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PHOSPHODIESTERASE INHIBITORS FOR TREATING TASTE AND SMELL DISORDERS

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application Nos. 61/710,674, filed
October 5, 2012, and 61/802,074, filed March 15, 2013, each of which application is

incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
[0002] Phosphodiesterases (PDE) are a diverse family of enzymes that hydrolyze cyclic
nucleotides resulting in the modulation of intracellular levels of the second messengers cAMP
and cGMP, and hence, cell function. Numerous diseases and conditions result from low levels
of cyclic nucleotides. The use of PDE inhibitors to raise cellular levels of cyclic nucleotides
offers the ability to prevent, treat, or ameliorate diseases, conditions or their symptoms, however,
systemic administration may not achieve therapeutically effective concentrations due to
unacceptable side effects or to inability to obtain therapeutic levels in clinically responsive
tissues. There is a need for suitable compositions and methods of delivery to achieve medically
relevant concentrations of PDE inhibitors without unacceptable side effects. The present

invention addresses these unmet needs.

SUMMARY OF INVENTION
[0003] The inventive embodiments provided in this Summary of Invention are meant to be
illustrative only and to provide an overview of selective embodiments disclosed herein. The
Summary of Invention, being illustrative and selective, does not limit the scope of any claim,
does not provide the entire scope of inventive embodiments disclosed or contemplated herein,
and should not be construed as limiting or constraining the scope of this disclosure or any
claimed inventive embodiment.
[0004] In a first aspect, disclosed herein are multi-dose nasal spray devices for delivery of
theophylline to a human’s nasal epithelium that delivers a dosage unit in a plume upon actuation,
wherein the dosage unit comprises, for example, from 10 pg to 200 pg of theophylline in a
pharmaceutically acceptable carrier comprising one or more excipients; and wherein the plume is
characterized by: (a) a total volume of, for example, from 25 uL to 200 uL; and (b) a droplet size
distribution characterized by one or more of the following: (i) less than 5 % of the droplets in the
plume having a size of less than 10 um, (ii) a Do of greater than 12.5 um, wherein 10% of the
droplets in the plume have a size less than the Dy, (iii) a D5y of from 30 to 70 um, wherein 50%

of the droplets in the plume have a size less than the Dsg, (iv) a Dgg of less than 200 um, wherein
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90% of the droplets in the plume have a size less than the Dy, and (v) a span of from 1 to 6,

wherein the span is calculated according to: (Do — D19)/Dso.

[0005] In some embodiments, the dosage unit comprises from 15 ug to 150 ug of
theophylline. In some embodiments, the dosage unit comprises from 20 pg to 100 ug of
theophylline. In some embodiments, the dosage unit comprises about 100 ug theophylline. In
some embodiments, the dosage unit comprises about 75 ug theophylline. In some embodiments,
the dosage unit comprises about 50 ug of theophylline. In some embodiments, the dosage unit
comprises about 20 ug of theophylline.

[0006] Also disclosed are multi-dose nasal spray devices for delivery of theophylline to a
human’s nasal epithelium that delivers a dosage unit in a plume upon actuation, wherein the
dosage unit comprises, for example, from 0.17 pg/kg to 3.4 ng/kg of theophylline in a
pharmaceutically acceptable carrier comprising one or more excipients; and wherein the plume is
characterized by: (a) a total volume, for example, of from 25 pL to 200 uL; and (b) a droplet size
distribution characterized by one or more of the following: (i) less than 5% of the droplets in the
plume having a size of less than 10 um, (ii) a Dy of greater than 12.5 um, wherein 10% of the
droplets in the plume have a size less than the Dy, (iii) a D5y of from 30 to 70 um, wherein 50%
of the droplets in the plume have a size less than the Ds, (iv) a Dgg of less than 200 um, wherein
90% of the droplets in the plume have a size less than the Dy, and (v) a span of from 1 to 6,
wherein the span is calculated according to: (Dgg — D19)/Dso.

[0007] In some embodiments, the dosage unit comprises from 0.25 pg/kg to 2.6 ug/kg of
theophylline. In some embodiments, the dosage unit comprises from 0.33 pug/kg to 1.7 ug/kg of
theophylline. In some embodiments, the dosage unit comprises about 1.7 ng/kg theophylline. In
some embodiments, the dosage unit comprises about 1.3 ug/kg theophylline. In some
embodiments, the dosage unit comprises about 0.85 ug/kg of theophylline. In some
embodiments, the dosage unit comprises about 0.33 ug/kg of theophylline.

[0008] In some embodiments, the dosage unit is a steroid-free dosage unit.

[0009] In some embodiments, the pharmaceutically acceptable carrier has a pH that is greater
than 7.0. In some embodiments, the pharmaceutically acceptable carrier has a pH that is from 7.1
to 8.5. In some embodiments, the pharmaceutically acceptable carrier has a pH that is from 7.1 to
7.4. In some embodiments, the pharmaceutically acceptable carrier has a pH that is about: 7.1,
72,73,74,7.5,76,7.7,7.8,79,8,8.1,8.2, 8.3, 8.4, or 8.5. In some embodiments, the
pharmaceutically acceptable carrier has a pH that is at least 7.1, 7.2,7.3,7.4,7.5,7.6,7.7, 7.8,
79,8,8.1,8.2,8.3, 8.4, o0r8.5.
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[0010] In some embodiments, the plume is characterized by the total volume of the plume
that is from 50 uL to 150 uL. In some embodiments, the plume is characterized by the total
volume of the plume that is from 75 uL to 125 pL. In some embodiments, the plume is
characterized by the total volume of the plume that is from 90 uL to 110 uL. In some
embodiments, the plume is characterized by the total volume of the plume that is about: 25 uL,
30 uL, 35 uL, 40 uL, 45 nL, 50 uL, 55 uL, 60 uL, 65 uL, 70 uL, 75 uL, 80 uL, 85 uL, 90 uL,
100 uL, 110 uL, 120 uL, 130 uL, 140 uL, 150 uL, 160 uL, 170 uL, 180 uL, 190 uL, or 200 pL.
In some embodiments, the plume is characterized by the total volume of the plume that is about
50 uL. In some embodiments, the plume is characterized by the total volume of the plume that is
about 100 uL. In some embodiments, the plume is characterized by the total volume of the
plume that is about 140 pL.

[0011] In some embodiments, the plume is characterized by less than 4% of the droplets in
the plume having a size of less than 10 um. In some embodiments, the plume is characterized by
less than 3% of the droplets in the plume having a size of less than 10 um. In some
embodiments, the plume is characterized by less than 2% of the droplets in the plume having a
size of less than 10 um. In some embodiments, the plume is characterized by the Dy that is
greater than 15 um. In some embodiments, the plume is characterized by the Dy that is greater
than 17.5 um. In some embodiments, the plume is characterized by the Dy that is from 12.5 um
to 30 um. In some embodiments, the plume is characterized by the Dy that is from 15 um to 25
um.

[0012] In some embodiments, the plume is characterized by the Dsg that is from 40 um to 60
um. In some embodiments, the plume is characterized by the Ds that is from 30 um to 60 um. In
some embodiments, the plume is characterized by the Ds that is from 30 um to 50 um. In some
embodiments, the plume is characterized by the Dsg that is from 30 pm to 40 um. In some
embodiments, the plume is characterized by the D5 that is about: 30 um, 32.5 um, 35 um, 37.5
um, 40 um, 42.5 um, 45 um, 50 um, 55 um, 60 um, 65 um, or 70 um.

[0013] In some embodiments, the plume is characterized by the Do that is less than 175 pm.
In some embodiments, the plume is characterized by the Dy, that is less than 150 um. In some
embodiments, the plume is characterized by the Dy that is less than 125 pm. In some
embodiments, the plume is characterized by the Dyg that is less than 100 um. In some
embodiments, the plume is characterized by the Dy that is less than 90 um. In some
embodiments, the plume is characterized by the Dyg that is from 75 um to 199 um. In some
embodiments, the plume is characterized by the Dyg that is from 75 um to 175 um. In some

embodiments, the plume is characterized by the Dog that is from 75 um to 150 um. In some
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embodiments, the plume is characterized by the Dog that is from 75 um to 125 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 100 um. In some
embodiments, the plume is characterized by the Dy, that is about: 75 um, 80 um, 85 um, 90 um,
100 um, 110 um, 120 pm, 130 um, 140 um, 150 um, 160 um, 170 pm, 180 um, or 190um.
[0014] In some embodiments, the plume is characterized by the span that is from 1 to 5. In
some embodiments, the plume is characterized by the span that is from 1 to 4. In some
embodiments, the plume is characterized by the span that is from 1 to 3. In some embodiments,
the plume is characterized by the span that is from 1 to 2. In some embodiments, the plume is
characterized by the span that is about: 1, 1.1, 1.2,1.3,14,1.5,1.6,1.7,18,1.9,2,2.1,2.2,2.3,
24,25,26,2.7,2.7,2.9,3,3.25,3.5,3.75,4,4.5,5,5.5, or 6.

[0015] In some embodiments, the plume is further characterized by having an ovality of, for
example, from 0.7 to 1. In some embodiments, the plume is further characterized by having an
ovality of from 0.8 to 1. In some embodiments, the plume is further characterized by having an
ovality of from 0.9 to 1. In some embodiments, the plume is further characterized by having an
ovality of about 1. In some embodiments, the plume is further characterized by having a
geometry of from 30° to 90°. In some embodiments, the plume is further characterized by having
a geometry of from 45° to 75°. In some embodiments, the plume is further characterized by
having a geometry of about: 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65°, 70°, 75°, 80°, 85°, or 90°.
[0016] In some embodiments, the pharmaceutically acceptable carrier comprises water,
aminoboronic acid and its derivatives, amastatin, surfactants, bile salts, gelified insulin,
bioadhesive microspheres, phospholipids, chitosan nanoparticles, alkyl glycerides, or a
combination thereof. In some embodiments, the pharmaceutically acceptable carrier comprises
water.

