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HEATING UNIT FOR USE IN A DRUG 
DELIVERY DEVICE 

CROSS-REFERENCES TO RELATED 
APPLICATIONS 

0001. This application claims the priority of earlier filed 
U.S. Provisional Application Ser. No. 60/894,116, filed Mar. 
9, 2007. The entire content of that provisional application is 
expressly incorporated by reference herein. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to drug Sup 
ply units comprising a substrate having a plurality of holes. 
More particularly, embodiments of the invention relate to 
drug Supply units intended to be used to vaporize a drug 
composition deposited on a Surface of the Substrate, drug 
delivery devices comprising such drug Supply units, and 
methods of producing an aerosol using Such drug delivery 
devices. 

BACKGROUND OF THE INVENTION 

0003 Traditionally, inhalation therapy has played a rela 
tively minor role in the administration of therapeutic agents 
when compared to more traditional drug administration 
routes of oral delivery and delivery via injection. Due to 
drawbacks associated with traditional routes of administra 
tion, including slow onset, poor patient compliance, inconve 
nience, and/or discomfort, alternative administration routes 
have been sought. Pulmonary delivery is one such alternative 
administration route which can offer several advantages over 
the more traditional routes. These advantages include rapid 
onset, the convenience of patient self-administration, the 
potential for reduced drug side-effects, the ease of delivery by 
inhalation, the elimination of needles, and the like. Many 
preclinical and clinical studies with inhaled compounds have 
demonstrated that efficacy can be achieved both within the 
lungs and systemically. 
0004. However, despite such results, the role of inhalation 
therapy in the health care field has remained limited mainly to 
treatment of asthma, in part due to a set of problems unique to 
the development of inhalable drug formulations and their 
delivery modalities, especially formulations for, and delivery 
by, inhalation. 
0005 Metered dose inhaler formulations involve a pres 
Surized propellant, which is frequently a danger to the envi 
ronment, and generally produces aerosol particle sizes unde 
sirably large for systemic delivery by inhalation. 
Furthermore, the high speed at which the pressurized par 
ticles are released from metered dose inhalers makes the 
deposition of the particles undesirably dependent on the pre 
cise timing and rate of patient inhalation. Also, the metered 
dose inhaler itself tends to be inefficient because a portion of 
the dose is lost on the wall of the actuator, and due to the high 
speed of ejection of the aerosol from the nozzle, much of the 
drug impacts ballistically on the tongue, mouth, and throat, 
and never gets to the lung. 
0006 While solving some of the problems with metered 
dose inhalers, dry powder formulations are prone to aggrega 
tion and low flowability phenomena which considerably 
diminish the efficiency of dry powder-based inhalation thera 
pies. Such problems are particularly severe for dry powders 
having an aerosol particle size Small enough to be optimal for 
deep lung delivery, as difficulty of particle dispersion 
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increases as particle size decreases. Thus, excipients are 
needed to produce powders that can be dispersed. This mix of 
drug and excipient must be maintained in a dry atmosphere 
lest moisture cause agglomeration of the drug into larger 
particles. Additionally, it is well known that many dry pow 
ders expand as they are delivered to the patient's airways due 
to the high levels of moisture present in the lung. 
0007 Liquid aerosol formations similarly involve non 
drug constituents, i.e. the solvent, as well as preservatives to 
stabilize the drug in the solvent. Thus, all liquid aerosol 
devices must overcome the problems associated with formu 
lation of the compound into a stable liquid. Liquid formula 
tions must be prepared and stored under aseptic or sterile 
conditions since they can harbor microorganisms. This neces 
sitates the use of preservatives or unit dose packaging. Addi 
tionally, Solvents, detergents and other agents are used to 
stabilize the drug formulation. Moreover, the dispersion of 
liquids generally involves complex and cumbersome devices 
and is effective only for solutions with specific physical prop 
erties, e.g. Viscosity. Such solutions cannot be produced for 
many drugs due to the solubility properties of the drug. 
0008 Recently, devices and methods for generating aero 
sols via volatilization of the drug has been developed, which 
addresses many of these above mentioned problems. (See, 
e.g., Rabinowitz et al., U.S. Publication No's US 2003/ 
0015190, Cross et al., U.S. Publication No. 2005/0268911; 
Hale et al., U.S. Pat. No. 7,090,830, each incorporated by 
reference in its entirety). These devices and methods elimi 
nate the need for excipients to improve flowability and pre 
vent aggregation, Solvents or propellants to disperse the com 
pound, Solution stabilizers, compound solubility, etc. and 
hence, the associated problems with these added materials. 
Additionally, devices and methods have been developed that 
allow for consistent particle size generation using Volatiliza 
tion. With Such devices, drug compound typically is depos 
ited on a surface of a Substrate, such as a stainless steel foil. 
The substrate is rapidly heated to volatilize the drug, followed 
by cooling of the vapor so that it condenses to forman aerosol 
(i.e., a condensation aerosol). 
0009 Volatilization, however, subjects the drug to poten 

tial chemical degradation via thermal, oxidative, and/or other 
means. The activation energies of these degradation reactions 
depend on molecular structure, energy transfer mechanisms, 
transitory configurations of the reacting molecular com 
plexes, and the effects of neighboring molecules. One method 
to help control degradation during Volatilization is the use of 
the flow of gas across the Surface of the compound, to create 
a situation in which a compound's vapor molecules are Swept 
away from its surface. (See e.g., Wensley et al., U.S. Publi 
cation No. US 2003/0062042 A1). Additionally, the use of 
thin films reduces the amount of thermal degradation by 
decreasing the temporal duration of close contact between the 
heated drug molecule and other molecules and/or the Surface 
on which the drug is in contact. 
0010 Now, the inventors have discovered, unexpectedly 
and Surprisingly, that a drug Supply unit comprising a Sub 
strate having a plurality of holes provides a number of advan 
tages. In particular, the inventors have found that the use of 
Such drug Supply units allows the formation of a condensation 
aerosol of higher purity. In addition, the inventors have dis 
covered that the use of Such drug Supply units allows forma 
tion of a condensation aerosol with a higher yield. This dis 
covery forms the basis of the present invention. 
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SUMMARY OF THE INVENTION 

0011 Embodiments of the invention include a drug supply 
unit comprising a substrate, wherein the Substrate has a Sur 
face containing a plurality of holes, and wherein at least a 
portion of the Surface is coated with a drug composition. 
0012. Other embodiments of the invention include an 
aerosol drug delivery device comprising: a housing defining 
an airway; a drug Supply unit comprising a surface, whereinat 
least a portion of the Surface includes a plurality of holes; a 
heating element operatively associated with the drug Supply 
unit, wherein the heating element is configured to heat the 
Substrate; and a drug composition coated onto at least a por 
tion of the surface of the substrate, wherein the heating ele 
ment is configured to configured to heat the Substrate to a 
temperature Sufficient to vaporize at least a portion of the 
drug. Other embodiments of the invention include a method 
of producing a drug-containing aerosol, the method compris 
ing: (a) providing an aerosol drug delivery device comprising 
a housing defining an airway; a drug Supply unit comprising 
a Surface, wherein at least a portion of the Surface includes a 
plurality of holes; a heating element operatively associated 
with the drug Supply unit; and a drug composition coated onto 
at least a portion of the surface of the substrate; wherein the 
heating element is configured to heat the Substrate to a tem 
perature sufficient to vaporize at least a portion of the drug; 
(b) providing an air flow through the plurality of holes while 
heating the Substrate; and (c) allowing the vaporized drug to 
cool and condense into an aerosol comprising particles. 
0013 These and other objects, aspects, embodiments, fea 

tures, and advantages of the present invention will be clearly 
understood through a consideration of the following detailed 
description. It will be understood that the embodiments 
described are illustrative of some of the applications of the 
principles of the present invention. Modifications may be 
made without departing from the spirit and scope of the 
invention, including those combinations of features that are 
individually disclosed and claimed herein. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0014 FIG. 1A is a cross-section view of a drug supply unit 
according to one embodiment of the invention. FIG. 1B is a 
cut-away view of a drug Supply unit according to one embodi 
ment of the invention. FIG. 1C is a cut-away view of a drug 
delivery device according to one embodiment of the inven 
tion. 
0015 FIG. 2A shows a perforated polyimide film sub 
strate having holes measuring 2.8x10 in. by 5.25x10 in. 
0016 FIG.2B shows a perforated polyimide film substrate 
having holes measuring 8.8x10 in.x9.8x10° in. 
0017 FIG. 3 is a cross-sectional view of a polyimide film 
Substrate, showing the polyimide film Substrate, copper 
heater traces, and holes formed through the polyimide film. 
0.018 FIG. 4A is a schematic of an embodiment of a sub 
strate screening apparatus. 
0.019 FIG. 4B is a cross-sectional view of the substrate 
screening apparatus embodiment shown in FIG. 4A. 
0020 FIG. 5 is a schematic of another embodiment of a 
Substrate screening apparatus. 
0021 FIG. 6 shows a magnified image of a perforated 
stainless steel Substrate. 
0022 FIG. 7 is a bar graph showing aerosol purity (%) and 
yield (%) at various air flow ratios (across: bottom) for 
sildenafil free base. 
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0023 FIG. 8 is a plot showing aerosol purity (%) as a 
function of drug coating thickness (microns) for sildenafil 
free base. 
0024 FIG. 9 is a bar graph showing aerosol purity (%) at 
various air flow ratios (across: bottom) for bumetanide free 
base. 
0025 FIG. 10 is a plot showing aerosol purity (%) as a 
function of drug coating density (mg/cm) for bumetanide 
free base. 
0026 FIG. 11 is a plot showing average MMAD as a 
function of airflow ratio (across: bottom) for bumetanide free 
base vaporized from a perforated 316 stainless substrates. 
0027 FIG. 12 is a bar graph showing coated purity at 
various storage times (weeks) at 40°C. forfentanyl free base 
coated on polyimide film. 
0028 FIG. 13 is a plot showing aerosol purity (%) as a 
function of drug coating thickness (microns) at various air 
flow ratios (across: bottom) for prochlorperazine free base 
using a perforated polyimide film Substrate. 
0029 FIG. 14 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for adenosine free base using a perforated 
polyimide film substrate. 
0030 FIG. 15 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for baclofen free base using a perforated 
polyimide film substrate. 
0031 FIG. 16 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various air flow ratios 
and temperatures for ciclesonide free base using a perforated 
polyimide film Substrate and a non-perforated, heat-passi 
vated stainless steel substrate. 
0032 FIG. 17 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for cyclobenzaprine fumarate using a per 
forated polyimide film substrate. 
0033 FIG. 18 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for diphenhydramine fumarate using a per 
forated polyimide film Substrate and a non-perforated, heat 
passivated Stainless steel Substrate. 
0034 FIG. 19 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for flunisolide free base using a perforated 
polyimide film Substrate, a perforated, heat-passivated Stain 
less steel substrate, and a perforated SULFINERTR)-treated 
stainless steel Substrate. 

0035 FIG. 20 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for fluticasone propionate using a perfo 
rated polyimide film Substrate and a non-perforated, heat 
passivated Stainless steel Substrate. 
0036 FIG. 21 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for mometaSone furoate using a perforated 
polyimide film Substrate, a non-perforated, heat-passivated 
stainless steel substrate, and a non-perforated SULFIN 
ERTR)-treated stainless steel substrate. 
0037 FIG. 22 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for paroxetine fumarate using a perforated 
polyimide film Substrate and non-perforated, heat-passivated 
stainless steel Substrate. 
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0038 FIG. 23 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for tadalafil free base using a perforated, 
heat-passivated Stainless steel Substrate. 
0039 FIG. 24 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures fortizanadine free base using a perforated 
polyimide film Substrate, a non-perforated, heat-passivated 
stainless steel Substrate, and a non-perforated, (non-heat-pas 
Sivated) stainless steel Substrate. 
0040 FIG. 25 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for Vardenafil free base using a perforated 
polyimide film Substrate and a perforated, heat-passivated 
stainless steel Substrate. 
0041 FIG. 26 is a plot showing aerosol purity (%) as 
function of coated density (mg/cm) at various airflow ratios 
and temperatures for Zaleplon free base using a perforated 
polyimide film Substrate and a non-perforated, heat-passi 
vated stainless steel substrate. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Definitions 

0042. As defined herein, the following terms shall have the 
following meanings when reference is made to them through 
out the specification. 
0043 Aerodynamic diameter of a given particle refers to 
the diameter of a spherical droplet with a density of 1 g/mL 
(the density of water) that has the same settling velocity as the 
given particle. 
0044) Aerosol refers to a collection of solid or liquid 
particles Suspended in a gas. 
0.045 “Condensation aerosol refers to an aerosol that has 
been formed by the vaporization of a composition and Sub 
sequent cooling of the vapor, such that the vapor condenses to 
form particles. 
0046 “Decomposition index' refers to a number derived 
from an assay described in Example 20. The number is deter 
mined by Subtracting the purity of the generated aerosol, 
expressed as a fraction, from 1. 
0047. “Drug means any substance that is used in the 
prevention, diagnosis, alleviation, treatment or cure of a con 
dition. The drug is preferably in a form suitable for thermal 
vapor delivery, such as an ester, free acid, or free base form. 
The drugs are preferably other than recreational drugs. More 
specifically, the drugs are preferably other than recreational 
drugs used for non-medicinal recreational purposes, e.g., 
habitual use to solely alter one's mood, affect, state of con 
sciousness, or to affect a body function unnecessarily, for 
recreational purposes. The terms “drug”, “compound', and 
“medication” are used herein interchangeably. 
0048 “Drug composition” refers to a composition that 
comprises only pure drug, two or more drugs in combination, 
or one or more drugs in combination with additional compo 
nents. Additional components can include, for example, phar 
maceutically acceptable excipients, carriers, and Surfactants. 
0049 “Drug degradation product” and “thermal degrada 
tion product are used interchangeably and mean any byprod 
uct which results from heating the drug(s) and is not respon 
sible for producing a therapeutic effect. 
0050 “Drug supply article' and "drug supply unit are 
used interchangeably and refer to a substrate with at least a 
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portion of its surface coated with one or more drug composi 
tions. Drug Supply articles of the invention may also include 
additional elements such as, for example, but not limitation, a 
heating element. 
0051) “Fraction drug degradation product” refers to the 
quantity of drug degradation products present in the aerosol 
particles divided by the quantity of drug plus drug degrada 
tion product present in the aerosol, i.e. (Sum of quantities of 
all drug degradation products present in the aerosol)/((quan 
tity of drug(s) present in the aerosol)+(Sum of quantities of all 
drug degradation products present in the aerosol)). The term 
"percent drug degradation product as used herein refers to 
the fraction drug degradation product multiplied by 100%, 
whereas “purity” of the aerosol refers to 100% minus the 
percent drug degradation products. 
0052 “Heat stable drug” refers to a drug that has a TSR29 
when vaporized from a film of some thickness between 0.05 
um and 20 Jum. A determination of whether a drug classifies as 
a heat stable drug can be made as described in Example 20. 
0053 “Mass medianaerodynamic diameter” or “MMAD” 
of an aerosol refers to the aerodynamic diameter for which 
half of the particulate mass of the aerosol is contributed by 
particles with an aerodynamic diameter larger than the 
MMAD and half by particles with an aerodynamic diameter 
Smaller than the MMAD. 

