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(57) ABSTRACT 

The present invention relates to the inhalation delivery of 
aerosols containing small particles. Speci?cally, it relates to 
the delivery of drug containing aerosols having particles 
With a mass median aerodynamic diameter less than 1;! for 
inhalation therapy. In an aspect of the present invention the 
drug containing aerosol comprises particles having a mass 
median aerodynamic diameter betWeen 10 nm and 1p. 
Preferably, the particles have a mass median aerodynamic 
diameter betWeen 10 nm and 900 nm. More preferably, the 
particles have a mass median aerodynamic diameter 
betWeen 10 nm and 800 nm, 10 nm and 700 nm, 10 nm and 
600 nm, 10 nm and 500 nm, 10 nm and 400 nm, 10 nm and 
300 nm, 10 nm and 200 nm, or 10 nm and 100 nm. 
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Fig. 23 

Number Concentration vs Time for Number Concentration to Halve 
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Coagulation Coefficient vs. Particle Size 
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Vapor Pressure vs Temperature 
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Fig. 27 

Actual vs Calculated Particle Diameter (MMD) 

for Number Concentration of 1x109/cc 
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Ratio of Vaporized Compound to Volume of Mixing Gas vs. 
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DELIVERY OF AEROSOLS CONTAINING SMALL 
PARTICLES THROUGH AN INHALATION ROUTE 

[0001] This application is a continuation of US. patent 
application Ser. No. 10/146,515 entitled “Delivery of Aero 
sols Containing Small Particles Through an Inhalation 
Route,” ?led May 13, 2002, Which is a continuation-in-part 
of US. patent application Ser. No. 10/057,198 entitled 
“Method and Device for Delivering a Physiologically Active 
Cornpound,” ?led Oct. 26, 2001, Lloyd et al. and of US. 
patent application Ser. No. 10/057,197 entitled “Aerosol 
Generating Device and Method,” ?led Oct. 26, 2001, Wen 
sley et al., both of Which are hereby incorporated by refer 
ence for all purposes. This application further claims priority 
to US. provisional application Ser. No. 60/296,225 entitled 
“Aerosol Generating Device and Method,” ?led Jun. 5, 
2001, Wensley et al., the entire disclosure of Which is hereby 
incorporated by reference. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the inhalation 
delivery of aerosols containing small particles. Speci?cally, 
it relates to the delivery of drug containing aerosols having 
particles With a mass rnedian aerodynarnic diarneter less 
than 1;! for inhalation therapy. 

BACKGROUND OF THE INVENTION 

[0003] Currently, there are a number of approved devices 
for the inhalation delivery of drugs, including dry poWder 
inhalers, nebuliZers, and pressuriZed metered dose inhalers. 
A typical goal of these devices is to produce an aerosol 
containing drug particles With a mass rnedian aerodynarnic 
diameter between 1 pl and 10 pl. 

[0004] It is desirable to provide aerosols having particles 
With a mass rnedian aerodynarnic diarneter less than 1p. The 
provision of such aerosols is an object of the present 
invention. 

SUMMARY OF THE INVENTION 

[0005] The present invention relates to the inhalation 
delivery of aerosols containing small particles. Speci?cally, 
it relates to the delivery of drug containing aerosols having 
particles With a mass rnedian aerodynarnic diarneter less 
than 1;! for inhalation therapy. 

[0006] In a composition aspect of the present invention the 
drug containing aerosol contains particles having a mass 
rnedian aerodynarnic diameter between 10 nrn and 1p. 
Preferably the particles have a mass rnedian aerodynarnic 
diameter between 10 nrn and 900 nrn. More preferably, the 
particles have a mass rnedian aerodynarnic diameter 
between 10 nrn and 800 nrn, 10 nrn and 700 nrn, 10 nrn and 
600 nrn, 10 nrn and 500 nrn, 10 nrn and 400 nrn, 10 nrn and 
300 nrn, 10 nrn and 200 nrn, or 10 nrn and 100 nrn. 

[0007] Typically, the particles comprise at least 5 percent 
by Weight of drug. Preferably, the particles comprise at least 
10 percent by Weight of drug. More preferably, the particles 
comprise at least 20 percent, 30 percent, 40 percent, 50 
percent, 60 percent, 70 percent, 80 percent, 90 percent, 95 
percent, 97 percent, 99 percent, 99.5 percent, or 99.97 
percent by Weight of drug. 

[0008] Typically, at least 50 percent by Weight of the 
aerosol is arnorphous in form, Wherein crystalline forrns 
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make up less than 50 percent by Weight of the total aerosol 
Weight, regardless of the nature of individual particles. 
Preferably, at least 75 percent by Weight of the aerosol is 
arnorphous in form. More preferably, at least 90 percent by 
Weight of the aerosol is arnorphous in form. 