[0017] In some embodiments, the one or more excipients comprise a buffering agent, a
flavoring agent, a humectant, a penetration enhancer, a pH adjusting agent, a preservative, a
solvent or co-solvent, a surfactant, a tonicity adjusting agent, a viscosity adjusting agent, or a
combination thereof. Some embodiments comprise the buffering agent that is potassium
phosphate, sodium acetate, sodium citrate, sodium phosphate, trisodium citrate, or a combination
thereof. Some embodiments comprise the flavoring agent that is menthol, saccharin sodium,
sorbitol, or a combination thereof. Some embodiments comprise the humectant that is glycerin,
propylene glycol, hexylene glycol, butylenes glycol, glyceryl triacetate, vinyl alcohol,
neoagarobiose, glycerol, sorbitol, xylitol, maltitol, polydextrose, quillaia, lactic acid, urea, or
aloe vera. Some embodiments comprise the humectant that is propylene glycol. Some

embodiments comprise the penetration enhancer that is oleic acid. Some embodiments comprise
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the pH adjusting agent that is acetic acid, citric acid, hydrochloric acid, sodium hydroxide,
sulfuric acid, or a combination thercof. Some embodiments comprise the preservative that is
benzalkonium chloride, benzethonium chloride, benzyl alcohol, butylated hydroxy toluene,
butylated hydroxyanisole, chlorobutanol, edetate disodium, methylparaben, phenylethyl alcohol,
phenylmercuric acetate, propylene paraben, propylparaben, thimerosal, or a combination thereof.
Some embodiments comprise the preservative that is methylparaben, propylparaben, or a
combination thereof. Some embodiments comprise the solvent or co-solvent that is ethanol,
glycerol, glyceryl dioleate, glycine, polyethylene glycol (PEG), PEG 400, propylene glycol,
triglycerides, or a combination thereof. Some embodiments comprise the solvent or co-solvent
that is propylene glycol. Some embodiments comprise the surfactant that is glyceryl monoleate,
lecithin, PEG 3500, PEG 400, polyoxyl 400 stearate, polysorbate 20, polysorbate 80, propylene
glycol, triglycerides, or a combination therecof. Some embodiments comprise the tonicity
adjusting agent that is dextrose, potassium chloride, sodium chloride, or a combination thereof.
Some embodiments comprise the tonicity adjusting agent that is sodium chloride. Some
embodiments comprise the viscosity adjusting agent that is carboxymethyl cellulose (CMC), Me-
OH-Pr cellulose, microcrystalline cellulose (MCC), sodium carboxymethyl cellulose (Na CMC),
or a combination thereof.

[0018] In some embodiments, the one or more excipients comprise from about 0.01% to
about 0.5% w/w acetic acid. In some embodiments, the one or more excipients comprise from
about 0.001% to about 0.119% w/w benzalkonium chloride. In some embodiments, the one or
more excipients comprise from about 0.001% to about 0.0366% w/w benzyl alcohol. In some
embodiments, the one or more excipients comprise from about 0.001% to about 0.01% w/w
butylated hydroxy toluene. In some embodiments, the one or more excipients comprise from
about 0.00001% to about 0.0002% w/w butylated hydroxyanisole. In some embodiments, the
one or more excipients comprise from about 0.1% to about 2% w/w carboxymethyl cellulose. In
some embodiments, the one or more excipients comprise from about 0.01% to about 0.5% w/w
chlorobutanol. In some embodiments, the one or more excipients comprise from about 0.01% to
about 0.5% w/w citric acid. In some embodiments, the one or more excipients comprise from
about 0.01% to about 0.5% w/w dextrose. In some embodiments, the one or more excipients
comprise from about 0.01% to about 0.5% w/w edetate disodium. In some embodiments, the one
or more excipients comprise from about 0.1% to about 2% w/w ethanol. In some embodiments,
the one or more excipients comprise from about 0.01% to about 0.233% w/w glycerin. In some
embodiments, the one or more excipients comprise from about 0.1% to about 5% w/w glycerol.

In some embodiments, the one or more excipients comprise from about 1% to about 15% w/w
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glyceryl dioleate. In some embodiments, the one or more excipients comprise from about 1% to
about 10% w/w glyceryl monoleate. In some embodiments, the one or more excipients comprise
from about 0.1% to about 10% w/w lecithin. In some embodiments, the one or more excipients
comprise from about 0.1% to about 5% w/w Me-OH-Pr cellulose. In some embodiments, the one
or more excipients comprise from about 0.001% to about 0.7% w/w methylparaben. In some
embodiments, the one or more excipients comprise from about 0.1% to about 2% w/w
microcrystalline cellulose. In some embodiments, the one or more excipients comprise from
about 0.01% to about 0.132% w/w oleic acid. In some embodiments, the one or more excipients
comprise from about 0.1% to about 1.5% w/w PEG 3500. In some embodiments, the one or
more excipients comprise from about 0.1% to about 20% w/w PEG 400. In some embodiments,
the one or more excipients comprise from about 0.01% to about 0.254% w/w phenylethyl
alcohol. In some embodiments, the one or more excipients comprise from about 0.1% to about
5% w/w polyethylene glycol (PEG). In some embodiments, the one or more excipients comprise
from about 0.1% to about 15% w/w polyoxyl 400 stearate. In some embodiments, the one or
more excipients comprise from about 0.01% to about 2.5% w/w polysorbate 20. In some
embodiments, the one or more excipients comprise from about 0.1% to about 10% w/w
polysorbate 80. In some embodiments, the one or more excipients comprise from about 0.1% to
about 1.9% w/w potassium chloride. In some embodiments, the one or more excipients comprise
from about 0.1% to about 20% w/w propylene glycol. In some embodiments, the one or more
excipients comprise from about 0.001% to about 0.1% w/w propylene paraben. In some
embodiments, the one or more excipients comprise from about 0.01% to about 0.3% w/w
propylparaben. In some embodiments, the one or more excipients comprise from about 0.1% to
about 5% w/w sodium carboxymethyl cellulose (Na CMC). In some embodiments, the one or
more excipients comprise from about 0.1% to about 1.9% w/w sodium chloride. In some
embodiments, the one or more excipients comprise from about 0.5% to about 10% w/w sorbitol.
In some embodiments, the one or more excipients comprise from about 0.01% to about 0.4%
w/w sulfuric acid. In some embodiments, the one or more excipients comprise from about 0.1%
to about 5% w/w triglycerides. In some embodiments, the one or more excipients comprise from
about 0.00001% to about 0.0006% w/w trisodium citrate.

[0019] Also disclosed in the first aspect are methods of treating anosmia, hyposmia,
dysosmia, ageusia, hypogeusia, or dysgeusia in a subject in need thercof comprising intranasal
administration of theophylline with any of the multi-dose nasal spray devices disclosed herein. In
some embodiments, the theophylline is administered once daily to each naris. In some

embodiments, the theophylline is administered twice daily to each naris.
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[0020] In some embodiments, the theophylline is administered each day for from about 7
days to about 365 days. In some embodiments, the theophylline is administered each day for
from about 7 days to about 6 months. In some embodiments, the theophylline is administered
cach day for from about 7 days to about 4 months. In some embodiments, the theophylline is
administered each day for from about 1 month to about 12 months.

[0021] In some embodiments, the subject experiences a decrease in a detection threshold
(DT) score, a decrease in a recognition threshold (RT) score, an increase in a magnitude
estimation (ME) score, and/or a change in a hedonic (H) score as measured with a forced-choice,
three-stimuli, stepwise-staircase technique using one or more odorants after administering the
theophylline to the subject. In some embodiments, the one or more odorants comprise pyridine,
nitrobenzene, thiophene, amyl acetate, or a combination thereof.

[0022] In some embodiments, the subject experiences a decrease in an taste detection
threshold (DT) score, a decrease in a recognition threshold (RT) score, an increase in a
magnitude estimation (ME) score, and/or a change in a hedonic (H) score as measured with a
forced-choice, three-stimuli, stepwise-staircase technique using one or more tastants testing
compounds after administering the theophylline to the subject. In some embodiments, the one or
more tastants comprise sodium chloride (NaCl), sucrose, hydrogen chloride (HCl), urea, or a
combination thereof.

[0023] In some embodiments, the subject experiences a clinically detectable improvement in
taste or smell function within 1-4 weeks of starting treatment.

[0024] Also disclosed in the first aspect are kits for the treatment of anosmia, hyposmia,
dysosmia, ageusia, hypogeusia, or dysgeusia comprising: (a) any of the multi-dose nasal spray
devices for delivery of theophylline to a human’s nasal epithelium disclosed herein; and
instructions for use.

[0025] In a second aspect, disclosed herein are pharmaceutical dosage units for intranasal
administration comprising an amount of theophylline effective for treating anosmia, hyposmia,
dysosmia, ageusia, hypogeusia, or dysgeusia in a human in need thereof, wherein the steroid-free
dosage unit comprises less than 1 mg of the theophylline in a pharmaceutically acceptable liquid
carrier that has a pH that is greater than 7.0. Some embodiments comprise less than 500 ug, less
than 250 pg, or less than 100 pg of the theophylline. Some embodiments comprise from about
10 ug to about 500 ug of the theophylline. Some embodiments comprise from about 20 ug to
about 100 pg of the theophylline. Some embodiments comprise about 20 pg of the theophylline.
Some embodiments comprise about 100 ug of the theophylline.
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[0026] Also disclosed herein are pharmaceutical dosage unit for intranasal administration
comprising an amount of theophylline effective for treating anosmia, hyposmia, dysosmia,
ageusia, hypogeusia, or dysgeusia in a human in need thereof, wherein the steroid-free dosage
unit comprises theophylline at a dosage level that is less than about 16.7 ug/kg in a
pharmaceutically acceptable liquid carrier that has a pH that is greater than 7.0. In some
embodiments, the dosage level is less than about 8.3 ug/kg, less than about 4.2 ug/kg, or less
than about 1.7 ug/kg. In some embodiments, the dosage level is from about 0.33 ug/kg to about
1.7 ng/kg. In some embodiments, the dosage level is about 0.33 pg/kg. In some embodiments,
the dosage level is about 1.7 ug/kg.

