6,655,381 relates to pre-metered dose
magazine for breath-actuated dry powder inhaler. More specifically, a pre-metered dose
assembly for consistently supplying precise doses of medicament is taught for a breath-actuated
dry powder inhaler. The breath-actuated dry powder inhaler including the pre-metered dose
assembly in combination with a de-agglomerator for breaking up aggregates and micronizing

particles of dry powder prior to inhalation of the powder by a patient.

United States Patent number 7,011,818 relates to carrier particles for use in dry powder inhalers.
The powder includes additive material on the surfaces of the carrier particles to promote the
release of the active particles from the carrier particles on actuation of the inhaler. The powder is
such that the active particles are not liable to be release from the carrier particles before
actuation of the inhaler. The inclusion of additive material (4) in the powder has been found to

give an increased respirable fraction of the active material

The general method of delivery of drugs to the lungs for the treatment of numerous pulmonary
disorders is through inhalation of the drug particles. The drug particles are generally in the form

of an acrosol of respirable sized particles incorporated into a colloidal dispersion containing
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either a propellant, as a pressurized metered dose inhaler (pMDI) or air such as is the case with a

dry powder inhaler (DPI).

It is of the upmost importance in the acrosol formulation that the composition is stable and the
dose discharged from the metered dose valve is reproducible; however, there are numerous
factors that influence these features, e.g., creaming, or settling, after agitation are common
sources of dose irreproducibility in suspension formulations. Another concern is the flocculation
of the composition after agitation. This flocculation often results in dose irreproducibility and as
such, it is an undesirable process and composition and is often seen in aerosol formulations
containing only medicament and propellant or formulation contains small amounts of
surfactants. Surfactants are often included in the formulations to serve as suspending aids to
stabilize the suspension or lubricants to reduce valve sticking which also causes dose

irreproducibility.

In addition, the drug absorption into the subject from the airway dependents on numerous
factors, ¢.g., the composition of the formulation, type of solute, the method of drug delivery, and
the site of deposition. Therefore, formulation and device characteristics have a dramatic impact
upon the rate and extent of peptide absorption from the lung. Dry powder presentations of
peptide and protein drugs possess unique opportunities in formulations, which do not occur in

liquid presentations such as pMDIs and nebulized solutions.

One method commonly used to prepare medicament particles for drug formulations into fine
powder is spray drying. Spray drying forms spherical particles that are often hollow thus
resulting in a powder with low bulk density compared to the initial material, other characteristics
include particle size distribution, bulk density, porosity, moisture content, dispersibility, etc. In
addition, the spray dried particles demonstrate poor flow characteristics. The spray drying
process requires heating of the formulation making it drying less desirable for heat sensitive
compounds such as peptide and protein drugs. For these reasons spray dried particles often

suffer from adhesion and poor flowability to the extent that dose accuracy becomes a problem.
Disclosure of the Invention

The present invention provides for the dispensing of poorly water soluble compositions and/or
protein via pMDI. As stated previously, sub-micron particles are desirable for drug delivery
because smaller particles provide a larger surface area/mass ratio for dissolution. Milling is a
common particle size reduction method; however, the milling process has been shown to

produce partially amorphous drug domains. Although amorphous particles may be desirable for
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certain applications (e.g., to raise solubility for enhanced bioavailability), they are equally
undesirable in many applications (e.g., the drug nanoparticles may crystallize upon storage).
Thus the inventors recognized that it is important to find ways to make crystalline nanocrystals

without the need to use milling.

The present inventors found that hydrofluroalkane solvents may be used to crystallize
amorphous nanoparticles.  Amorphous nanoparticles crystallize in the presence of the
hydrofluoroalkane for the drug itraconazole. Furthermore, the size of the particles remains very
small during the crystallization process, with the particle dimensions below about 1 um. The

crystalline particles are of interest for pMDI delivery as well as other applications.

The present inventors recognized that the production of protein particles with the optimal d, for

deep lung delivery (i.e., over about 90% yield) and high stability against aggregation at the

particle and the molecular level remains a significant challenge.

The present invention includes a medicinal formulation for use in a pressurized metered dose
inhaler. The formulation includes a space filled flocculated suspension having one or more
flocculated particles of one or more active agents and a hydrofluoroalkane propellant. A portion
of the one or more flocculated particles is templated by the formation of hydrofluoroalkane
droplets upon atomization. The templated floc compacts upon the evaporation of the

hydrofluoroalkane propellant to form a porous particle for deep lung delivery.

The present invention also provides a method of making a medicinal aerosol composition for a
pressurized metered dose inhaler forming a space filled flocculated suspension comprising one
or more flocculated particles of one or more active agents and a hydrofluoroalkane propellant
and templating at least a portion of the one or more flocculated particles by the formation of
hydrofluoroalkane droplets upon atomization. The templated floc is compacted by the

evaporation of the hydrofluoroalkane propellant to form a porous particle for deep lung delivery.

The present invention also provides a medicinal porous formulation for deep lung delivery by a
pressurized metered dose inhaler. The therapeutically effective porous particle includes one or
more at least partially compacted templated flocculated active agents for deep lung delivery.
The therapeutically effective porous particle is formed by atomization of a space filled
flocculated suspension. The space filled flocculated suspension includes one or more
flocculated particles of one or more active agents and a hydrofluoroalkane propellant into a
templated flocculated particle. Upon the evaporation of the hydrofluoroalkane propellant the
porous particle shrinks for deep lung delivery.
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The present invention provides compositions and method for forming stable suspensions of open
flocs of rod shaped particles and templating and shrinking the flocs to produce particles for
efficient pMDI deep lung delivery. This can be used in conjunction with a wide variety of drugs

without the need for surfactants or co-solvents to stabilize the primary particles.

The present invention provides for the formation of stable suspensions of very low density flocs
of rod-shaped drugs in hydrofluoroalkane propellants for pressurized meter dose inhalers
(pMDI) and for templating the flocs to achieve high fine particle fractions in pulmonary
delivery.

Description of the Drawings

For a more complete understanding of the features and advantages of the present invention,
reference is now made to the detailed description of the invention along with the accompanying

figures and in which:
FIGURES 1A-1D are SEM images of URF particles from surfactant free formulations;
FIGURE 2 is a table of URF Itz powder dispersed in HPFP;

FIGURES 3A and 3B are SEM images of pMDI formulation, while 3C and 3D are the

corresponding graphs of particle size;
FIGURES 4A-4B are TEM images of URF Itz acrosol from pMDI;

FIGURES 5A and 5C are data for the 100% Itz URF samples shown in the SEM images
FIGURES 5B and 5D;

FIGURE 5E is a XRD of URF Itz powder;

FIGURE 6 is a dissolution graph of particles emitted by pMDI;

FIGURES 7A-7B are SEM images of Charleston sample Dow amorphous Itz;

FIGURES 8A-8C are SEM images of Charleston sample Dow amorphous Itz from pMDI;
FIGURES 9A-9B are graphs and 9C is a SEM characterizing the Itz sample made by CP;
FIGURES 10A-10C are SEM images of Itz made by CP from pMDI;

FIGURE 11 is a table comparing Itz formulations;

FIGURE 12 is a table comparing particle dimensions of ACI;

FIGURES 13A-13C are SEM images of milled Itz particles;



10

15

20

25

WO 2009/103035 PCT/US2009/034162
5
FIGURE 14 is a graph of the milled control particles;
FIGURES 15A-15D are SEM images of milled acrosolized milled particles;
FIGURE 16 is a XRD of milled Itz particles;
FIGURES 17A-17C are SEM images of TFF particles in HPFP;
FIGURES 18A-18D are SEM images of CP Itz particles in HPFP;
FIGURES 19A-19D are SEM images of Dow amorphous in HPFP;
FIGURES 20A-20C are SEM images of milled Itz particles in HPFP;
FIGURES 21A-21C are SEM images of milled Itz particles in HPFP;
FIGURE 22 is a table comparing Itz formulations;
FIGURE 23 is a table comparing acrosolized particle dimensions of ACI;
FIGURE 24 is a graph of the HFA droplet diameter;
FIGURE 25 is an illustration of the calculation of Df;
FIGURE 26 is an illustration of the calculation of the settling velocities of flocs;
FIGURE 27 is a SEM image of TFF particles in HPFP;
FIGURE 28 is a SEM image of CP Itz particles in HPFP;
FIGURE 29 is a SEM image of DOW amorphous in HPFP;
FIGURE 30 is a SEM image of milled Itz in HPFP,

FIGURE 31 is a SEM image of milled Itz in HPFP;

FIGURES 32A-32C are schematics of particle suspension of hollow sphere particles (32A),

milled or sprayed particles (32B) and TFF rod particles (32C);

FIGURES 33A-33B are images of TFF particle after lyophilization (33A) and after drying with

acetonitrile (33B);

FIGURE 34A is an SEM image of BSA particles, FIGURE 34B is an SEM image of
BSA:Trehalose, FIGURE 34C is an SEM image of milled BSA particles, FIGURE 34D is an
SEM image of spray dried BSA particles, and FIGURE 34E is an SEM image of TFF particles

drying with acetonitrile;
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FIGURE 35 is a graph of the particle sizes measured by static light scattering for BSA spheres
formed by milling and spray drying and BSA nanorods formed by thin film freezing (TFF)
suspended in acetonitrile where closed symbols indicate sonicated powder and open circles

indicate unsonicated powder;

FIGURE 36A-36F are images of suspensions in HFA 227 of TFF particles at ¢v = 0.0077
(FIGURE 36A), ¢ov = 0.00077 (FIGURE 36B), milled particles 5 minutes after shaking
(FIGURE 36C) and spray dried particles at 2 minutes after shaking (FIGURE 36D) at v =
0.0077, TFF particles in acetonitrile at v = 0.0077 immediately after shaking (FIGURE 36E)
and 3 days after shaking (FIGURE 36F);

FIGURE 37A-37F are optical microscopy images of BSA particles suspended in HPFP with
TFF particles magnified 4x (FIGURE 37A), 10x (FIGURE 37B), and 60x (FIGURE 37C), spray
dried BSA particles after 30 seconds at 10x (FIGURE 37D), after 60 seconds (FIGURE 37E),
and milled BSA particles after 30 seconds at 10x (FIGURE 37F);

FIGURE 38 is a graph of the particle sizes measured by static light scattering for BSA nanorods
from thin film freezing (TFF) suspended in HFA 227 or HPFP where closed symbols indicate

sonicated powder and open circles indicate unsonicated powder;

FIGURE 39A is an optical image of TFF particles after HFA 227 evaporation and FIGURE 39B
is an SEM image of TFF particles after sonication and HFA 227 evaporation;

FIGURE 40 is a DLS graph of TFF particles actuated through the pMDI valve submerged

beneath acetonitrile;

FIGURES 41A is a graph of the ACI mass deposition profiles for device (D) and spacer and
throat (S+T) and stages 0-7 and FIGURES 41B is a graph of the APS mass distribution with a
formulations on bar charts include BSA (diagonal lines), BSA + Tween 20 (horizontal lines),

and BSA:Trehalose 1:1 + Tween 20 (dotted);

FIGURE 42A-42D are SEM images of BSA acrosol collected from stage 3 of Andersen cascade
impactor for BSA (FIGURE 42A and 42B) and BSA:Trehalose 1:1 (FIGURE 42C and 42D);

FIGURE 43 is a table of the dosage and acrodynamic properties of TFF, milled, and spray dried
particle suspensions in HFA 227;

FIGURE 44 is a table of the acrodynamic particle sizes determined by ACI and APS and

geometric particle sizes determined by laser diffraction and SEM;
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FIGURE 45 is a table of the calculation of the van der Waals (VdW) interaction potential ®vdw
of BSA particles in HFA 227,

FIGURE 46 is a table of the settling behavior of BSA particles prepared by TFF, milling, and
spray drying and calculations for porous shell particles prepared by spray drying, with the
aValue determined from the equivalent volume of a sphere measured from laser light scattering;
bThe density difference was determined by pf—pL with pp = 1.5 g/cm3; cDetermined from
dimensions given by Dellamary et al.; dCalculated for primary particle with 100 nm thick shell;

FIGURE 47 is an optical image of protein pMDI formulations (Lys in HFA 227 with a drug
loading of 20 mg/mL, Lys in HFA 134a with a drug loading of 40 mg/mL, 50 mg/mL, 90
mg/mL, and BSA (BSA) in HFA 227 with a drug loading of 50 mg/mL, left to right) 4 hours
after shaking;

FIGURE 48 is a SEM micrographs of acrosolized Lys particles (Lys in HFA 134a pMDI loaded
at 50 mg/mL). Aerosolized particles have geometric diameters between 8-10um (A) and exhibit

porous morphology (B) and (C);
FIGURE 49A is a photograph of 110 mg TFF ITZ powder loaded into a glass vial;

FIGURE 50 is a graph of the X-ray diffraction (XRD) pattern of ITZ before and after exposure
to HFA 227,

FIGURE 51 is a graph of the Modulated differential scanning calorimetry (mDSC) of TFF I1TZ
powders before and after exposure to HFA 227 and HPFP and pure I1TZ;

FIGURE 52 is a graph of the dissolution profile of TFF ITZ particles after exposure to HFA 227
conducted in pH 7.4 phosphate buffer (0.02% w/v SDS);

FIGURES 53A, 53B and 53C are scanning electron microscopy images of TFF ITZ (FIGURE
53A) before and (FIGURE 53B) after exposure to HFA 227 and (FIGURE 53C) SEM image of

TFF ITZ after pMDI was actuated into water, without any exposure to air;

FIGURE 54 is a graph of the dynamic light scattering (DLS) measurements of HFA-exposed
TFF ITZ in water;

FIGURES 55A and 55B are scanning electron microscopy images of acrosolized TFF 1TZ
(FIGURE 55A) and acrosolized TFF ITZ in dissolution media at 37°C after t =1 minute
(FIGURE 55B) dissolution media comprised phosphate buffer (pH = 7.4) containing 0.2 w/v
SDS;
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FIGURE 56 is the dissolution study graph comparing the dissolution profiles of acrosolized TFF
ITZ and acrosolized milled ITZ particles (300 nm) studied in phosphate buffer (pH = 7.4)
containing 0.2 w/v SDS at 37°C;

FIGURE 57 is a graph of the acrodynamic diameters of milled, TFF, and CP drug compositions
measured by the APS 3321/3343 and the Acrosizer/Aerodisperser systems;

FIGURE 58 is a graph of the acrodynamic particle size distribution for the TFF lys composition;

and

FIGURES 59A-59C are SEM micrographs of (FIGURE 59A) TFF lys nanorods prior to
acrosolization and (FIGURE 59B) after acrosolization and FIGURE 59C is an image at higher

magnification of acrosolized TFF lys particles.
Description of the Invention

While the making and using of various embodiments of the present invention are discussed in
detail below, it should be appreciated that the present invention provides many applicable
inventive concepts that can be embodied in a wide variety of specific contexts. The specific
embodiments discussed herein are merely illustrative of specific ways to make and use the

invention and do not delimit the scope of the invention.