[0009] Typically, the aerosol cornprises less than 10 per 
cent by Weight of drug degradation products. Preferably, the 
particles contain less than 5 percent of drug degradation 
products. More preferably, the particles contain less than 
2.5, 1, 0.5, 0.1 or 0.03 percent by Weight of drug degradation 
products. 

[0010] Typically, the mass of the aerosol is at least 0.05 
mg. Preferably, the mass of the aerosol is at least 0.10 mg. 
More preferably, the mass of the aerosol is at least 0.15 mg, 
0.20 mg, or 0.25 mg. 

[0011] Typically, the geometric standard deviation around 
the mass rnedian aerodynarnic diameter of the aerosol par 
ticles is less than 2. Preferably, the geometric standard 
deviation is less than 1.9. More preferably, the geometric 
standard deviation is less than 1.8, 1.7, 1.6 or 1.5. 

[0012] 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 decornposi 
tion indeX less than 0.05. 

[0013] Typically, the drug of the aerosol is of one of the 
folloWing classes: antibiotics, anticonvulsants, antidepres 
sants, antiernetics, antihistarnines, antiparkisonian drugs, 
antipsychotics, anxiolytics, drugs for erectile dysfunction, 
drugs for migraine headaches, drugs for the treatment of 
alcoholism, drugs for the treatment of addiction, muscle 
relaxants, nonsteroidal anti-in?arnrnatories, opioids, other 
analgesics and stirnulants. 

[0014] Typically, Where the drug is an antibiotic, it is 
selected from one of the folloWing cornpounds: ce?netaZole; 
cefaZolin; cephaleXin; cefoXitin; cephacetrile; cephalogly 
cin; cephaloridine; cephalosporins, such as cephalosporin C; 
cephalotin; cepharnycins, such as cepharnycin A, cepharny 
cin B, and cepharnycin C; cepharin; cephradine; arnpicillin; 
arnoXicillin; hetacillin; carfecillin; carindacillin; carbenicil 
lin; arnylpenicillin; aZidocillin; benZylpenicillin; clorneto 
cillin; cloXacillin; cyclacillin; rnethicillin; nafcillin; 2-pen 
tenylpenicillin; penicillins, such as penicillin N, penicillin 
O, penicillin S, penicillin V; chlorobutin penicillin; dicloX 
acillin; diphenicillin; heptylpenicillin; and rnetarnpicillin. 

[0015] Typically, Where the drug is an anticonvulsant, it is 
selected from one of the folloWing cornpounds: gabapentin, 
tiagabine, and vigabatrin. 

[0016] Typically, Where the drug is an antidepressant, it is 
selected from one of the folloWing cornpounds: arnitrip 
tyline, arnoXapine, benrnoXine, butriptyline, clorniprarnine, 
desiprarnine, dosulepin, doXepin, irniprarnine, kitanserin, 
lofeprarnine, rnedifoXarnine, rnianserin, rnaprotoline, rnir 
taZapine, nortriptyline, protriptyline, trirniprarnine, viloX 
aZine, citaloprarn, cotinine, duloXetine, ?uoXetine, ?uvoX 
arnine, rnilnacipran, nisoXetine, paroXetine, reboXetine, 
sertraline, tianeptine, acetaphenaZine, binedaline, brofarorn 
ine, cericlarnine, clovoXarnine, iproniaZid, isocarboXaZid, 
rnoclobernide, phenyhydraZine, phenelZine, selegiline, 
sibutrarnine, tranylcyprornine, adernetionine, adra?nil, 
arnesergide, arnisulpride, arnperoZide, benactyZine, bupro 
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pion, caroxaZone, gepirone, idaZoxan, metralindole, mil 
nacipran, minaprine, nefaZodone, nomifensine, ritanserin, 
roxindole, S-adenosylmethionine, tofenacin, traZodone, 
tryptophan, venlafaxine, and Zalospirone. 

[0017] Typically, where the drug is an antiemetic, it is 
selected from one of the following compounds: aliZapride, 
aZasetron, benZquinamide, bromopride, bucliZine, chlorpro 
maZine, cinnariZine, clebopride, cycliZine, diphenhy 
dramine, diphenidol, dolasetron methanesulfonate, droperi 
dol, granisetron, hyoscine, loraZepam, metoclopramide, 
metopimaZine, ondansetron, perphenaZine, promethaZine, 
prochlorperaZine, scopolamine, triethylperaZine, tri?uopera 
Zine, tri?upromaZine, trimethobenZamide, tropisetron, 
domeridone, and palonosetron. 