[0027] In some embodiments, the dosage unit is a steroid-free dosage unit.

[0028] In some embodiments, the pH is from 7.1 to 8.5. In some embodiments, the pH is
from 7.1 to 7.4. In some embodiments, the pH 1s 7.1,7.2,7.3,7.4,7.5,7.6,7.7,7.8,7.9,8, 8.1,
8.2, 8.3, 8.4, or 8.5. In some embodiments, the pH is at least 7.1, 7.2,7.3,7.4,7.5,7.6,7.7, 7.8,
79,8,8.1,8.2,8.3,84,or8.5.

[0029] In some embodiments, a volume of the dosage unit is, for example, from about 50 uL
to about 750 uL. In some embodiments, a volume of the dosage unit is from about 100 pL to
about 400 uL. In some embodiments, a volume of the dosage unit is about: 50 uL, 75 uL, 100
ul, 125 uL, 150 uL, 175 uL, 200 pL, 225 ul, 250 uL, 275 uL, 300 uL, 325 uL, 350 uL, 375
uL, 400 uL, 425 uL, 450 uL, 475 uL, 500 uL, 525 uL, 550 uL, 575 uL, 600 uL, 625 uL, 650
uL, 675 uL, 700 uL, 725 uL or 750 uL.

[0030] In some embodiments, the dosage unit is in a plume that has a droplet size
distribution characterized by one or more of the following: (a) less than 5% of the droplets in the
plume having a size of less than 10 um, (b) a Dy of greater than 12.5 um, wherein 10% of the
droplets in the plume have a size less than the Dy, (c¢) a D5 of from 30 to 70 um, wherein 50%
of the droplets in the plume have a size less than the D5y, (d) a Dy of less than 200 um, wherein
90% of the droplets in the plume have a size less than the Dy, and (¢) a span of from 1 to 6,
wherein the span is calculated according to: (Do — D19)/Dso.

[0031] In some embodiments, the plume is characterized by less than 4% of the droplets in
the plume having a size of less than 10 um. In some embodiments, the plume is characterized by
less than 3% of the droplets in the plume having a size of less than 10 um. In some
embodiments, the plume is characterized by less than 2% of the droplets in the plume having a
size of less than 10 pum.

[0032] In some embodiments, the plume is characterized by the Dy that is greater than 15

um. In some embodiments, the plume is characterized by the Dy that is greater than 17.5 um. In



WO 2014/055801 PCT/US2013/063331

some embodiments, the plume is characterized by the Dy that is from 12.5 um to 30 pm. In
some embodiments, the plume is characterized by the Dy that is from 15 pm to 25 pm.

[0033] In some embodiments, the plume is characterized by the D5 that is from 40 um to 60
um. In some embodiments, the plume is characterized by the D5 that is from 30 um to 60 um. In
some embodiments, the plume is characterized by the Dsg that is from 30 um to 50 pm. In some
embodiments, the plume is characterized by the Dsg that is from 30 pm to 40 um. In some
embodiments, the plume is characterized by the D5 that is about: 30 um, 32.5 um, 35 um, 37.5
um, 40 um, 42.5 um, 45 um, 50 um, 55 um, 60 um, 65 um, or 70 um.

[0034] In some embodiments, the plume is characterized by the Do that is less than 175 pm.
In some embodiments, the plume is characterized by the Dy that is less than 150 pm. In some
embodiments, the plume is characterized by the Dy that is less than 125 pm. In some
embodiments, the plume is characterized by the Dy that is less than 100 um. In some
embodiments, the plume is characterized by the Dy that is less than 90 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 199 um. In some
embodiments, the plume is characterized by the Dyg that is from 75 um to 175 um. In some
embodiments, the plume is characterized by the Dy that is from 75 um to 150 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 125 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 100 um. In some
embodiments, the plume is characterized by the Dy, that is about: 75 um, 80 um, 85 um, 90 um,
100 um, 110 um, 120 pm, 130 um, 140 um, 150 um, 160 um, 170 pm, 180 um, or 190um.
[0035] In some embodiments, the plume is characterized by the span that is from 1 to 5. In
some embodiments, the plume is characterized by the span that is from 1 to 4. In some
embodiments, the plume is characterized by the span that is from 1 to 3. In some embodiments,
the plume is characterized by the span that is from 1 to 2. In some embodiments, the plume is
characterized by the span that is about: 1, 1.1, 1.2,1.3,14,1.5,1.6,1.7,18,1.9,2,2.1,2.2,2.3,
24,25,26,2.7,2.7,2.9,3,3.25,3.5,3.75,4,4.5,5,5.5, or 6.

[0036] In some embodiments, the plume is further characterized by having an ovality of
from 0.7 to 1. In some embodiments, the plume is further characterized by having an ovality of
from 0.8 to 1. In some embodiments, the plume is further characterized by having an ovality of
from 0.9 to 1. In some embodiments, the plume is further characterized by having an ovality of
about 1.

[0037] In some embodiments, the plume is further characterized by having a geometry of

from 30° to 90°. In some embodiments, the plume is further characterized by having a geometry
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of from 45° to 75°. In some embodiments, the plume is further characterized by having a
geometry of about: 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65°, 70°, 75°, 80°, 85°, or 90°.

[0038] In some embodiments, the dosage unit is provided as a nasal spray or acrosol. In
some embodiments, about 50% of droplets in the nasal spray or acrosol have a size of from about
15 um to about 150 um, from about 20 um to about 100 um, or from about 30 um to about 70
um. In some embodiments, less than about 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
or 1% of droplets in the nasal spray or acrosol have a size of less than about 10 pm. In some
embodiments, at least about 60%, 70%, 80%, 85%., 90%, or 95% of droplets in the nasal spray or
acrosol have a size of less than about 200 um. In some embodiments, at least about 50%, 60%,
70%, 80%, 90%, 95%, or 99% of droplets in the nasal spray or acrosol have a size of from about
10 um to about 200 pum.

[0039] In some embodiments, the pharmaceutically acceptable liquid carrier comprises
aminoboronic acid and its derivatives, amastatin, surfactants, bile salts, gelified insulin,
bioadhesive microspheres, phospholipids, chitosan nanoparticles, alkyl glycerides, or a
combination thereof.

[0040] In some embodiments, the pharmaceutically acceptable liquid carrier comprises
water, a buffering agent, a flavoring agent, a humectant, a penetration enhancer, a pH adjusting
agent, a preservative, a solvent or co-solvent, a surfactant, a tonicity adjusting agent, a viscosity
adjusting agent, or a combination thereof. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises water.

[0041] In some embodiments, the pharmaceutically acceptable liquid carrier comprises the
buffering agent that is potassium phosphate, sodium acetate, sodium citrate, sodium phosphate,
trisodium citrate, or a combination thereof. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises the flavoring agent that is menthol, saccharin sodium,
sorbitol, or a combination thereof. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises the humectant that is glycerin, propylene glycol, hexylene glycol, butylenes
glycol, glyceryl triacetate, vinyl alcohol, neoagarobiose, glycerol, sorbitol, xylitol, maltitol,
polydextrose, quillaia, lactic acid, urea, or aloe vera. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises the penetration enhancer that is oleic acid. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises the pH adjusting agent
that is acetic acid, citric acid, hydrochloric acid, sodium hydroxide, sulfuric acid, or a
combination thereof. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises the preservative that is benzalkonium chloride, benzethonium chloride, benzyl

alcohol, butylated hydroxy toluene, butylated hydroxyanisole, chlorobutanol, edetate disodium,
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methylparaben, phenylethyl alcohol, phenylmercuric acetate, propylene paraben, propylparaben,

thimerosal, or a combination thereof. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises the solvent or co-solvent that is ethanol, glycerol, glyceryl dioleate,
glycine, polyethylene glycol (PEG), PEG 400, propylene glycol, triglycerides, or a combination
thereof. In some embodiments, the pharmaceutically acceptable liquid carrier comprises the
surfactant that is glyceryl monoleate, lecithin, PEG 3500, PEG 400, polyoxyl 400 stearate,
polysorbate 20, polysorbate 80, propylene glycol, triglycerides, or a combination thereof. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises the tonicity
adjusting agent that is dextrose, potassium chloride, sodium chloride, or a combination thereof.
In some embodiments, the pharmaceutically acceptable liquid carrier comprises the viscosity
adjusting agent that is carboxymethyl cellulose (CMC), Me-OH-Pr cellulose, microcrystalline
cellulose (MCC), sodium carboxymethyl cellulose (Na CMC), or a combination thereof.