The present inventors recognized that the delivery of protein therapeutics has been largely
limited to parenteral delivery due to the chemical and physical instabilities of proteins and
challenges in permeating biological membranes. The present inventors also recognized that
pulmonary delivery is non-invasive routes offers advantages of large alveolar surface area (about
100 m?), rapid absorption across the thin alveolar epithelium (between about 0.1 and about 0.5

um), avoidance of first pass metabolism, and sufficient bioavailabilities.

For pulmonary delivery, pressurized meter dose inhalers (pMDI) remain the most popular
delivery device, relative to dry powder inhalers (DPI) and nebulizers, because of low cost,
portability, and disposability. Because most drugs, including proteins, are insoluble in
hydrofluoroalkane (HFA) propellants, most effort has focused on the design of stable
suspensions. The lack of understanding of how to form these stable suspensions has limited the
development of viable formulations. Although certain proteins in suspensions may potentially
be natured by HFAs, the low degree of contact in the solid state with the solvent, relative to

solutions, is highly beneficial in some instances, ¢.g., insulin, lysozyme, catalase and rhDNase 1.
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To achieve high deposition of acrosolized particles in the deep lung, the acrodynamic diameter
(ds) should range between about 1-5 mm. Such protein particles may be produced by milling,
spray drying, and spray freeze-drying (SFD). Milling processes can generate significant
amounts of heat on localized arcas of the protein particle which can lead to denaturation. In
spray drying and SFD processes, proteins may adsorb and subsequently denature and aggregate
at the large gas-liquid interface created upon atomization of droplets on the order of about 10-
100 mm, although this effect may be mitigated with interfacially active excipients. Limited
process yields, in terms of weight of protein, for spray drying (about 50-70%) and SFD (about

80%) are a major concern for highly valuable proteins.

The present inventors recognized that methods and devices currently used in the art have a

significant challenge in producing protein particles with over about 90% yield, the optimal d,

for deep lung delivery, and high stability against aggregation. In fact, there have been few
suspensions in the art that provide a 1-5% (w/w) mass loadings in HFAs and are stable against
settling on time scales of over 60 seconds. As the mass loading increases up to and above 5%
(w/w), particles often aggregate within acrosolized droplets leading to substantial increases in

d, and thus reduction in fine particle fraction (FPF).

Flocculation and settling can lead to irreversible particle aggregation as well as variable dosing
between actuations. For example, suspensions of spherical particles formed by milling or spray
drying often flocculate and settle in less than 60 seconds. Consequently, the efficiency of
pMDIs is often limited for suspensions of proteins, as well as low molecular weight drugs, with
typical FPFs between about 5-30%. Although surfactants and co-solvents, such as ethanol,
could potentially stabilize the suspension, the surfactants currently approved by the FDA for
inhalation are insoluble in HFAs. Even for soluble surfactants, the surfactant tails are often not
solvated well enough by HFAs, which have low polarizabilities and van der Waals forces, to
provide steric stabilization. Thus, the present inventors have developed a new surfactant
structures by achieving a fundamental understanding of the molecular interactions with atomic
force microscopy and theory. The present inventors have also developed a method to minimize

the use of co-solvents that can chemically destabilize drugs and modify protein conformation.

An alternative approach is to modify the particle morphology to enhance the colloidal stability
of the primary particles. Large porous particles or hollow particles with porous or nonporous
shells formed by spray drying were stable against settling for at least about 4 hours when

suspended in HFAs. Respirable fractions were as high as 68%. Here, the presence of pores
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filled with HFA decreases the density difference of the particle with the surrounding HFA media
and reduces van der Waals attractive forces between particles. Additional reports of settling
rates, primary particle aggregation, and changes in fine particle fraction, especially after storage,

will be beneficial for further understanding this approach. Recently, large porous nanoparticle

(LPNP) aggregates, with d, optimized for dry powder inhaler (DPI) pulmonary delivery, have

been formed by spray drying of aqueous suspensions of submicron particles.

Upon contact with lung tissue, these particles break up into nanoparticles to facilitate dissolution
and absorption. To extend this approach to delivery with a pMDI, each LPNP can be stabilized
as an individual entity in a colloidal dispersion as shown in FIGURE 1, if the LPNPs do not
aggregate and settle. An alternative approach for efficient nanoparticle delivery to the deep lung

is to nebuilize nanoparticle dispersions in aqueous media.

Spray freezing into liquids (SFL), and thin film freezing (TFF), have been shown to produce
high surface area, stable rod-like particles with about 50-100 nm diameters and high aspect
ratios, despite slower cooling rates than in SFD. The stability of lactase dehydrogenase, based
on enzymatic activity, was increased in these processes relative to SFD. This increase was
achieved by lowering the area of the gas-liquid interface, which has been shown to denature

proteins.

The present invention provides a method of forming suspensions against settling stable of BSA
particles in HFA 227 without stabilizing surfactants or co-solvents in order to achieve high fine
particle fractions in pMDI delivery. In stark contrast to the methods currently used in the prior
art, the present invention provides a method of purposely flocculate the particles in the HFA to
prevent settling (i.c., the opposite of the prior art). Spheres, produced by milling or spray
drying, were added to HFA 227, but they produced dense flocs that settled rapidly. Asymmetric
particles, such as rods, may be expected to pack less efficiently to form much lower density flocs

with greater free volume than spheres. Rods were produced by TFF.

FIGURES 1A-1D are SEM images of URF particles from surfactant free formulations. . The
present invention provides very light open flocs in an HFA that occupy the entire vial and stack
upon cach other to prevent settling for months, as illustrated in FIGURE 1. The morphology
was determined by SEM of the original particles and after solvent removal of particles
suspended and sonicated in acetonitrile or HFA 227. The flocculation is reversible, in that the
flocs break up into submicron primary rod particles upon transfer to a more polar solvent

acetonitrile. The particles were also studied in 2H,3H perfluoropentane (HPFP), a non-volatile
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surrogate for HFA 227, to analyze floc size by optical microscopy and static light scattering.

The d, values were determined with an Andersen cascade impactor (ACI) and aerodynamic
particle sizer (APS) and d, values with static light scattering and SEM micrographs. The

emitted HFA droplets, on the order of about 25 um, were utilized to break apart and template the
highly open flocs as seen in FIGURE 1. Upon evaporation of the HFA, the shrinkage of the

flocs from capillary forces produces smaller and denser porous particles with desirable d, .

The particle volume fractions and fractal dimensions for flocs composed of either cylindrical
(rods) or spherical primary particles have been characterized. Calculations of van der Waals
energies between suspended particles are presented to explain floc formation and break up of the
floc into subdomains upon templating the flocs with the HFA droplets. The particle shrinkage
during HFA evaporation leads to the final acrosolized particle size and porosity as explained
with a material balance. The present invention provides a novel approach of flocculating,

templating, and shrinking the particles results in proper d, with low polydispersities without

surfactants or co-solvents. Thus, the present invention circumvents the classical paradigm of
attempting to stabilize colloidal dispersions of preformed primary particles with surfactants. The
flocculation for achieving stable suspensions and high fine particles fractions without the need
for surfactants of the present invention is of practical interest for wide classes of low and high

molecular weight pharmaceuticals and biopharmaceuticals that can be formed into nanorods.

Dry powder inhalers may use the flocs of asymmetric particles for dose delivery. Currently dry
powder inhalers do not use flocs of asymmetric particles with high aspect ratios. The flocs can
break up more casily under the influence of the shear forces in the dry powder inhaler than more
dense particles with lower aspect ratios. The break up of the flocs will produce smaller flocs
composed of particles with appropriate aerodynamic diameters for deep lung delivery.
Currently, the efficiency of delivery by dry powder inhalers can be limited by the inability of the
air to break up the particles. Furthermore, small high aspect ratio primary particles that reach
the deep lung will have higher dissolution rates, as a consequence of higher surface arcas. Most
of the benefits described for therapy with flocs composed of anisotropic particles described in
this application will also be present for delivery with dry powder inhalers. The particle may be
loaded into the dry powder inhaler by a variety of methods. They may be compacted into blister
packs in the solid state. They may also be loaded as colloidal suspensions in a solvent, where
the solvent is a liquid, compressed gas, for example a hydrofluoralkane. The evaporation of the

solvent may be used to compact the flocs to raise the final particle density in the dry powder
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inhaler. In addition, the flocs may be formed directly in a component of the dry powder inhale
device by thin film freezing. As described above for PMDIs, this approach does not use
particles that are pre-formed to design the acrodynamic diameter of the aerosol particle. Instead,
the aerodynamic diameter is generated in the air ways by the shear forces upon rupture of the
flocs. This acrodynamic diameter is not present in the starting flocs. Thus, the present invention
circumvents the classical paradigm of attempting to design the acrodynamic diameters of pre-

formed individual particles prior to loading into the dpi.

Bovine serum albumin (BSA), trehalose, and polyoxyethylene sorbitan monolaurate (Tween 20)
were purchased from Sigma (St. Louis, MO). The propellant 1,1,1,2,3,3,3-heptafluoroprane
(HFA 227) was purchased from Hoechst (Frankfurt, Germany) and 2H,3H-Perfluoropentane
(HPFP) was purchased from SynQuest Labs Inc. (Alachua, FL). The Micro BCA Protein Assay
Reagent Kit was obtained from Pierce (Rockford, IL). The water was deionized by flowing
distilled water through a series of 2x7 L mixed bed vessels (Water and Power Technologies, Salt

Lake City, UT) containing 60:40 anionic:cationic resin blends.

BSA powders were prepared by the thin film freezing (TFF) process described previously.
Briefly, 5 mg/mL feed solution of BSA in 10 mM pH = 7.4 potassium phosphate buffer was
passed at a flow rate of 4 mL/min through a 17 gauge (e.g., 1.1 mm ID, 1.5 mm OD) stainless
steel syringe needle. The droplets fell from a height of 10 cm above a rotating stainless steel
drum (12 rpm) 17 cm long and 12 cm in diameter. The hollow stainless steel drum was filled
with dry ice to maintain a drum surface temperature of 223 K. On impact, the droplets deformed
into thin films and froze. The frozen thin films were removed from the drum by a stainless steel
blade and transferred to a 400 mL PYREX® beaker filled with liquid nitrogen. The excess

liquid nitrogen was evaporated in a -80 °C freezer.

A Virtis Advantage Lyophilizer (The Virtis Company, Inc., Gardiner, NY) was used to dry the
frozen slurries. Primary drying was carried out at -40°C for 36 hrs at 300 mTorr and secondary
drying at 25°C for 24 hrs at 100 mTorr. A 12 hour linear ramp of the shelf temperature from -
40°C to +25°C was used at 100 mTorr.

Spray drying was performed with a Buchi Model 190 mini spray dryer (Brinkmann, Westbury,
NY). A 10 mg/mL BSA feed solution in 10 mM potassium phosphate buffer (pH = 7.4) was
atomized using a 0.5 mm ID two fluid nozzle with an atomizing air flow rate of 200 mL/s. The
liquid protein formulation was pumped through the nozzle by a peristaltic pump (VWR,
Bridgeport, NJ) at a flow rate of 5 mL/min using 5 mm ID silicone tubing. The inlet
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temperature for the heated aspirator air was set to 150°C at a flow rate of 1000 L/hr. The

resulting outlet temperature from the above conditions was 80°C.

Bulk BSA powder as received was suspended at 5 mg/mL in acetonitrile. The BSA suspension
was placed in a mill filled with 50 ceramic balls approximately 1 cm in diameter and milled on a
mechanical roller for 24 hours. The milled BSA suspension was dried in the Virtis Advantage

Lyophilizer at a shelf temperature of 30°C for 12 hours at 1000 mTorr.