0054 “Purity” as used herein, with respect to the aerosol 
purity, means the fraction of drug composition in the aerosol/ 
the fraction of drug composition in the aerosol plus drug 
degradation products. Thus purity is relative with regard to 
the purity of the starting material. For example, when the 
starting drug or drug composition used for Substrate coating 
contained detectable impurities, the reported purity of the 
aerosol does not include those impurities present in the start 
ing material that were also found in the aerosol, e.g., in certain 
cases if the starting material contained a 1% impurity and the 
aerosol was found to contain the identical 1% impurity, the 
aerosol purity may nevertheless be reported as >99% pure, 
reflecting the fact that the detectable 1% purity was not pro 
duced during the vaporization-condensation aerosol genera 
tion process. 
0055 “Support” refers to a material on which the compo 
sition is adhered, typically as a coating or thin film. The terms 
“support' and “substrate' are used herein interchangeably. A 
“perforated substrate” refers to a substrate wherein a surface 
of the substrate has a plurality of holes that extend through the 
Substrate. As described below, these holes allow a gas (e.g., 
air) to flow through the substrate. A “non-perforated sub 
strate” refers to a substrate without any holes. 
0056 “Substantially free of means that the material, 
compound, aerosol, etc., being described is at least 95% free 
of the other component from which it is said to be substan 
tially free. 
0057. “Therapeutically effective amount” means the 
amount required to achieve a therapeutic effect. The thera 
peutic effect could be any therapeutic effect ranging from 
prevention, symptom amelioration, symptom treatment, to 
disease termination or cure. 

0058 “Thermal stability ratio” or “TSR' means the % 
purity/(100%-% purity) if the % purity is <99.9%, and 1000 
if the % purity is 299.9%. For example, a respiratory drug 
vaporizing at 90% purity would have a TSR of 9. An example 
of how to determine whether a respiratory drug is heat stable 
is provided in Example 20. 
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0059) “Thermal vapor refers to a vapor phase, aerosol, or 
mixture of aerosol-vapor phases, formed preferably by heat 
ing. The thermal vapor may comprise a drug and optionally a 
carrier, and may beformed by heating the drug and optionally 
a carrier. The term “vapor phase' refers to a gaseous phase. 
The term “aerosol phase' refers to solid and/or liquid par 
ticles Suspended in a gaseous phase. 
0060 “Vapor refers to a gas, and “vapor phase' refers to 
a gas phase. The term “thermal vapor refers to a vaporphase, 
aerosol, or mixture of aerosol-vapor phases, formed prefer 
ably by heating. 

Drug Supply Unit 

0061 The drug supply units described herein may be used 
to form condensation aerosols. One such method involves the 
heating of a composition to form a vapor, followed by cooling 
of the vapor so that it forms an aerosol (i.e., a condensation 
aerosol). 
0062 Typically, the composition is deposited on a sub 
strate, and then the Substrate is heated to vaporize the com 
position. The drug Supply unit of the invention comprises a 
Substrate and a drug composition deposited on at least a 
portion of the substrate, wherein the surface of the substrate 
has a plurality of holes formed therein that extend through the 
Substrate. As described below, these holes allow a gas (e.g., 
air) to flow through the substrate. 
0063 Typically, the substrate is a heat-conductive sub 
strate. The drug Supply unit is particularly Suited for use in a 
device for inhalation therapy for delivery of a therapeutic 
agent to the lungs of a patient, for local or systemic treatment. 
The unit is also Suited for use in a device that generates an air 
stream, for application of aerosol particles to a target site. For 
example, a stream of gas carrying aerosol particles can be 
applied to treat an acute or chronic skin condition, can be 
applied during Surgery at the incision site, or can be applied to 
an open wound. As one of skill in the art can readily appre 
ciate, the devices and methods of the invention are applicable 
not only to a unit consisting of the above components but also 
to any drug Supply unit that consists of these and any other 
additional number of components up to, and including, the 
complete drug delivery device itself. Discussed below are 
aspects of the Substrate, the drug composition film, aerosol 
purity, and surface area features of the substrate for delivery 
of therapeutic amounts of a drug composition. 

A. Substrates 

0.064 1. Substrate Materials, Surface Characteristics, and 
Geometry 
0065. An illustrative example of one type of drug supply 
unit of the invention is shown in cross-sectional view in FIG. 
1A. Drug supply unit 130 is comprised of a substrate 108 
having a plurality of holes 132. 
0066. A number of different materials may be used to 
construct the substrate. Typically, the substrates are heat 
conductive and include metals or alloys. Such as aluminum, 
iron, copper, stainless steel, gold, titanium and the like, 
alloys. The holes in the substrate may be formed by any 
method known in the art. In one variation, the heat-conductive 
substrate is a sheet of stainless steel foil that has had holes 
etched or drilled thorough it. In some embodiments, stainless 
steel has advantages over materials like aluminum because it 
has a lower thermal conductivity value, without an appre 
ciable increase in thermal mass. Low thermal conductivity is 
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helpful because heat generated by the process needs to remain 
in the immediate area of interest. 

0067. A drug supply unit of the invention may also com 
prise treated substrates, which have been described as pro 
viding improve purity of the drug composition aerosol gen 
erated from films applied thereon. Exemplary substrates of 
this type are described in Bennett et al., U.S. Publication No. 
2005/0034723, which is incorporated herein by reference. 
Metal substrates disclosed therein have a treated exterior 
surface. The treated exterior surface is typically an acid 
treated, heat treated, or metal oxide-enriched surface. The 
treatment approaches disclosed therein are applicable to a 
diversity of metals and alloys, including without limitation 
steel, stainless steel, aluminum, chromium, copper, iron, tita 
nium, and the like, with aluminum, copper, and steel, espe 
cially stainless steel, being particularly preferred embodi 
ments. In one variation, the heat-conductive Substrate is a 
sheet of SULFINERTR)-treated Stainless Steel. 

0068 Alternatively, the substrate may comprise a ceramic 
or polymer. In one variation, the heat-conductive Substrate is 
a sheet of polyimide film (KAPTONR polyimide film, 
DuPont, Wilmington, Del.) comprising a plurality of holes. In 
Such case, the drug Supply unit can further comprise a heater 
element disposed on or within the polymeric substrate. In 
order to lower the thermal mass, in some preferred embodi 
ments, a thin sheet of polyimide film (5x10" in to 1x10 
in.) may be used. In some embodiments, electrically conduc 
tive heater traces can be formed on a surface of the polyimide 
film sheet. Although the heater traces typically comprise cop 
per, it is also contemplated herein that the traces can be 
formed of other conductive materials, such as aluminum, 
nickel, or gold. 
(0069. The substrate typically has a thickness of at least 
5x10 in. When the substrate comprises a metal (e.g., stain 
less steel), the substrate typically has a thickness within the 
range of about 5x10" in. to about 1x10° in. When the sub 
strate comprises a polymer (e.g., polyimide film), the Sub 
strate typically has a thickness within the range of about 
5x10 in. to about 5x10 in. 
0070. At least a portion of the surface of the substrate 
comprises a plurality of holes through which a flow of gas can 
pass. Typically, the Substrate comprises at least 10, at least 20, 
at least 30, at least 40, at least 50, at least 60, at least 70, at least 
80, at least 90, at least 100, at least 250, at least 500, or more, 
holes. 

0071 Typically, a gas (e.g., air) flows through the holes 
upon inhalation by a Subject using the drug delivery device. 
The gas may be drawn into the device by the act of inhalation, 
or may otherwise be provided (e.g., stored within the device 
under pressure until inhalation). 
0072 Typically, the holes have a regular shape, such as a 
circle, an ellipse, a square, a rectangle, or a regular polygon. 
In a preferred embodiment, the Substrate comprises a plural 
ity of Small, circular, regularly spaced holes, typically of the 
same or similar size. However, the invention is not so limited 
and the holes could be of irregular shape, and/or have varying 
sizes and/or spacing. The plurality of holes may have differ 
ent shapes (e.g., a combination of circular and rectangular 
holes). 
0073. The dimensions of the holes typically remain uni 
form as they extend through the substrate, but it is within the 
Scope of the invention that the holes can vary in shape and 
dimension as they extend through the Substrate. For example, 
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the holes could have a tapered, conical shape, so that the holes 
have a larger diameter on one Surface of the Substrate than on 
another. 
0.074. In the case of a drug Supply unit comprising a poly 
meric Substrate (e.g., polyimide film) with heater traces, the 
holes are preferably located between the heater traces, as 
shown in FIGS. 2A and 2B, which show polyimide film 
Substrates having Smaller and larger size holes, respectively. 
The substrate 200 shown in FIG. 2A has smaller holes mea 
suring 2.8x10 in. by 5.25x10 in. The spacing between 
holes is 1.5x10° in. The heater 20 shown in FIG. 2B has 
larger holes measuring 8.8x10 in. by 9.8x10 in. The poly 
imide films have a thickness of 1x10 in. 
0075 FIG.3 is a schematic illustration of a polyimide film 
substrate 300, showing the polyimide film 302, copper heater 
traces 304, and holes 306 formed through the polyimide film 
3O2. 
007.6 Typically, the holes are arranged in a regular pattern 
across the substrate. However, it is also contemplated herein 
that the holes could be arranged in an irregular pattern or even 
randomly across the Substrate. 
0077. The holes may be formed in the substrate using any 
conventional technique known in the art, including without 
limitation, laser etching, drilling, wet chemical etching, 
plasma etching, stamping, punching, and combinations 
thereof. 
0078. A drug is typically coated onto a portion of the 
substrate. The drug-coated portion of the substrate typically 
has a surface area within the range of about 8 mm to about 20 
cm; more typically, within the range of about 9 mm to about 
15 cm. The holes typically occupy between about 1% to 
about 70%; more typically, between about 10% to about 60%: 
and, most typically, between about 20% to about 50%, of the 
drug-coated Surface area. 
007.9 The drug is typically coated to a coating density 
ranging from about 0.1 mg/cm to about 10 mg/cm on the 
Substrate Surface. This roughly corresponds to a coating 
thickness within the range of about 1 um to about 100 um. 
0080. The drug may be coated onto the substrate surface 
using any conventional coating technique known in the art, 
including without limitation, spray coating, dip coating, and 
inkjet printing. 
0081. In a preferred embodiment of a polyimide film heat 
ing unit, the drug is coated onto the polyimide film side of the 
heating unit. It is also contemplated herein that the drug may 
be coated onto the side of the heating unit having the conduc 
tive heater traces, or onto both sides of the heating unit. 
0082 Drug supply units for use in the present invention 
are typically electrical drug Supply units, where current is 
passed through an electrical resistance element. For example, 
heating of the Substrate may be accomplished by passing 
current through a thin metallic Substrate, or through electri 
cally conductive traces formed on the Surface of a polymeric 
substrate (as described above). However, it is also within the 
Scope of the present invention that other types of heating 
methods known in the art may be used. For example, heating 
of the Substrate may be accomplished using optical, radiative, 
convection, or chemical energy sources. 
0083. As contemplated herein, the substrate for use in the 
heating unit of the invention can either be an exterior Surface 
of a heating unit itself, or can be a separate material opera 
tively associated with the heating unit (e.g., in direct contact 
with or in proximity to the exterior surface of the heating 
unit). The minimum temperature required for volatilization of 

Sep. 11, 2008 

the drug and, thus, the maximum allowable spacing between 
the substrate and the heating unit will, of course, vary with the 
particular drug, among other factors. 
I0084. The perforated substrate can be of virtually any 
geometry, but is most typically square orrectangular in shape. 
The perforated substrate of the drug supply unit illustrated in 
FIG. 1A is shown as having a substantially planar geometry, 
having an upper Surface 134 (upon which drug composition 
138 has been deposited) and lower surface 136. Across' air 
flow is directed over the surface on which the drug composi 
tion has been deposited (e.g., parallel to and in the same plane 
as upper surface 134) while “bottom' air flow is directed 
through holes 132, from lower surface 136 to upper surface 
134. 
I0085 FIG. 1B is a perspective, cut-away view of an alter 
native geometry of the aerosol delivery article. Article 140 is 
comprised of a hollow, cylindrically-shaped substrate 142 
formed from a heat-conductive material. Substrate 142 has a 
perforated exterior Surface 144. Drug composition (not 
shown) is deposited on the exterior surface 144. As will be 
described in more detail below, in use, the substrate of the 
aerosol delivery article is heated to vaporize all or a portion of 
the drug film. During vaporization, “across' air flow is 
directed over exterior surface 144 of the substrate and “bot 
tom' air flow is directed through the holes in substrate 142, 
from the hollow interior of substrate 142 to the exterior Sur 
face 144. 
I0086 2. Heating of the Substrate 
I0087. Typically, heat is applied to the substrate to vaporize 
the drug composition film. It will be appreciated that the 
temperature to which the substrate is heated will vary accord 
ing to the drug's vaporization properties and the selected 
minimum purities and yields of the aerosol, but the substrate 
is typically heated to a temperature of at least about 150°C., 
preferably of at least about 250° C., more preferably at least 
about 300° C. or 350° C. Heating the substrate produces a 
thermal vapor that in the presence of the flowing gas (both 
across and through the Substrate) generates aerosol particles. 
Thus, the drug Supply unit can further comprise a heating 
element for Supplying heat to the Substrate to produce a Sub 
strate temperature greater than 150° C. and to volatilize all or 
a portion of the drug composition film from the Substrate. 
Preferably, the temperature is sufficient to substantially vola 
tilize the drug composition film from the substrate in a period 
of 2 seconds or less, more preferably in less than 1 Second, 
still more preferably in less than 500 milliseconds, and most 
preferably in less than 200 milliseconds. 
I0088. In FIG. 1B, the substrate surface is partially cut 
away in the figure to expose a heating element 146 disposed 
in interior of substrate 142. As shown, the substrate can be 
hollow with a heating element inserted into the hollow space. 
The heating element in the embodiment shown takes the form 
of an electrical resistive wire that produces heat when a cur 
rent flows through the wire. Other heating elements are suit 
able, including but not limited to a solid chemical fuel, chemi 
cal components that undergo an exothermic reaction, 
inductive heat, etc. Heating of the substrate by conductive 
heating is also suitable. 
I0089. As one of skill in the art will recognize, depending 
on the choice of Substrate material, the optimal means of 
heating may vary. For example, if the Substrate material is 
stainless steel, a preferred means of heating typically is elec 
trical resistive heating. On the other hand, if the substrate 
material is aluminum, a preferential means to vaporize the 
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drug composition on the Substrate Surface typically is by 
conductive means, i.e., by bringing the aluminum in contact 
with a heat Source (e.g., a halogen bulb), rather than electrical 
resistance means, due to the higher thermal conductivity and 
higher electrical conductivity of aluminum relative to stain 
less steel. 

0090. In studies conducted in support of the invention, a 
variety of drugs were deposited on stainless steel and poly 
imide film (KAPTONR) substrates. However, as disclosed 
above, and as one of skill in the art will recognize, a variety of 
different substrates can be used. 