[0018] Typically, where the drug is an antihistamine, it is 
selected from one of the following compounds: aZatadine, 
brompheniramine, chlorpheniramine, clemastine, cyprohep 
tadine, dexmedetomidine, diphenhydramine, doxylamine, 
hydroxyZine, cetriZine, fexofenadine, loratidine, and 
promethaZine. 
[0019] Typically, where the drug is an antiparkisonian 
drug, it is selected one of the following compounds: aman 
tadine, baclofen, biperiden, benZtropine, orphenadrine, pro 
cyclidine, trihexyphenidyl, levodopa, carbidopa, selegiline, 
deprenyl, andropinirole, apomorphine, benseraZide, bro 
mocriptine, budipine, cabergoline, dihydroergokryptine, 
eliprodil, eptastigmine, ergoline pramipexole, galanthamine, 
laZabemide, lisuride, maZindol, memantine, mofegiline, per 
golike, pramipexole, propentofylline, rasagiline, remace 
mide, spheramine, terguride, entacapone, and tolcapone. 

[0020] Typically, where the drug is an antipsychotic, it is 
selected from one of the following compounds: acetophena 
Zine, aliZapride, amperoZide, benperidol, benZquinamide, 
bromperidol, buramate, butaperaZine, carphenaZine, 
carpipramine, chlorpromaZine, chlorprothixene, cloca 
pramine, clomacran, clopenthixol, clospiraZine, clothiapine, 
cyamemaZine, droperidol, ?upenthixol, ?uphenaZine, ?us 
pirilene, haloperidol, mesoridaZine, metofenaZate, molin 
drone, pen?uridol, pericyaZine, perphenaZine, pimoZide, 
pipamerone, piperacetaZine, pipotiaZine, prochlorperaZine, 
promaZine, remoxipride, sertindole, spiperone, sulpiride, 
thioridaZine, thiothixene, tri?uperidol, tri?upromaZine, trif 
luoperaZine, Ziprasidone, Zotepine, Zuclopenthixol, amisul 
pride, butaclamol, cloZapine, melperone, olanZapine, que 
tiapine, and risperidone. 

[0021] Typically, where the drug is an anxiolytic, it is 
selected from one of the following compounds: mecloqua 
lone, medetomidine, metomidate, adinaZolam, chlordiaZep 
oxide, clobenZepam, ?uraZepam, loraZepam, lopraZolam, 
midaZolam, alpidem, alseroxlon, amphenidone, aZacy 
clonol, bromisovalum, buspirone, calcium N-carboamoylas 
partate, captodiamine, capuride, carbcloral, carbromal, chlo 
ral betaine, encipraZine, ?esinoxan, ipsapiraone, lesopitron, 
loxapine, methaqualone, methprylon, propanolol, tan 
dospirone, traZadone, Zopiclone, and Zolpidem. 

[0022] Typically, where the drug is a drug for erectile 
dysfunction, it is selected from one of the following com 
pounds: cialis (IC351), sildena?l, vardena?l, apomorphine, 
apomorphine diacetate, phentolamine, and yohimbine. 

[0023] Typically, where the drug is a drug for migraine 
headache, it is selected from one of the following com 
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pounds: almotriptan, alperopride, codeine, dihydroergota 
mine, ergotamine, eletriptan, frovatriptan, isometheptene, 
lidocaine, lisuride, metoclopramide, naratriptan, oxycodone, 
propoxyphene, riZatriptan, sumatriptan, tolfenamic acid, 
Zolmitriptan, amitriptyline, atenolol, clonidine, cyprohepta 
dine, diltiaZem, doxepin, ?uoxetine, lisinopril, methyser 
gide, metoprolol, nadolol, nortriptyline, paroxetine, piZo 
tifen, piZotyline, propanolol, protriptyline, sertraline, 
timolol, and verapamil. 

[0024] Typically, where the drug is a drug for the treat 
ment of alcoholism, it is selected from one of the following 
compounds: naloxone, naltrexone, and disul?ram. 

[0025] Typically, where the drug is a drug for the treat 
ment of addiction it is buprenorphine. 

[0026] Typically, where the drug is a muscle relaxant, it is 
selected from one of the following compounds: baclofen, 
cyclobenZaprine, orphenadrine, quinine, and tiZanidine. 

[0027] Typically, where the drug is a nonsteroidal anti 
in?ammatory, it is selected from one of the following 
compounds: aceclofenac, alminoprofen, amfenac, amino 
propylon, amixetrine, benoxaprofen, bromfenac, bufex 
amac, carprofen, choline, salicylate, cinchophen, cinmeta 
cin, clopriac, clometacin, diclofenac, etodolac, indoprofen, 
maZipredone, meclofenamate, piroxicam, pirprofen, and 
tolfenamate. 