Dry powders were placed in 60 mL glass bottles (Qorpak, Bridgeville, PA) and pre-cooled in a -
80°C freezer. HFA 227 was also pre-cooled in a -80°C freezer and poured into the bottles
containing the protein powders to form 0.7% (w/w) suspensions. The bottles were packed in dry
ice and the suspensions were then sonicated for 2 minutes using a Branson Sonifier 450
(Branson Ultrasonics Corporation, Danbury, CT) with a 102 converter and tip operated in pulse
mode at 35 watts. Approximately 5 mL aliquots of the suspension were then dispensed into a
500 mL acetonitrile bath for particle size analysis by static light scattering with a Malvern
Mastersizer-S (Malvern Instruments, Ltd.,Worcestershire, UK). Typical obscuration values
ranged from about 11 to about 13%. Next, 10 mL of the cooled protein formulations were
dispensed into 17 mL glass pMDI acrosol vials (SGD, Paris, France) and fitted with metering
valves containing 100 puL metering chambers (DF10 RC 150, Valois of America, Inc., Congers,

NY). The vials were then allowed to warm up to room temperature.

The dried powders were also suspended in acetonitrile at a concentration of 5 mg/mL and
sonicated for about 2-3 minutes in the same manner described above. Approximately 2 mL of
the sonicated suspension was dispersed into a 500 mL acetonitrile bath and the particle sizes

were analyzed by static light scattering.

The amount of BSA was measured using the Micro BCA Protein Assay following protocols
provided by Pierce (Rockford, IL). Each sample was measured in triplicate with relative
standard deviations (%RSD) < 2%. The absorbance of the solutions was measured at 562 nm in
a 96 well plate spectrophotometer (LQuant Model MQX200; Biotek Instruments Inc., Winooski,
VT). Untreated BSA was used to prepare the protein standards at concentrations between about

2 and 30 pug/mL.

The protein suspensions in HFA were actuated once through the firing adaptor of a dosage unit
sample tube (26.6 mm ID x 37.7 mm OD x 103.2 mm length; 50 mL volume; Jade Corporation,
Huntingdon, PA). The firing adaptor was removed, and 40 mL of DI water was added to

dissolve the protein. The sampling tube was shaken and allowed to sit for at least 30 min. to
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assure that the protein was dissolved in water. The protein concentration was determined using
the Micro BCA protein assay in conjunction with the pQuant spectrophotometer. The glass vial
containing the HFA protein suspension was weighed before and after each actuation to assure
that the proper dose had been released. The measurement was repeated 3 times to get an average

dose delivered through the valve (DDV) for each formulation.

To characterize the acrodynamic properties of the particles, an eight-stage Andersen cascade
impactor (ACI) (Thermo-Andersen, Smyrna, GA) with an attached 15 cm spacer and an air
flow-rate of about 28.3 L/min was used to quantify mass median acrodynamic diameter
(MMAD), geometric standard deviation (GSD), fine particle fraction (FPF), and emitted dose
(ED). Initially 3 shots were sent to waste, and the next 5 shots were made into the ACI. The
interval between shots was between about 15-30 seconds to prevent cooling of the metering
chamber and subsequent moisture condensation. After the last dose was discharged, the glass
vial was removed from the impactor and the valve stem and actuator were rinsed separately with
a known volume of DI water. Each plate of the impactor was placed in a separate container with
a known volume of DI water and soaked for 30 minutes to assure complete dissolution. The

protein concentrations were then measured with the Micro BCA Protein Assay.

The d, of the protein particles were also determined in triplicate with an Aerodynamic Particle

Sizer (APS) 3321 (TSI, Shoreview, MN). The throat and spacer from the ACI were placed over
the inlet of the APS and the airflow rate through the inlet was 5 L/min. Each formulation was
shot once through the spacer and throat. The particle size range by mass was determined with

the Aerosol Instrument Manager (AIM) software provided by TSI.

To obtain acrosolized particles for scanning electron microscopy (SEM) (Hitachi Model S-4500,
Hitachi Ltd, Tokyo, Japan) analysis, double carbon adhesive tape was applied to stage 3 of the
ACI. Each formulation was actuated once through the ACI with an air flow rate of 28.3 L/min.
The carbon tape was removed from stage 3 and applied to an aluminum SEM stage, which was
transferred rapidly to a Pelco Model 3 sputter-coater to minimize exposure to moisture. Total
exposure to the atmosphere was less than 1 minute. The SEM micrographs were then
characterized with imaging software (Scion, Frederick, MD) to determine the particle size

distribution of at least 100 particles.

The acrosolized particles were also characterized by static light scattering. Each formulation
was actuated once through the ACI spacer and throat. The acrosol exited the outlet of the throat

downwards 5 cm directly above the laser beam of the Malvern Mastersizer S. For each
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formulation 100 measurements of the aerosolized spray were made every 5 ms. The recorded
measurements were then averaged to give the final profile of the aerosolized particles on a

volume basis.

Moisture contents in the vials of each formulation were tested with an Aquatest 8 Karl-Fischer
Titrator (Photovolt Instruments, Indianapolis, IN) according to the method described by Kim et
al. A 19 gauge needle was inserted through the septum of the titration cell with the needle tip
placed below the reagent, and each formulation was measured in triplicate. For all formulations
tested the moisture content was approximately 500 ppm. The pure HFA was found to have a
moisture content of 250 ppm. The total amount of moisture to the amount of protein particles

was 7% (w/w).

The particles were initially dispersed by pipette mixing in HPFP and were observed for about 2
minutes with a Nikon OPTIPHOT 2-POL optical microscope with an attached MTI CCD-72X
camera (Nikon, Tokyo, Japan). Pictures were taken 30 and 60 seconds after initial dispersion in

HPFP.

FIGURE 2 is a table of URF ITZ powder dispersed in HPFP. The uQuant spectrophotometer
was used to measure turbidity at 350 nm to characterize BSA aggregation. Dry powders of BSA
were reconstituted to 1 mg/mL and 3 x 300 uL aliquots of each formulation were placed in a 96

well Falcon plate which was set in the spectrophotometer.

Particles of BSA suspended in acetonitrile were analyzed by a custom-built dynamic light
scattering (DLS) apparatus. The scattering angle was set to 90° and the data were analyzed a
digital autocorrelator (Brookhaven BI-9000AT) and a non-negative least-squares (NNLS)
routine (Brookhaven 9KDLSW32). The suspension concentration was 0.5 mg/mL which gave a
measured count rate of approximately 150 keps. Measurements were made over a period of

about 2 minutes.

Approximately 100-300 mg of protein powder was loaded into a 100 mL graduated cylinder.
The tap density of the protein particles was measured with a Vankel tap density meter (Varian,

Palo Alto, CA).

FIGURES 3A and 3B are SEM images of pMDI formulation, while 3C and 3D are the
corresponding graphs of particle size. The fluffy BSA particles made by TFF shown in FIGURE
2A had a low tap density of 0.0064 g/cm’. The morphology of the BSA powder prepared by
TFF was interconnected rods 50 nm in diameter as seen in FIGURE 3A. With the addition of 5

mg/mL trehalose to the BSA feed solution, similar rods were produced, as well as fine 50-100
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nm relatively spherical particles FIGURE 3B. Similar morphologies were observed previously
for lysozyme produced by TFF at 223 K. The BSA particles prepared by wet milling as seen in
FIGURE 3C did not have high external porosity like the TFF particles, but were in the form of
cubes with smooth sides with 400-800 nm dimensions. Lastly, spray drying BSA at a feed
concentration of 10 mg/mL formed protein particle spheres 3-6 um in diameter with smooth

surfaces as seen in FIGURE 3D.

For characterization by static light scattering, the various BSA particles suspended in acetonitrile
were sonicated for about 2 minutes. FIGURES 4A-4B are TEM images of URF ITZ acrosol
from pMDI. As shown in FIGURE 4 the d(v,50) values were 330 nm, 410 nm and 6.3 um for
the TFF, milled and spray dried BSA particles, respectively, consistent with the sizes in the
SEMs. Thus, the primary particles remain dispersed in acetonitrile and do not aggregate. As
demonstrated previously with lysozyme, the cooling rate in the TFF process for BSA was
sufficiently fast to form high surface arca powders that redisperse to 330 nm particles in
acetonitrile, with little sonication (less than about 2 minutes). As a further indication of high
tendency of the nanorods to deaggregate and disperse in acetonitrile, even with no sonication 2
peaks were observed with maxima at 330 nm and 20 pum, with approximately 50% of the
particles by volume below 1 um as shown in FIGURE 4. Thus the aggregation of the nanorods

in the powder state is highly reversible.

To compliment the light scattering results by SEM, the sonicated suspensions in ACN were
frozen by drip freezing into liquid nitrogen. The acetonitrile was then removed by lyophilization
leaving fluffy particles with an approximate tap density of 0.012 g/cm’ (FIGURE 2B). When
the particles were redispersed in acetonitrile the measured particle size profile was d(v,50) = 330
nm which was similar to the profile in FIGURE 4 of the original TFF dispersion, indicating that
the lyophilization process did not cause irreversible particle aggregation. As observed by SEM,
the morphology in FIGURE 3E were 50-100 nm diameter rods, similar to the interconnected
rods of the original TFF powder in FIGURE 3A, and consistent with the sizes from light
scattering results in FIGURE 4. Thus exposure to acetonitrile followed by sonication does not

alter the morphology significantly.

FIGURES 5A and 5C are data for the 100% Itz URF samples shown in the SEM images
FIGURES 5B and 5D. FIGURE 5E is a XRD of URF ITZ powder. The dried TFF BSA
particles were suspended in HFA 227 and acetonitrile (ACN) at 0.70% (w/w) corresponding to a

volume fraction in the vial ¢, of 0.0077, as determined from the true density of BSA p, = 1.3



10

15

20

25

30

WO 2009/103035 PCT/US2009/034162

17

g/em’ as shown in FIGURE 5. As shown in FIGURE 5A, the particles did not settle even after 1
year in storage in HFA 227. Immediately upon adding HFA, the particles formed flocs that

filled the entire volume of the vial. For a control with an extremely low ¢ of only 0.070%

(w/w) as shown in FIGURE 5B the loose buoyant flocs still filled approximately half the HFA
volume. For the milled BSA nanoparticles, the suspension initially appeared to be uniform (as
in FIGURE 5A), but the particles settled to the bottom after only 5 minutes as shown in
FIGURE 5C. Since these particles settled in HFA 227 (1.41 g/cm’), the milling may have
compacted the particles to p above 1.3 g/em®. These particles creamed in HPFP (1.59 g/em’).

Thus, it was estimated that p, ~ 1.50 g/em’, the average of the two solvent densities. The spray

dried particles dispersed well with shaking, but creamed after only 2 minutes as shown in
FIGURE 5D. The TFF nanorods suspended in acetonitrile and sonicated for 2 minutes formed a
milky uniform dispersion as shown in FIGURE 5E. After 3 days the particles had settled as
shown in FIGURE 5F. The dispersion/settling behavior shown in FIGURES 5E and 5F was also
observed for milled and spray dried particles in acetonitrile (data not shown) with settling in

about 3 days and about 30 minutes, respectively.

Because the vapor pressure of HFA 227 is above ambient at 25° C (about 500 kPa), the particles
were not studied in situ by microscopy or light scattering. Instead, the particles were studied at
ambient pressure in HPFP, a surrogate nonvolatile solvent. Because HPFP has a similar polarity
and polarizability as HFA 227, attractive forces between solutes such as budesonide are similar
in both solvents on the basis of atomic force microscopy (AFM). FIGURE 6 is a dissolution
graph of particles emitted by pMDI. According to light microscopy (Fig. 6A), the TFF particles
in HPFP were in the form of loosely packed aggregates of rods as shown in FIGURE 6B and
FIGURE 6C). The particles were in 200-300 um flocs with subdomains on the order of 25 um
within 5 seconds after dispersing the particles by pipette mixing (see FIGURES 6A and 6B).
For the spray dried (as shown in FIGURES 6D and 6E) and milled (as shown in FIGURE 6F)

particles, 100 um flocs formed in 30 seconds and grew to over 200 um in 60 seconds.

FIGURES 7A-7B are SEM images of Charleston sample Dow amorphous ITZ. These flocs
were more densely packed and composed of larger primary particles than those formed from
TFF particles. These sizes were consistent with static light scattering measurements of the

sonicated and unsonicated suspensions in HPFP with d(v,50) values between about 215-259 um.

To better anticipate the fate of particles throughout the pMDI delivery process, it would be

beneficial to determine how reversibly the nanorods are bound together in the flocs. The
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clevated pressure of the HFA complicates in situ light scattering. Furthermore, the HFA
suspension could not be lyophilized to prepare a sample for SEM since the freezing point (-
131°C) of HFA 227 is too low to for conventional shelf lyophilizers. To investigate the effect of
HFA evaporation on the particles, HFA was cooled to -80°C, well below the boiling point of -
16°C, and completely evaporated. The TFF particle residue only occupied approx. 1 mL (tap
density of 0.10 g/cm’, Fig. 8A), an order of magnitude less than that of the starting TFF bulk
powder as shown in FIGURE 2A.