Drug Composition Film 

0091. In addition to the substrate, the aerosol delivery 
article comprises a drug composition deposited on the Sub 
strate, typically as a film or coating. As shown in FIG. 1A, 
deposited on all or a portion of the upper surface 134 of the 
substrate is a film 138 of the drug composition. The drug 
composition can consist of two or more drugs. Preferably, 
however, the drug composition comprises pure drug. 
0092 Typically, the drug composition is deposited on the 
Substrate by coating the drug composition as film. The film 
can be of varying thickness depending on the compound and 
the maximum amount of thermal degradation that can be 
tolerated. Typically, the film has a thickness less than 50 
micron, and generally the film has a thickness in the range 
from 0.05 to 20 microns. More typically, the film has a thick 
ness in the range from 0.1 to 15 microns, from 0.2 to 10 
microns, or from 1 to 5 microns. 
0093 Drug composition deposition is achieved by a vari 
ety of methods, depending in part on the physical properties 
of the drug and on the desired drug film thickness. Exemplary 
methods include, but are not limited to, preparing a solution 
of drug in solvent, applying the Solution to the exterior Surface 
and removing the solvent to leave a film of drug. The drug 
Solution can be applied by dipping the Substrate into the 
Solution, spraying, brushing, or otherwise applying the solu 
tion to the substrate. Alternatively, a melt of the drug can be 
prepared and applied to the Substrate. For drugs that are 
liquids at room temperature, thickening agents can be 
admixed with the drug to permit application of a solid drug 
film. Examples of drug film deposition on a variety of sub 
strates are given below. 
0094. The drug composition films used in the Examples 
were formed by applying a solution containing the drug onto 
the substrate. As described in the Examples below, a solution 
of the drug in a solvent was prepared. A variety of solvents can 
be used and selection is based, in part, on the solubility 
properties of the drug and the desired solution concentration. 
Common solvent choices included methanol, acetone, chlo 
roform, dichloromethane, other Volatile organic solvents, 
dimethylformamide, water, and solvent mixtures. In the 
Examples below, the drug solutions were applied to the sub 
strates by spray coating, yet other methods such as dip coating 
are contemplated as well. In the Examples discussed below, a 
Substrate containing a drug film of a certain thickness was 
prepared. To determine the thickness of the drug film depos 
ited on the substrate, one method that can be used is to 
determine the area of the substrate and calculate drug film 
thickness using the following relationship: 

film thickness (cm)=drug mass (g) drug density 
(g/cm)xsubstrate area (cm) 
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0.095 The drug mass can be determined by weighing the 
substrate before and after formation of the drug film or by 
extracting the drug and measuring the amount analytically. 
Drug density can be experimentally determined by a variety 
oftechniques known by those of skill in the art or found in the 
literature or in reference texts, such as in the CRC. An 
assumption of unit density is acceptable if an actual drug 
density is not known. Alternatively, the film thickness can be 
measured directly by techniques known by those of skill in 
the art, such as, for example, optical reflectometry, beta back 
scattering. SEM, etc. 

C. Purity 

0096. In studies conducted in support of the invention, a 
variety of drugs were deposited onto a variety of Substrates 
and the substrates were heated to a temperature sufficient to 
generate a thermal vapor. Purity of drug-aerosol particles in 
the thermal vapor was determined. The term “purity” as used 
herein, with respect to the aerosol purity, means the fraction 
of drug composition in the aerosol/the fraction of drug 
composition in the aerosol plus drug degradation products. 
Thus purity is relative with regard to the purity of the starting 
material. For example, when the starting drug or drug com 
position used for Substrate coating contained detectable 
impurities, the reported purity of the aerosol does not include 
those impurities present in the starting material that were also 
found in the aerosol, e.g., in certain cases if the starting 
material contained a 1% impurity and the aerosol was found 
to contain the identical 1% impurity, the aerosol purity may 
nevertheless be reported as >99% pure, reflecting the fact that 
the detectable 1% purity was not produced during the vapor 
ization-condensation aerosol generation process. 
0097. To determine the percent or fraction drug degrada 
tion product, and hence the purity of the aerosol, typically, the 
aerosol is collected in a trap, such as a filter, glass wool, an 
impinger, a solvent trap, or a cold trap, with collection in a 
filter particularly preferred. The trap is then typically 
extracted with a solvent, e.g. acetonitrile, and the extract 
Subjected to analysis by any of a variety of analytical methods 
known in the art, with gas and liquid chromatography pre 
ferred methods, and high performance liquid chromatogra 
phy particularly preferred. The gas or liquid chromatography 
method includes a detector system, such as a mass spectrom 
etry detector or ultraviolet absorption detector. Ideally, the 
detector system allows determination of the quantity of the 
components of the drug composition and drug degradation 
product by weight. This is achieved in practice by measuring 
the signal obtained upon analysis of one or more known 
mass(es) of components of the drug composition or drug 
degradation product (standards) and comparing the signal 
obtained upon analysis of the aerosol to that obtained upon 
analysis of the standard(s), an approach well known in the art. 
In many cases, the structure of a drug degradation product 
may not be known or a standard of the drug degradation 
product may not be available. In such cases, it is acceptable to 
calculate the weight fraction of the drug degradation product 
by assuming that the drug degradation product has an identi 
cal response coefficient (e.g. for ultraviolet absorption detec 
tion, identical extinction coefficient) to the drug component 
or components in the drug composition. When conducting 
Such analysis, for practicality drug degradation products 
present at less than a very Small fraction of the drug com 
pound, e.g. less than 0.2% or 0.1% or 0.03% of the drug 
compound, are generally excluded from analysis. Because of 
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the frequent necessity to assume an identical response coef 
ficient between drug and drug degradation product in calcu 
lating a weight percentage of drug degradation products, it is 
preferred to use an analytical approach in which Such an 
assumption has a high probability of validity. In this respect, 
high performance liquid chromatography with detection by 
absorption of ultraviolet light at 225 nm is a preferred 
approach. UV absorption at other than 225 nm, most com 
monly 250 nm, is used for detection of compounds in limited 
cases where the compound absorbs substantially more 
strongly at 250 nm or for other reasons one skilled in the art 
would consider detection at 250 nm the most appropriate 
means of estimating purity by weight using HPLC analysis. 
In certain cases where analysis of the drug by UV is not 
viable, other analytical tools such as GC/MS or LC/MS may 
be used to determine purity. 

D. Surface Area of the Substrate 

0098. Another feature of the aerosol delivery article is that 
the Substrate surface area is typically such that a therapeutic 
dose of the drug aerosol is delivered in a single use of the 
device when used by a subject such that dose titration by the 
patient to deliver a minimum effective dose is possible. For a 
drug delivery device of the invention, the yield from a single 
dose may be determined by collecting the thermal vapor 
evolved upon actuation of the device or assembly and analyZ 
ing its composition as described herein, and comparing the 
results of analysis of the thermal vapor to those of a series of 
reference standards containing known amounts of the drug. 
The amount of drug or drugs required in the starting compo 
sition for delivery as a thermal vapor depends on the amount 
of drug or drugs entering the thermal vapor phase when 
heated (i.e., the dose produced by the starting drug or drugs), 
the bioavailability of the thermal vapor phase drug or drugs, 
the volume of patient inhalation, and the potency of the ther 
mal vapor drug or drugs as a function of plasma drug concen 
tration. 
0099 Typically, the bioavailability of thermal vapors 
ranges from 20-100% and is preferably in the range of 
50-100% relative to the bioavailability of drugs infused intra 
venously. The potency of the thermal vapor drug or drugs per 
unit plasma drug concentration is preferably equal to or 
greater than that of the drug or drugs delivered by other routes 
of administration. It may substantially exceed that of oral, 
intramuscular, or other routes of administration in cases 
where the clinical effect is related to the rate of rise in plasma 
drug concentration more strongly than the absolute plasma 
drug concentration. Thus, for medications currently given 
orally, the effective human therapeutic dose of that drug in 
thermal vapor form is generally less than the standard oral 
dose. Preferably it will be less than 80%, more preferably less 
than 40%, and most preferably less than 20% of the standard 
oral dose. For medications currently given intravenously, the 
drug dose in a thermal vapor will generally be similar to or 
less than the standard intravenous dose. Preferably it will be 
less than 200%, more preferably less than 100%, and most 
preferably less than 50% of the standard intravenous dose. 
0100 Determination of the appropriate dose of thermal 
vapor to be used to treat a particular condition can be per 
formed via animal experiments and a dose-finding (Phase 
I/II) clinical trial. Preferred animal experiments involve mea 
Suring plasma drug concentrations after exposure of the test 
animal to the drug thermal vapor. These experiments may also 
be used to evaluate possible pulmonary toxicity of the thermal 
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vapor. Because accurate extrapolation of these results to 
humans is facilitated if the test animal has a respiratory sys 
tem similar to humans, mammals such as dogs or primates are 
a preferred group of test animals. Conducting Such experi 
ments in mammals also allows for monitoring of behavioral 
orphysiological responses in mammals. Initial dose levels for 
testing in humans will generally be less than or equal to the 
least of the following: current standard intravenous dose, 
current standard oral dose, dose at which a physiological or 
behavioral response was obtained in the mammal experi 
ments, and dose in the mammal model which resulted in 
plasma drug levels associated with atherapeutic effect of drug 
in humans. Dose escalation may then be performed in 
humans, until either an optimal therapeutic response is 
obtained or dose-limiting toxicity is encountered. 
0101 The actual effective amount of drug for a particular 
patient can vary according to the specific drug or combination 
thereof being utilized, the particular composition formulated, 
the mode of administration and the age, weight, and condition 
of the patient and severity of the episode being treated. The 
amount of drug that is required to provide a therapeutic dose 
is generally known in the art or can be determined as dis 
cussed above. 
0102 The amount of drug that is required to provide a 
therapeutic dose is generally known in the art or can be 
determined as discussed above. The required dosage, dis 
cussed above, and the determined film thickness of the instant 
methods (as set by the selected minimum aerosol purities and 
yield) dictate the minimum required substrate area in accor 
dance with the following relationship: 

film thickness (cm)xdrug density (g/cm)xSubstrate 
area (cm)=dose (g) 

0103) As noted above, drug density can be determined 
experimentally or from the literature, or if unknown, can be 
assumed to be 1 g/cc. To form a drug Supply article compris 
ing a drug film on a heat-conductive Substrate that is capable 
of administering an effective human therapeutic dose, the 
minimum Substrate Surface area is determined using the rela 
tionships described above to determine a substrate area for a 
determined film thickness (according to the methods of the 
instant invention) that will yield a therapeutic dose of drug 
aerosol. 
0104. The actual dose of drug delivered, i.e., the percent 
yield or percent emitted, from the drug-supply article will 
depend on, along with other factors, the percent of drug film 
that is vaporized upon heating the Substrate. Thus, for drug 
films that yield upon heating 100% of the drug film and 
aerosol particles that have 100% drug purity, the relationship 
between dose, thickness, and area given above correlates 
directly to the dose provided to the user. As the percent yield 
and/or particle purity decrease, adjustments in the Substrate 
area can be made as needed to provide the desired dose. Also, 
as one of skill in the art will recognize, larger Substrate areas 
other than the minimum calculated area for a particular film 
thickness can be used to deliver a therapeutically effective 
dose of the drug. Moreover, as can be appreciated by one of 
skill in art, the film need not coat the complete surface area if 
a selected Surface area exceeds the minimum required for 
delivering a therapeutic dose from a selected film thickness. 

Formation of Condensation Aerosols 

0105. Also disclosed herein is a method of producing a 
drug-containing condensation aerosol comprising providing 
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a Substrate having the drug deposited on its Surface, wherein 
the surface of the substrate has a plurality of holes formed 
therein. The substrate is heated to a temperature sufficient to 
vaporize the drug while simultaneously providing an airflow 
across the substrate and through the substrate via the plurality 
of holes. The drug is preferably heated to a temperature and 
for a duration that results in an acceptably low level of decom 
position. The vaporized drug is preferably rapidly mixed into 
the airflow to cool and preclude additional decomposition of 
the drug. The vaporized drug is then allowed to condense into 
an aerosol comprising particles. The terms “air”, “air flow”, 
and “gas' are used interchangeably herein, and are intended 
to encompass ambient air as well as any other appropriate 
(i.e., physiologically acceptable, non-explosive) gases, 
including compressed gases. For example, the device of the 
invention could be attached to a separate tank of compressed 
gas that blows air or another Suitable gas up through the 
perforations in the substrate concurrently with heating of the 
substrate. 
0106 The aerosolized drug preferably has a purity level of 
at least 90%; more preferably, at least 95%: more preferably, 
at least 96%: more preferably, at least 97%. As used herein, 
the term "pure” refers to an aerosolized drug that contains no 
thermal degradation products, excipients, or other contami 
nants. For example, an aerosolized drug that is at least 97% 
pure contains less than 3% of thermal degradation products, 
excipients, or other contaminants. As used herein, the term 
“thermal degradation product” means any byproduct which 
results from heating the drug. 
0107 The aerosol is preferably characterized by less than 
10% by weight of a thermal degradation product, more pref 
erably, less than 5%, more preferably, less than 1%, more 
preferably, less than 0.5%, more preferably, less than 0.1%, 
or, more preferably, less than 0.03% by weight of a thermal 
degradation product. 
0108. In certain embodiments, for example, when the drug 
delivery device is designed for portable use with a battery 
power source, efficient energy use can be desirable. Minimi 
Zation of the energy used to release the drug from the Sub 
strate can, at least in part, depend on the shape and dimensions 
of the substrate, the materials forming the substrate, and the 
placement of the substrate within the airway. In certain 
embodiments, the Substrate can comprise an electrically 
resistive material Such as a foil. In certain embodiments, the 
Substrate can be a stainless steel foil and can include a layer of 
one or more materials such as a gold layer to facilitate, for 
example, forming an electrical connection, and/or modifying 
the electrical properties such as the resistance of a portion of 
the foil. The appropriate dimensions for a Substrate can 
depend at least in part, on the desired resistance, the amount 
of drug disposed on the Substrate, the amount of energy 
needed to vaporize the drug disposed on the Substrate, and/or 
on mechanical stability considerations. 
0109) Delivery Devices 
0110. As shown in FIG. 1A, there is a drug supply unit 130 
having a heat-conductive substrate 108 comprising a plurality 
of holes 132 extending therethrough. A composition coating 
134 is at least a portion of the upper surface 134. 
0111 FIG. 1B provides a perspective, cut-away view of 
another embodiment of drug Supply unit 140. The drug Sup 
ply unit comprises a cylindrical substrate 142. This substrate 
may beformed from a heat-conductive material, for example. 
The substrate 142 includes a plurality of holes 144 extending 
therethrough. A thin layer of a drug (not shown) for aero 

Sep. 11, 2008 

Solization is coated onto external Surface 142. As shown in the 
cut-away portion, there is a heating element 146 disposed in 
the substrate 142. The substrate 142 can be hollow with a 
heating element inserted into the hollow space, or solid with 
a heating element incorporated into the substrate. “Bottom’ 
gas flow into the hollow space passes through the Substrate via 
the plurality of holes while “across' gas flow passes over the 
external surface of substrate 142. 