[0028] Typically, where the drug is an opioid, it is selected 
from one of the following compounds: alfentanil, allylpro 
dine, alphaprodine, anileridine, benZylmorphine, beZitra 
mide, buprenorphine, butorphanol, carbiphene, cipramadol, 
clonitaZene, codeine, dextromoramide, dextropro 
poxyphene, diamorphine, dihydrocodeine, diphenoxylate, 
dipipanone, fentanyl, hydromorphone, L-alpha acetyl meth 
adol, lofentanil, levorphanol, meperidine, methadone, 
meptaZinol, metopon, morphine, nalbuphine, nalorphine, 
oxycodone, papaveretum, pethidine, pentaZocine, phenaZo 
cine, remifentanil, sufentanil, and tramadol. 

[0029] Typically, where the drug is an other analgesic it is 
selected from one of the following compounds: apaZone, 
benZpiperylon, benZydramine, caffeine, clonixin, ethohep 
taZine, ?upirtine, nefopam, orphenadrine, propacetamol, and 
propoxyphene. 

[0030] Typically, where the drug is a stimulant, it is 
selected from one of the following compounds: amphet 
amine, brucine, caffeine, dexfen?uramine, dextroamphet 
amine, ephedrine, fen?uramine, maZindol, methyphenidate, 
pemoline, phentermine, and sibutramine. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0031] Further features and advantages will become 
apparent from the following description of various examples 
of the invention, as illustrated in the accompanying draw 
ings in which: 

[0032] FIG. 1 is a schematic diagram of the overall system 
for conducting experiments using a laboratory example of a 
device of the present invention; 

[0033] FIG. 2 is a top, right end and front perspective 
view of the example depicted in FIG. 1; 

[0034] FIG. 3 is a partial cross-sectional and partial sche 
matic side view of the example shown in FIG. 2; 
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[0035] FIG. 4 is a partial cross-sectional and partial sche 
matic end vieW of the example shown in FIG. 2; 

[0036] FIG. 5 is a partial cross-sectional and partial sche 
matic top vieW of the example shoWn in FIG. 2; 

[0037] FIG. 6 is a schematic cross-sectional side vieW of 
an alternate example of the device of the present invention 
using an annunciating device; 

[0038] FIG. 7 is a top, left end and front perspective vieWs 
of the removable sub-assembly containing the compound 
and a movable slide of the example shoWn in FIG. 2 
shoWing the sub-assembly being mounted Within the slide; 

[0039] FIG. 8 is a schematic vieW of the heating element 
of the example shoWn in FIG. 2 shoWing the electric drive 
circuit; 
[0040] FIG. 9 is a schematic side vieW of a second 
example of the present invention using a venturi tube; 

[0041] FIG. 10 is a schematic side vieW of a fourth 
example of the present invention using a thin-Walled tube 
coated With the compound; 

[0042] FIG. 11 is a schematic side end vieW of the 
example shoWn in FIG. 10; 

[0043] FIG. 12 is a schematic side end vieW of the 
example shoWn in FIG. 10 shoWing an inductive heating 
system generating an alternating magnetic ?eld; 

[0044] FIG. 13 is a schematic side vieW of an alternate 
example of that shoWn in FIG. 10 using a How restrictor 
Within the thin-Walled tube; 

[0045] FIG. 14 is a schematic side vieW of a ?fth example 
of the present invention using an expandable container for 
the compound; 

[0046] FIG. 15 is a schematic side vieW of a sixth example 
of the present invention using a container for the compound 
in an inert atmosphere; 

[0047] FIG. 16 is a schematic side vieW of the example 
shoWn in FIG. 15 using a recirculation of the inert atmo 
sphere over the compound’s surface; 

[0048] FIG. 17 is a schematic side vieW of a seventh 
example of the present invention using a tube containing 
particles coated With the compound; 

[0049] FIG. 18 is a schematic side vieW of the example 
shoWn in FIG. 17 using a heating system to heat the gas 
passing over the coated particles; 

[0050] FIG. 19 is a schematic side vieW of an eighth 
example of the present invention referred to herein as the 
“oven device”; 

[0051] FIG. 20 is a schematic side vieW of an ninth 
example of the present invention using gradient heating; 

[0052] FIG. 21 is a schematic side vieW of a tenth 
example of the present invention using a ?ne mesh screen 
coated With the compound; 

[0053] FIG. 22 is a top, right end and front perspective 
vieW of the example shoWn in FIG. 21; 

[0054] FIG. 23 is a plot of the rate of aggregation of 
smaller particles into larger ones; 
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[0055] FIG. 24 is a plot of the coagulation coef?cient versus particle siZe of the compound; 

[0056] FIG. 25 is a plot of vapor pressure of various 
compounds, e.g., diphenyl ether, hexadecane, geranyl for 
mate and caproic acid, versus temperature; 