FIGURES 8A-8C are SEM images of Charleston sample Dow amorphous ITZ from pMDI. The
morphology shown in FIGURE 8A was rods with 100 nm diameters (see FIGURE 8B), similar
to the original TFF particles in FIGURE 3A. Therefore, exposure to HFA 227 followed by
sonication did not significantly alter the microscopic nanorod morphology. However, the
densified aggregates of the nanorods formed by capillary forces upon evaporation as shown in
FIGURE 5B of HFA were not redispersible in HFA or in ACN. For a sonicated TFF paticle
dispersion in ACN, the lyophilized powder was redispersible in ACN and in HFA, forming
suspensions identical to FIGURE 5A. Thus it appeared that the capillary forces during HFA

evaporation and perhaps moisture produced irreversible aggration of the nanorods.

Given the challenges of in situ high pressure light scattering, lyophilization of HFA 227, and
compaction of the TFF rods by capillary forces upon HFA evaporation, a more practical
approach was to transfer the suspension from HFA 227 to a less volatile solvent. If the nanorods
redisperse to primary particles in a good solvent such as acetonitrile, then they were not
aggregated irreversibly in HFA 227. A 2 mL aliquot of the cold TFF suspension was mixed
directly with 500 mL of acetonitrile at 25°C. The flocs deaggregated nearly completely to
individual primary particles with over 80% of the volume distribution between 100 nm and 1
um, and a maximum at 11 pum as shown in FIGURE 7. A relatively small peak was centered at
5 um. The distributions nearly matched those of the original TFF particles in ACN. In a
complimentary experiment, the valve of the pMDI containing was submerged into acetonitrile
and actuated. A slightly turbid dispersion was formed with an approximate particle

concentration of 0.5 mg/mL, too low for detection by static light scattering, but not for DLS.

FIGURES 9A-9B are graphs and 9C is a SEM characterizing the ITZ sample made by CP.
From DLS, the particle size was 1-2 um much smaller than the 250 um floc size in HFA.

Therefore, both experiments indicate the loosely connected flocculated nanorods in HFA were
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reversible and broke up into primary nanorods, which will be shown to be beneficial for lung

delivery.

Aggregates of protein molecules did not appear to form according to optical density (OD)
measurements at 350 nm of 1 mg/mL BSA [43,61]. The OD was the same at 0.042 for aqueous
solutions in 10 mM phosphate pH = 7.4 buffer prepared from bulk and TFF powder, both before
and after storage in HFA 227 for 1 week. In the glassy state, BSA is less susceptible to
aggregation. The total moisture to BSA content was 7% (w/w) for the suspended BSA particles
in HFA 227 as determined by Karl-Fischer titration. Even at particle moisture contents of 8%

(w/w), BSA glass transition temperatures 7, range between 80-100°C. Thus the temperature

was well below T,, assuming the HFA 227 did not contribute to plasticization.

The suspension must be stable for consistent dosing with a pMDI, which is commonly

characterized by the dose (mass) delivered through the valve (DDV) as seen in Table 1.

TABLE 1
Fersiatica DIV | %Theoretical |  FBF ED
RPN TR R $IKN Y o S
o g Doy Y fust
TFF BSA RISy 3 STE4p 635 = 153
IFEEea eI 23 4x242 sons
TEEBRATIALE | s 30 3w 132w | 350= s
TEEN, S
TEF BSA susomicaied $I3 = 8% E3 - - -
Millad BEA 20617 o - - -
Spray Dried B34 JUE= 3 31 - - -

TABLE 1: ACI results for different protein pMDI formulations at different protein

concentrations. Bovine serum albumin (BSA) and lysozyme (Lys) formulations shown.

The concentration was 10 mg/mL or 0.7% (w/w) in each HFA suspension. Therefore, the
theoretically delivered dose per actuation would be 1 mg with the 100 uL valve. For the BSA
TFF particles, the DDV values were 92% and 63% of the theoretical delivery dose for the
sonicated and unsonicated TFF particles, respectively as seen in TABLE 1. For the
BSA:Trehalose 1:1 formulation, it was 90%, and the delivered dose was 450 ug/actuation as a
consequence of the lower amount of BSA loaded into the vial. For the milled and spray dried
suspensions with rapid settling, the DDV was only 30-31% of the theoretical loading. Here, the
formulation was actuated less than 5 seconds after vigorous shaking. Therefore, these

suspensions were not tested further for aerosol properties.
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FIGURES 10A-10C are SEM images of ITZ made by CP from pMDI. As shown in Table 2
and FIGURE 10, the d, determined from the Andersen cascade impactor (ACI) and the

Aerodynamic Particle Sizer (APS) were in good agreement and ranged from 3 to 4 um, within

the optimal 1-5 um range for pulmonary delivery.

TABLE 2
€7 AFS AFS diy #8) SEM
Formulation . MATADR gl Farticls Dismeter | Porticie Dinnaler e
5T . GED . L B9 S
, fsase} {1} fpas}
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Twsen 38 i
S Tre 301 o . - . - e s —- s -
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As determined by the ACI, the fine particle fraction (FPF) (particles less than 4.7 um) was
unusually high [32] for an HFA suspension, ranging from 38 to 48% ,compared to 5 to 30% for
typical suspensions [32], producing a fine particle dose/actuation of approximately 300 pg for
the first two formulations in TABLE 1. The emitted dose (ED) (amount of drug that exited the
actuator) was approximately 70% of the DDV upon actuation (see TABLE 1 and FIGURE 10A).
The addition of Tween 20 did not affect any of the properties of the acrosolized TFF powders in
TABLE 1 significantly or the suspension stability, indicating that it was not needed as a

stabilizer.

The particles were recovered from the ACI for SEM analysis. The peak drug mass in the ACI
was deposited on stages 3 and 4, with d, between 2.0-4.7 um as shown in FIGURE 10A.

Therefore, particles were collected on stage 3 (d, = 3-4 um).

FIGURE 11 is a table comparing ITZ formulations. The particles were porous and composed of
rods with diameters less than 500 nm (see FIGURES 11A and 11B), similar in morphology to
the original nanorods in FIGURE 3A. For BSA:Trehalose 1:1 the fine 50-100 nm primary
particles, shown in FIGURE 3B, changed morphology to include curved plates with features on
the order of more than one micron as shown in FIGURES 11C and 11D.

The SEMs were analyzed by Scion software o determine the volume average diameter

d4
DVal :%

(1
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where d is the measured diameter of the particle. The D,, for BSA was approximately 9 um,
while for BSA:Trehalose 1:1 it was slightly smaller, 7 um (TABLE 2). The d, of the

acrosolized particles were also measured by static light scattering. An effective refractive index

n, was calculated according to the Bruggeman mixing rule [66] based on the volume fraction of
BSA in the acrosolized particle ¢,. From the d, and the d, (see Table 2), the particle density

p, can be defined by
d,=dJp, @

where p, =0.19 g/em’. The resulting ¢, = p,/p,=0.14. With n = 1.45 and 1.00 for pure
BSA and air, respectively, n, = 1.1. As shown in TABLE 2 the volume average d(v,50) particle

sizes varied by less than 1 um from the values determined from the SEM micrographs. The

consistent d, and d,, each measured by two techniques, indicate that TFF particles form large

porous particles, and with the optimal size range for pulmonary delivery upon aerosolization.
When the TFF particles were actuated above 10 mM phosphate buffer (pH = 7.4) the porous
particles were observed to dissolve in less than 5 seconds. The high surface area favors rapid
dissolution, which could be advantageous for rapid dissolution rates of proteins that have low

solubilities in water.

The van der Waals forces between particles play a key role in the differences in colloidal
stabilities of various types of primary particles and the behavior of the flocs in this study, as
depicted in the summary in FIGURE 1. According to the Derjaguin-Landau-Verwey-Overbeek
(DLVO) theory, particle stability depends on counteracting the attractive van der Waals forces
by electrostatic and/or steric repulsion. If attractive van der Waals (VdW) forces are dominant
at all separation distances, particles flocculate and may then settle. Currently, electrostatic
stabilization in HFASs is not well understood, but atomic force microscopy (AFM) measurements
indicate that electrostatic forces may be negligible compared to attractive VAW forces. The
understanding of steric stabilization in HFAs is in its infancy. While novel surfactants are being
discovered, developed and approved, alternative mechanisms form the formation of stable

suspensions in HFAs without surfactants would be useful.

The destabilizing van der Waals attractive forces between suspended are weaker for porous
particles or hollow particles with thin solid shells. These particles can be stable for hours in

HFAs, compared to non-porous 1-5 micron particles, which often flocculate and settle rapidly in
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less than 1 minute (see TABLE 2). Dellamary et al. suggested that the increased suspension
stability resulted from a weaker attractive VAW energy potential @ , between the particles

(FIGURE 1A), but quantitative calculations were not presented.

As shown in the Appendix the van der Waals energy @,

Hamaker constant A4,,,.

separation distance, D, between particles.

TABLE 3 gives the D where @ , becomes

equivalent to the thermal energy 3/2 k3T at 298K.

is directly proportional to the

In order to compare values of @ , it is necessary to choose a

TABLE 3
Particle Type Particle Hamaker constant Separation Distance
diameter 10" Ay, ) (nm) at @4, =3/2 KgT

Spray dried Non-porous 5.0 14 270

Spray dried Porous

=05 5.0 3.8 100

Spray dried Hollow

sphere ®=0.12 >0 14 120

TFF Nanorods 0.33 14 23

TFF Nanorods 0.33 2.6 6.9

An increase in D required to overcome thermal energy indicates stronger attraction between
particles. In TABLE 3, the porous particles with ¢ = 0.5 had a calculated 4,,, (Eq. A.3) that
was nearly a factor of 4 lower than for the non-porous particles. Consequently, D was a factor
of 3 smaller. The hollow spheres from TEM images were estimated to have 2-5 um diameters
and about 100 nm thick shells. Although the A4, for the hollow sphere particles with solid
shells was the same as for the non-porous particles, the calculated D was still lower by a factor

of 2 as a consequence of the differences in the geometries (Eq. A.5). Therefore, the @

calculations quantify the benefits of weaker attraction for porous particles or for particles with

hollow cores. A reductionin @ , orin D to overcome thermal energy can reduce the rate of

flocculation over orders of magnitude as described by the stability ratio.

Although, the porous or hollow sphere particles can effectively prevent flocculation, the
particles are still subject to settling by gravity. If porous or hollow sphere BSA particles were

suspended at ¢, = 0.0077, the particles would occupy about 10% of the suspension (as shown in

FIGURE 1A) and could potentially settle into a dense sediment. As shown in TABLE 4, the
calculated settling rate for a single hollow sphere particle with a solid shell is 6.4 x 10 mm/s

indicating that the particles would settle a distance of 2 ¢cm in about 9 hours. The settled
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particles would then potentially aggregate irreversibly leading to decreased FPFs upon

acrosolization.
TABLE 4
d 4™ | ipr—ps U U
Particle Type | 2 LPL—pLi L LN & 4o ¢ D
‘ {umy | {m) {giom’} EIIR ) {mn %} i : :
TFF £§.33¢ 250 B2 20233 24x 107 | 500077 | 038 | onode | 24
Afiiled 441 TG G O0RGE 1% AT | aoesT 011 Q473 [ 25
Rpray Dried §3 3E 040 FERSY g8y 107 | 907 | 0o 036 2.8
sprayDried- | o0 || gy - gax19t | - - -
Huollow Sphers

Value deternuined Som the equivalent vehuse of 3 aphere messured Som laser Yght

The concept in this study of stabilizing suspensions with purposely flocculated rods is based on
the space filling properties of the rods and the flocs. Experimental and theoretical studies
indicate that rods create extremely low density flocs and thus fill much greater space compared

to spheres as illustrated in FIGURES 1B and 1C. For spheres, the volume fraction of primary

particles within a floc ¢, is related to the floc diameter d e primary particle diameter d ,»and

fractal dimension D, which characterizes the floc structure, by

g oe D3
~ 3
T

p

Philipse et al. modified Eq. 3 to account for the packing physics of cylindrical rods of length L

and diameter D with the result

P D, -3
l d oc
¢, o F “4)

where =L/ D is the aspect ratio. The volume of a TFF cylindrical rod, ¥, = 0.019 um’, was

calculated from the equivalent volume of a sphere with particle diameter d(v,50) = 0.33 um,
which was measured by static light scattering (as shown in FIGURE 4A ) in acetonitrile. For a

rod with volume V, =7-D°L/4 and D = 0.050 um (as shown in FIGURE 3A), L is

determined as 0.48 pum and thus » = 9.6. For r ~ 10, the predicted ¢, in Eq. 4 is ~1 order of
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magnitude lower than for spherical particles with equivalent d”°°, D,, and where d , for

f)

1/3
spheres scales as V"~ for rods.

The density of a floc p, and ¢, can be determined experimentally from the visually observed

floc settling rate, U ,, according to Stoke’s law

002
_ A" (p,—p) g
18- u

U, &)

where p, and p are the liquid density and viscosity, respectively, and d”* = 250 um for TFF
flocs and 100 um for spray dried and milled flocs. After solving for p, in Eq. 5, ¢, may be
determined by the straightforward material balance p, = p, +¢,-(p, —p,). As seen in Table
4, ¢, for the TFF particles is 1-2 orders of magnitude lower than for the spherical milled and
spray dried particles. From Eq. 3 and 4 the calculated D, values are in a narrow range from 2.4
to 2.6 in each case. Although the milled and TFF particles have nearly equivalent ¢/ and D r

values relative to the rods (as seen in Table 4), the 1/ scaling in Eq. 5 for rods accounts for the

1 order of magnitude decrease in ¢,, for a given V), which is consistent with theoretical

prediction above.