0112 The illustrative heating element 146 shown in FIG. 
1B is shown as an electrical resistive wire that produces heat 
when a current flows through it, but as noted above, a number 
of different heating methods and corresponding devices are 
acceptable. For example, acceptable heat sources can Supply 
heat to the drug Supply unit at rates that rapidly achieve a 
temperature Sufficient to completely vaporize the composi 
tion from the Support Surface. For example, heat Sources that 
achieve a temperature of 200° C. to 500° C. or more within a 
period of 2 seconds or less are typical, although it should be 
appreciated that the temperature chosen will be dependent 
upon the vaporization properties of the composition, but typi 
cally the vaporization temperature will be at least about 200° 
C.; preferably, at least about 250° C.; more preferably, at least 
about 300° C. or 350° C. Heating the substrate 142 produces 
a drug composition vapor that in the presence of a flowing gas 
generates aerosol particles in the desired size range. The 
presence of the gas flow is generally prior to, simultaneous 
with, or Subsequent to heating the Substrate. In one embodi 
ment, the substrate is heated for a period of less than about 1 
second, and more preferably for less than about 500 millisec 
onds, still more preferably for less than about 200 millisec 
onds. The drug aerosol particles are inhaled by a Subject for 
delivery to the lung. 
0113 FIG. 1C is a perspective view of an embodiment 
drug delivery device 150 that incorporates an embodiment of 
the drug Supply unit of the invention. Housing 152 comprises 
a first air inlet 154 and a second air inlet 156, which lead, 
respectively, to first airway 164 and second airway 166. Sub 
strate 158 is disposed between first airway 164 and second 
airway 166. Substrate 158 includes a plurality of holes (not 
shown) fluidly connecting first airway 164 and second airway 
166. A drug for aerosolization (not shown) is disposed on a 
portion of the surface of substrate 158 in communication with 
first airway 164. When a user places the device 150 in his/her 
mouth and inhales a breath through tapered mouthpiece 160, 
air flows through inlets 156 and 158, establishing a first air 
flow 174 in first airway 164, and a second airflow 176 in 
second airway 166, such that second airflow 176 passes from 
second airway 166 to first airway 164 through the holes in 
substrate 158. The combined first air flow 174 and second 
airflow 176 carry the aerosol to the subject through mouth 
piece/outlet 160. 
0114. The devices described herein may additionally con 
tain a variety of components to facilitate aerosol delivery. For 
instance, the device may include any component known in the 
art to control the timing of drug aerosolization relative to 
inhalation (e.g., breath-actuation). Similarly, the device may 
include a component to provide feedback to patients on the 
rate and/or Volume of inhalation, or a component to prevent 
excessive use (i.e., "lockout” feature). In addition, the device 
may further include a component to prevent use by unautho 
rized individuals, and a component to record dosing histories. 
These components may be used alone, or in combination with 
other components. 
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0115 The element that allows cooling may be of any con 
figuration. For example, it may be an inert passageway link 
ing the heating means to the inhalation means. Similarly, the 
element permitting inhalation by a user may be of any con 
figuration. For example, it may be an exit portal that forms a 
connection between the cooling element and the user's res 
piratory system. 
0116. The device as shown has apertures that control the 
gas flow ratio. In an alternative embodiment, the across air 
flow or bottom airflow may be regulated by a gas-flow control 
valve(s) disposed upstream of the solid Support. The gas-flow 
valve(s) may, for example, include an inlet port communicat 
ing with the chamber, and a deformable flap adapted to divert 
or restrict airflow away from the port increasingly, with 
increasing pressure drop across the valve. Similarly, the gas 
flow valve may include an actuation Switch. In this variation, 
the valve movement would be in response to an air pressure 
differential across the valve, which for example, could func 
tion to close the switch. The gas-flow valve may also include 
an orifice designed to limit the rate of airflow into the cham 
ber. 

0117 The device may also include a bypass valve com 
municating with the chamber downstream of the unit for 
offsetting the decrease in airflow produced by the gas-flow 
control valve, as the user draws air into the chamber. In this 
way, the bypass valve could cooperate with the gas-control 
valve to control the flow through the condensation region of 
the chamber as well as the total amount of air being drawn 
through the device. Thus the total volumetric airflow through 
the device in this variation would be the sum of the volumetric 
airflow rate through the gas-control valve and the volumetric 
airflow rate through the bypass valve. 

Aerosol Composition 

0118. The compositions described herein typically com 
prise at least one drug compound. The drug compositions 
may comprise other compounds as well. For example, the 
composition may comprise a mixture of drug compounds, a 
mixture of a drug compound and a pharmaceutically accept 
able excipient, or a mixture of a drug compound with other 
compounds having useful or desirable properties. The com 
position may comprise a pure drug compound as well. In 
preferred embodiments, the composition consists essentially 
of pure drug and contains no propellants or solvents. 
0119) Any suitable drug compound may be used. Drugs 
that can be used include, for example but not limitation, those 
listed in U.S. Pat. No. 7,090,830. 
0120 Typically, the drugs of use in the invention have a 
molecular weight in the range of about 150-700, preferably in 
the range of about 200-700, more preferably in the range of 
250-600, still more preferably in the range of about 250-500. 
In some variations, the drugs have a molecular weight in the 
range 350-600 and in others the drugs have a molecular 
weight in the range of about 300-450. In other variations, 
where the drug is a heat stable drug, the drug can have a 
molecular weight of 350 or greater. 
0121 Typically, the compound is in its ester, free acid, or 
free-base form. However, it is also a possibility that the com 
pound will be vaporizable from its salt form. Indeed, a variety 
of pharmaceutically acceptable salts are suitable for aero 
solization. Illustrative salts include, without limitation, the 
following: hydrochloric acid, hydrobromic acid, acetic acid, 
maleic acid, formic acid, and fumaric acid salts. Salt forms 
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can be purchased commercially, or can be obtained from their 
corresponding free acid or free base forms using methods 
well-known in the art. 
0.122 Suitable pharmaceutically acceptable excipients 
may be volatile or nonvolatile. Volatile excipients, when 
heated, are concurrently volatilized, aerosolized and inhaled 
with the drug. Classes of such excipients are known in the art 
and include, without limitation, gaseous, Supercritical fluid, 
liquid and solid solvents. The following is a list of exemplary 
carriers within these classes: water, terpenes, such as men 
thol; alcohols, such as ethanol, propylene glycol, glyceroland 
other similar alcohols; dimethylformamide; dimethylaceta 
mide; wax; Supercritical carbon dioxide; dry ice; and mix 
tures thereof. 
I0123. Additionally, pharmaceutically acceptable carriers, 
Surfactants, enhancers, and inorganic compounds may be 
included in the composition. Examples of such materials are 
known in the art. 
0.124. In some variations, the aerosols are substantially 
free of organic solvents and propellants. Additionally, water 
is typically not added as a solvent for the drug, although water 
from the atmosphere may be incorporated in the aerosol dur 
ing formation, in particular, while passing air over the film 
and during the cooling process. In other variations, the aero 
sols are completely devoid of organic solvents and propel 
lants. In yet other variations, the aerosols are completely 
devoid of organic solvents, propellants, and any excipients. 
These aerosols comprise only pure drug, less than 10% drug 
degradation products, and a carrier gas, which is typically air. 
0.125 Typically, the drug has a decomposition index less 
than 0.15. Preferably, the drug has a decomposition index less 
than 0.10. More preferably, the drug has a decomposition 
index less than 0.05. Most preferably, the drug has a decom 
position index less than 0.025 
0.126 In some variations, the condensation aerosol com 
prises at least 5% by weight of condensation drug aerosol 
particles. In other variations, the aerosol comprises at least 
10%, 20%, 30%, 40%, 50%, 60%, or 75% by weight of 
condensation drug aerosol particles. In still other variations, 
the aerosol comprises at least 95%, 99%, or 99.5% by weight 
of condensation aerosol particles. 
I0127. In some variations, the condensation aerosol par 
ticles comprise less than 10% by weight of a thermal degra 
dation product. In other variations, the condensation drug 
aerosol particles comprise less than 5%, 1%, 0.5%, 0.1%, or 
0.03% by weight of a thermal degradation product. 
I0128. In certain embodiments of the invention, the drug 
aerosol has a purity of between 90% and 99.8%, or between 
93% and 99.7%, or between 95% and 99.5%, or between 
96.5% and 99.2%. 
I0129. Typically, the aerosol has a number concentration 
greater than 10° particles/mL. In other variations, the aerosol 
has a number concentration greater than 107 particles/mL. In 
yet other variations, the aerosol has a number concentration 
greater than 10 particles/mL, greater than 10 particles/mL, 
greater than 10" particles/mL, or greater than 10' particles/ 
mL. 
0.130. The gas in which the aerosol particles are suspended 

is typically air. It is contemplated, however, that other gases, 
in particularinert gases, such as argon, nitrogen, helium, and 
the like, also may be used. The gas can also include vapor of 
the composition that has not yet condensed to form particles. 
Typically, the gas does not include propellants or vaporized 
organic solvents. In some variations, the condensation aero 
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Sol comprises at least 5% by weight of condensation drug 
aerosol particles. In other variations, the aerosol comprises at 
least 10%, 20%, 30%, 40%, 50%, 60%, or 75% by weight of 
condensation drug aerosol particles. In still other variations, 
the aerosol comprises at least 95%, 99%, or 99.5% by weight 
of condensation aerosol particles. 
0131. In some variations the condensation drug aerosol 
has an MMAD in the range of about 1-3 lum. In some varia 
tions the geometric standard deviation around the MMAD of 
the condensation drug aerosol particles is less than 3.0. In 
other variations, the geometric standard deviation around the 
MMAD of the condensation drug aerosol particles is less than 
2.5, or less than 2.0. 

Substrate Screening Apparatus and Testing Procedures 

0132 FIG. 4A is a schematic of an embodiment of the 
substrate screening apparatus 400. FIG. 4B is a cross-sec 
tional view of the substrate screening apparatus 400. 
0133. The substrate screening apparatus 400 is made of a 
machined plastic (polyoxymethylene, DELRINR Acetal 
Resin, DuPont, Wilmington, Del.) block 402 with a 2 cm 
cross-sectional area for mounting a substrate 412. Block 402 
includes a first airway 404 extending from first inlet 414 to 
outlet 422. Block 402 also include a second airway 406 
extending from second inlet 416 to substrate 412, where it 
typically joins the first airway. The substrate 412 is mounted 
in the Substrate screening apparatus 400 across two electrodes 
420. A first air flow 414 is established in first airway 404 and 
a second airflow 416 is established in second airway 406 Such 
that the second air flow 416 passes from the second airway 
406 to first airway 404 through holes in the substrate 412. 
While providing air flows 414 and 416, the substrate 412 is 
heated, typically by discharging a capacitor (not shown) 
across the substrate 412. In a one embodiment, the flow of air 
passing through holes in the Substrate 412 is in a direction 
orthogonal to that of airflow 414. Substrate 412 is coated with 
a drug composition film. The Substrate 412 is heated to vapor 
ized all or a portion of the drug composition. The vaporized 
drug Subsequently cools and condenses to form a condensa 
tion aerosol that is carried to the outlet by airflow 414, joined 
by air flow 416). Accordingly, the condensation aerosol is 
emitted from the outlet 422. 
0134 Test substrates having dimensions 0.50 in. wide by 
2-3 in. long cut from sheets of 304 stainless steel and 316 
stainless steel. FIG. 6 shows a magnification of a representa 
tive test substrate 600, having regularly spaced, circular holes 
formed in the stainless steel sheet. The distance between the 
edge of one hole to the edge of an adjacent hole is indicated as 
“d on FIG. 6. The distance “d is also referred to herein as 
“hole spacing or “spacing between holes. As used herein, 
the term “% porosity of the substrate refers to the percentage 
of the nominal total surface area of the substrate (i.e., the 
surface area if there were no holes) that is occupied by the 
holes. Thus, a rectangular Substrate measuring 0.5 in.x3 in. 
would have a nominal total surface area of 1.5 in. If the 
substrate had 400 circular holes having a diameter of 0.01 
square inch, it would have a porosity of approximately 2.1%. 
0135 The test substrates were meticulously cleaned to 
remove any contamination from previous processing by ultra 
sonication in a 60° C., 6.5% Ridoline bath for 5 minutes 
followed by ultrasonication in a reverse-osmosis deionized 
(RODI) water bath at 40° C. for 1 minute followed by a 
3-cycle dump rinse using RODI. To prevent water spots, the 
test Substrates were dipped in an isopropanol bath and trans 
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ferred to a 40°C. drying oven for solvent removal. Some test 
Substrates were also subjected to heat oxidation step, per 
formed by laying the stainless Steel Substrates on a sheet of 
aluminum foil and placing them in an oven at 350° C. for 6 
hours. These “heat passivated substrates were then 
re-cleaned as described above. 
0.136 The test substrates were then coated with a drug 
composition. The drug was typically dissolved in a volatile 
organic solvent (e.g., dichloromethane/methanol mixture or 
acetone or other Suitable organic solvent) and then spray 
coated onto the test Substrates using an automated spray 
coater. Coating parameters, such as the drug concentration in 
the coating solution, Solution flow rate, were selected to 
obtain a uniform drug coating of the desired coating density 
(i.e., mass/area). 
0.137 After coating, a sampling of coated substrates was 
extracted to determine if the mass of coated drug is within 
tolerance. The mass of drug coated per test article was deter 
mined by high performance liquid chromatography (HPLC) 
analysis and used to calculate a nominal coating thickness 
metric using the following formula: 