[0057] FIG. 26 is a plot of blood levels for both the IV 
dose and the inhalation dose administered to various dogs 
during the experiments using the system shoWn in FIG. 1; 

[0058] FIG. 27 is a plot of calculated and experimental 
mass median diameter (MMD) versus compound mass in the 
range of 10 to 310 pg; 

[0059] FIG. 28 is a plot of calculated and experimental 
MMD versus compound mass in the range of 10 to 310 pg; 
and 

[0060] FIG. 29 is a plot of the theoretical siZe (diameter) 
of an aerosol as a function of the ratio of the vaporiZed 
compound to the volume of the mixing gas. 

DETAILED DESCRIPTION 

[0061] De?nitions 

[0062] “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. 

[0063] “Aerosol” refers to a suspension of solid or liquid 
particles in a gas. 

[0064] “Amorphous particle” refers to a particle that does 
not contain more than 50 percent by Weight of a crystalline 
form. Preferably, the particle does not contain more than 25 
percent of a crystalline form. More preferably, the particle 
does not contain more than 10 percent of a crystalline form. 

[0065] “Decomposition index” refers to a number derived 
from an assay described in Example 7. The number is 
determined by substracting the percent purity of the gener 
ated aerosol from 1. 

[0066] “Drug” refers to any chemical compound that is 
used in the prevention, diagnosis, treatment, or cure of 
disease, for the relief of pain, or to control or improve any 
physiological or pathological disorder in humans or animals. 
Such compounds are oftentimes listed in the Physician’s 
Desk Reference (Medical Economics Company, Inc. at 
Montvale, N.J., 56th edition, 2002), Which is herein incor 
porated by reference. 

[0067] Exemplary drugs include the folloWing: cannaban 
oid extracts from cannabis, THC, ketorolac, fentanyl, mor 
phine, testosterone, ibuprofen, codeine, nicotine, Vitamin A, 
Vitamin E acetate, Vitamin E, nitroglycerin, pilocarpine, 
mescaline, testosterone enanthate, menthol, phencaramkde, 
methsuximide, eptastigmine, promethaZine, procaine, ret 
inol, lidocaine, trimepraZine, isosorbide dinitrate, timolol, 
methyprylon, etamiphyllin, propoxyphene, salmetrol, vita 
min E succinate, methadone, oxprenolol, isoproterenol bitar 
trate, etaqualone, Vitamin D3, ethambutol, ritodrine, omo 
conaZole, cocaine, lomustine, ketamine, ketoprofen, 
cilaZaprol, propranolol, sufentanil, metaproterenol, prentox 
apylline, testosterone proprionate, valproic acid, acebutolol, 
terbutaline, diaZepam, topiramate, pentobarbital, alfentanil 
HCl, papaverine, nicergoline, ?uconaZole, Za?rlukast, test 
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osterone acetate, droperidol, atenolol, metoclopramide, 
enalapril, albuterol, ketotifen, isoproterenol, amiodarone 
HCl, Zileuton, midaZolam, oXycodone, cilostaZol, propofol, 
nabilone, gabapentin, famotidine, loreZepam, naltreXone, 
acetaminophen, sumatriptan, bitolterol, nifedipine, Phe 
nobarbital, phentolamine, 13-cis retinoic acid, droprenil 
amin HCl, amlodipine, caffeine, Zopiclone, tramadol HCl, 
pirbuterol naloXone, meperidine HCl, trimethobenZamide, 
nalmefene, scopolamine, sildena?l, carbamaZepine, pro 
caterol HCl, methysergide, glutathione, olanZapine, Zolpi 
dem, levorphanol, buspirone and mixtures thereof. 
[0068] Typically, the drug of the composition is of one of 
the following classes: antibiotics, anticonvulsants, antide 
pressants, antiemetics, antihistamines, antiparkisonian 
drugs, antipsychotics, anXiolytics, drugs for erectile dys 
function, drugs for migraine headaches, drugs for the treat 
ment of alcoholism, drugs for the treatment of addiction, 
muscle relaXants, nonsteroidal anti-in?ammatories, opioids, 
other analgesics, cannabanoids, and stimulants. 