The one or more anisotropic particles may have an aspect ratio range of between 0.1 and 2.0 or
greater, ¢.g., the aspect ratio may be 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 1.2, 1.3, 1.4, 1.5, 1.6, 1.7, 1.8,
1.9,2.0,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,2.9 and so on.

The extremely low ¢, means the flocs will fill a huge volume of space for a given ¢, (as shown
in FIGURE 1C). The open nanorod flocs with low ¢, filled large amounts of space in HFA and
stacked upon each other like tumbleweeds to prevent settling. The volume fraction of flocs in
the HFA suspension, ¢ﬂ ¢, is given by ¢ﬂ =g/ ¢, (derivation given in Appendix) where
#"* determines the space filling capability of the flocs. As ¢ approaches 1 the flocs
occupy the entire volume of HFA (as shown in FIGURE 1C). For the dilute ¢, = 0.00077
suspension (as shown in FIGURE 5B), the calculated ¢/°* was about 0.38 (see Table 4) in good
agreement with FIGURE 5B. At a loading 10 fold higher, ¢, = 0.0077, the entire vial was white

without the appearance of spaces between flocs (as shown in FIGURE 5A), as expected from the
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low ¢,. Here it was not possible to observe a settling rate as the visual appearance did not

change for 1 year, the maximum time tested, as the ¢ of essentially unity prevented settling.

In order for the spherical particles to produce ¢™® = 1 the required mass loadings for the milled

and spray dried particles would be 6.7% (w/w) and 33% (w/w), respectively, compared to <0.7%
(w/w) for the TFF rods.

In contrast to the TFF rods, the hollow sphere particles would settle the length of the vial (about
2 cm) by gravity in about 9 hours according to Stoke’s law for a particle diameter of 5 um and
shell thickness of 100 um. In the settled state with a high particle volume fraction and contact
between protein chains they are more likely to form irreversible particle aggregates by

interparticle diffusion and sintering.

The open flocs in HFA 227, that gave the stable suspensions, may be shown to be favored by the
relatively strong attractive forces between the primary particles. At first, this may seem
counterintuitive to the normal goal of lowering attractive forces to stabilize colloidal dispersions.
Upon addition of the HFA, the relatively strong attractive forces between the primary rods,

D cause sticky collisions to “lock in” the open structure rapidly to inhibit collapse of the

vdw ?
flocs. For weaker attractive forces between primary particles, collapse has been shown to be
more prevalent as particles sample a greater number of energetically favorable locations to
reduce the interfacial surface area. Therefore, rapid flocculation from sticky collisions facilitates

the formation of low density flocs that fill the entire vial and prevent settling.

In contrast to the flocs in HFA 227, colloidal dispersions of primary TFF rods in acetonitrile
settled in 3 days (as shown in FIGURE 5F). This settling rate agreed with the predicted settling
rate of individual effective spheres with a diameter of 330 nm from light scattering given in
Table 4. From Table 3, the calculated A4,,, values for BSA in acetonitrile are 1 order of
magnitude lower than in HFA 227. Therefore, the stronger attractive forces between particles in
HFA relative to ACN, favors formation of open flocs, resulting in more stable suspensions

against settling.

Although the 250 um flocs form stable suspensions, they are too large to produce optimal d,.

The shear forces in the actuator are needed to break apart the flocs. The calculation of these
shear forces is rarely reported because the turbulence from the immediate onset of HFA
evaporation produces complex cavitation events. According to empirical models, acrosolized

HFA droplets are typically about 10-30 um in diameter. Thus we choose an HFA droplet
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diameter of 25 um. The shear forces acting on the flocs are sufficiently strong to overcome the

attractive van der Waals interactions between primary particles within a floc such that the HFA

droplets may template the 250 pum flocs into 25 pm subdomains with the same ¢, = 0.0020 as

illustrated schematically in FIGURE 1. From the high ¢ (TABLE 1C) it is expected that

most of the HFA droplets are likely to be filled with a subdomain.

Since direct comparison of calculated shear forces to van der Waals forces of primary particles
within a floc is unfeasible, the concept of templating of the 25 um subdomains is instead
supported by a material balance on the protein between the volume of the HFA droplet, V., ,
and the volume of the dry aerosolized particle, V,, (as shown in FIGURE 1C) given by
Ve Py =Virs Prrs (0

where BSA concentrations are given by p,., =¢,-p, ,and p, =@, - p,. It is assumed that the
volume fraction of particles in HFA droplet is approximately equal to ¢, as a result of the break
up of the flocs. From the d, and d, in Table 2 and p, = 0.19 g/em’ (Eq. 2), ¢, =0.14. The ¢,
is nearly 20 times greater than ¢ in the vial. Therefore, the capillary forces in the shrinking

HFA droplets during evaporation collapse the flocs. Eq. 6 is refined to relate ¢, to ¢, as

¢ -d 3:&.¢ .dHFA3 (7)

¢ ¢ fHFA !

where d is a diameter, f,,, = 0.7 accounts for the mass fraction of drug that is emitted from the

actuator, and f,,, = 0.5 accounts for the mass fraction of HFA that exits the actuator orifice to

form acrosolized liquid droplets (relative to vapor).
From Eq. 7 with d, = 9.3 um (TABLE 2), d,,, =25 um, and ¢, = 0.0077, the calculated ¢, =

0.21, which compares reasonably well to the experimentally determined ¢, = 0.14. Also the

polydispersity in the acrodynamic properties was small. It would be unlikely that any other
factor besides templating of the flocs with relatively uniform HFA droplets could explain these

low polydispersities.

The control in FIGURE 8A supports this argument since the TFF particles remained below the
meniscus of the evaporating HFA 227. The tap density of the particles was approximately 0.10
g/em’ (FIGURE 8A) which is within a factor of 2 of the calculated density (0.19 g/cm’) of the
acrosolized particle. Therefore, the capillary forces acting on the TFF particles during HFA
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evaporation compacted the particles into denser aggregates with a highly desirable value of the

d,. If needed, the d, may be manipulated further by varying the valve volume and geometry

and the HFA droplet generation. If the particles had not collapsed partially, they would have
been too large and light for pulmonary delivery. Even after this collapse, the porosity and
surface area were still relatively high and favorable for high dissolution rates of small molecules

and proteins with limited solubilities, relative to nonporous particles.

High (e.g., about 38-48%) fine particle fractions in HFA 227 pMDI delivery were achieved with
flocculated BSA nanorods stable against settling for up to 1 year, without the use of surfactants
and cosolvents. Analysis of experimental settling rates of dilute suspensions indicated that the

volume fraction, ¢ s of the nanorods in the flocs was an order of magnitude lower than for flocs

of spherical particles produced by milling or spray drying. The rapid and sticky attractive
collisions of nanorods, facilitates the formation of low density flocs (250 um) which stack upon
cach other to fill the entire solvent volume to prevent settling. In contrast, denser flocs of
spherical particles filled much less space and rapidly settled within 60 seconds. The novel
concept of purposely flocculating nanorods to prevent settling is fundamentally opposite the
conventional approach of stabilizing colloidal dispersions of primary particles. The reversibility
of the nanorod flocs in HFA 227 was demonstrated by break up of the flocs into individual 330

nm primary rod particles upon transfer to the more polar solvent acetonitrile.

A material balance on a shrinking HFA droplet containing a 25 um floc subdomain predicts a
final volume fraction of BSA in the acrosolized particle in agreement with experiment.
Therefore, the attractive van der Waals interactions between primary particles within the floc are
sufficiently weak such that the atomized HFA droplets initially template the 250 um flocs into

25 pum subdomains. The acrosolized particles with a d, of 3-4 um and d, of about 10 um are

optimal for high fine particle fractions via a pMDI. The concept of forming open flocs
composed of nanorods, that are stable against settling without surfactants, and templating the
flocs to achieve optimal d,s and high FPFs is of practical interest for wide classes of low and

high molecular weight pharmaceuticals and biopharmaceuticals.

FIGURE 12 is a table comparing particle dimensions of ACI. FIGURES 13A-13C are SEM
images of milled ITZ particles. FIGURE 14 is a graph of the milled control particles.
FIGURES 15A-15D are SEM images of milled aerosolized milled particles. FIGURE 16 is a
XRD of milled ITZ particles. FIGURES 17A-17C are SEM images of TFF particles in HPFP.
FIGURES 18A-18D are SEM images of CP ITZ particles in HPFP. FIGURES 19A-19D are
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SEM images of Dow amorphous in HPFP. FIGURES 20A-20C are SEM images of milled ITZ
particles in HPFP. FIGURES 21A-21C are SEM images of milled Itz particles in HPFP.

FIGURE 22 is a table comparing ITZ formulations. FIGURE 23 is a table comparing
acrosolized particle dimensions of ACI. FIGURE 24 is a graph of the HFA droplet diameter.
FIGURE 25 is an illustration of the calculation of Dr. FIGURE 26 is an illustration of the
calculation of the settling velocities of flocs. FIGURE 27 is a SEM image of TFF particles in
HPFP. FIGURE 28 is a SEM image of CP ITZ particles in HPFP. FIGURE 29 is a SEM image
of DOW amorphous in HPFP. FIGURE 30 is a SEM image of milled ITZ in HPFP. FIGURE
31 is a SEM image of milled ITZ in HPFP. FIGURES 32A-32C are schematics of particle
suspension of hollow sphere particles (FIGURE 32A), milled or sprayed particles (FIGURE
32B) and TFF rod particles (FIGURE 32C).

FIGURES 33A-33B are images of TFF particle after lyophilization (33A) and after drying with
acetonitrile (FIGURE 33B). FIGURE 34A is an SEM image of BSA particles, FIGURE 34B is
an SEM image of BSA:Trehalose, FIGURE 34C is an SEM image of milled BSA particles,
FIGURE 34D is an SEM image of spray dried BSA particles, and FIGURE 34E is an SEM
image of TFF particles drying with acetonitrile. FIGURE 35 is a graph of the particle sizes
measured by static light scattering for BSA spheres formed by milling and spray drying and
BSA nanorods formed by thin film freezing (TFF) suspended in acetonitrile where closed
symbols indicate sonicated powder and open circles indicate unsonicated powder. FIGURE
36A-36F are images of suspensions in HFA 227 of TFF particles at ¢, = 0.0077 (FIGURE 36A),
¢, = 0.00077 (FIGURE 36B), milled particles 5 minutes after shaking (FIGURE 36C) and spray
dried particles at 2 minutes after shaking (FIGURE 36D) at ¢, = 0.0077, TFF particles in
acetonitrile at ¢, = 0.0077 immediately after shaking (FIGURE 36E) and 3 days after shaking
(FIGURE 36F).

FIGURE 37A-37F are optical microscopy images of BSA particles suspended in HPFP with
TFF particles magnified 4x (FIGURE 37A), 10x (FIGURE 37B), and 60x (FIGURE 37C), spray
dried BSA particles after 30 seconds at 10x (FIGURE 37D), after 60 seconds (FIGURE 37E),
and milled BSA particles after 30 seconds at 10x (FIGURE 37F). FIGURE 38 is a graph of the
particle sizes measured by static light scattering for BSA nanorods from thin film freezing (TFF)
suspended in HFA 227 or HPFP where closed symbols indicate sonicated powder and open
circles indicate unsonicated powder. FIGURE 39A is an optical image of TFF particles after
HFA 227 evaporation and FIGURE 39B is an SEM image of TFF particles after sonication and



10

15

20

25

30

WO 2009/103035 PCT/US2009/034162

29

HFA 227 evaporation. FIGURE 40 is a DLS graph of TFF particles actuated through the pMDI
valve submerged beneath acetonitrile. FIGURES 41A is a graph of the ACI mass deposition
profiles for device (D) and spacer and throat (S+T) and stages 0-7 and FIGURES 41B is a graph
of the APS mass distribution with a formulations on bar charts include BSA (diagonal lines),

BSA + Tween 20 (horizontal lines), and BSA:Trehalose 1:1 + Tween 20 (dotted).

FIGURE 42A-42D are SEM images of BSA acrosol collected from stage 3 of Andersen cascade
impactor for BSA (FIGURE 42A and 42B) and BSA:Trehalose 1:1 (FIGURE 42C and 42D).
FIGURE 43 is a table of the dosage and acrodynamic properties of TFF, milled, and spray dried
particle suspensions in HFA 227. FIGURE 44 is a table of the aecrodynamic particle sizes
determined by ACI and APS and geometric particle sizes determined by laser diffraction and
SEM. FIGURE 45 is a table of the calculation of the van der Waals (VdW) interaction potential
D4y of BSA particles in HFA 227.

FIGURE 46 is a table of the settling behavior of BSA particles prepared by TFF, milling, and
spray drying and calculations for porous shell particles prepared by spray drying, with the *Value
determined from the equivalent volume of a sphere measured from laser light scattering; "The
density difference was determined by pf—pL with pp = 1.5 g/cm’; “Determined from dimensions
given by Dellamary et al.; “Calculated for primary particle with 100 nm thick shell. FIGURE 47
is an optical image of protein pMDI formulations (Lys in HFA 227 with a drug loading of 20
mg/mL, Lys in HFA 134a with a drug loading of 40 mg/mL, 50 mg/mL, 90 mg/mL, and BSA
(BSA) in HFA 227 with a drug loading of 50 mg/mL, left to right) 4 hours after shaking.
FIGURE 48 is a SEM micrograph of aerosolized Lys particles (Lys in HFA 134a pMDI loaded
at 50 mg/mL). Aerosolized particles have geometric diameters between 8-10pum (A) and exhibit
porous morphology (B) and (C).