3.SS 

Tp:SA 

where w is the thickness of the drug coating, SA is the Surface 
area of the drug coating, and p is the density of the drug. The 
density was generally assumed to be 1.0 g/cm unless a dif 
ferent literature value was known. Therefore, 1 mg deposited 
over an area of 5 cm results in a nominal coating thickness of 
2 um. The coating thickness is most easily varied by either 
altering the drug concentration in the coating Solution and/or 
the flow rate. 
0.138 Total air flow through the substrate screening appa 
ratus was set by providing air flows 414 and 416 at a desired 
ratio. (As used herein, “across' airflow refers to air flow 414 
and “bottom' airflow refers to air flow 416.) Brass electrodes 
420 attached to the substrate screening apparatus 400 were 
used to clamp the substrate 412 in place and provide electrical 
connections. For most experiments, a 1-Farad capacitor was 
used as the energy source. The capacitor was typically 
charged to 11-14 volts, depending on the desired substrate 
temperature. A high current relay was used to connect the 
circuit and discharge the capacitor across the Substrate to 
induce heating and vaporization of the drug. 
0.139 FIG. 5 is a schematic of another embodiment of a 
substrate screening apparatus 500 that was used to direct air 
flow through the holes of coated polyimide film (KAPTONR) 
polyimide film) substrates (see FIGS. 2A and 2B). Substrate 
screening apparatus 500 is similar in configuration and opera 
tion to Substrate screening apparatus 400, with the exception 
that substrate screening apparatus 500 includes two elec 
trodes 502 on the same side of the screening apparatus 500, 
whereas Substrate screening apparatus 400 includes two elec 
trodes 420 on opposite sides of the screening apparatus 400. 
In the examples using polyimide film Substrates described 
below, a polyimide film Substrate coated with a drug compo 
sition was placed in Substrate screening apparatus 500 across 
electrodes 502. A computer-controlled power supply was 
connected to the electrodes. The power Supply was typically 
capable of heating the polyimide film Substrate to the target 
temperature within 300 milliseconds, and the substrate was 
kept at the target temperature for a duration of 1 second. 
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0140. To determine aerosol purity and emitted dose, a 2 
um Teflon filter (ZEFLUOR PTFE filters, available from 
Zefon International, Inc., Ocala, Fla.) was placed immedi 
ately downstream from the screening apparatus during aero 
sol generation. After the aerosol was collected from the air 
stream, the filter was removed, extracted with a known vol 
ume of HPLC-grade methanol, and analyzed for both drug 
content and purity. The “used’ test substrate was also 
extracted for residual drug, and the airway of the screening 
apparatus was Swabbed for determination of the amount of 
aerosol deposition within the apparatus. 
0141. The filter extracts were analyzed by HPLC using a 
C-18 reverse phase column (4.6 mm IDX 150 mm length, 5um 
packing, Capcell Pak UG120, available from Shiseido Fine 
Chemicals, Tokyo, Japan) eluted with (1) water/0.1% trifluo 
roacetic acid and (2) acetonitrile/0.1% trifluoroacetic acid at 
a flow rate of 1 mL/minute with a linear gradient over 24 
minutes and a total run time of 36 minutes. Detection was 
from 200-400 nm using a photodiode array detector. Purity 
was calculated by measuring peak areas from the chromato 
gram obtained at 225 nm. Confirmatory purity evaluations 
were additionally performed by inspection of the full 200-400 
nm wavelength range. In addition, a portion of the filter 
extracts is analyzed by HPLC with mass spectrometric detec 
tion. Analyses by these alternate methods yielded similar 
purity results when compared to the primary HPLC analysis. 
0142. An Anderson Cascade Impactor (ACI), an inertial 
impaction size separating device, was used to determine the 
particle size distribution of the aerosol. The ACI consists of 
several stages, with each Successive stage having a smaller 
size cutoff. By extracting and determining the mass of drug 
deposited at each stage, it is possible to estimate the particle 
size distribution of the aerosol. The ACI was placed immedi 
ately downstream from the screening apparatus. Again, the 
airway and Substrate were extracted to determine the mass 
balance for each actuation of the device. 

EXAMPLES 

Example 1 

0143 Loperamide and flunisolide condensation aerosols 
were produced by the Substrate screening apparatus using 304 
stainless steel perforated Substrates having the 96 porosities, 
hole spacings, and hole diameters shown in Table 1. The 
substrates were spray-coated with loperamide free base or 
flunisolide free base at coating densities of 0.3 mg/cm and 
0.4 mg/cm, respectively. Air flow ratios (across:bottom) of 
23:5 and 18:10 were evaluated. The substrate was rapidly 
heated to approximately 400°C. for loperamide and approxi 
mately 375° C. for flunisolide. 

TABLE 1. 

Characteristics of Perforated 304 Stainless Steel Substrates 

Substrate 
i Hole Diameter Hole Spacing % Porosity 

1 0.005" O.O15" 5 
2 0.005" O.009" 10 
3 0.005" 0.005" 2O 
4 O.O1 O' 0.03" 5 
5 O.O1 O' O.O18' 10 
6 O.O1 O' O.O1 O' 2O 
7 O.O1 O' O.OO4' 40 
8 O.O2O' 0.059' 5 
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TABLE 1-continued 

Characteristics of Perforated 304 Stainless Steel Substrates 

Substrate 
i Hole Diameter Hole Spacing % Porosity 

9 O.O2O' O.O36' 10 
10 O.O2O' O.O2O' 2O 
11 O.O2O' O.OO8' 40 
12 O.O4O' O. 118' 5 
13 O.O4O' O.O16' 40 

0144) Aerosol purity results for loperamide aerosolized 
from perforated 304 stainless steel substrates at an across: 
bottom air flow ratio of 23:5 are presented in Table 2. 

TABLE 2 

Aerosolization of Loperamide from Perforated Stainless Steel Substrates 

Aerosol Purity (% + SD) 
Hole Diameter 

% Porosity 0.005" O.O1 O' O.O2O' O.O4O' 

5 94.6 O 95.41.1 95.3 O.2 91.5 + 0.1 
10 96.3 0.1 94.4 O.3 94.9 O.2 
2O 96.8 0.4 96.3 O2 89.6 O.8 
40 96.1 O2 95.20.6 94.1 O2 

(0145 Aerosol purity results for loperamide aerosolized 
from perforated 304 stainless steel substrates at an across: 
bottom air flow ratio of 18:10 are presented in Table 3. 

TABLE 3 

Aerosolization of Loperamide from Perforated Stainless Steel Substrates 

Aerosol Purity (% + SD) 
Hole Diameter 

% Porosity 0.005" O.O1 O' O.O2O' O.O4O' 

5 93.9 O 95.9 - O 95.20.3 90.5 + 0.4 
10 96.9 0.4 94 O2 94.8 O2 
2O 97.4 0.1 96.4 O.1. 89.8 O.6 
40 96.8 O2 95 - O.S 94.50.3 

0146 Aerosol purity results for flunisolide aerosolized 
from perforated 304 stainless steel substrates at an across: 
bottom air flow ratio of 23:5 are presented in Table 4. 

TABLE 4 

Aerosolization of Funisolide from Perforated Stainless Steel Substrates 

Aerosol Purity (% + SD) 
Hole Diameter 

% Porosity 0.005" O.O1 O' O.O2O' O.O4O' 

5 73.62.3 76.1. O.1 77.91.1 68.6 11 
10 82.7 - 14 714 O.7 72.7 - 18 
2O 87.9 - 2 80.6 - 31 69.9 O.3 
40 84.20.1 80 - 1.3 74.3 - 7.3 

0147 Aerosol purity results for flunisolide aerosolized 
from perforated 304 stainless steel substrates at an across: 
bottom air flow ratio of 18:10 are presented in Table 5. 
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TABLE 5 

Aerosolization of Funisolide from Perforated Stainless Steel Substrates 

Aerosol Purity (% + SD) 
Hole Diameter 

% Porosity 0.005" O.O1 O' O.O2O' O.O4O' 

5 80.1 - 1.8 83.6 14 77.82 70.4 11 
10 814 O.9 754 - 1.2 77.2 2.8 
2O 90.7 - 0.7 80.8 - 14 74.71 
40 85.6 O.8 81.9 12 77 - 1 

0148 Both compounds exhibited similar trends in aerosol 
purity with increasing hole diameter and porosity. Both com 
pounds exhibited the greatest aerosol purity at a hole diameter 
of 0.005" and 20% porosity (Substrate #3 in Table 1). Lop 
eramide was less sensitive to changes in air flow than 
flunisolide. 

Example 2 

0149 Sildenafil aerosols were produced by the substrate 
screening apparatus using 0.005" thick 316 stainless steel 
Substrates having a regular staggered pattern of circular, 
0.006" diameter holes. The holes, which were formed in the 
Substrate by chemical etching, occupied approximately 27% 
of the total surface area of the substrate. The distance “d' 
between the holes was 3.5x10 in. 
0150. The substrates were spray-coated with a 15 mg/mL 
solution of sildenafil free base (isolated from pills, available 
from Pfizer, Inc., New York, N.Y.) dissolved in dichlo 
romethane/methanol (2:1 Volume: Volume) at coating densi 
ties of 0.18, 0.50, and 1.07 mg/cm (approximate coating 
thicknesses: 1.8, 5.0, and 10.7 Lm). Total (across--bottom) air 
flow rate was 28.3 liters/minute. Various airflow ratios and 
vaporization temperatures were evaluated. 
0151 FIG. 7 is a bargraph 700 showing aerosol purity (%) 
and yield (%) 702 for a sildenafil coating density of 0.18 
mg/cm at various airflow ratio conditions 704 at 400° C. and 
360° C. (last set of data). Of the tested air flow ratios, the 
highest aerosol purity and yield were obtained when 90% of 
the air flow was directed from under the bottom (uncoated 
side) of the substrate (refer to FIG. 2B), and 10% from across 
the substrate. 
0152 Sildenafil aerosols were produced by the substrate 
screening apparatus using the perforated 316 stainless steel 
substrates described above and a solid (i.e., non-perforated) 
304 stainless steel substrate. The substrates were spray 
coated with a 15 mg/mL solution of sildenafil free base (iso 
lated from pills, available from Pfizer, Inc., New York, N.Y.) 
dissolved in dichloromethane/methanol (2:1 volume: Vol 
ume) at various drug coating densities. Total (across--bottom) 
air flow rate was 28.3 liters/minute. Various airflow ratios 
were evaluated. 
0153 FIG. 8 is a plot 800 showing aerosol purity (%) 802 
of sildenafil free base as a function of drug coating thickness 
804. Curve 806 represents aerosol purity for the perforated 
substrates; curve 808 represents aerosol purity for the solid 
substrates. As shown in plot 800, when the perforated sub 
strates were tested with a 1:9 across: bottom air flow ratio, 
aerosol purity levels of 97% or more were obtained with drug 
coating thicknesses up to 6 Lum. For the solid Substrates with 
100% of the air flow directed across the substrate, aerosol 
purity dropped off rapidly as the drug coating thickness 
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increased. Drug coating thicknesses greater than about 1 um 
resulted in aerosol purity levels below 97%. When the drug 
coating thickness was increased to 2 um, aerosol purity levels 
decreased to 94% and below. 

Example 3 

0154 Bumetanide condensation aerosols were produced 
by the Substrate screening apparatus using the perforated 316 
stainless steel substrates described above. The substrates 
were spray-coated with a 50 mg/mL solution of bumetanide 
free base (available from Solmag S.p.A., Garbagnate, Italy) 
dissolved in methanol/acetone (50:50 volume: Volume) at a 
coating density of 0.07 mg/cm (approximate coating thick 
ness: 0.7 um). Total air flow rate was 20 liters/minute. 
0.155. As discussed above, in certain cases, oxidizing the 
stainless Steel Substrates prior to drug vaporization yields 
increased aerosol purity. Therefore, the perforated stainless 
steel Substrates were heat-oxidized and re-cleaned according 
to the procedure described above prior to coating with drug. 
0156 FIG.9 is a bargraph900 showing aerosol purity (%) 
902 ofbumetanide free base at various airflow ratios904. As 
shown in graph 900, as the percentage of air flow coming 
across (as opposed to from under the bottom, uncoated side) 
the substrate increased, aerosol purity level decreased. How 
ever, aerosol purity level remained at 98% when as little as 5% 
of the air flow was coming through the Substrate. 
0157 Table 6 presents aerosol purity data as a function of 
air flow ratio and drug coating density for aerosolization of 
bumetanide free base from a heat-oxidized, perforated 316 
stainless steel substrate (n=3 for each condition tested). Total 
air flow rate was 20 liters/minute. 

TABLE 6 

Aerosolization of Bumetanide from Perforated Stainless Steel Substrates 

Air Flow Drug Coating Density (mg/cm 

(Across:Bottom) O.08 O.26 O.S8 

100:O 958 0.6 94.8 O2 90.7 O.4 
90:10 99.20.1 98.6 O1 98.4 O.3 
O:100 993 - 0.1 98.9 O1 98.7 O.3 

0158. The data shown in Table 6 indicate that a high aero 
Sol purity was maintained as the drug coating thickness was 
increased, when air flowed through the bottom of the sub 
strate (90:10 and 0:100 air flow ratio). Even a seven-fold 
increase in drug coating density (from 0.08 to 0.58 mg/cm) 
resulted in no significant decrease in aerosol purity. The addi 
tion of even a small amount of air flow through the substrate 
was found to provide a significant increase in the amount of 
drug that can be coated onto the perforated Substrate surface. 
0159. The aerosol purity of bumetanide aerosolized from 
heat-oxidized, perforated 316 stainless steel substrates was 
measured as a function of both drug coating density and air 
flow ratio. Drug coating densities of 0.07, 0.10, and 0.14 
mg/cm were tested, at across: bottom airflow ratios of 0:100, 
50:50, and 100:0. Total air flow rate was 20 liters/minute. 
0160 Table 7 presents aerosol purity data as a function of 
air flow ratio and drug coating density for aerosolization of 
bumetanide from a heat-oxidized, perforated 316 stainless 
steel substrate (n=3 for each condition tested). Total air flow 
rate was 20 liters/minute. 
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TABLE 7 

Aerosolization of Bumetanide from Perforated Stainless Steel Substrates 

Drug Coating Density (mg/cm 

O.10 

Mean O.14 

Aerosol Relative Mean Relative 
Air Flow Purity Standard Aerosol Standard 

(Across:Bottom) (%) Deviation (%) Purity (%) Deviation (%) 

100:O 95.7 O.38 94.8 O.14 
50:50 98.8 O.08 98.9 O.O2 
O:100 98.8 O.O6 98.8 O.08 

0161 Table 8 presents emitted aerosol purity and emitted 
drug dose data as a function of airflow ratio for aerosolization 
ofbumetanide from a heat-oxidized, perforated 316 stainless 
steel substrate (n=3 for each condition tested). Total air flow 
rate was 20 liters/minute. 

TABLE 8 

Aerosolization of Bumetanide from Perforated Stainless Steel Substrates 

Emitted 
Air Flow Aerosol Purity Emitted Drug 

(Across:Bottom) (%) SD (%) Dose (%) SD (%) 

100:O 96.4 O.2 75 7 
50:50 98.4 O.2 89 7 
O:100 98.5 O.1 82 14 

0162 The emitted drug dose was calculated using the 
following equation: 

Aerosolized Drug (%) Emitted Drug Dose = mitted LJrug Jose Coated Drug (%) 

0163 The data presented in Tables 7 and 8 are represented 
graphically in FIG. 10, which is a plot 1000 showing aerosol 
purity (%) 1002 ofbumetanide free base as a function of drug 
coating density 1004. The data shown in Tables 7 and 8 and 
FIG. 10 corroborate the results shown in FIG.9, where greater 
aerosol purities were observed as a greater proportion of the 
air flow was directed through the substrate. These data sub 
stantiate the conclusion that the addition of air flow from 
beneath the substrate allows for a larger amount of drug to be 
coated onto the perforated substrate surface, without a loss in 
aerosol purity. 
0164. The effects of varying the air flow ratio on aero 
solized particle size were also examined. Table 9 shows mass 
medianaerodynamic diameter (MMAD), geometric standard 
deviation (GSD), and % drug recovery for aerosolization of 
bumetanide from heat-oxidized, perforated 316 stainless 
steel substrates, at various air flow ratios (n=3 for each con 
dition tested). Drug coating density was approximately 0.07 
mg/cm. Total air flow rate was 28.3 liters/minute. 
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TABLE 9 

Aerosolization of Bumetanide from Perforated Stainless Steel Substrates 

Air flow 
(Across:Bottom) MMAD (Im) GSD % Drug Recovery 

100:O 3.6 OS 4.O.O.S 63 - 13 
90:10 2.7 O.1 2.O. O.1 78 10 
O:100 O.4 O.O 2.4 + 0.1 698 

(0165. As shown in Table 9, the particle size (MMAD) 
tended to decrease as the proportion of the air flow coming 
through the Substrate (as opposed to across the Substrate) was 
increased, allowing the aerosolized drug particle size to be 
tuned to a desired range by simply varying the across: bottom 
airflow ratio. The very small drug particle size obtained at the 
0:100 across: bottom airflow ratio may indicate that there was 
Substantially more dilution of the vaporized drug compound 
into the airstream than with the conventional (100% across) 
air flow arrangement. 
0166 The effects of varying both the drug coating density 
and airflow ratio on aerosolized particle size were also exam 
ined. Table 10 shows mass median aerodynamic diameter 
(MMAD) and standard deviation (SD) for aerosolization of 
bumetanide from heat-oxidized, perforated 316 stainless 
steel Substrates, at various drug coating densities and airflow 
ratios (n=3 for each condition tested). Total air flow rate was 
28.3 liters/minute. 