[0069] Typically, Where the drug is an antibiotic, it is 
selected from one of the folloWing compounds: ce?netaZole; 
cefaZolin; cephaleXin; cefoXitin; cephacetrile; cephalogly 
cin; cephaloridine; cephalosporins, such as cephalosporin C; 
cephalotin; cephamycins, such as cephamycin A, cephamy 
cin B, and cephamycin C; cepharin; cephradine; ampicillin; 
amoXicillin; hetacillin; carfecillin; carindacillin; carbenicil 
lin; amylpenicillin; aZidocillin; benZylpenicillin; clometo 
cillin; cloXacillin; cyclacillin; methicillin; nafcillin; 2-pen 
tenylpenicillin; penicillins, such as penicillin N, penicillin 
O, penicillin S, penicillin V; chlorobutin penicillin; dicloX 
acillin; diphenicillin; heptylpenicillin; and metampicillin. 
[0070] Typically, Where the drug is an anticonvulsant, it is 
selected from one of the folloWing compounds: gabapentin, 
tiagabine, and vigabatrin. 
[0071] Typically, Where the drug is an antidepressant, it is 
selected from one of the folloWing compounds: amitrip 
tyline, amoXapine, benmoXine, butriptyline, clomipramine, 
desipramine, dosulepin, doXepin, imipramine, kitanserin, 
lofepramine, medifoXamine, mianserin, maprotoline, mir 
taZapine, nortriptyline, protriptyline, trimipramine, viloX 
aZine, citalopram, cotinine, duloXetine, ?uoXetine, ?uvoX 
amine, milnacipran, nisoXetine, paroXetine, reboXetine, 
sertraline, tianeptine, acetaphenaZine, binedaline, brofarom 
ine, cericlamine, clovoXamine, iproniaZid, isocarboXaZid, 
moclobemide, phenyhydraZine, phenelZine, selegiline, 
sibutramine, tranylcypromine, ademetionine, adra?nil, 
amesergide, amisulpride, amperoZide, benactyZine, bupro 
pion, caroXaZone, gepirone, idaZoXan, metralindole, mil 
nacipran, minaprine, nefaZodone, nomifensine, ritanserin, 
roXindole, S-adenosylmethionine, tofenacin, traZodone, 
tryptophan, venlafaXine, and Zalospirone. 
[0072] Typically, Where the drug is an antiemetic, it is 
selected from one of the folloWing compounds: aliZapride, 
aZasetron, benZquinamide, bromopride, bucliZine, chlorpro 
maZine, cinnariZine, clebopride, cycliZine, diphenhy 
dramine, diphenidol, dolasetron methanesulfonate, dronab 
inol, droperidol, granisetron, hyoscine, loraZepam, 
metoclopramide, metopimaZine, ondansetron, perphenaZine, 
promethaZine, prochlorperaZine, scopolamine, triethylpera 
Zine, tri?uoperaZine, tri?upromaZine, trimethobenZamide, 
tropisetron, domeridone, and palonosetron. 
[0073] Typically, Where the drug is an antihistamine, it is 
selected from one of the folloWing compounds: aZatadine, 
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brompheniramine, chlorpheniramine, clemastine, cyprohep 
tadine, deXmedetomidine, diphenhydramine, doXylamine, 
hydroXyZine, cetriZine, feXofenadine, loratidine, and 
promethaZine. 
[0074] Typically, Where the drug is an antiparkisonian 
drug, it is selected one of the folloWing compounds: aman 
tadine, baclofen, biperiden, benZtropine, orphenadrine, pro 
cyclidine, triheXyphenidyl, levodopa, carbidopa, selegiline, 
deprenyl, andropinirole, apomorphine, benseraZide, bro 
mocriptine, budipine, cabergoline, dihydroergokryptine, 
eliprodil, eptastigmine, ergoline pramipeXole, galanthamine, 
laZabemide, lisuride, maZindol, memantine, mofegiline, per 
golike, pramipeXole, propentofylline, rasagiline, remace 
mide, spheramine, terguride, entacapone, and tolcapone. 
[0075] Typically, Where the drug is an antipsychotic, it is 
selected from one of the folloWing compounds: acetophena 
Zine, aliZapride, amperoZide, benperidol, benZquinamide, 
bromperidol, buramate, butaperaZine, carphenaZine, 
carpipramine, chlorpromaZine, chlorprothiXene, cloca 
pramine, clomacran, clopenthiXol, clospiraZine, clothiapine, 
cyamemaZine, droperidol, ?upenthiXol, ?uphenaZine, ?us 
pirilene, haloperidol, mesoridaZine, metofenaZate, molin 
drone, pen?uridol, pericyaZine, perphenaZine, pimoZide, 
pipamerone, piperacetaZine, pipotiaZine, prochlorperaZine, 
promaZine, remoXipride, sertindole, spiperone, sulpiride, 
thioridaZine, thiothiXene, tri?uperidol, tri?upromaZine, trif 
luoperaZine, Ziprasidone, Zotepine, ZuclopenthiXol, amisul 
pride, butaclamol, cloZapine, melperone, olanZapine, que 
tiapine, and risperidone. 
[0076] Typically, Where the drug is an anXiolytic, it is 
selected from one of the folloWing compounds: mecloqua 
lone, medetomidine, metomidate, adinaZolam, chlordiaZep 
oxide, clobenZepam, ?uraZepam, loraZepam, lopraZolam, 
midaZolam, alpidem, alseroXlon, amphenidone, aZacy 
clonol, bromisovalum, buspirone, calcium N-carboamoylas 
partate, captodiamine, capuride, carbcloral, carbromal, chlo 
ral betaine, encipraZine, ?esinoXan, ipsapiraone, lesopitron, 
loXapine, methaqualone, methprylon, propanolol, tan 
dospirone, traZadone, Zopiclone, and Zolpidem. 
[0077] Typically, Where the drug is a drug for erectile 
dysfunction, it is selected from one of the folloWing com 
pounds: cialis (IC351), sildena?l, vardena?l, apomorphine, 
apomorphine diacetate, phentolamine, and yohimbine. 
[0078] Typically, Where the drug is a drug for migraine 
headache, it is selected from one of the folloWing com 
pounds: almotriptan, alperopride, codeine, dihydroergota 
mine, ergotamine, eletriptan, frovatriptan, isometheptene, 
lidocaine, lisuride, metoclopramide, naratriptan, oXycodone, 
propoXyphene, riZatriptan, sumatriptan, tolfenamic acid, 
Zolmitriptan, amitriptyline, atenolol, clonidine, cyprohepta 
dine, diltiaZem, doXepin, ?uoXetine, lisinopril, methyser 
gide, metoprolol, nadolol, nortriptyline, paroXetine, piZo 
tifen, piZotyline, propanolol, protriptyline, sertraline, 
timolol, and verapamil. 
[0079] Typically, Where the drug is a drug for the treat 
ment of alcoholism, it is selected from one of the folloWing 
compounds: naloXone, naltreXone, and disul?ram. 
[0080] Typically, Where the drug is a drug for the treat 
ment of addiction it is buprenorphine. 