This invention is a new composition of matter by process for producing highly concentrated
(about 10 — 90 mg/mL), suspensions of drugs in pressurized metered dose inhalers (pMDIs).
This approach may be used for many types of low molecular weight drugs, and for high
molecular weight drugs including peptides and proteins. Dry powders of submicron protein
particles produced by thin film freezing, a powder formation process described in manuscripts
by Overhoff et. al and Engstrom et. al. (incorporated herein), readily disperse when added to a

hydrofluoroalkane propellant to form a stable suspension.

Upon actuation, the submicron protein particles contained within the propellant droplets

aggregate to form a porous protein structure (e.g., 8 — 10 um) ideal for pulmonary deposition.
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Pulmonary delivery of proteins is of great interest because the lungs are far more permeable to
macromolecules compared to other routes into the body, such as the gastrointestinal (GI) tract,
and less invasive than parenteral routes. Furthermore, lung concentrations of metabolizing

enzymes are lower than that found in the GI tract and liver.

At concentrations in an HFA of 10 mg/mL achieved emitted and respirable doses of 700 pg and
300 pg per actuation, respectively, of bovine serum albumin (BSA). The new work extends this
concept to concentrations of up to 90 mg/mL in HFA 134a. This leads to emitted doses as high
as 4 mg/actuation as described below in TABLE 5. One of the primary criticisms levied against
pMDI formulations is the upper limit dose that they can deliver, 500-600 pg/dose. Common
pMDI doses are 100-300 pg/dose”. Thus, a major goal for pMDISs has been to raise the dosage in
order to allow for pMDI delivery of less potent actives. TABLE 5: ACI results for different
protein pMDI formulations at different protein concentrations. Bovine serum albumin (BSA)

and lysozyme (Lys) formulations shown.

TED (mg) FPF (%) MMAD / GSD
BSA (50 mg/mL)* 2.59 + 0.44 64+ 3 2.48+0.22/ 3.89+0.11
Lys (20 mg/mL)* 3.97 £ 0.825 64+9 2.49+0.18 / 4.33+0.59
Lys (50 mg/mL)** 3.81 62 2.62/3.56
Lys (70 mg/mL)** 3.35 60 2.72/3.00

*HFA 227 **HFA 134a

To prepare the protein pMDI formulations, the protein powders are placed in 50 mL PYREX®
beakers and pre-cooled in a -80°C freezer. The propellant, preferably a hydrofluoroalkane
propellant, is pre-cooled to -80°C and then poured into the beaker containing the protein
powders to form suspensions ranging in concentrations from 0.7 — 7.4% w/w. The resultant
protein suspensions are placed in a dry ice/acetone bath and sonicated for two minute using a
Branson Sonifier 450 (Branson Ultrasonics Corporation, Danbury, CT) with a 102 converter and
tip operated in pulse mode at 35W. 11 mL of the cooled protein formulations are dispensed into
17 mL glass aerosol vials (SGD, Paris, France) and fitted with metering valves containing 100
uL metering chambers (DF10 RC 150, Valois of America, Inc., Congers, NY) using a
compressor pump (Pamasol Model P2005, Pfaffikon, Switzerland). The vials are allowed to
warm up to room temperature. Small amounts of lubricants (2-8% w/w), such as polysorbate 20
and polysorbate 80, may be added to the formulation prior to sonication to minimize clogging of

the valve during actuation due to the highly concentrated suspensions.
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The highly concentrated protein pMDI’s demonstrate desirable acrodynamic properties ideal for
pulmonary drug delivery. Impaction studies were conducted with a non-viable eight-stage
cascade impactor (Thermo-Andersen, Smyrna, GA) with an attached Aerochamber Plus® Valved
Holding Chamber (Trudell Medical International, London, Ontario, Canada) at a flow rate of
28.3 L/min to quantify total emitted dose (TED), fine particle fraction (FPF), mass median
acrodynamic diameter (MMAD), and geometric standard deviation (GSD). FPF was defined as
the percentage of particles with an aerodynamic diameter less than 4.7 um. Three actuations are
expelled as waste prior to measurements. One actuation is made into the ACI for analysis. The
valve stem, actuator, and impactor components are placed into separate containers with a known
volume of deionized (DI) water. Each component soaks for at least 30 minutes to ensure
complete protein dissolution. The protein concentrations are quantitated with a Micro BCA
Protein Assay manufactured by Pierce (Rockford, IL). The absorbance of the solutions was
measured at 562 nm using the pQuant Model MQX200 spectrophotometer (Biotek Instruments
Inc., Winooski, VT). Untreated protein was used to prepare the protein standards at
concentrations between 2 and 40 ng/mL. ACI results yielded average TED’s between 2.5 — 4.0
mg protein / actuation, average FPF’s between 56-64%, and average MMAD’s between 2.5 —
2.8 (GSD’s between 3.0 — 3.9).

The ability of a pMDI to deliver a consistent dose is mandatory for the delivery of sufficient and
safe drug doses to patients. Thus, stable pMDI suspensions are desired to ensure dose
uniformity. No visible creaming or settling was observed for the suspensions over 48 hours.
FIGURE 47 is an optical image of protein pMDI formulations (Lys in HFA 227 with a drug
loading of 20 mg/mL, Lys in HFA 134a with a drug loading of 40 mg/mL, 50 mg/mL, 90
mg/mL, and BSA (BSA) in HFA 227 with a drug loading of 50 mg/mL, left to right) 4 hours
after shaking.

Dose uniformity of the highly concentrated protein pMDI’s is demonstrated by actuating the
pMDI through the firing adaptor of a dosage unit sample tube (26.6 x 37.7 x 103.2 mm; 50 mL
volume; Jade Corporation, Huntingdon, PA). A known volume of DI water is added to dissolve
the protein and the sampling tube is shaken and allowed to sit for at least 30 minutes to ensure
complete protein dissolution. The protein concentration is determined using the Micro BCA
protein assay in conjunction with the pQuant spectrophotometer. The pMDI canister is weighed

before and after each actuation to assure that the proper dose was released.
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TABLE 6 is a table of the dose uniformity results for different protein pMDI formulations at

different protein concentrations. % Theoretical is the percentage of the theoretically loaded dose

that is emitted during actuation.

TABLE 6
DDV (mg / actuation) / % Theoretical

BSA (50 mg/mL)*

3.65+0.37/73

Lys (20 mg/mL)*

1.03 + 0.058 / ~50

Lys (40 mg/mL)**

3.44 £ 0.286 / ~86

Lys (50 mg/mL)**

4.11+0.110 /~82

Lys (70 mg/mL)**

435+0.274 /~62

2.94 + 0.286/ ~33

Lys (90 mg/mL)**

*HFA 227 **HFA 134a

Further characterization of protein particles after aerosolization from the pMDI device is
performed. The aerosolized particles are measured by laser light scattering. Each formulation is
actuated once through the ACI spacer and throat. The aerosol exits the outlet of the throat about
5 c¢m above the laser of the Malvern Mastersizer S (Malvern Instruments, Ltd.,Worcestershire,
UK). For each formulation 100 measurements of the acrosolized spray are made about every 5
ms. The recorded measurements are averaged to give a final profile of the acrosolized particles
on a volume basis. Scanning electron microscopy (SEM) images of acrosolized particles are
also used to determine the size of acrosolized particles. Particles are collected from stage 3 of
the ACI. Double carbon adhesive tape is applied to stage 3. The impaction test is conducted
according to the parameters mentioned earlier and the carbon tape is applied to an aluminum
SEM stage. The sample is sputter coated with gold-palladium for 30 seconds using a K575
sputter coater (Emitech Products, Inc., Houston, TX). Micrographs are taken using a Hitachi S-
4500 field emission scanning electron microscope (Hitachi Ltd., Tokyo, Japan) at an
accelerating voltage of 5-10 kV. Particle images are sized on the SEM micrographs using
imaging software (Scion, Frederick, MD). At least 50 particles were measured for each

formulation. Particle sizes from the SEM micrographs correlate well with sizes reported by laser

light scattering.

FIGURE 48 is a SEM micrographs of acrosolized Lys particles (Lys in HFA 134a pMDI loaded
at 50 mg/mL). Aerosolized particles have geometric diameters between 8-10pum (A) and exhibit
porous morphology (B) and (C). Other formulations show similar morphologies. Aecrosolized
particle densities are also determined from the SEM micrographs. The calibrated acrodynamic

diameter of particles deposited on stage 3 of the ACI is 3.3 — 4.7 um. Thus an average MMAD
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of 4.0 um was assumed for particles deposited on stage 3 of the ACI. Using the relationship, d,
= d, (pg/pa)o'5 (where d, is the aerodynamic diameter, dg is the geometric diameter, pg is the
density of the particle, and p, is 1 g/cm’) and using the estimated MMAD and geometric
diameter (from the SEM micrographs), the density of the acrosolized particle is calculated. The
low calculated densities (0.14-0.23 g/cm’) indicate that the acrosolized particles are highly
porous, which is expected because of the porous morphology observed in the SEM micrographs.
The low densities explain why the particles are able to reach deep lung levels despite a

geometric diameter of 8-10 pum.

TABLE 7 is a table that illustrates the measured particle diameters for acrosolized protein

particles. Dy so (diameter at which the cumulative sample volume was under 50%) values were

reported by Malvern.
D, 50 (Lm) SEM Volume Average Diameter (um) p (g/cm’)
BSA (50 mg/mL)* 10.05+£0.01 10.75 £ 2.07 0.14
Lys (20 mg/mL)* 8.07 + 0.06 8.67 +2.00 0.21
Lys (50 mg/mL) ** 8.78 + 1.68 0.21
Lys (70 mg/mL) ** 841+ 1.70 0.23

*HFA 227 **HFA 134a

Preparation of TFF ITZ particles. 1TZ (about 500 mg, Hawkins, Inc., Minneapolis, MN) was
dissolved in about 40 mL of 1,4-dioxane (Fisher Chemicals, Fairlawn, NJ). To the drug
solution, 100 mL of t-butanol (Fisher Chemicals, Fairlawn, NJ) was added. The ITZ in 1,4
dioxane-t-butanol drug solution was passed at a flow rate of 4 mL/min through a 17 gauge (1.1
mm ID, 1.5 mm OD) stainless steel syringe needle. The droplets fell from a height of 10 cm
above a rotating stainless steel drum (12 rpm) 17 cm long and 12 cm in diameter. The hollow
stainless steel drum was filled with dry ice to maintain a drum surface temperature of about 223
K. On impact, the droplets deformed into thin films and froze. The frozen thin films were
removed from the drum by a stainless steel blade and transferred to a 400 mL PYREX® beaker
filled with liquid nitrogen. The excess liquid nitrogen was evaporated in a -80 °C freezer. A
Virtis Advantage Lyophilizer (The Virtis Company, Inc., Gardiner, NY) was used to dry the
frozen slurries. Primary drying was carried out at -30°C for 36 hours at 300 mTorr and
secondary drying at 25°C for 24 hours at 100 mTorr. A 12 hour linear ramp of the shelf

temperature from -30°C to +25°C was used at 100 mTorr.
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Crystallization of TFF ITZ particles: FIGURES 49A-49C are optical images of the TFF ITZ
particles (about 110 mg) were loaded as dry powder into glass vials (SGD, Paris, France) and
fitted with metering valves (DF10 RC 150, Valois of America, Inc., Congers, NY) using a
Pamasol Model P2005 compressor pump (Pamasol Willi Mader AG, Pfaffikon, Switzerland)
(FIGURE 49A). FIGURE 49A is a photograph of 110 mg TFF ITZ powder loaded into a glass
vial. FIGURE 49B is a photograph of a 10 mg/mL TFF ITZ suspension produced after addition
of 11 mL of HFA 227 to FIGURE 49A, and FIGURE 49C is a photograph of 110 mg TFF ITZ
powder after exposure to HFA 227. 1,1,1,2,3,3,3-heptafluoropropane (HFA 227, Solvay,
Greenwich, CT) was loaded into the vials containing drug using Pamasol filling equipment
(Model P2008) to yield a 10 mg/mL milky suspension (FIGURE 49B). The pressurized
suspensions may be referred to as pressurized metered dose inhalers (pMDIs). To collect TFF
ITZ powder after HFA exposure, the pMDI was cooled in a -800C freezer, well below the HFA
227 boiling point of -16°C. Once the HFA was sufficiently cooled, the metering valve was
removed and the HFA was allowed to warm in a dry box (relative humidity <20%) until it
completely evaporated (FIGURE 49C).  Exposure of TFF ITZ powder to 2H,3H

perfluoropentane (HPFP), a non-volatile surrogate for HFA 227, was also studied.

Product Description and Characterization: Sub-micron amorphous particles of a poorly water
soluble drug, itraconazole (ITZ), were produced by thin film freezing (TFF), a particle formation

process described in manuscripts by Engstrom et al. and Overhoff et al.

FIGURE 50 is a graph of the X-ray diffraction (XRD) pattern of ITZ before and after exposure
to HFA 227. Crystallization of TFF ITZ particles after HFA exposure was determined using x-
ray diffraction (XRD) and differential scanning calorimetry (DSC). XRD patterns and DSC
scans of TFF ITZ powder before contact with HFA were characteristic of amorphous materials
(FIGURES 50-51). However, characteristic peaks of crystalline ITZ were detected in the XRD
profile after TFF ITZ particles were exposed to HFA 227 (FIGURE 50).