TABLE 10 

Aerosolization of Bumetanide from Perforated Stainless Steel Substrates 

Drug Coating Density Air flow Average MMAD 
(mg/cm) (Across:bottom) (Lm) SD (Lm) 

O.08 90:10 2.2 0.4 
O.26 90:10 1.6 O.2 
O.S8 100:O 1.7 O.2 

90:10 1.9 O.1 
O:100 O.9 O.1 

0167. The data presented in Table 10 are illustrated graphi 
cally in FIG. 11, which is a plot 1100 of average MMAD902 
as a function of air flow ratio (across: bottom) 1104. Curves 
1106, 1108, and 1110 represent drug coating densities of 
0.08, 0.26, and 0.58 mg/cm, respectively. 
(0168 The data shown in Table 10 and FIG. 11 substantiate 
the previous findings that the particle size (MMAD) 
decreases as the proportion of the airflow coming through the 
Substrate is increased, due to increased mixing of drug with 
the air. 

Example 4 

0169. Vardenafil condensation aerosols were produced by 
the Substrate screening apparatus using perforated Stainless 
steel substrates. The substrates were spray-coated with a 20 
mg/mL solution of vardenafil free base (isolated from the HCl 
trihydrate salt available from Bosche Scientic, LLC, New 
Brunswick, N.J.) in dichloromethane/methanol (3:1 volume: 
volume) at drug coating densities of 0.112, 0.334, and 0.883 
mg/cm (approximate coating thickness: 1.12, 3.34, and 8.83 
um). Total airflow rate was 28.3 liters/minute. Various airflow 
ratios and vaporization temperatures were evaluated. 
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0170 Table 11 presents aerosol purity data as a function of 
drug film thickness, Substrate temperature, and air flow ratio 
for aerosolization of Vardenafil from a perforated 316 stain 
less steel substrate (n=3 for each condition tested, unless 
otherwise indicated). 

TABLE 11 

Aerosol Purity of Vardenafil Aerosolized from Perforated 
Stainless Steel Substrates 

Aerosol Purity (%) 
Drug Air Flow Ratio (Across:Bottom 

Film 100:O 75:25 
Thickness Coat Substrate Temperature (C. 

(Lm) Control 350 400 425 350 400 425 

1.12 98.9* 95.3 95.3 95.0 97.0 96.6 96.6 
3.34 98.8% 92.5 88.9 88.7 95.8 95.7 95.6 
8.83 98.9* 89.5 83.2** 80.8 96.1 93.2 93.3 

* n = 4. 
** = 2. 

0171 In general, greater Vardenafil drug purities were 
obtained with a 75:25 (across: bottom) airflow ratio than with 
a 100:0 air flow ratio. Aerosol purities were observed to 
decrease as the drug film thickness was increased. This effect 
was more pronounced with the 100:0 air flow ratio than with 
the 75:25 air flow ratio. Aerosol purity also tends to decrease 
as the Substrate temperature during aerosolization was 
increased. 
0172 Table 12 presents aerosolized drug yield data as a 
function of drug film thickness, Substrate temperature, and air 
flow ratio for aerosolization of Vardenafil from a perforated 
316 stainless steel substrate (n=3 for each condition tested, 
unless otherwise indicated). 

TABLE 12 

Drug Yield of Vardenafil Aerosolized from Perforated 
Stainless Steel Substrates 

Aerosolized Drug Yield (%) 
Air flow ratio (Across:bottom 

100:O 75:25 
Substrate Temperature (C. 

Thickness (Lm) 350 400 425 350 400 425 

Drug Film 

1.12 78.1 73.1 72.3 91.8 95.2 98.9 
3.34 70.8* 68.8 67.6 89.1 86.5 84.2 
8.83 33.6** 48.2 50.9 47.1** 89.2 85.4 

* n = 1. 
** = 2. 

0173 As with drug purities (shown in Table 12), greater 
Vardenafil drug yields were obtained with a 75:25 (across: 
bottom) air flow ratio than with a 100:0 air flow ratio. Aero 
Solized drugyields were also seen to decrease as the drug film 
thickness was increased. Again, this effect was less pro 
nounced with the 75:25 air flow ratio than with the 100:0 air 
flow ratio. 
0.174. In summary, the 75:25 (across:bottom) airflow ratio 
produced good results interms of bothaerosol purity and drug 
yield for Vardenafil aerosolized from a perforated 316 stain 
less steel substrate. At aerosolization temperatures of 350° C. 
both aerosol purity and yield were good with the 75:25 air 
flow ratio and a drug film thickness of less than 3.3 um. At 
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substrate temperatures of 400° C. and 425°C., both aerosol 
purity and yield were very similar with either the 75:25 or 
100:0 air flow ratios. 

Example 5 

0.175 Tadalafil condensation aerosols were produced by 
the Substrate screening apparatus using perforated Stainless 
steel substrates. The substrates were spray-coated with a 20 
mg/mL solution of tadalafil free-base (isolated from the HCl 
trihydrate salt available from Bosch Scientific, LLC, New 
Brunswick, N.J.) in dichloromethane/methanol (3:1 volume: 
volume) at drug coating densities of 0.236, 0.604, and 1.17 
mg/cm (approximate coating thickness: 2.36, 6.04, and 11.7 
Mm). Total air flow rate was 28.3 liters/minute. Various air 
flow ratios and vaporization temperatures were evaluated. 
0176 Table 13 presents aerosol purity data as a function of 
drug film thickness, Substrate temperature, and air flow ratio 
for aerosolization of tadalafil from a perforated 316 stainless 
steel substrate (n=3 for each condition tested, unless other 
wise indicated). 

TABLE 13 

Aerosol Purity of Tadalafil Aerosolized from Perforated 
Stainless Steel Substrates 

Drug Aerosol Purity (%) 
Film Air Flow Ratio (Across:Bottom 

Thick- Coat 100:O 75:25 
(SS Con Substrate Temperature (C. 

(Lm) trol 32S 3SO 375 400 325 3SO 37S 400 

2.36 99.9* 97.8 98.0 97.4 97.8 99.2 98.9 98.8 99.0 
6.04 99.9* 98.6 96.2 95.1 93.2 98.8 98.6 97.9 97.2 

11.70 99.9* 92.6 87.S 84.0 97.O 96.O 95.1 

*n = 4. 

0177. As with Vardenafil, greater tadalafil drug purities 
were obtained with a 75:25 (across:bottom) airflow ratio than 
with a 100:0 airflow ratio. Aerosol purities were also seen to 
decrease as the drug film thickness was increased. Again, this 
effect was much more pronounced with the 100:0 air flow 
ratio than with the 75:25 air flow ratio. Aerosol purity also 
tended to decrease as the Substrate temperature during aero 
Solization was increased. 
0.178 Table 14 presents drug yield data as a function of 
drug film thickness, Substrate temperature, and air flow ratio 
for aerosolization of tadalafil from a perforated 316 stainless 
steel substrate (n=3 for each condition tested, unless other 
wise indicated). 

TABLE 1.4 

Drug Yield of Tadalafil Aerosolized from Perforated 
Stainless Steel Substrates 

Aerosolized Drug Yield (%) 
Air Flow Ratio (Across:Bottom 

100:O 75:25 
Substrate Temperature (C. 

Thickness (Im) 325 350 375 400 325 350 375 400 

Drug Film 

2.36 76.6 81.1. 89.1 88.9 73.5 99.0 95.2 99.7 
6.04 25.7* 66.9 60.4 76.6 26.1 40.2 85.3* 96.8 

11.70 58.2. 69.O 78.7 - 68.O 80.6 80.2 

*n = 2. 
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0179. As with Vardenafil, greatertadalafil drugyields were 
obtained with a 75:25 (across: bottom) airflow ratio than with 
a 100:0 air flow ratio. Aerosolized drugyields were also seen 
to decrease as the drug film thickness is increased. Again, this 
effect was more pronounced with the 100:0 airflow ratio than 
with the 75:25 air flow ratio. In general, higher substrate 
temperatures during aerosolization tended to result in greater 
drug yields. 
0180. In summary, the 75:25 (across:bottom) airflow ratio 
produced good results interms of bothaerosol purity and drug 
yield for tadalafil aerosolized from a perforated 316 stainless 
steel substrate. The 100:0 airflow ratio resulted in lower drug 
yields (<85%), even at substrate temperatures of 400°C. The 
75:25 air flow ratio, at substrate temperatures of 350° C. and 
drug film thicknesses of 11.7 um or more, resulted in drug 
yields less than 70%. Substrate temperatures of 375° C. and 
400° C. resultinyields of about 80%. The 75:25 airflow ratio, 
at substrate temperatures of 375°C. and drug film thicknesses 
of 11.7 um, resulted in good drug yields and drug purities of 
about 96%. 

Example 6 

0181 Fentanyl condensation aerosols were produced by 
the Substrate screening apparatus using non-perforated poly 
imide film (KAPTONR polyimide film, available from 
DuPont, Wilmington, Del.). The substrates were spray 
coated with fentanyl free base. 
0182 Aerosol purity of the coated drug was measured by 
HPLC initially (storage time 0) and at various time intervals 
up to 90 weeks. FIG. 12 is a bar graph 1200 showing aerosol 
purity (%) 1202 of a fentanyl-coated polyimide film as a 
function of storage time 1204 at 40°C. The aerosol purity of 
fentanyl coated onto polyimide film remained very high (-99. 
7%) after 90 weeks storage. 

Example 7 

0183 Prochlorperazine condensation aerosols were pro 
duced by the Substrate screening apparatus using perforated 
polyimide film (KAPTONR) polyimide film, available from 
DuPont, Wilmington, Del.). Copper heater traces were 
formed on one surface of a sheet of polyimide film. Holes 
were formed between the heater traces by chemical etching. 
The polyimide film heating units were spray-coated on the 
polyimide film surface with a 25 mg/mL solution of prochlo 
rperazine free base (available from Industria Chimica 
Milanese, Milano, Italy) in acetone. Total air flow rate was 
28.3 liters/minute. Various airflow ratios were evaluated. 
0184 The aerosol purity of prochlorperazine aerosolized 
from perforated polyimide film heating units was measured at 
various drug coating thicknesses and air flow ratios of 0:100, 
90:10, and 100:0 across: bottom. FIG. 13 is a plot 1300 show 
ing aerosol purity (%) 1302 of prochlorperazine at various 
drug coating thicknesses 1304. Curves 1306, 1308, and 1310 
represent across: bottom air flow ratios of 0:100, 90:10, and 
100:0, respectively. As a control, curve 1312 represents aero 
solization of prochlorperazine from a non-perforated 304 
stainless steel substrate. Dotted line 1314 represents the 
coated aerosol purity. 
0185. As previously observed with aerosolization of vari 
ous drugs from perforated Stainless steel Substrates, as the 
percentage of air flow coming from under the bottom side of 
the Substrate increased, aerosol purity level also increased, 
and a greater drug coating thickness can be used. When 100% 
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of the air flow came through the substrate, aerosol purity 
levels of 98% or greater were obtained up to at least 30 um 
drug coating thickness. 
0186 The coated aerosol purity was compared with the 
aerosol purity of prochlorperazine vaporized from polyimide 
film substrates having “small and “large holes (refer to 
FIGS. 2A and 2B). Drug coating thickness was 14 um; total 
air flow was set at 30 liters/minute. The data from this set of 
experiments are shown in Table 15, below. 

TABLE 1.5 

Vaporization of Prochlorperazine from 
Perforated Polyimide Film Substrates 

Aerosol Purity (% 

Small Holes Large Holes 
Air Flow Ratio Air Flow Ratio 

Coated Aerosol Across:Bottom Across:Bottom 

Purity (%) 100:O 75:25 100:O 75:25 

98.85 94.8 97.4 97.1 97.7 

0187. For the heaters with the small holes, aerosol purity 
declined from 97.4% to 94.8% as the air flow coming across 
the substrate was increased from 75% to 100%. For the large 
hole heaters, there was no significant difference in aerosol 
purity as the relative amount of air flow coming across the 
substrate was increased. It is believed that the higher than 
expected aerosol purity coming from the large-holed Sub 
strates with 100% across air flow may be due to the presence 
of airflowing through the heater elements, even though no air 
is directly routed up from the bottom of the substrate. 

Example 8 
0188 Adenosine condensation aerosols were produced by 
the Substrate screening apparatus using perforated polyimide 
film substrates. The substrates were spray-coated with 
adenosine free base at various coating densities. Various air 
flow ratios and vaporization temperatures were evaluated. 
(0189 FIG. 14 is a plot 1400 showing aerosol purity (%) 
1402 of aerosolized adenosine free base as a function of drug 
coating density (mg/cm) 1404. Curves 1406 and 1408 rep 
resent an across: bottom air flow ratio of 3:1 (21:7 liters per 
minute) and vaporization temperatures of 375° C. and 350° 
C., respectively. Curves 1410 and 1412 represent an across: 
bottom air flow ratio of 1:3 (7:21 LPM) and vaporization 
temperatures of 375° C. and 350° C., respectively. 
0190. As can be seen from the data presented in plot 1400, 
greater aerosol purities were achieved using lower (350° C. as 
opposed to 375°C.) vaporization temperatures and greater air 
flow thorough the Substrate as opposed to across the Substrate. 
Aerosol purity showed a decrease with increases in drug 
coating density. 