[0042] In some embodiments, the pharmaceutically acceptable liquid carrier comprises from
about 0.01% to about 0.5% w/w acetic acid. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises from about 0.001% to about 0.119% w/w benzalkonium
chloride. In some embodiments, the pharmaceutically acceptable liquid carrier comprises from
about 0.001% to about 0.0366% w/w benzyl alcohol. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.001% to about 0.01% w/w
butylated hydroxy toluene. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises from about 0.00001% to about 0.0002% w/w butylated hydroxyanisole. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about
2% w/w carboxymethyl cellulose. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises from about 0.01% to about 0.5% w/w chlorobutanol. In some embodiments,
the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about 0.5% w/w
citric acid. In some embodiments, the pharmaceutically acceptable liquid carrier comprises from
about 0.01% to about 0.5% w/w dextrose. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.5% w/w edetate disodium. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.1% to
about 2% w/w ethanol. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises from about 0.01% to about 0.233% w/w glycerin. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 5% w/w glycerol.
In some embodiments, the pharmaceutically acceptable liquid carrier comprises from about 1%
to about 15% w/w glyceryl dioleate. In some embodiments, the pharmaceutically acceptable

liquid carrier comprises from about 1% to about 10% w/w glyceryl monoleate. In some
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embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about
10% w/w lecithin. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises from about 0.1% to about 5% w/w Me-OH-Pr cellulose. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.001% to about 0.7% w/w
methylparaben. In some embodiments, the pharmaceutically acceptable liquid carrier comprises
from about 0.1% to about 2% w/w microcrystalline cellulose. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.01% to about 0.132% w/w
oleic acid. In some embodiments, the pharmaceutically acceptable liquid carrier comprises from
about 0.1% to about 1.5% w/w PEG 3500. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 20% w/w PEG 400. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.01% to
about 0.254% w/w phenylethyl alcohol. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises from about 0.1% to about 5% w/w polyethylene glycol (PEG). In some
embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about
15% w/w polyoxyl 400 stearate. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises from about 0.01% to about 2.5% w/w polysorbate 20. In some embodiments,
the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 10% w/w
polysorbate 80. In some embodiments, the pharmaceutically acceptable liquid carrier comprises
from about 0.1% to about 1.9% w/w potassium chloride. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 20% w/w
propylene glycol. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises from about 0.001% to about 0.1% w/w propylene paraben. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.01% to about 0.3% w/w
propylparaben. In some embodiments, the pharmaceutically acceptable liquid carrier comprises
from about 0.1% to about 5% w/w sodium carboxymethyl cellulose (Na CMC). In some
embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about
1.9% w/w sodium chloride. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises from about 0.5% to about 10% w/w sorbitol. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.01% to about 0.4% w/w
sulfuric acid. In some embodiments, the pharmaceutically acceptable liquid carrier comprises
from about 0.1% to about 5% w/w triglycerides. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises from about 0.00001% to about 0.0006% w/w trisodium

citrate.
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[0043] Also disclosed in the second aspect are methods of treating anosmia, hyposmia,
dysosmia, ageusia, hypogeusia, or dysgeusia in a subject in need thereof comprising
administering to the subject in need thereof any of the pharmaceutical dosage units disclosed
herein. In some embodiments, the pharmaceutical dosage unit is administered once daily to each
naris. In some embodiments, the pharmaceutical dosage unit is administered twice daily to each
naris.

[0044] In some embodiments, the pharmaceutical dosage unit is administered each day for
from about 7 days to about 365 days. In some embodiments, the pharmaceutical dosage unit is
administered each day for from about 7 days to about 6 months. In some embodiments, the
pharmaceutical dosage unit is administered each day for from about 7 days to about 4 months. In
some embodiments, the pharmaceutical dosage unit is administered each day for from about 1
month to about 12 months.

[0045] In some embodiments, the subject experiences a decrease in a detection threshold
(DT) score, a decrease in a recognition threshold (RT) score, an increase in a magnitude
estimation (ME) score, and/or a change in a hedonic (H) score as measured with a forced-choice,
three-stimuli, stepwise-staircase technique using one or more odorants after administering the
pharmaceutical dosage unit to the subject. In some embodiments, the one or more odorants
comprise pyridine, nitrobenzene, thiophene, amyl acetate, or a combination thereof.

[0046] In some embodiments, the subject experiences a decrease in an taste detection
threshold (DT) score, a decrease in a recognition threshold (RT) score, an increase in a
magnitude estimation (ME) score, and/or a change in a hedonic (H) score as measured with a
forced-choice, three-stimuli, stepwise-staircase technique using one or more tastants testing
compounds after administering the pharmaceutical dosage unit to the subject. In some
embodiments, the one or more tastants comprise sodium chloride (NaCl), sucrose, hydrogen
chloride (HCl), urea, or a combination thereof.

[0047] Also disclosed in the second aspect are kits for the treatment of anosmia, hyposmia,
dysosmia, ageusia, hypogeusia, or dysgeusia comprising: (a) a multi-dose nasal spray device that
delivers any of the pharmaceutical dosage units disclosed herein; and (b) instructions for use.
[0048] In a third aspect, disclosed are combination pharmaceutical dosage units for
intranasal administration comprising: (a) a first amount of a non-selective PDE inhibitor; (b) a
second amount of a second PDE inhibitor that is a PDE 1 inhibitor, a PDE2 inhibitor, a PDE3
inhibitor, a PDE 4 inhibitor, a PDE 5 inhibitor, or a PDE 10 inhibitor; and (c) a pharmaceutically
acceptable liquid carrier; wherein the first amount and the second amount are effective in

combination to treat anosmia, hyposmia, dysosmia, ageusia, hypogeusia, or dysgeusia in a
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subject in need thereof, wherein the subject is resistant to treatment with either the non-selective
PDE inhibitor or the second PDE inhibitor alone.

[0049] In some embodiments, the non-selective PDE inhibitor is caffeine, aminophylline,
paraxanthine, pentoxifylline, theobromine, theophylline, or oxphylline. In some embodiments,
the non-selective PDE inhibitor is theophylline.

[0050] In some embodiments, the second PDE inhibitor is the PDE 1 inhibitor that is
vinpocetine. In some embodiments, the second PDE inhibitor is the PDE 2 inhibitor that is
EHNA. In some embodiments, the second PDE inhibitor is the PDE 3 inhibitor that is
inamrinone, anagrelide, or cilostazol. In some embodiments, the second PDE inhibitor is the
PDE 4 inhibitor that is mesembrine, rolipram, ibudilast, pclamilast, luteolin, drotaverine, or
roflumilast. In some embodiments, the second PDE inhibitor is the PDE 5 inhibitor that is
sildenafil, tadalafil, vardenafil, udenafil, avanafil, or dipyridamole. In some embodiments, the
second PDE inhibitor is the PDE 10 inhibitor that is papaverine.

[0051] In some embodiments, the non-selective PDE inhibitor is caffeine and the first
amount is from about 20 ug to about 100 pg per naris. In some embodiments, the non-selective
PDE inhibitor is caffeine and the first amount is from about 0.33 ug/kg to about 1.7 ug/kg per
naris.

[0052] In some embodiments, the non-selective PDE inhibitor is aminophylline and the first
amount is from about 20 ug to about 100 pg per naris. In some embodiments, the non-selective
PDE inhibitor is aminophylline and the first amount is from about 0.33 ug/kg to about 1.7 ug/kg
per naris.

[0053] In some embodiments, the non-selective PDE inhibitor is paraxanthine and the first
amount is from about 10 pug to about 100 pg per naris. In some embodiments, the non-selective
PDE inhibitor is paraxanthine and the first amount is from about 0.17 ug/kg to about 1.7 ug/kg
per naris.

[0054] In some embodiments, the non-selective PDE inhibitor is pentoxifylline and the first
amount is from about 20 ug to about 100 pg per naris. In some embodiments, the non-selective
PDE inhibitor is pentoxifylline and the first amount is from about 0.33 pg/kg to about 1.7 ug/kg
per naris.

[0055] In some embodiments, the non-selective PDE inhibitor is theobromine and the first
amount is from about 30 ug to about 150 pg per naris. In some embodiments, the non-selective
PDE inhibitor is theobromine and the first amount is from about 0.5 ug/kg to about 2.5 ug/kg per

naris.
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[0056] In some embodiments, the non-selective PDE inhibitor is theophylline and the first

amount is from about 20 ug to about 100 pg per naris. In some embodiments, the non-selective
PDE inhibitor is theophylline and the first amount is from about 0.33 ug/kg to about 1.7 ug/kg
per naris.

[0057] In some embodiments, the non-selective PDE inhibitor is oxphylline and the first
amount is from about 100 pg to about 100 ug per naris. In some embodiments, the non-selective
PDE inhibitor is oxphylline and the first amount is from about 0.17 pg/kg to about 1.7 ug/kg per
naris.

[0058] In some embodiments, the second PDE inhibitor is inamrinone and the second
amount is from about 2 ug to about 40 ug per naris. In some embodiments, the second PDE
inhibitor is inamrinone and the second amount is from about 0.03 ug/kg to about 0.67 ug/kg per
naris.

[0059] In some embodiments, the second PDE inhibitor is anagrelide and the second amount
is from about 2 pg to about 40 ug per naris. In some embodiments, the second PDE inhibitor is
anagrelide and the second amount is from about 0.03 ug/kg to about 0.67 ug/kg per naris.

[0060] In some embodiments, the second PDE inhibitor is cilostazol and the second amount
is from about 2 pg to about 40 ug per naris. In some embodiments, the second PDE inhibitor is
cilostazol and the second amount is from about 0.03 pg/kg to about 0.67 pg/kg per naris.

[0061] In some embodiments, the second PDE inhibitor is mesembrine and the second
amount is from about 1 ug to about 10 ug per naris. In some embodiments, the second PDE
inhibitor is mesembrine and the second amount is from about 0.02 ug/kg to about 0.33 ug/kg per
naris.

[0062] In some embodiments, the second PDE inhibitor is rolipram and the second amount is
from about 1 ug to about 10 ug per naris. In some embodiments, the second PDE inhibitor is
rolipram and the second amount is from about 0.02 pg/kg to about 0.33 pg/kg per naris.

[0063] In some embodiments, the second PDE inhibitor is ibudilast and the second amount is
from about 1 ug to about 10 ug per naris. In some embodiments, the second PDE inhibitor is
ibudilast and the second amount is from about 0.02 pg/kg to about 0.33 ug/kg per naris.