FIGURE 51 is a graph of the Modulated differential scanning calorimetry (mDSC) of TFF ITZ
powders before and after exposure to HFA 227 and HPFP and pure ITZ. DSC scans showed
complete crystallization of the TFF ITZ particles after exposure to HFA 227, based on the
absence of an endothermic recrystallization peak (FIGURE 51). Similar results were obtained
after exposure of TFF ITZ particles to HPFP (FIGURES 50-51). These results are significant
because crystallization of TFF ITZ may be induced with a solvent that can be handled under

atmospheric conditions.
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To confirm the complete crystallization of TFF ITZ particles after exposure to HFA, dissolution
studies were conducted on the HFA-exposed TFF ITZ powder in pH 7.4 phosphate buffer
(0.02% w/v SDS). The equilibrium solubility of crystalline ITZ in the dissolution media was
experimentally determined to be 1.4 ug/mL. HFA-exposed TFF ITZ powder (1 mg) was added
to 50 mL of dissolution media to yield an initial drug loading of 20ug/mL. Sample aliquots (1.5
mL) were taken from the dissolution vessels at various time points. The aliquots were filtered
immediately using a 0.2 pm syringe filter. Dissolved drug levels did not significantly exceed
equilibrium solubility of crystalline ITZ, suggesting that the HFA-exposed TFF ITZ particles
were crystalline (FIGURE 52). FIGURE 52 is a graph of the dissolution profile of TFF I1TZ
particles after exposure to HFA 227 conducted in pH 7.4 phosphate buffer (0.02% w/v SDS).
TFF ITZ powder that had been previously exposed to HFA 227 (1 mg) was added to the
dissolution media (50 mL) to achieve an initial loading of 20 pg ITZ/mL. All samples were
filtered with 0.2pum pore size filters. The dashed line represents the solubility of “as received”

ITZ in the dissolution media.

FIGURE 53 in a scanning electron microscopy (SEM) images of TFF ITZ (FIGURE 53A)
before and (FIGURE 53B) after exposure to HFA 227 and (FIGURE 53C) SEM image of TFF
ITZ after pMDI was actuated into water, without any exposure to air. Additionally, a change in
morphology of the TFF ITZ particles before and after exposure to HFA 227 was detected by
scanning electron microscopy (FIGURE 53A-53B). TFF ITZ particles prior to HFA contact
were spherical in shape. However, thin, plate-like structures were observed after exposure to
HFA. To further verify that the crystallization of TFF ITZ was induced by HFA, a pMDI
containing TFF ITZ was actuated into water, with the metering valve submerged below the
liquid level, to produce a slightly turbid dispersion. The TFF ITZ particles emitted from the
pMDI were collected by freezing and lyophilizing this dispersion. SEM images of the actuated
TFF ITZ particles revealed thin, plate-like structures strongly resembling the particles produced
after HFA evaporation (FIGURE 53C). Therefore, complete crystallization of amorphous TFF
ITZ particles occurred upon exposure to HFA 227.

FIGURE 54 is a graph of the dynamic light scattering (DLS) measurements of HFA-exposed
TFF ITZ in water. The sizes of 66% of the particles (by volume) were 737 nm or less.
Furthermore, dynamic light scattering (DLS) measurements show that TFF ITZ particle
dimensions remained below 1 pum after crystallization, with 66% of the particles by volume with

a hydrodynamic radius of 737 nm or less (FIGURE 54).
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Production of TFF ITZ/BSA compositions. Two compositions using a 10/1 and 5/1 ITZ/BSA
ratios were formulated to demonstrate that a water soluble component could be added to the
poorly water soluble TFF ITZ to aid in wetting during dissolution. A 5 mg/mL loading was
tested. The resultant pMDI formulations were milky, white and uniform, and similar to the other

TFF pMDIs.

Table 8 shows the results obtained from the Andersen Cascade Impactor.

Respriable Dose/ Act (pg) % FPF MMAD (pm)
TFF Itz (10 mg/mL) 525+23 56+3 3.8+0.3
Milled Itz 300nm (10 mg/mL) 29+ 8 15+£3 6.0 £ 0.7
TFF Itz/BSA (10/1) (5 mg/mL) 238+5 672 14
TFF Itz/BSA (5/1) (5§ mg/mL) 302 70 1.5

FIGURE 55A shows the scanning eclectron microscopic image of aerosolized TFF ITZ and
FIGURE 55B shows the SEM image of the acrosolized TFF ITZ in dissolution media at 37°C
after 1 minute. The study was conducted in phosphate buffer pH 7.4 containing 0.2% w/v SDS.

FIGURE 56 is a plot showing the dissolution profiles of acrosolized TFF ITZ and aerosolized
milled ITZ particles (300 nm) studied in phosphate buffer (pH = 7.4) containing 0.2% w/v SDS
at 37°C. The graph shows a much more rapid dissociation and dissolution of the acrosolized

aggregate into constituent particles in comparison to the milled ITZ particles.

The flocculated particles used for pMDI delivery may also be applicable for dry powder
inhalation. In a dry powder inhaler, shear forces generated during inspiration break up the flocs
to an appropriate acrodynamic size for deep lung delivery. The particles may be produced by
either milling, controlled precipitation (CP), or TFF. Poorly water soluble drugs, itraconazole
(ITZ) and cyclosporine A (CsA), and water soluble proteins, bovine serum albumin (BSA) and
lysozyme (lys), were the model drugs used to demonstrate DPI delivery of nanoparticles
produced by CP and TFF. Drug powders were acrosolized and characterized using either an
Acrosizer/Aerodisperser (TSI, Shoreview, MN) or an APS 3321/3343 (TSI, Shoreview, MN)

disperser.

FIGURE 57 is a graph of the acrodynamic diameters of milled, TFF, and CP drug compositions
measured by the APS 3321/3343 and the Acrosizer/Acrodisperser systems. VMAD is the
volume mean aerodynamic diameter. The drug compounds studied include the poorly water

soluble drugs itraconazole (ITZ) and cyclosporine A (CsA), as well as bovine serum albumin
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(BSA) and lysozyme (lys). T80 and T20 are the surfactants tween 80 and tween 20 (Sigma
Chemical, St. Louis, MO).

The aerosolized CP and TFF powders possessed acrodynamic diameters predominantly between
2.0 — 3.5 um, on a volume basis, ideal for pulmonary delivery, as seen in FIGURES57. These
diameters are in a range that is known to be desirable for efficient deep lung delivery.
Furthermore, the sizes are in good agreement for the two dispersers. Only two compositions
containing low melting point stabilizers, such as Tween surfactants, possessed aerodynamic
diameters larger than 8 um. Compositions containing both a poorly water soluble drug (Itz) and

a protein (BSA) were also shown to yield optimal aerosol particles for pulmonary delivery.

FIGURE 58 is a graph of the acrodynamic particle size distribution for the TFF lys composition.
VMAD is the volume averaged mean aerodynamic diameter and GSD is the geometric standard

deviation.

An example of the aerodynamic particle size distribution for the aerosolized particles is shown
in FIGURE 58 for the aerosolized TFF lys formulation. SEM micrographs of TFF lysozyme
powder before acrosolization and after acrosolization are shown in FIGURE 59 A-C. Lysozyme
particles produced by TFF have a morphology of small nanorods, with lengths ~500 nm and
diameters between ~ 50-100 nm, as seen in FIGURE 59 A-C. Acrosolization of the powder
disperses the nanorod floc to yield aerosol particles roughly 3 micron in diameter. High
magnification images of the acrosolized particles show that the rod-shaped primary particles are
maintained throughout the acrosolization process. The SEM micrographs of the aerosolized TFF
lys particles were obtained by placing ~ 25mg of powder in gallon sized Ziploc bag. Double
sided carbon tape was placed onto the inside of the bag. The opening of the bag was then rubber
banded around the nozzle of a can of compressed air. A short burst of air was actuated into the
bag to disperse the powder. The carbon tape was removed from the inside of the bag and placed

onto an SEM stage for microscopy.

As used herein, the term “surfactant” means a substance that reduces the surface tension of a
liquid, thereby causing it to spread more readily on a solid surface. Examples of surfactants for
use with the present invention, include, all surfactants suitable for administration to the lungs,
including sodium salts of cholate, deoxycholate, glycocholte and other bile salts; Span &5,
Lauryl-beta-D-maltoside, palmitic acid, glycerol trioleate, linoleic acid, DPPC oleyl alcohol,

oleic acid, sodium oleate, and ethyl oleate.
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Non-limiting examples of the active agents of the present invention includes antifungal agents
having one or more of azoles and/or allylamines, e.g., natamycin, flucytosine, miconazole,
fluconazole, itraconazole, clotrimazole, econazole, miconazole, ravuconazole, oxiconazole,
sulconazole, terconazole, tioconazole, fenticonazole, bifonazole, oxiconazole, ketoconazole,
isoconazole, tolnaftate, amorolfine, terbinafine, voriconazol, posaconazol, or the

pharmacologically acceptable organic and inorganic salts or metal complexes or mixture thereof.

Delivery of the present invention to the lung can be achieved through any suitable delivery
means, including a nebulizer, a dry powder inhaler, a metered dose inhaler or a pressurized
metered dose inhaler. The suitable delivery means will depend upon the active agent to be
delivered to the lung, the desired effective amount for that active agent, and characteristics

specific to a given patient.

In addition, the present invention may include one or more excipients that modify the intended
function of the effective ingredient by improving flow, or bio-availability, or to control or delay
the release of the effective ingredient, e.g., nonlimiting examples include: Span 80, Tween 80,
Brij 35, Brij 98, Pluronic, sucroester 7, sucroester 11, sucroester 15, sodium lauryl sulfate, oleic
acid, laureth-9, laureth-8, lauric acid, vitamin E TPGS, Gelucire 50/13, Gelucire 53/10, Labrafil,
dipalmitoyl phosphadityl choline, glycolic acid and salts, deoxycholic acid and salts, sodium
fusidate, cyclodextrins, polyethylene glycols, labrasol, polyvinyl alcohols, polyvinyl

pyrrolidones and tyloxapol, cellulose derivatives, and polyethoxylated castor oil derivatives.

Other suitable solvents include but are not limited to: ethanol, methanol, tetrahydrofuran,
acetonitrile, acetone, tert-butyl alcohol, dimethyl sulfoxide, N,N-dimethyl formamide, diethyl
ether, methylene chloride, ethyl acetate, isopropyl acetate, butyl acetate, propyl acetate, toluene,
hexanes, heptane, pentane, 1,3-dioxolane, isopropanol, n-propanol, propionaldehyde and

combinations thereof.

The preparation of particles and respirable aggregates using a URF method includes a solution
of ITZ (0.0798 g) with pluronic F-127 (0.0239 g) is prepared by loading the dry solids into a
vial. A prepared 95/5 wt % blend of t-butanol and toluene (10.03 g) is loaded into the vial. The
resulting slurry is heated until a solution was formed. (68 to 70.degree. C.). The resulting
solution is applied to the freezing surface of the URF unit, which had been cooled to -78.degree.
C. over a three-minute time period. The frozen solvent, drug, and excipient matrix is collected in
a tray, which had been cooled with dry ice, and transferred into a 60-mL jar, which had been

cooled with dry ice. The jar containing the URF processed frozen solid is then placed on a freeze
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drying unit and lyophilized for approximately 17 hr at 100 mtorr. After lyophilization, 0.0700 g
of the URF processed solid is recovered as a dry flowable powder. The mean volume average
particle sizes (with and without sonication) of the reconstituted drug particles are measured

using a Coulter LS 230. The particles are amorphous.

The preparation of particles and respirable aggregates using a controlled precipitation (CP)
method includes a batch controlled precipitation process. An aliquot of 1.77 grams of Brij 98 is
dissolved in 148.33 grams of deionized water. The aqueous solution is then recirculated, using a
centrifugal pump (Cole-Parmer Model 75225-10) at maximum pump speed (9000 rpm), through
recirculation loop and through heat exchanger (Exergy Inc. Model 00283-01, series heat
exchanger) until the aqueous temperature is 5.degree. C. An aliquot of 30.19 grams of a solution
containing 5 wt % ITZ in 1,3-dioxolane is added into the recirculating aqueous solution over
about seconds, which results in the controlled precipitation of a particle slurry. The particle size
of the particle slurry is measured, without filtration or sonication, using a Coulter LS 230. The
particle slurry is then fed to a wiped-film evaporator having a jacket temperature of 40°C, an
absolute pressure of 8 mm Hg, and a feed rate of 15 mL/min. The particle size of the solvent-

stripped slurry is measured, without filtration or sonication, using a Coulter LS 230.