[0081] Typically, Where the drug is a muscle relaXant, it is 
selected from one of the folloWing compounds: baclofen, 
cyclobenZaprine, orphenadrine, quinine, and tiZanidine. 
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[0082] Typically, Where the drug is a nonsteroidal anti 
in?ammatory, it is selected from one of the following 
compounds: aceclofenac, alminoprofen, amfenac, amino 
propylon, amixetrine, benoxaprofen, bromfenac, bufex 
amac, carprofen, choline, salicylate, cinchophen, cinmeta 
cin, clopriac, clometacin, diclofenac, etodolac, indoprofen, 
maZipredone, meclofenamate, piroxicam, pirprofen, and 
tolfenamate. 

[0083] Typically, Where the drug is an opioid, it is selected 
from one of the following compounds: alfentanil, allylpro 
dine, alphaprodine, anileridine, benZylmorphine, beZitra 
mide, buprenorphine, butorphanol, carbiphene, cipramadol, 
clonitaZene, codeine, dextromoramide, dextropro 
poxyphene, diamorphine, dihydrocodeine, diphenoxylate, 
dipipanone, fentanyl, hydromorphone, L-alpha acetyl meth 
adol, lofentanil, levorphanol, meperidine, methadone, 
meptaZinol, metopon, morphine, nalbuphine, nalorphine, 
oxycodone, papaveretum, pethidine, pentaZocine, phenaZo 
cine, remifentanil, sufentanil, and tramadol. 

[0084] Typically, Where the drug is an other analgesic it is 
selected from one of the folloWing compounds: apaZone, 
benZpiperylon, benZydramine, caffeine, clonixin, ethohep 
taZine, ?upirtine, nefopam, orphenadrine, propacetamol, and 
propoxyphene. 

[0085] Typically, Where the drug is a cannabanoid, it is 
tetrahydrocannabinol (e.g., delta-8 or delta-9). 

[0086] Typically, Where the drug is a stimulant, it is 
selected from one of the folloWing compounds: amphet 
amine, brucine, caffeine, dexfen?uramine, dextroamphet 
amine, ephedrine, fen?uramine, maZindol, methyphenidate, 
pemoline, phentermine, and sibutramine. 

[0087] “Drug degradation product” refers to a compound 
resulting from a chemical modi?cation of a drug. The 
modi?cation, for example, can be the result of a thermally or 
photochemically induced reaction. Such reactions include, 
Without limitation, oxidation and hydrolysis. 

[0088] “Mass median aerodynamic diameter” or 
“MMAD” of an aerosol refers to the aerodynamic diameter 
for Which half the particulate mass of the aerosol is con 
tributed by particles With an aerodynamic diameter larger 
than the MMAD and half by particles With an aerodynamic 
diameter smaller than the MMAD. 