[0064] In some embodiments, the second PDE inhibitor is piclamilast and the second amount
is from about 1 pg to about 10 ug per naris. In some embodiments, the second PDE inhibitor is
piclamilast and the second amount is from about 0.02 ug/kg to about 0.33 ug/kg per naris.
[0065] In some embodiments, the second PDE inhibitor is luteolin and the second amount is
from about 1 ug to about 10 ug per naris. In some embodiments, the second PDE inhibitor is

luteolin and the second amount is from about 0.02 ug/kg to about 0.33 ug/kg per naris.
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[0066] In some embodiments, the second PDE inhibitor is drotaverine and the second
amount is from about 2 ug to about 10 ug per naris. In some embodiments, the second PDE
inhibitor is drotaverine and the second amount is from about 0.03 ug/kg to about 0.33 ug/kg per
naris.

[0067] In some embodiments, the second PDE inhibitor is roflumilast and the second amount
is from about 1 pg to about 10 ug per naris. In some embodiments, the second PDE inhibitor is
roflumilast and the second amount is from about 0.02 ug/kg to about 0.33 ug/kg per naris.
[0068] In some embodiments, the second PDE inhibitor is sildenafil and the second amount
is from about 5 pg to about 150 ug per naris. In some embodiments, the second PDE inhibitor is
sildenafil and the second amount is from about 0.08 ug/kg to about 2.5 ug/kg per naris.

[0069] In some embodiments, the second PDE inhibitor is tadalafil and the second amount is
from about 5 ug to about 150 ug per naris. In some embodiments, the second PDE inhibitor is
tadalafil and the second amount is from about 0.08 ug/kg to about 2.5 ug/kg per naris.

[0070] In some embodiments, the second PDE inhibitor is vardenafil and the second amount
is from about 5 pg to about 150 ug per naris. In some embodiments, the second PDE inhibitor is
vardenafil and the second amount is from about 0.08 ug/kg to about 2.5 ug/kg per naris.

[0071] In some embodiments, the second PDE inhibitor is udenafil and the second amount is
from about 1 ug to about 100 ug per naris. In some embodiments, the second PDE inhibitor is
udenafil and the second amount is from about 0.02 pg/kg to about 1.7 ug/kg per naris.

[0072] In some embodiments, the second PDE inhibitor is avanafil and the second amount is
from about 1 ug to about 150 ug per naris. In some embodiments, the second PDE inhibitor is
avanafil and the second amount is from about 0.02 ug/kg to about 2.5 ug/kg per naris.

[0073] In some embodiments, the second PDE inhibitor is dipyridamole and the second
amount is from about 1 ug to about 150 ug per naris. In some embodiments, the second PDE
inhibitor is dipyridamole and the second amount is from about 0.02 pg/kg to about 2.5 ug/kg per
naris.

[0074] In some embodiments, the second PDE inhibitor is papaverine and the second amount
is from about 10 ug to about 200 ug per naris. In some embodiments, the second PDE inhibitor
is avanafil and the second amount is from about 0.17 ug/kg to about 3.3 pg/kg per naris.

In some embodiments, the first amount and second amount are indicated in Table XIV.

[0075] Some embodiments further comprise a third amount of a third PDE inhibitor that is
optionally in a different class of PDE inhibitor from the non-selective PDE inhibitor and the

second PDE inhibitor. In some embodiments, the third amount is indicated in Table XIV.
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[0076] In some embodiments, the combination pharmaceutical dosage unit is a steroid-free,
combination pharmaceutical dosage unit.

[0077] In some embodiments, the pharmaceutically acceptable liquid carrier has a pH that is
greater than 7.0. In some embodiments, the pharmaceutically acceptable liquid carrier has a pH
that is from 7.1 to 8.5. In some embodiments, the pharmaceutically acceptable liquid carrier has
a pH that is from 7.1 to 7.4. In some embodiments, the pharmaceutically acceptable liquid carrier
hasapHthatis 7.1,7.2,7.3,74,7.5,7.6,7.7,78,7.9,8, 8.1, 8.2, 8.3, 84, or 8.5. In some
embodiments, the pharmaceutically acceptable liquid carrier has a pH that is at least 7.1, 7.2, 7.3,
74,7.5,76,7.7,7.8,7.9,8,8.1,8.2,8.3, 8.4, or 8.5.

[0078] In some embodiments, a volume of the dosage unit is from about 50 uL to about 750
uL. In some embodiments, a volume of the dosage unit is from about 100 uL to about 400 uL. In
some embodiments, a volume of the dosage unit is about: 50 uL, 75 uL, 100 uL, 125 uL, 150
uL, 175 uL, 200 uL, 225 uL, 250 uL, 275 uL, 300 uL, 325 uL, 350 uL, 375 uL, 400 uL, 425
uL, 450 uL, 475 uL, 500 uL, 525 uL, 550 uL, 575 uL, 600 uL, 625 uL, 650 uL, 675 uL, 700
uL, 725 uL or 750 uL.

[0079] In some embodiments, the combination pharmaceutical dosage unit is in a plume that
has a droplet size distribution characterized by one or more of the following: (a) less than 5% of
the droplets in the plume having a size of less than 10 um, (b) a D¢ of greater than 12.5 um,
wherein 10% of the droplets in the plume have a size less than the Dy, (¢) a Dsy of from 30 to 70
um, wherein 50% of the droplets in the plume have a size less than the Dsg, (d) a Dgg of less than
200 pum, wherein 90% of the droplets in the plume have a size less than the Do, and (¢) a span of
from 1 to 6, wherein the span is calculated according to: (Dgy — D19)/Dso.

[0080] In some embodiments, the plume is characterized by the Dy, that is less than 175 um.
In some embodiments, the plume is characterized by the Dy, that is less than 150 um. In some
embodiments, the plume is characterized by the Dy that is less than 125 pm. In some
embodiments, the plume is characterized by the Dyg that is less than 100 um. In some
embodiments, the plume is characterized by the Dy that is less than 90 um. In some
embodiments, the plume is characterized by the Dyg that is from 75 um to 199 um. In some
embodiments, the plume is characterized by the Dyg that is from 75 um to 175 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 150 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 125 um. In some
embodiments, the plume is characterized by the Dy that is from 75 um to 100 um. In some
embodiments, the plume is characterized by the Dy, that is about: 75 um, 80 um, 85 um, 90 um,
100 um, 110 um, 120 pm, 130 um, 140 um, 150 um, 160 um, 170 pm, 180 um, or 190um.
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[0081] In some embodiments, the plume is characterized by the span that is from 1 to 5. In
some embodiments, the plume is characterized by the span that is from 1 to 4. In some
embodiments, the plume is characterized by the span that is from 1 to 3. In some embodiments,
the plume is characterized by the span that is from 1 to 2. In some embodiments, the plume is
characterized by the span that is about: 1, 1.1, 1.2,1.3,14,1.5,1.6,1.7,18,1.9,2,2.1,2.2,2.3,
24,25,26,2.7,2.7,2.9,3,3.25,3.5,3.75,4,4.5,5,5.5, or 6.

[0082] In some embodiments, the plume is further characterized by having an ovality of
from 0.7 to 1. In some embodiments, the plume is further characterized by having an ovality of
from 0.8 to 1. In some embodiments, the plume is further characterized by having an ovality of
from 0.9 to 1. In some embodiments, the plume is further characterized by having an ovality of
about 1.

[0083] In some embodiments, the plume is further characterized by having a geometry of
from 30° to 90°. In some embodiments, the plume is further characterized by having a geometry
of from 45° to 75°. In some embodiments, the plume is further characterized by having a
geometry of about: 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65°, 70°, 75°, 80°, 85°, or 90°.

[0084] In some embodiments, the dosage unit is provided as a nasal spray or acrosol. In
some embodiments, about 50% of droplets in the nasal spray or acrosol have a size of from about
15 um to about 150 um, from about 20 um to about 100 um, or from about 30 um to about 70
um. In some embodiments, less than about 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
or 1% of droplets in the nasal spray or acrosol have a size of less than about 10 pm. In some
embodiments, at least about 60%, 70%, 80%, 85%., 90%, or 95% of droplets in the nasal spray or
acrosol have a size of less than about 200 um. In some embodiments, at least about 50%, 60%,
70%, 80%, 90%, 95%, or 99% of droplets in the nasal spray or acrosol have a size of from about
10 um to about 200 pum.

[0085] In some embodiments, the pharmaceutically acceptable liquid carrier comprises
aminoboronic acid and its derivatives, amastatin, surfactants, bile salts, gelified insulin,
bioadhesive microspheres, phospholipids, chitosan nanoparticles, alkyl glycerides, or a
combination thereof.

[0086] In some embodiments, the pharmaceutically acceptable liquid carrier comprises
water, a buffering agent, a flavoring agent, a humectant, a penetration enhancer, a pH adjusting
agent, a preservative, a solvent or co-solvent, a surfactant, a tonicity adjusting agent, a viscosity
adjusting agent, or a combination thereof. In some embodiments, the pharmaceutically

acceptable liquid carrier comprises water.
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[0087] In some embodiments, the pharmaceutically acceptable liquid carrier comprises the
buffering agent that is potassium phosphate, sodium acetate, sodium citrate, sodium phosphate,
trisodium citrate, or a combination thereof. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises the flavoring agent that is menthol, saccharin sodium,
sorbitol, or a combination thereof. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises the humectant that is glycerin, propylene glycol, hexylene glycol, butylenes
glycol, glyceryl triacetate, vinyl alcohol, neoagarobiose, glycerol, sorbitol, xylitol, maltitol,
polydextrose, quillaia, lactic acid, urea, or aloe vera. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises the penetration enhancer that is oleic acid. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises the pH adjusting agent
that is acetic acid, citric acid, hydrochloric acid, sodium hydroxide, sulfuric acid, or a
combination thereof. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises the preservative that is benzalkonium chloride, benzethonium chloride, benzyl
alcohol, butylated hydroxy toluene, butylated hydroxyanisole, chlorobutanol, edetate disodium,
methylparaben, phenylethyl alcohol, phenylmercuric acetate, propylene paraben, propylparaben,
thimerosal, or a combination thereof. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises the solvent or co-solvent that is ethanol, glycerol, glyceryl dioleate,
glycine, polyethylene glycol (PEG), PEG 400, propylene glycol, triglycerides, or a combination
thereof. In some embodiments, the pharmaceutically acceptable liquid carrier comprises the
surfactant that is glyceryl monoleate, lecithin, PEG 3500, PEG 400, polyoxyl 400 stearate,
polysorbate 20, polysorbate 80, propylene glycol, triglycerides, or a combination thereof. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises the tonicity
adjusting agent that is dextrose, potassium chloride, sodium chloride, or a combination thereof.
In some embodiments, the pharmaceutically acceptable liquid carrier comprises the viscosity
adjusting agent that is carboxymethyl cellulose (CMC), Me-OH-Pr cellulose, microcrystalline
cellulose (MCC), sodium carboxymethyl cellulose (Na CMC), or a combination thereof.