Examples of active agents include, but are not limited to antibiotics; analgesics; anticonvulsants;
antipyretics; anti-inflammatories; antitussive expectorants; sedatives; antidiabetics, antifungals,
antiepileptics, antineoplastics; antiulcer agents; antiparkinsonian agents, antirheumatics, appetite
suppressants, biological response modifiers, cardiovascular, agents, central nervous system
stimulants, contraceptive agents, diagnostic agents, dopamine receptor agonists, erectile
dysfunction agents, fertility agents, gastrointestinal agents, hormones, immunomodulators;
antihypercalcexnia agents, mast cell stabilizers, muscle relaxants, nutritional agents, ophthalmic
agents, ostecoporosis agents, psychotherapeutic agents, parasympathomimetic agents,
parasympatholytic agents, respiratory agent, sedative hypnotic agents, skin and mucous
membrane agents, smoking cessation agents, steroids, sympatholytic agents, urinary tract agents,
uterine  relaxants, vaginal agents, vasodilator, anti-hypertensive, hyperthyroids,
antihyperthyroids, anti-asthmatics, nucleic acids; expression vectors; and antivertigo agents.
Examples of antitumor or antincoplastic agents include bleomycin hydrochloride, methotrexate,
actinomycin D, mitomycin C, vinblastine sulfate, vincristine sulfate, daunonibicin
hydrochloride, adriamynin, neocarzinostatin, cytosine arabinoside; fluorouracil, tetrahydrofuryl-
5-fluorouracil, picibanil, lentinan, levamisole, bestatin, azimexon, glycyrrhizin, poly A:U, poly

ICLC and the like.
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Examples of the antibiotics include gentamicin, dibekacin, kanendomycin, lividomycin,
tobromycin, amikacin, fradiomycin, sisomysin, tetracycline, oxytetracycline, roliteracycline,
doxycycline, ampicillin, piperacillin, ticarcillin, cefalotin, cefaloridine, cefotiam, cefsulodin,
cefinenoxime, cefmetazole, cefazollin, cefataxim, cefoperazone, ceftizoxime, moxolactame,
thienamycin, sulfazecine, azusleonam, salts thercof, and the like. Examples of the sedative
include chlorpromazine, prochloperazine, trifluoperazine, atropine, scopolamine, salts thereof
and the like. Examples of the muscle relaxant include pridinol, tubocurarine, pancuronium and
the like. Examples of the antiepileptic agent include phenytoin, ethosuximide, acetazolamide,
chlordiazepoxide and the like.  Examples of the antidepressant include imipramine,
clomipramine, onxiptiline, phenelzine and the like. Examples of the antidiabetic agent include:

glymidine, glipizide, phenformin, buformin, metformin and the like.

It is contemplated that any embodiment discussed in this specification can be implemented with
respect to any method, kit, reagent, or composition of the invention, and vice versa.

Furthermore, compositions of the invention can be used to achieve methods of the invention.

It will be understood that particular embodiments described herein are shown by way of
illustration and not as limitations of the invention. The principal features of this invention can
be employed in various embodiments without departing from the scope of the invention. Those
skilled in the art will recognize, or be able to ascertain using no more than routine
experimentation, numerous equivalents to the specific procedures described herein. Such

equivalents are considered to be within the scope of this invention and are covered by the claims.

All publications and patent applications mentioned in the specification are indicative of the level
of skill of those skilled in the art to which this invention pertains. All publications and patent
applications are herein incorporated by reference to the same extent as if each individual
publication or patent application was specifically and individually indicated to be incorporated

by reference.

The use of the word “a” or “an” when used in conjunction with the term “comprising” in the
claims and/or the specification may mean “one,” but it is also consistent with the meaning of

EE T

“one or more,” “at least one,” and “one or more than one.” The use of the term “or” in the
claims is used to mean “and/or” unless explicitly indicated to refer to alternatives only or the
alternatives are mutually exclusive, although the disclosure supports a definition that refers to

only alternatives and “and/or.” Throughout this application, the term “about” is used to indicate
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that a value includes the inherent variation of error for the device, the method being employed to

determine the value, or the variation that exists among the study subjects.

As used in this specification and claim(s), the words “comprising” (and any form of comprising,
such as “comprise” and “comprises”), “having” (and any form of having, such as “have” and
“has”), “including” (and any form of including, such as “includes” and “include”) or
“containing” (and any form of containing, such as “contains” and ‘“contain”) are inclusive or

open-ended and do not exclude additional, unrecited elements or method steps.

The term “or combinations thereof” as used herein refers to all permutations and combinations
of the listed items preceding the term. For example, “A, B, C, or combinations thereof” is
intended to include at least one of: A, B, C, AB, AC, BC, or ABC, and if order is important in a
particular context, also BA, CA, CB, CBA, BCA, ACB, BAC, or CAB. Continuing with this
example, expressly included are combinations that contain repeats of one or more item or term,
such as BB, AAA, MB, BBC, AAABCCCC, CBBAAA, CABABB, and so forth. The skilled
artisan will understand that typically there is no limit on the number of items or terms in any

combination, unless otherwise apparent from the context.

All of the compositions and/or methods disclosed and claimed herein can be made and executed
without undue experimentation in light of the present disclosure. While the compositions and
methods of this invention have been described in terms of preferred embodiments, it will be
apparent to those of skill in the art that variations may be applied to the compositions and/or
methods and in the steps or in the sequence of steps of the method described herein without
departing from the concept, spirit and scope of the invention. All such similar substitutes and
modifications apparent to those skilled in the art are deemed to be within the spirit, scope and

concept of the invention as defined by the appended claims.
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CLAIMS:

1. A medicinal formulation for use in a pressurized metered dose inhaler comprising:

a space filled flocculated suspension comprising one or more flocculated particles of one
or more active agents and a propellant, wherein a portion of the one or more flocculated particles
is templated by the formation of one or more droplets upon atomization and whereby the
templated floc compacts upon the evaporation of the propellant to form a porous particle for

deep lung delivery.

2. The medicinal porous formulation of claim 1, wherein the one or more active agents
comprise itraconazole, paclitaxel, steroids, asthma drugs, immunosuppressants, anti-fungal

drugs, and anti-cancer drugs.

3. The medicinal porous formulation of claim 1, wherein the one or more active agents
comprise a low molecular weight drug, a high molecular weight drug, a peptide, a protein or a

combination thereof.

4. The medicinal porous formulation of claim 1, wherein the one or more active agents are
selected from a protein, a peptide, a vasoactive peptide, an immunoglobulin, an
immunomodulating protein, a hematopoietic factor, insulin, an insulin analog, amylin, an
antibiotic, an antibody an antigen, an interleukin, an interferon, an erythropoietin, a heparin, a
thrombolytic, an antitrypsin, an enzyme, an anti-protease, a hormone, a growth factor, a nucleic

acid, an oligonucleotide, an antisense agent and mixtures thereof.

5. The medicinal porous formulation of claim 1, wherein the one or more flocculated

particles comprise one or more anisotropic particles with aspect ratios greater than 1.

6. The medicinal porous formulation of claim 1, wherein the one or more flocculated
particles comprise one or more anisotropic particles with an aspect ratio of about 0.02, 0.05, 0.1,
02,03,04,05,06,0.7,13,14,15,1.6,1.7,18,19,2.0,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,
2.9,3.0,5, 10 20,and 50.

7. The medicinal porous formulation of claim 1, wherein the one or more flocculated

particles comprise particles in the form of rods or plates.

8. The medicinal porous formulation of claim 1, wherein the propellant comprises a

hydrofluoroalkane propellant.
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9. The medicinal porous formulation of claim 1, wherein the propellant comprises HFA

134a and HFA 227.

10. The medicinal porous formulation of claim 1, wherein the one or more flocculated

particles are formed by thin film freezing.

11. The medicinal porous formulation of claim 1, wherein the one or more active agents
comprise natamycin, flucytosine, miconazole, fluconazole, itraconazole, clotrimazole,
econazole, miconazole, ravuconazole, oxiconazole, sulconazole, terconazole, tioconazole,
fenticonazole, bifonazole, oxiconazole, ketoconazole, isoconazole, tolnaftate, amorolfine,
terbinafine, voriconazol, posaconazol,albumin or the pharmacologically acceptable salts, metal

complexes or mixture thereof.

12. A aerosol medicinal formulation for deep lung delivery by a pressurized metered dose
inhaler comprising:

a therapeutically effective porous particle comprising one or more at least partially
compacted templated flocculated active agents for deep lung delivery formed by atomization of
a space filled flocculated suspension comprising one or more flocculated particles of one or
more active agents and a propellant into one or more templated flocculated particles that shrinks

upon the evaporation of the propellant to form the porous particle for deep lung delivery.

13. The aerosol medicinal formulation of claim 12, wherein the one or more active agents
comprise itraconazole, paclitaxel, steroids, asthma drugs, immunosuppressants, anti-fungal

drugs, and anti-cancer drugs.

14. The aerosol medicinal formulation of claim 12, wherein the one or more active agents
comprise a low molecular weight drug, a high molecular weight drug, a peptide, a protein or a

combination thereof.

15. The acrosol medicinal formulation of claim 12, wherein one or more flocculated particles

are anisotropic.

16. The acrosol medicinal formulation of claim 12, wherein the one or more flocculated

particles are in the form of a rod, a plate or a mixture thereof.

17. The acrosol medicinal formulation of claim 12, wherein the one or more flocculated

particles are formed by thin film freezing or antisolvent precipitation.
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18. The aerosol medicinal formulation of claim 12, wherein the one or more active agents are
selected from a protein, a peptide, a vasoactive peptide, an immunoglobulin, an
immunomodulating protein, a hematopoietic factor, insulin, an insulin analog, amylin, an
antibiotic, an antibody an antigen, an interleukin, an interferon, an erythropoietin, a heparin, a
thrombolytic, an antitrypsin, an enzyme, an anti-protease, a hormone, a growth factor, a nucleic

acid, an oligonucleotide, an antisense agent and mixtures thereof.

19 The porous medicinal formulation of claim 12 wherein the propellant comprises a

hydrofluoroalkane propellant.

20. The porous medicinal formulation of claim 12 wherein the propellant comprises HFA
134a and HFA 227.
21. A method of making a medicinal acrosol composition for a pressurized metered dose

inhaler comprising the steps of:

forming a space filled flocculated suspension comprising one or more flocculated
particles of one or more active agents and a propellant;

templating at least a portion of the one or more flocculated particles by the formation of
droplets upon atomization; and

compacting the templated floc by the evaporation of the propellant to form a porous

particle for deep lung delivery.

22. The method of claim 21, wherein the one or more flocculated particles comprise particles

in the form of rods or plates.

23. The method of claim 21, wherein the one or more active agents comprise itraconazole,
paclitaxel, steroids, asthma drugs, immunosuppressants, anti-fungal drugs, and anti-cancer

drugs.

24 The method of claim 21, wherein the propellant comprises a hydrofluoroalkane

propellant.
25. The method of claim 21, wherein the propellant comprises HFA 134a and HFA 227.

26. The method of claim 21, wherein the one or more flocculated particles of anisotropic
particles comprise a low molecular weight drug, a high molecular weight drug, a peptide, a

protein or a combination thereof.
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27. The method of claim 21, wherein the one or more flocculated particles of anisotropic
particles are formed by thin film freezing.
28. The method of claim 21, wherein the one or more active agents are selected from a

protein, a peptide, a vasoactive peptide, an immunoglobulin, an immunomodulating protein, a
hematopoictic factor, insulin, an insulin analog, amylin, an antibiotic, an antibody an antigen, an
interleukin, an interferon, an erythropoietin, a heparin, a thrombolytic, an antitrypsin, an
enzyme, an anti-protease, a hormone, a growth factor, a nucleic acid, an oligonucleotide, an

antisense agent, albumin and mixtures thereof.

29. A crystalline drug produced by the process of claim 21.

30. A medicinal formulation for use in a dry powder inhaler comprising:

a space filled flocc comprising one or more flocculated particles of one or more active agents
and a propellant, wherein a portion of the one or more flocculated particles is templated by the
shear forces of a dry powder inhaler upon actuation to form a templated floc , whereby the
templated floc comprises one or more anisotropic particles with aspect ratios greater than 1 and
have the proper acrodynamic properties for deep lung delivery, and wherein the one or more

flocculated particles.

31. The medicinal formulation of claim 30, wherein the one or more active agents comprise
itraconazole, paclitaxel, steroids, asthma drugs, immunosuppressants, anti-fungal drugs, and

anti-cancer drugs.

32. The medicinal formulation of claim 30, wherein the one or more active agents comprise a
low molecular weight drug, a high molecular weight drug, a peptide, a protein or a combination

thereof.

33. The medicinal porous formulation of claim 30, wherein the one or more active agents are
selected from a protein, a peptide, a vasoactive peptide, an immunoglobulin, an
immunomodulating protein, a hematopoietic factor, insulin, an insulin analog, amylin, an
antibiotic, an antibody an antigen, an interleukin, an interferon, an erythropoietin, a heparin, a
thrombolytic, an antitrypsin, an enzyme, an anti-protease, a hormone, a growth factor, a nucleic

acid, an oligonucleotide, an antisense agent and mixtures thereof.
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34.  The medicinal formulation of claim 30, wherein the templated floc comprises one or
more anisotropic particles with an aspect ratio of about 0.02, 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,
13,14,15,1.6,1.7,1.8,19,2.0,2.1,2.2,2.3,2.4,2.5,2.6,2.7,2.8,2.9,3.0, 5, 10 20,and 50.

35. The medicinal formulation of claim 30, wherein the one or more active agents comprise
natamycin, flucytosine, miconazole, fluconazole, itraconazole, clotrimazole, econazole,
miconazole, ravuconazole, oxiconazole, sulconazole, terconazole, tioconazole, fenticonazole,
bifonazole, oxiconazole, ketoconazole, isoconazole, tolnaftate, amorolfine, terbinafine,
voriconazol, posaconazol,albumin or the pharmacologically acceptable salts, metal complexes

or mixture thereof.
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