Example 9 

0191 Baclofen condensation aerosols were produced by 
the Substrate screening apparatus using perforated polyimide 
film substrates. The substrates were spray-coated with 
baclofen free base at various coating densities. Various air 
flow ratios and vaporization temperatures were evaluated. 
(0192 FIG. 15 is a plot 1500 showing aerosol purity (%) 
1502 of aerosolized baclofen free base as a function of drug 
coating density (mg/cm) 1504. Curves 1506 and 1508 rep 
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resent an across: bottom air flow ratio of 3:1 (21:7 LPM) and 
vaporization temperatures of 330° C. and 350° C., respec 
tively. Curves 1510 and 1512 represent an across: bottom air 
flow ratio of 1:3 (7:21 LPM) and vaporization temperatures of 
330° C. and 350° C., respectively. Data points 1514 represent 
an across:bottom air flow ratio of 27:1 and a vaporization 
temperature of 350° C. 
0193 As can be seen from the data presented in plot 1500, 
greater aerosol purities were achieved using lower (330°C. as 
opposed to 350° C.) vaporization temperatures and greater air 
flow through the Substrate as opposed to across the Substrate. 
Very poor drug purities of around 20% were obtained when 
nearly all of the air flow was directed across the substrate 
(27:1 ratio). Aerosol purity showed a decrease with increases 
in drug coating density. 

Example 10 

0194 Ciclesonide condensation aerosols were produced 
by the Substrate screening apparatus using perforated poly 
imide film Substrates and non-perforated heat-passivated 
stainless steel Substrates. The Substrates were spray-coated 
with ciclesonide free base at various coating densities. Vari 
ous airflow ratios and vaporization temperatures were evalu 
ated. 
(0195 FIG. 16 is a plot 1600 showing aerosol purity (%) 
1602 of aerosolized ciclesonide free base as a function of drug 
coating density (mg/cm) 1604. Curves 1606, 1608, 1610, 
and 1612 show aerosol purity data for drug vaporized from 
perforated polyimide film substrates. Curves 1606 and 1608 
represent an across: bottom air flow ratio of 3:1 (21:7 LPM) 
and vaporization temperatures of 325°C. and 360° C., respec 
tively. Curves 1610 and 1612 represent an across: bottom air 
flow ratio of 1:3 (7:21 LPM) and vaporization temperatures of 
325° C. and 360° C., respectively. 
0196. Curves 1614 and 1616 show aerosol purity data for 
drug vaporized from non-perforated heat-passivated 304 
stainless steel substrates, with no airflow ratio (i.e., 100% of 
the air flow was directed across the substrate). Curves 1614 
and 1616 represent vaporization temperatures of 320°C. and 
350° C., respectively. 
0.197 As can be seen from the data in plot 1600, greater 
aerosol purities were achieved using greater air flow through 
Substrate as opposed to across the Substrate. Greater aerosol 
purities were achieved using lower vaporization temperatures 
(325° C. as opposed to 360° C.) for the perforated polyimide 
film substrates with the 1:3 air flow ratio. This trend was 
slightly reversed for the perforated polyimide film substrates 
with the 3:1 air flow ratio. Aerosol purity decreased with 
increases in drug coating density. This trend was particularly 
observed with the stainless steel substrates. 

Example 11 

0198 Cyclobenzaprine fumarate condensation aerosols 
were produced by the Substrate screening apparatus using 
perforated polyimide film substrates. The substrates were 
spray-coated with cyclobenzaprine fumarate at various coat 
ing densities. Various air flow ratios and vaporization tem 
peratures were evaluated. 
(0199 FIG. 17 is a plot 1700 showing aerosol purity (%) 
1702 of aerosolized cyclobenzaprine fumarate as a function 
of drug coating density (mg/cm) 1704. Curve 1706 repre 
sents a drug coating control. Curve 1708 represents an across: 
bottom air flow ratio of 6:1 (24:4 LPM) and a vaporization 
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temperature of 375° C. Curve 1710 represents an across: 
bottom air flow ratio of 3:1 (21:7 LPM) and a vaporization 
temperature of 350° C. Curve 1712 represents an across: 
bottom air flow ratio of 1:1 (14:14 LPM) and a vaporization 
temperature of 350° C. 
0200. As can be seen from the data presented in plot 1700, 

all three test conditions provided excellent (>99.7%) aerosol 
purities. In general, aerosol purities improved using lower 
(350° C. as opposed to 375° C.) vaporization temperatures 
and greater airflow through the Substrate as opposed to across 
the Substrate. Best results were achieved using a vaporization 
temperature of 350° C. and an air flow ratio of 3:1, although 
this set of test conditions was slightly more sensitive to 
increases in drug coating density. In general, although aerosol 
purity showed a decrease with increases in drug coating den 
sity, this effect was not significant at any of the test conditions. 

Example 12 

0201 Diphenhydramine fumarate condensation aerosols 
were produced by the Substrate screening apparatus using 
perforated polyimide film substrates and non-perforated heat 
passivated stainless steel substrates. The substrates were 
spray-coated with diphenhydramine fumarate at various coat 
ing densities. Various air flow ratios and vaporization tem 
peratures were evaluated. 
(0202 FIG. 18 is a plot 1800 showing aerosol purity (%) 
1802 of aerosolized diphenhydramine fumarate as a function 
of drug coating density (mg/cm) 1804. Curves 1806, 1808, 
1810, and 1812 show aerosol purity data for drug vaporized 
from perforated polyimide film substrates. Curves 1806 and 
1808 represent an across: bottom air flow ratio of 3:1 (21:7 
LPM) and vaporization temperatures of 325° C. and 350° C., 
respectively. Curves 1810 and 1812 represent an across: bot 
tom air flow ratio of 1:3 (7:21 LPM) and vaporization tem 
peratures of 325° C. and 350° C., respectively. 
(0203 Curves 1814 and 1986 show aerosol purity data for 
drug vaporized from non-perforated heat-passivated 304 
stainless steel substrates, with no air flow ratio (i.e., 100% of 
the air flow was directed across the substrate). Curves 1814 
and 1816 represent vaporization temperatures of 350° C. and 
400° C. 

0204 As can be seen from the data presented in plot 1800, 
greater aerosol purities were achieved using lower vaporiza 
tion temperatures (325°C. as opposed to 350° C.) and greater 
air flow through the Substrate as opposed to across the Sub 
strate. For the polyimide film substrates, aerosol purity 
showed some decrease with increases in drug coating density. 
This trend was particularly observed with the stainless steel 
Substrates. 

Example 13 

0205 Flunisolide condensation aerosols were produced 
by the Substrate screening apparatus using perforated poly 
imide film Substrates, perforated heat-passivated Stainless 
steel substrates, and perforated SULFINERT-treated stain 
less steel substrates. (SULFINERT is an amorphous silicon. 
The SULFINERT-treated Stainless Steel Substrates were 
obtained from Restek Corp., Bellefonte, Pa.) The substrates 
were spray-coated with flunisolide free base at various coat 
ing densities. All samples were tested using an across:bottom 
air flow ratio of 3:1 (21:7 LPM). Various vaporization tem 
peratures were evaluated. 
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0206 FIG. 19 is a plot 1900 showing aerosol purity (%) 
1902 of aerosolized flunisolide free base as a function of drug 
coating density (mg/cm) 1904. Curve 1906 represents a drug 
coating control. Curves 1908 and 1910 show aerosol purity 
data for drug vaporized from perforated heat-passivated 316 
stainless steel substrates at vaporization temperatures of 325° 
C. and 375° C., respectively. Curves 1912 and 1914 show 
aerosol purity data for drug vaporized from perforated 
SULFINERT-treated 316 stainless steel substrates at vapor 
ization temperatures of 325° C. and 375° C., respectively. 
Curves 1916 and 1918 show aerosol purity data for drug 
vaporized from perforated polyimide film substrates at vapor 
ization temperatures of 350° C. and 375°C., respectively. 
0207 As can be seen from the data presented in plot 1900, 
for the polyimide film substrates and the SULFINERT-treated 
stainless steel Substrates, increased vaporization temperature 
had little effect on aerosol purity. For the heat-passivated 
stainless steel Substrates, aerosol purities showed a significant 
decrease with increases in vaporization temperature at the 
higher drug coating density densities. 

Example 14 

0208 Fluticasone propionate condensation aerosols were 
produced by the Substrate screening apparatus using perfo 
rated polyimide film Substrates and non-perforated heat-pas 
sivated stainless steel substrates. The substrates were spray 
coated with fluticasone propionate at various coating 
densities. Various air flow ratios and vaporization tempera 
tures were evaluated. 
0209 FIG. 20 is a plot 2000 showing aerosol purity (%) 
2002 of aerosolized fluticasone propionate as a function of 
drug coating density (mg/cm) 2004. Curves 2006, 2008, 
2010, and 2012 show aerosol purity data for drug vaporized 
from perforated polyimide film substrates. Curves 2006 and 
2008 represent an across: bottom air flow ratio of 3:1 (21:7 
LPM) and vaporization temperatures of 325° C. and 350° C. 
respectively. Curves 2010 and 2012 represent an across:bot 
tom air flow ratio of 1:3 (7:21 LPM) and vaporization tem 
peratures of 325° C. and 350° C., respectively. 
0210. Curves 2014 and 2016 show aerosol purity data for 
drug vaporized from non-perforated heat-passivated 304 
stainless steel substrates, with no airflow ratio (i.e., 100% of 
the air flow was directed across the substrate). Curves 2014 
and 2016 represent vaporization temperatures of 320°C. and 
350° C., respectively. 
0211. As can be seen from the data presented in plot 2000, 
for the polyimide film substrates, all four test conditions 
provided excellent (>97%) aerosol purities. For this particu 
lar drug aerosolized from polyimide film substrates, neither 
vaporization temperature nor airflow ratio appeared to have a 
significant effect on aerosol purity. For the stainless steel 
Substrates, greater drug purities were obtained at lower vapor 
ization temperatures. Drug coating density had a significant 
effect on aerosol purities for drug vaporized from the stainless 
steel substrates. 

Example 15 

0212 Mometasone fumarate condensation aerosols were 
produced by the Substrate screening apparatus using perfo 
rated polyimide film Substrates, non-perforated heat-passi 
vated stainless steel substrates, and non-perforated SULFI 
NATE-treated stainless steel substrates. The substrates were 
spray-coated with mometasone fumarate at various coating 
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densities. The polyimide film samples were evaluated using 
an across: bottom airflow ratio of 3:1 (21:7 LPM). The stain 
less steel samples were evaluated with no airflow ratio. Vari 
ous vaporization temperatures were evaluated. 
0213 FIG. 21 is a plot 2100 showing aerosol purity (%) 
2102 of aerosolized mometasone fumarate as a function of 
drug coating density (mg/cm) 2104. Curves 2106,2108, and 
2110 show aerosol purity data for drug vaporized from per 
forated polyimide film Substrates at vaporization tempera 
tures of 280°C.,325°C., and 375°C., respectively. Datapoint 
2112 shows aerosol purity data for drug vaporized from non 
perforated SULFINERT-treated stainless steel 304 substrates 
at a vaporization temperature of 350° C. Data point 2114 
shows aerosol purity data for drug vaporized from non-per 
forated heat-passivated stainless steel 304 substrates at a 
vaporization temperature of 350° C. 
0214. As can be seen from the data presented in plot 2100, 
for the polyimide film Substrates, increased vaporization tem 
perature had little effect on aerosol purity. On the other hand, 
drug coating density had a significant effect on aerosol purity. 
Aerosol purities for both the SULFINERT-treated and heat 
passivated Stainless steel Substrates were poor. 

Example 16 

0215 Paroxetine fumarate condensation aerosols were 
produced by the Substrate screening apparatus using perfo 
rated polyimide film Substrates and non-perforated heat-pas 
sivated stainless steel substrates. The substrates were spray 
coated with paroxetine fumarate at various coating densities. 
Various air flow ratios and vaporization temperatures were 
evaluated. 
0216 FIG. 22 is a plot 2200 showing aerosol purity (%) 
2202 of aerosolized paroxetine fumarate as a function of drug 
coating density (mg/cm) 2204. Curves 2206, 2208, 2210, 
and 2212 show aerosol purity data for drug vaporized from 
perforated polyimide film substrates. Curves 2206 and 2208 
represent an across:bottom air flow ratio of 3:1 (21:7 LPM) 
and vaporization temperature of 375° C. and 350° C., respec 
tively. Curves 2210 and 2212 represent an across: bottom air 
flow ratio of 1:3 (7:21 LPM) and vaporization temperatures of 
375° C. and 350° C., respectively. 
0217. Curves 2214 and 2216 show aerosol purity data for 
drug vaporized from non-perforated heat-passivated 304 
stainless steel substrates, with no air flow ratio (i.e., 100% of 
the air flow was directed across the substrate). Curves 2214 
and 2216 represent vaporization temperatures of 320°C. and 
400° C., respectively. 
0218. As can be seen from the data presented in plot 2200, 
for the polyimide film Substrates, greater aerosol purities 
were achieved using lower vaporization temperatures (350° 
C. as opposed to 375° C.) and greater air flow through the 
Substrate as opposed to across the Substrate. The stainless 
steel Substrates provided poor aerosol purities in general. For 
both the polyimide film and stainless steel substrates, aerosol 
purities decreased with increases in drug coating density. 

Example 17 

0219. Tadalafil condensation aerosols were produced by 
the Substrate screening apparatus using perforated heat-pas 
sivated stainless steel substrates. The substrates were spray 
coated with tadalafil free base at various coating densities. 
Various air flow ratios and vaporization temperatures were 
evaluated. 
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0220 FIG. 23 is a plot 2300 showing aerosol purity 2302 
of aerosolized tadalafil free base as a function of drug coating 
density (mg/cm) 2304. Curve 2306 represents a drug coating 
control. Curves 2308, 2310, 2312, and 2314 represent an 
across:bottom air flow ratio of 1:0 (27:0 LPM) and vaporiza 
tion temperatures of 325°C., 350° C., 375° C., and 400° C., 
respectively. Curves 2316, 2318,2320, and 2322 represent an 
across:bottom air flow ratio of 3:1 (21:7 LPM) and vaporiza 
tion temperatures of 325°C., 350° C., 375° C., and 400° C., 
respectively. 
0221. As can be seen from the data presented in plot 2300. 
greater aerosol purities were achieved using lower vaporiza 
tion temperatures and greater airflow through the Substrate as 
opposed to across the Substrate. Although, in general, aerosol 
purities dropped as drug coating density increased, this effect 
was especially pronounced at the 1:0 air flow ratio. 

Example 18 

0222 Tizanadine condensation aerosols were produced 
by the Substrate screening apparatus using perforated poly 
imide film Substrates, non-perforated heat-passivated Stain 
less steel Substrates, and non-perforated non-passivated Stain 
less steel substrates. The substrates were spray-coated with 
tizanadine free base at various coating densities. Various air 
flow ratios and vaporization temperatures were evaluated. 
0223 FIG. 24 is a plot 2400 showing aerosol purity (%) 
2402 of aerosolized tizanadine free base as a function of drug 
coating density (mg/cm) 2404. Curve 2406 represents the 
drug coating control. Curves 2408, 2410, and 24.12 show 
aerosol purity data for drug vaporized from non-perforated 
heat-passivated 304 stainless steel substrates, with no airflow 
ratio and vaporization temperatures of 320°C., 350° C., and 
400°C., respectively. Curve 2414 shows aerosol purity data 
for drug vaporized from non-perforated non-passivated 304 
stainless steel Substrates, with no air flow ratio and a vapor 
ization temperature of 400°C. 
0224 Curves 2416 and 2418 show aerosol purity data for 
drug vaporized from perforated polyimide film substrates. 
Curves 2416 and 2418 represent across: bottom airflow ratios 
of 3:1 (21:7 LPM) and 1:3 (7:21 LPM), respectively, and a 
vaporization temperature of 350° C. 
0225. As can be seen from the data presented in plot 2400, 
both of the polyimide film samples showed excellent (>98%) 
aerosol purity, regardless of the air flow ratio. For the heat 
passivated Stainless Steel Substrates, aerosol purity declined 
with increases in vaporization temperature and drug coating 
density. The non-passivated Stainless steel Substrates per 
formed most poorly of all. 