[0088] In some embodiments, the pharmaceutically acceptable liquid carrier comprises from
about 0.01% to about 0.5% w/w acetic acid. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises from about 0.001% to about 0.119% w/w benzalkonium
chloride. In some embodiments, the pharmaceutically acceptable liquid carrier comprises from
about 0.001% to about 0.0366% w/w benzyl alcohol. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.001% to about 0.01% w/w
butylated hydroxy toluene. In some embodiments, the pharmaceutically acceptable liquid carrier

comprises from about 0.00001% to about 0.0002% w/w butylated hydroxyanisole. In some
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embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about
2% w/w carboxymethyl cellulose. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises from about 0.01% to about 0.5% w/w chlorobutanol. In some embodiments,
the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about 0.5% w/w
citric acid. In some embodiments, the pharmaceutically acceptable liquid carrier comprises from
about 0.01% to about 0.5% w/w dextrose. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.5% w/w edetate disodium. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.1% to
about 2% w/w ethanol. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises from about 0.01% to about 0.233% w/w glycerin. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 5% w/w glycerol.
In some embodiments, the pharmaceutically acceptable liquid carrier comprises from about 1%
to about 15% w/w glyceryl dioleate. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises from about 1% to about 10% w/w glyceryl monoleate. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about
10% w/w lecithin. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises from about 0.1% to about 5% w/w Me-OH-Pr cellulose. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.001% to about 0.7% w/w
methylparaben. In some embodiments, the pharmaceutically acceptable liquid carrier comprises
from about 0.1% to about 2% w/w microcrystalline cellulose. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.01% to about 0.132% w/w
oleic acid. In some embodiments, the pharmaceutically acceptable liquid carrier comprises from
about 0.1% to about 1.5% w/w PEG 3500. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 20% w/w PEG 400. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.01% to
about 0.254% w/w phenylethyl alcohol. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises from about 0.1% to about 5% w/w polyethylene glycol (PEG). In some
embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about
15% w/w polyoxyl 400 stearate. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises from about 0.01% to about 2.5% w/w polysorbate 20. In some embodiments,
the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 10% w/w
polysorbate 80. In some embodiments, the pharmaceutically acceptable liquid carrier comprises
from about 0.1% to about 1.9% w/w potassium chloride. In some embodiments, the

pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 20% w/w
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propylene glycol. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises from about 0.001% to about 0.1% w/w propylene paraben. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.01% to about 0.3% w/w
propylparaben. In some embodiments, the pharmaceutically acceptable liquid carrier comprises
from about 0.1% to about 5% w/w sodium carboxymethyl cellulose (Na CMC). In some
embodiments, the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about
1.9% w/w sodium chloride. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises from about 0.5% to about 10% w/w sorbitol. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises from about 0.01% to about 0.4% w/w
sulfuric acid. In some embodiments, the pharmaceutically acceptable liquid carrier comprises
from about 0.1% to about 5% w/w triglycerides. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises from about 0.00001% to about 0.0006% w/w trisodium
citrate.

[0089] Also disclosed in the third aspect are methods of treating anosmia, hyposmia,
dysosmia, ageusia, hypogeusia, or dysgeusia in a subject in need thereof comprising
administering to the subject in need thereof any of the combination pharmaceutical dosage units
disclosed herein. In some embodiments, the combination pharmaceutical dosage unit is
administered once daily to each naris. In some embodiments, the combination pharmaceutical
dosage unit is administered twice daily to each naris.

[0090] In some embodiments, the combination pharmaceutical dosage unit is administered
cach day for from about 7 days to about 365 days. In some embodiments, the combination
pharmaceutical dosage unit is administered each day for from about 7 days to about 6 months. In
some embodiments, the combination pharmaceutical dosage unit is administered each day for
from about 7 days to about 4 months. In some embodiments, the combination pharmaceutical
dosage unit is administered each day for from about 1 month to about 12 months.

[0091] In some embodiments, the subject experiences a decrease in a detection threshold
(DT) score, a decrease in a recognition threshold (RT) score, an increase in a magnitude
estimation (ME) score, and/or a change in a hedonic (H) score as measured with a forced-choice,
three-stimuli, stepwise-staircase technique using one or more odorants after administering the
combination pharmaceutical dosage unit to the subject. In some embodiments, the one or more
odorants comprise pyridine, nitrobenzene, thiophene, amyl acetate, or a combination thereof.
[0092] In some embodiments, the subject experiences a decrease in an taste detection
threshold (DT) score, a decrease in a recognition threshold (RT) score, an increase in a

magnitude estimation (ME) score, and/or a change in a hedonic (H) score as measured with a
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forced-choice, three-stimuli, stepwise-staircase technique using one or more tastants testing
compounds after administering the combination pharmaceutical dosage unit to the subject. In
some embodiments, the one or more tastants comprise sodium chloride (NaCl), sucrose,
hydrogen chloride (HCl), urea, or a combination thereof.

[0093] Also disclosed in the third aspect are kits for the treatment of anosmia, hyposmia,
dysosmia, ageusia, hypogeusia, or dysgeusia comprising: (a) a multi-dose nasal spray device that
delivers any of the combination pharmaceutical dosage units disclosed herein; and (b)

instructions for use.

INCORPORATION BY REFERENCE

[0094] All publications and patent applications mentioned in this specification are herein
incorporated by reference to the same extent as if each individual publication or patent
application was specifically and individually indicated to be incorporated by reference. Where a
term in a reference conflicts with a term in this specification, the term in this specification

controls.

BRIEF DESCRIPTION OF THE DRAWINGS
[0095] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention will be
obtained by reference to the following detailed description that sets forth illustrative
embodiments, in which the principles of the invention are utilized, and the accompanying
drawings of which:
[0096] Figure 1 illustrates the structure of the patient flow of the clinical trial showing the
number and percentage of patients that returned on theophylline treatment. Three hundred
twelve patients began the study on 200mg. If improved <5% patient number indicates
progression to next step up in dose (400mg, 600mg, 800mg). Left sided numbers (lines) indicate
numbers of distant patients who returned for first time (see text). Right sided numbers (lines)
indicate patient numbers who improved <5% and returned on a higher dose. Difference between
right sided numbers and patient numbers who improved <5% (in right boxes) indicate number of
patient drop outs at ecach dose. If improved >5% patient data not included in further step-up
doses.
[0097] Figure 2 is a comparison of DT and RT values for pyridine (PYRD), nitrobenzene
(NO2B), thiophene (THIO) and amyl acetate (AA) in 312 patients before treatment and in all
patients in each group after treatment with oral theophylline at 200mg, 400mg, 600mg and
800mg (see Tables II, IV-VII).
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[0098] Figure 3 is a comparison of ME and H values for pyridine (PYRD), nitrobenzene

(NO2B), thiophene (THIO) and amyl acetate (AA) in 312 patients before treatment and in all
patients in each group after treatment with oral theophylline at 200mg, 400mg, 600mg and
800mg (see Tables II, IV-VII).

[0099] Figure 4 shows gustometry in patients with hyposmia and hypogeusia before and
after treatment with oral and intranasal theophylline.

[00100] Figure S shows olfactometry in patients with hyposmia and hypogeusia before and
after treatment with oral and intranasal theophylline.

[00101] Figure 6 shows the comparison of quantitative subjective changes after oral and

intranasal theophylline treatment.

DETAILED DESCRIPTION OF THE INVENTION
[00102] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of the ordinary skill in the are to which this invention
belongs. Although any methods and materials similar or equivalent ot those described herin can
be used in the practice or testing of the formulations or unit doses herin, some methods and
materials are now described. Unless mentioned otherwise, the techniques employed or
contemplated herein are standard methodologies. The materials, methods, and examples are
illustrative only and not limiting.
[00103] The details of one or more inventive embodiments are set forth in the accompanying
drawings, the claims, and the description herein. Other features, objects, and advantages fo the
inventive embodiments disclosed and contemplated herein can be combined with any other
embodiment unless explicitly excluded.

EE Y

[00104] Unless otherwise indicted, open terms for example “contain,” “containing,” include,”
“including,” and the like mean comprising.

[00105] The singular forms “a,” “an,” and “the” are used herein to include plural references
unless the context clearly dictates otherwise.

[00106] Some embodiments herein contemplate numberical ranges. When a numerical range
is provided, unless otherwise indicated, the range includes the range endpoints. Unless otherwise
indicated, numerical ranges include all values and subbranges therein as if explicitly written out.
[00107] The term “about” means the indicated numerical value = 10%. All numerical
indications within this specification are to be interpreted as being qualified by “about” unless the
context clearly indicates otherwise.

[00108] “Dosage unit” as used herein, refers to a discrete amount of a pharmaceutical

composition that is administered in a single event or package. The meaning of the term dosage
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unit is context specific. For example, a dosage unit for an intranasally administered liquid
pharmaceutical composition would be the volume of the composition that is administered in a
single event. For a nasal spray, the dosage unit would be the volume of the composition that is
released upon each actuation of the nasal spray device. For a solid composition, a single dosage
unit can, for example, be a single pill, tablet, or capsule.