[0089] “Stable aerosol” refers to an aerosol Where the 
MMAD of its constituent particles does not vary by more 
than 50% over a set period of time. For example, an aerosol 
With an MMAD of 100 nm is stable over 1 s, if at a time 1 
second later it has an MMAD betWeen 50 nm and 150 nm. 
Preferably, the MMAD does not vary by more than 25% 
over a set period of time. More preferably, the MMAD does 
not vary by more than 20%, 15%, 10% or 5% over time. 

[0090] AerosoliZation Device 

[0091] Example 1 is described in terms of an in vivo dog 
experiment. The example, hoWever, is easily modi?ed to suit 
human inhalation primarily through increasing air?oW 
through it. 

[0092] Referring to FIGS. 1-8, a ?rst example (1) of an 
aerosoliZation device of the present invention Will be 
described. The device 1 as shoWn in FIG. 1 is operably 
connected to How meter 4 (e.g., a TSI 4100 How meter). The 
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readings from How meter 4 are fed to the electronics Within 
chassis 8 shoWn in FIG. 2. FloW meter 4 is shoWn in FIG. 
1 Within a dotted line to indicate housing 10. Device 
controller 20 includes Chembook model # N30W laptop 
computer having actuator sWitch 22 (FIG. 3) and National 
Instruments I/O Board (model #SC2345) (not shoWn) that 
interfaces With computer 20 to control device 1 and to 
control the recording of all data collected during the experi 
ments. A softWare program to carry out these functions Was 
developed using National Instruments’ LabvieW softWare 
program. 

[0093] Connection betWeen device 1 and the I/O board is 
accomplished With a cable (e.g., DB25, not shoWn). A 
standard poWer supply (e.g., Condor F15-15-A+ not shoWn) 
delivers poWer to device 1. Inhalation controller 30 is used 
to control the rate and volume of inhalation through device 
1 into an anesthetiZed dog through an endotracheal tube 34. 
Controller 30 has a programmable breath hold delay, at the 
end of Which, exhaust valve 40 in exhaust line 42 opens and 
the dog is alloWed to exhale. Filter 50 in line 42 measures 
the amount of exhaust and its composition to monitor any 
exhaled drug. The source air through inlet line 54, inlet valve 
58, How meter 4 and inlet ori?ce 59 is from a compressed 
air cylinder (not shoWn). 
[0094] NoW referring to FIGS. 3-5 and 7, a dose of 
compound 60 is deposited onto thin, stainless steel foil 64 so 
that the thickness of compound 60 is less than 10 microns. 
In most cases, compound 60 is deposited by making a 
solution of the compound With an organic solvent. This 
mixture is then applied to the foil substrate With an auto 
mated pump system. As shoWn, the siZe of the entire foil 64 
(e.g., alloy of 302 or 304 With 0.004 in. thickness) is 0.7 by 
2.9 inches and the area in Which compound 60 is deposited 
is 0.35 by 1.6 inches. Other foil materials can be used but 
stainless steel has an advantage over other materials like 
aluminum in that it has a much loWer thermal conductivity 
value, While not appreciably increasing the thermal mass. A 
loW thermal conductivity is helpful because the heat gener 
ated in foil 64 should stay in the area of interest (i.e., the 
heating/vaporiZation Zone 70). Foil 64 should have a con 
stant cross section, because otherWise the electrical currents 
induced by the heater Will not be uniform. Foil 64 is held in 
frame 68, made so that the trailing edge of foil 64 has no lip 
on movable slide 78 and so compound 60, once mixed With 
the air, is free in a doWnstream direction as indicated by 
arroW 127 of FIG. 3. Frame 68 is typically made of a 
non-conductive material to Withstand moderate heat (e.g., 
200° C.) and to be non-chemically reactive With the com 
pound (e.g., DELRIN AF®, a copolymer of acetal and 
TEFLON®). 
[0095] Sub-assembly 80, shoWn in FIG. 7, consists of 
frame 68 having compound (60) coated foil 64 mounted 
therein. Sub-assembly 80 is secured Within movable slide 78 
by setting each of the doWnstream, tapered ends of frame 68 
to abut against small rods 86 protruding from each doWn 
stream end of slide 78, as shoWn in FIG. 7. Slide 78 is driven 
by stepper motor 88, shoWn in FIG. 3, that moves sub 
assembly 80 containing compound 60 along the longitudinal 
axis of example 1. This, in turn, moves stainless steel foil 64 
through an alternating magnetic ?eld. (It is preferable for the 
magnetic ?eld to be con?ned Within heating/vaporiZation 
Zone 70, shoWn in FIG. 5, as in this laboratory example.) 
Ferrite toroid 90 is used to direct the magnetic ?eld and is 




