Example 19 

0226 Vardenafil condensation aerosols were produced by 
the Substrate screening apparatus using perforated polyimide 
film Substrates and perforated heat-passivated Stainless steel 
substrates. The substrates were spray-coated with Vardenafil 
free base at various coating densities. Various air flow ratios 
and vaporization temperatures were evaluated. 
0227 FIG. 25 is a plot 2500 showing aerosol purity (%) 
2502 of aerosolized Vardenafil free base as a function of drug 
coating density (mg/cm) 2504. Curve 2506 represents a drug 
coating control. Curves 2508, 2510, and 2512 show aerosol 
purity data for drug vaporized from perforated heat-passi 
vated 316 stainless steel Substrates, at an across: bottom air 
flow ratio of 1:0 and vaporization temperatures of 350° C. 
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400° C., and 425°C., respectively. Curves 2514, 2516, and 
2518 show aerosol purity data for drug vaporized from per 
forated heat-passivated 316 stainless steel substrates, at an 
across: bottom air flow ratio of 3:1 (21:7 LPM) and vaporiza 
tion temperatures of 350° C., 400° C., and 425°C., respec 
tively. 
0228. Curves 2520 and 2522 show aerosol purity data for 
drug vaporized from perforated polyimide film Substrates, at 
an across: bottom airflow ratio of 3:1 (21:7 LPM) and vapor 
ization temperatures of 350° C. and 375°C., respectively. 
0229. As can be seen from the data presented in plot 2500, 
the greatest aerosol purities were obtained at an airflow ratio 
of 3:1 and vaporization temperature of 350° C., for both the 
polyimide film and stainless steel Substrates. These condi 
tions also showed very little sensitivity to increases in drug 
coating density. Worst results were obtained with the stainless 
steel substrates at an air flow ratio of 1:0 and vaporization 
temperatures of 400° C. and 425°C. Under these conditions, 
a decrease in aerosol purity with increasing drug coating 
density was observed. 

Example 20 

0230. Zaleplon condensation aerosols were produced by 
the Substrate screening apparatus using perforated polyimide 
film Substrates and non-perforated heat-passivated Stainless 
steel substrates. The substrates were spray-coated with Zale 
plon free base at various coating densities. Various air flow 
ratios and vaporization temperatures were evaluated. 
0231 FIG. 26 is a plot 2600 showing aerosol purity (%) 
2602 of aerosolized Zaleplon free base as a function of drug 
coating density (mg/cm) 2604. Curve 2606 represents a drug 
coating control. Curves 2608 and 2610 show aerosol purity 
data for drug vaporized from perforated polyimide film sub 
strates, at an across: bottom air flow ratio of 3:1 (21:7 LPM) 
and vaporization temperatures of 380° C. and 420°C., respec 
tively. Curves 2612 and 2614 show aerosol purity data for 
drug vaporized from non-perforated heat-passivated Stainless 
steel Substrates, with no air flow ratio and vaporization tem 
peratures of 380° C. and 420°C., respectively. 
0232. As can be seen from the data presented in plot 2600, 

all four test conditions provided excellent (>99.4%) aerosol 
purities. For this particular drug, neither vaporization tem 
perature nor airflow ratio appeared to have a significant effect 
on aerosol purity, regardless of the Substrate. Although aero 
Sol purity decreased with increased drug coating density, this 
effect appeared to be minimal. 

Example 21 

0233 Drug is dissolved or suspended in a solvent (e.g., 
dichloromethane or methanol). The solution or Suspension is 
coated to about a 4 micron thickness on a stainless steel 
substrate of about 8 cm surface area. The substrate may 
either be a standard stainless steel foil or a heat-passivated 
stainless steel foil. The substrate is heated to a temperature 
sufficient to generate athermal vapor (generally ~350° C.) but 
at least to a temperature of 200° C. with an air flow typically 
of 20 L/min (1 m/s) passing over the film during heating. The 
heating is done in a volatilization chamber fitted with a trap 
(such as described in the Examples above). After vaporization 
is complete, airflow is discontinued and the resultant aerosol 
is analyzed for purity using the methods disclosed herein. If 
the resultant aerosol contains less than 10% drug degradation 
product, i.e., the TSR29, then the drug is a heat stable drug. 
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If, however, at about 4 micron thickness, greater than 10% 
degradation is determined, the experiment is repeated at the 
same conditions, except that film thicknesses of about 1.5 
microns, and of about 0.5 micron, respectively, are used. If a 
decrease in degradation products relative to the 4 micron 
thickness is seen at either of these thinner film thicknesses, a 
plot of film thickness versus purity is graphed and extrapo 
lated out to a film thickness of 0.05 microns. The graph is used 
to determine if there exists a film thickness where the purity of 
the aerosol would be such that it contains less than 10% drug 
degradation products. If such a point exists on the graph, then 
the drug is defined as a heat stable drug. 

Example 22 

0234 Drug (1 mg) is dissolved or suspended in a minimal 
amount of Solvent (e.g., dichloromethane or methanol). The 
Solution or Suspension is pipetted onto the middle portion of 
a 3 cm by 3 cm piece of aluminum foil. The coated foil is 
wrapped around the end of a 1/2 cm diameter vial and secured 
with parafilm. A hot plate is preheated to approximately 300° 
C., and the vial is placed on it foil side down. The vial is left 
on the hotplate for 10s after volatilization or decomposition 
has begun. After removal from the hotplate, the vial is allowed 
to cool to room temperature. The foil is removed, and the vial 
is extracted with dichloromethane followed by saturated 
aqueous NaHCO. The organic and aqueous extracts are 
shaken together, separated, and the organic extract is dried 
over NaSO. An aliquot of the organic solution is removed 
and injected into a reverse-phase HPLC with detection by 
absorption of 225 nm light. A drug is preferred for aerosoliza 
tion where the purity of the drug isolated by this method is 
greater than 85%. Such a drug has a decomposition index less 
than 0.15. The decomposition index is arrived at by subtract 
ing the aerosol purity fraction (i.e., 0.85) from 1. 
0235 Although the invention has been described with 
respect to particular embodiments, it will be apparent to those 
skilled in the art that various changes and modifications can 
be made without departing from the invention. One of ordi 
nary skill in the art can combine the foregoing embodiments 
or make various other embodiments and aspects of the 
method and device of the present invention to adapt them to 
specific usages and conditions. As such, these changes and 
modifications are properly, equitably, and intended to be 
within the full range of equivalents of the following claims. 

We claim: 
1. A drug Supply unit comprising a Substrate, wherein the 

Substrate has a Surface containing a plurality of holes, and 
wherein at least a portion of the Surface is coated with a drug 
composition. 

2. The drug supply unit of claim 1, wherein the plurality of 
holes comprises at least 10 holes. 

3. The drug supply unit of claim 2, wherein the plurality of 
holes comprises at least 50 holes. 

4. The drug supply unit of claim3, wherein the plurality of 
holes comprises at least 100 holes. 

5. The drug supply unit of claim 1, wherein the substrate 
has a thickness, and wherein the holes are circular and have a 
diameter at least as great as the thickness of the Substrate. 

6. The drug supply unit of claim 5, wherein the substrate 
has a thickness of at least 5.0x10 inches. 

7. The drug supply unit of claim 6, wherein the substrate 
has a thickness in the range of 5.0x10 to 5.0x10-inches. 
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8. The drug supply unit of claim 7, wherein the portion of 
the Surface that is coated with a drug composition has a 
surface area in the range of 8 mm to 20 cm. 

9. The drug supply unit of claim 8, wherein the portion of 
the Surface that is coated with a drug composition has a 
surface area in the range of 9 mm to 15 cm. 

10. The drug supply unit of claim 1, wherein the portion of 
the Surface that is coated with a drug composition has a 
porosity in the range of 1% to 70%. 

11. The drug supply unit of claim 10, wherein the portion of 
the Surface that is coated with a drug composition has a 
porosity in the range of 10% to 60%. 

12. The drug supply unit of claim 11, wherein the portion of 
the Surface that is coated with a drug composition has a 
porosity in the range of 20% to 50%. 

13. The drug supply unit of claim 1, wherein the substrate 
comprises a metal. 

14. The drug supply unit of claim 13, wherein the metal is 
selected from the group consisting of stainless steel, alumi 
num, gold, copper, titanium, and combinations thereof. 

15. The drug supply unit of claim 14, wherein the metal is 
stainless steel. 

16. The drug supply unit of claim 15, wherein the stainless 
steel is heat-passivated. 

17. The drug supply unit of claim 15, wherein the stainless 
steel is amorphous silicon treated. 

18. The drug supply unit of claim 1, wherein the substrate 
comprises a polymer. 

19. The drug supply unit of claim 18, wherein the substrate 
has a thickness within the range of about 5.0x10 to 1.0x 
10° inches. 

20. The drug supply unit of claim 18, wherein the polymer 
is a polyimide. 

21. The drug supply unit of claim 20, wherein the substrate 
is a polyimide film having a first Surface and second Surface, 
and wherein electrically conductive traces are formed on the 
first surface of the polyimide film substrate. 

22. The drug supply unit of claim 21, wherein the drug 
composition is coated onto the first Surface of the polyimide 
film substrate. 

23. The drug supply unit of claim 21, wherein the drug 
composition is coated onto the second Surface of the polyim 
ide film substrate. 

24. The drug Supply unit of claim 21, wherein the drug is 
coated onto both the first surface and the second surface of the 
polyimide film substrate. 

25. The drug supply unit of claim 1, wherein the drug 
Supply unit is configured to heat at least a portion of the 
substrate to a temperature of at least 200° C. 

26. The drug supply unit of claim 1, wherein the substrate 
is an exterior Surface of the drug Supply unit. 

27. The drug supply unit of claim 1, wherein the substrate 
is a separate layer of material in close proximity to an exterior 
Surface of the drug Supply unit. 

28. The drug supply unit of claim 1, wherein the drug 
Supply unit comprises an electrically resistive heating unit. 

29. An aerosol drug delivery device comprising: 
a housing defining an airway; 
a drug Supply unit comprising a surface, wherein at least a 

portion of the surface includes a plurality of holes: 
a heating element operatively associated with the drug 

Supply unit; and 
a drug composition coated onto at least a portion of the 

surface of the substrate; 
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wherein the heating element is configured to heat the Sub 
strate to a temperature Sufficient to vaporize at least a portion 
of the drug. 

30. A method of producing a drug-containing aerosol, the 
method comprising: 

a. providing an aerosol drug delivery device comprising 
a housing defining an airway; 
a drug Supply unit comprising a Surface, wherein at least 

a portion of the surface includes a plurality of holes; 
a heating element operatively associated with the drug 

Supply unit; and 
a drug composition coated onto at least a portion of the 

surface of the substrate; 
wherein the heating element is configured to heat the Sub 

strate to a temperature Sufficient to vaporize at least a 
portion of the drug. 

b. providing an airflow through the plurality of holes while 
heating the Substrate; and 

c. allowing the vaporized drug to cool and condense into an 
aerosol comprising particles. 

31. The method of claim 30, wherein the substrate is an 
exterior Surface of the drug Supply unit. 

32. The method of claim 30, wherein the substrate is a 
separate layer of material in close proximity to an exterior 
Surface of the drug Supply unit. 

33. The method of claim 30, wherein the drug is heated to 
a temperature and for a duration that results in an acceptably 
low level of decomposition. 

34. The method of claim 30, wherein the vaporized drug is 
rapidly mixed into the airflow to cool and preclude additional 
decomposition of the drug. 

35. The method of claim 30, wherein the drug-containing 
aerosol has a purity level of at least 95%. 

36. The method of claim 35, wherein the drug-containing 
aerosol has a purity level of at least 96%. 

37. The method of claim 36, wherein the drug-containing 
aerosol has a purity level of at least 97%. 

38. A drug Supply unit, wherein the drug Supply unit is 
configured to heat a drug coated on a surface of a substrate to 
a temperature Sufficient to vaporize the drug, wherein a por 
tion of the substrate includes a plurality of holes formed 
therethrough, and wherein the number of and spacing 
between the holes is sufficient that a drug vaporized from the 
substrate exhibits a purity that is greater than the purity of a 
drug vaporized from a Substrate that does not include a plu 
rality of holes formed therethrough. 

39. The drug supply unit of claim 38, wherein the drug 
Supply unit comprises an electrically resistive heating unit. 

40. An aerosol drug delivery device comprising: 
a housing defining an airway; 
a drug Supply unit that is configured to heat a drug disposed 

on an exterior Surface of a Substrate to a temperature 
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sufficient to vaporize the drug, wherein a portion of the 
exterior surface of the substrate includes a plurality of 
holes formed therethrough; and 

a drug disposed on a portion of the exterior Surface of the 
Substrate, 

wherein the number of and spacing between the holes is 
sufficient that, when the drug is vaporized from the 
Substrate, the vaporized drug exhibits a purity that is 
greater than the purity of a drug vaporized from a Sub 
strate that does not include a plurality of holes formed 
therethrough. 

41. A method of producing a drug-containing aerosol com 
prising: 

providing an aerosol delivery device comprising 
a housing defining an airway; 
a drug Supply unit that is configured to heat a drug 

disposed on a Surface of a Substrate to a temperature 
Sufficient to vaporize the drug, wherein a portion of 
the exterior surface of the substrate includes a plural 
ity of holes formed therethrough; and 

a drug disposed on a portion of the exterior Surface of the 
Substrate, 

providing an air flow through the plurality of holes while 
Subsequently heating the Substrate to a temperature Suf 
ficient to vaporize the drug; and 

allowing the vaporized drug to condense into an aerosol 
comprising particles, 

wherein the number of and spacing between the holes is 
sufficient that the vaporized drug exhibits a purity that is 
greater than the purity of a drug vaporized from a Sub 
strate that does not include a plurality of holes formed 
therethrough. 

42. The method of claim 41, wherein the substrate is an 
exterior Surface of the drug Supply unit. 

43. The method of claim 41, wherein the substrate is a 
separate layer of material in close proximity to an exterior 
Surface of the drug Supply unit. 

44. The method of claim 41, wherein the drug is heated to 
a temperature and for a duration that results in an acceptably 
low level of decomposition. 

45. The method of claim 41, wherein the vaporized drug is 
rapidly mixed into the airflow to cool and preclude additional 
decomposition of the drug. 

46. The method of claim 41, wherein the drug-containing 
aerosol has a purity level of at least 95%. 

47. The method of claim 46, wherein the drug-containing 
aerosol has a purity level of at least 96%. 

48. The method of claim 47, wherein the drug-containing 
aerosol has a purity level of at least 97%. 
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