[00109] "Phosphodiesterase inhibitor" or "PDE inhibitor" refers to any compound that inhibits
a phosphodiesterase enzyme, isozyme or allozyme. The term refers to selective or non-selective
inhibitors of cyclic guanosine 3',5'-monophosphate phosphodiesterases (cGMP-PDE) and cyclic
adenosine 3',5'-monophosphate phosphodiesterases (CAMP-PDE).

[00110] "Patient" or “subject” refers to animals, mammals, humans (e.g., children, teenagers,
adults, elderly).

[00111] The term “or” can be used conjunctively or disjunctively.

[00112] “Magnitude estimation” or “ME” is a measurement of the ability of a subject to
determine the strength of a stimulant, such as an odorant or a tastant.

[00113] “Recognition threshold” or “RT” is a measurement of the ability of a subject to
recognize the identity of a stimulant, such as an odorant or a tastant.

[00114] “Detection threshold” or “DT” is a measurement of the ability of a subject to
recognize exposure to a stimulant, such as an odorant or a tastant.

[00115] A “hedonic” value or “H” value is a measurement of a subject’s reaction to a
stimulant, such as an odorant or a tastant, as being pleasant or unpleasant.

[00116] “Percentage by weight” or “w/w” means ratio of the mass of the specified ingredient
verses the mass of the entire composition (e.g., dosage unit).

[00117] “Plume geometry” or “geometry’”’ when used in connection with a plume, means the
measurement of the angle of the plume at its origin. Plume geometry can be measured at two
distances from the origin of the plume, for example, at two side views 90° relative to each other.
Plume geometry can also be calculated from the spray pattern.

[00118] “Spray pattern,” “plume ovality,” or “ovality” when used in connection with a plume,
refers to shape and size of the plume at a distance from its origin. “Ovality” can be measured as
the ratio of the largest diameter to the smallest diameter.

[00119] “Di1o,” “Dso,” “Doo,” and “span” are measurements of the droplet or particle size
distribution of a plume. In a plume, 10% of the droplets have a size less than the Do, 50% of the
droplets have a size less than the Dsy, and 90% of the droplets have a size less than the Dgg. The
span can be calculated from these numbers according to the following formula: span = (Dgy —

D10)/Dso.
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[00120] “Total volume,” when used in connection with a plume, refers to the total volume of
all droplets or particles in the plume. For example, a plume with a total volume of 100 uLL
contains 100 uL of liquid.

[00121] Disclosed herein are methods, compositions, kits, and devices for the treatment of
taste and smell disorders with phosphodiesterase inhibitors. Taste disorders that can be treated
include ageusia, hypogeusia, and dysgeusia. Smell disorders that can be treated include anosmia,
hyposmia, and dysosmia.

[00122] In a first aspect, disclosed herein are multi-dose nasal spray devices for delivery of
theophylline to a human’s nasal epithelium that delivers a dosage unit in a plume upon actuation.
The nasal spray devices provide numerous advantages in the treatment of taste and smell
disorders. For example, the multi-dose nasal spray devices provided herein can ensure a high
level of consistency in the delivery of the theophylline by delivering a dosage unit within a well
characterized and reproducible plume directly to the nasal epithelium. Delivery of the
theophylline directly to the nasal epithelium can enable the use of greatly reduced amounts of
theophylline. Reducing the levels of theophylline that are administered can reduce and/or
eliminate side effects associate with theophylline use. The level of theophylline (or any other
active ingredient) can be reduced to a level such that it is undetectable in the bloodstream after
administration. Also, the efficacy of treatment can be increased because the theophylline is
delivered directly to the sites of action. Despite using much smaller dosage levels than are orally
administered, a greater level of theophylline can reach the nasal olfactory epithelium. In this
way, subject in need thereof can experience clinically detectable improvements in taste or smell
function in a greatly reduced time frame in comparison to oral administration of theophylline.
[00123] Multi-dose nasal spray devices that deliver a dosage unit of theophylline in a plume
provide advantages over intranasal administration with a syringe. When administered with a
syringe, a larger volume is generally used and the doseage unit is administered in a stream of
liquid. This liquid can run out of the nose, either running down the throat or dripping out of the
nostril, which can reduce the effectiveness of the treatement and/or cause irritation or discomfort.
Uneven exposure of the nasal epithelium to the active ingredient can also result. The disclosed
multi-dose nasal spray devices that deliver a dosage unit of theophylline in a plume, by contrast,
can use even smaller volumes of liquid because the droplet size distribution of the plume is
calibrated to neither drip nor enter the esophogous. The spray geometry can also be calibrated to
provide a more even distribution of theophylline at the site of administration. Further, the

disclosed devices and plumes can increase patient compliance due to ease of use.
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[00124] In a second aspect, disclosed herein are pharmaceutical dosage units for intranasal
administration comprising an amount of theophylline effective for treating anosmia, hyposmia,
dysosmia, ageusia, hypogeusia, or dysgeusia in a human in need thereof comprising less than 1
mg of the theophylline in a pharmaceutically acceptable liquid carrier that has a pH that is
greater than 7.0. The pH of intranasal dosage units can affect the rate at which the active
ingredients in the dosage unit are absorbed by the nasal epithelium.

[00125] In a third aspect, disclosed herein are combination pharmaceutical dosage units for
intranasal administration comprising: a non-selective PDE inhibitor; and a second, specific PDE
inhibitor. The combination formulations can be effective to treat anosmia, hyposmia, dysosmia,
ageusia, hypogeusia, or dysgeusia in a subject that is resistant to treatment with either the non-
selective PDE inhibitor or the second PDE inhibitor alone.

[00126] Theophylline and papaverine are representative members of non-specific PDE
inhibitors that are prescribed orally to treat asthma and chronic obstructive pulmonary disease
(COPD) through the relaxation of smooth muscle in the airways. Theophylline has anti-
inflammatory effects on the airways that is useful to combat the abnormal inflammation seen in
asthmatics. Most importantly, this anti-inflammatory effect is found at levels in the blood well
below that which causes the common side effects seen in most people. Patients with emphysema
and chronic bronchitis can also be helped with theophylline when their symptoms are partially
related to reversible airway narrowing,.

[00127] Theophylline is a methylxanthine derivative; other non-selective phosphodiesterase
inhibitors in this class include caffeine, IBMX (3-isobutyl-1-methylxanthine, aminophylline,
doxophylline, cipamphylline, theobromine, pentoxifylline (oxpentifylline) and diprophylline.
[00128] PDEI selective inhibitors, formerly known as calcium- and calmodulin-dependent
phosphodiesterases, include eburnamenine-14-carboxylic acid ethyl ester (vinpocetine), used to
induce vasorelaxtion on cerebral smooth muscle tissue.

[00129] PDE2 decreases aldosterone secretion and is suggested to play an important role in
the regulation of elevated intracellular concentrations of cAMP and ¢cGMP in platelets. Several
regions of the brain express PDE2 and rat experiments indicate that inhibition of PDE2 enhances
memory. PDE2 may play a role in regulation of fluid and cell extravasation during inflammatory
conditions as PDE?2 is localized to microvessels, especially venous capillary and endothelial
cells, but apparently not to larger vessels. PDE2 may also be a good pharmacological target for
pathological states such as sepsis or in more localized inflammatory responses such as thrombin-

induced edema formation in the lung. PDE-2 selective inhibitors include EHNA (erythro-9-(2-
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hydroxy-3-nonyl) adenine), 9-(6-phenyl-2-oxohex-3-yl)-2-(3,4-dimethoxybenzyl)-purin-6-one
(PDP), and BAY 60-7750.

[00130] The PDE3 family hydrolyzes cAMP and ¢cGMP, but in a manner suggesting that in
vivo, the hydrolysis of cAMP is inhibited by cGMP. They also are distinguished by their ability
to be activated by several phosphorylation pathways including the PKA and PI3K/PKB
pathways. PDE3A is relatively highly expressed in platelets, as well as in cardiac myocytes and
oocytes. PDE3B is a major PDE in adipose tissue, liver, and pancreas, as well as in several
cardiovascular tissues. Both PDE3A and PDE3B are highly expressed in vascular smooth
muscle cells and are likely to modulate contraction.

[00131] PDE3 inhibitors mimic sympathetic stimulation to increase cardiac inotropy,
chronotropy and dromotropy. PDE3 inhibitors also antagonize platelet aggregation, increase
myocardial contractility, and enhance vascular and airway smooth muscle relaxation. PDE3A is
a regulator of this process and PDE3 inhibitors effectively prevent aggregation. In fact one drug,
cilastazol (Pletal), is approved for treatment of intermittent claudication. Its mechanism of action
is thought to involve inhibition of platelet aggregation along with inhibition of smooth muscle
proliferation and vasodilation. PDE3-selective inhibitors include enoximone, milrinone
(Primacor), amrinone, cilostamide, cilostazol (Pletal) and trequinsin.

[00132] PDE4 inhibitors can effectively suppress release of inflammatory mediators, e.g.,
cytokines, inhibit the production of reactive oxygen species and immune cell infiltration. PDE4-
selective inhibitors include mesembrine, rolipram, ibudilast, a neuroprotective and
bronchodilator drug used mainly in the treatment of asthma and stroke, and roflumilast (Daxas)
and cilomilast (Airflo), currently in phase III clinical trials for treatment of chronic obstructive
pulmonary disease. Other inflammatory diseases for which PDE4 inhibitors are currently being
developed include asthma, arthritis, and psoriasis.

[00133] PDES is a regulator of vascular smooth muscle contraction best known as the
molecular target for several well-advertised drugs used to treat erectile dysfunction and
pulmonary hypertension. In the lung, inhibition of PDES5 opposes smooth muscle
vasoconstriction, and PDES inhibitors are in clinical trials for treatment of pulmonary
hypertension.

[00134] PDES5-sclective inhibitors include sildenafil, tadalafil, vardenafil, udenafil and
avanafil.

[00135] PDE inhibitors inhibit cellular apoptosis by inhibiting TNF alpha, TRAIL and their
metabolites. PDE inhibitors activate the production and secretion of nitric oxide in all tissues

thereby inducing vasorelaxation or vasodilation of all blood vessels including those of the
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peripheral blood vessels (inhibiting intermittent claudication), the distal extremities and in the
penile region contributing to penile erection.

[00136] PDE inhibitors useful in the present invention include, for example, filaminast,
piclamilast, rolipram, Org 20241, MCI-154, roflumilast, toborinone, posicar, lixazinone,
zaprinast, sildenafil, pyrazolopyrimidinones (such as those disclosed in WO 98/49166),
motapizone, pimobendan, zardaverine, siguazodan, CI-930, EMD 53998, imazodan, saterinone,
loprinone hydrochloride, 3-pyridinecarbonitrile derivatives, denbufyllene, albifylline,
torbafylline, doxofylline, theophylline, pentoxofylline, nanterinone, cilostazol, cilostamide, MS
857, piroximone, milrinone, aminone, tolafentrine, dipyridamole, papaverine, E4021,
thienopyrimidine derivatives (such as those disclosed in WO 98/17668), triflusal, ICOS-351,
tetrahydropiperazino[1,2-b]beta-carboline-1,4-dione derivatives (such as those disclosed in U.S.
Pat. No. 5,859,006, WO 97/03985 and WO 97/03675), carboline derivatives, (such as those
disclosed in WO 97/43287), 2-pyrazolin-5-one derivatives (such as those disclosed in U.S. Pat.
No. 5,869,516), fused pyridazine derivatives (such as those disclosed in U.S. Pat. No.
5,849,741), quinazoline derivatives (such as those disclosed in U.S. Pat. No. 5,614,627),
anthranilic acid derivatives (such as those disclosed in U.S. Pat. No. 5,714,993),
imidazoquinazoline derivatives (such as those disclosed in WO 96/26940), and the like. Also
included are those phosphodiesterase inhibitors disclosed in WO 99/21562 and WO 99/30697.
The disclosures of each of which are incorporated herein by reference in their entirety. In some
embodiments, the intranasal composition does not comprise a PDES selective inhibitor.

[00137] Sources of information for the above, and other phosphodiesterase inhibitors include
Goodman and Gilman, The Pharmacological Basis of Therapeutics (9th Ed.), McGraw-Hill, Inc.
(1995), The Physician's Desk Reference (49th Ed.), Medical Economics (1995), Drug Facts and
Comparisons (1993 Ed), Facts and Comparisons (1993), and The Merck Index (12th Ed.), Merck
& Co., Inc. (1996), the disclosures of ecach of which are incorporated herein by reference in their
entirety.

[00138] Other medicaments may be combined with or administered contemporaneously with
at least one PDE inhibitor to complement and/or to enhance the prevention or treatment effect of
a PDE inhibitor. These other medicaments include vasoactive agents, anticholinergic agents,
leukotriene receptor antagonists, thromboxane synthetase inhibitors, thromboxane A, receptor
antagonist, mediator release inhibitor, antihistamic agent, cytokine inhibitor, prostaglandins,
forskolin, elastase inhibitor, steroid, expectorant, or antibacterial agent. The other medicaments
can be administered simultaneously with, subsequently to, or prior to administration of the PDE

inhibitors.
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[00139] In one embodiment, the patient is administered a therapeutically effective amount of a
PDE inhibitor and a vasoactive agent. A vasoactive agent is any therapeutic agent capable of
relaxing vascular smooth muscle. Suitable vasoactive agents include, but are not limited to,
potassium channel activators (such as, for example, nicorandil, pinacidil, cromakalim, minoxidil,
aprilkalim, loprazolam and the like); calcium blockers (such as, for example, nifedipine,
veraparmil, diltiazem, gallopamil, niludipine, nimodipins, nicardipine, and the like); beta-
blockers (such as, for example, butixamine, dichloroisoproterenol, propanolol, alprenolol,
bunolol, nadolol, oxprenolol, perbutolol, pinodolol, sotalol, timolol, metoprolol, atenolol,
acebutolol, bevantolol, pafenolol, tolamodol, and the like); long and short acting alpha-
adrenergic receptor antagonist (such as, for example, phenoxybenzamide, dibenamine,
doxazosin, terazosin, phentolamine, tolazoline, prozosin, trimazosin, yohimbine, moxisylyte and
the like adenosine, ergot alkaloids (such as, for example, ergotamine, ergotamine analogs,
including, for example, acetergamine, brazergoline, bromerguride, cianergoline, delorgotrile,
disulergine, ergonovine maleate, ergotamine tartrate, etisulergine, lergotrile, lysergide,
mesulergine, metergoline, metergotamine, nicergoline, pergolide, propisergide, proterguride,
terguride); vasoactive intestinal peptides (such as, for example, peptide histidine isoleucine,
peptide histidine methionine, substance P, calcitonin gene-related peptide, neurokinin A,
bradykinin, neurokinin B, and the like); dopamine agonists (such as, for example, apomorphine,
bromocriptine, testosterone, cocaine, strychnine, and the like); opioid antagonists (such as, for
example, naltrexone, and the like); prostaglandins (such as, for example, alprostadil,
prostaglandin E,, prostaglandin F, misoprostol, enprostil, arbaprostil, unoprostone, trimoprostil,
carboprost, limaprost, gemeprost, lantanoprost, omoprostil, beraprost, sulpostrone, rioprostil, and
the like); endothelin antagonists (such as, for example, bosentan, sulfonamide endothelin
antagonists, BQ-123, SQ 28608, and the like) and mixtures thercof.

[00140] In one aspect of the present invention, methods are provided to prevent or treat
diseases associated with or caused by the increased (pathological) metabolism of cyclic
adenosine 3',5'-monophosphate (cAMP) or cyclic guanosine 3',5'-monophosphate (cGMP),
including, for example, anosmia, hyposmia, ageusia, hypogeusia, hypertension, pulmonary
hypertension, congestive heart failure, renal failure, myocardial infarction, stable, unstable and
variant (Prinzmetal) angina, atherosclerosis, cardiac edema, renal insufficiency, nephrotic
edema, hepatic edema, stroke, asthma, bronchitis, chronic obstructive pulmonary disease
(COPD), cystic fibrosis, dementia including Alzheimer’s disease, immunodeficiency, premature
labor, Parkinson’s disease, multiple sclerosis, dysmenorrhoea, benign prostatic hyperplasis

(BPH), bladder outlet obstruction, incontinence, conditions of reduced blood vessel patency, e.g.,
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postpercutaneous transluminal coronary angioplasty (post-PTCA), peripheral vascular disease,
allergic rhinitis, glaucoma, malignancies and diseases characterized by disorders of gut
motility, e.g., irritable bowel syndrome (IBS), rheumatoid arthritis, systemic lupus
erythematosus, psoriasis, and other autoimmune diseases, Huntington's chorea, and Amyotrophic
lateral sclerosis (ALS), by administering to a patient in need thereof a therapeutically effective
amount of the compounds and/or compositions described herein.

[00141] In some embodiments, the intranasal, pulmonary or lingual administration of a PDE
inhibitor can increase cell, tissue or organ levels of cAMP or cGMP. In some embodiments, the
increase in CAMP or cGMP levels is at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
100%, 200%, 300%, 400%, 500% or 1000% over the untreated state. In other embodiments,
cAMP or ¢cGMP levels are increased to at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90%, 100%, 125%, 150%, 200%, 300%, 400%, or 500% of the levels seen in controls, e.g.,
normal individuals. In some embodiments of the invention, a method is provided for increasing
nasal mucus or salivary cAMP or cGMP levels, wherein an effective amount of a PDE inhibitor
is administered intranasally to a patient resulting in an increase in the cAMP or cGMP levels of
at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 100%, 150%, 200%, 300%, 400%,
500%, or 1000% over the untreated level. In other embodiments, nasal mucus or salivary cAMP
or cGMP levels are increased to at least 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%,
100%, 125%, 150%, 200%, 300%, 400%, or 500% of the levels seen in normal individuals.
[00142] In some embodiments, the administration of an effective amount of a PDE inhibitor
by intranasal, lingual or pulmonary administration does not produce a detectable blood level of
the PDE inhibitor. Theophylline can be measured, e.g., by gas-liquid chromatography, high-
performance liquid chromatrography, immunoassay, or enzyme immunoassay. Theophylline
levels can be measured using commercially available test kits. In some embodiments, the
administration of an effective amount of a PDE inhibitor by intranasal, lingual or pulmonary
administration produces blood concentration of the PDE inhibitor that are less than 5 mg/dl, 2
mg/ dl, 1 mg/dl, 500 ng/dl, 250 pg/dl, 100 pg/dl, 50 pg/dl, 25 pg/dl, 10 pg/dl, 5 pg/dl, or 1 pg/dl.
[00143] In some embodiments, intranasal or lingual administration of an effective amount of a
PDE inhibitor increases taste or smell acuity. In some embodiments, the increase in taste or
smell acuity is at least 5%, 10%, 20%, 30%, 40%, 50%, 75%, or 100% compared to the
untreated state. In other embodiments, taste or smell acuity is increased to at least 5%, 10%,
20%, 30%, 40%, 50%, 75%, or 100% of the acuity of normal individuals. In some
embodiments, taste or smell acuity is measured objectively, while in other embodiments taste or

smell acuity is measured subjectively.
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[00144] When administered ir vivo, the compounds and compositions of the present invention
can be administered in combination with pharmaceutically acceptable carriers and in dosages
described herein. The compounds and compositions of the present invention can be formulated
as pharmaceutically acceptable neutral (free base) or salt forms. Pharmaceutically acceptable
salts include, for example, those formed with free amino groups such as those derived from
hydrochloric, hydrobromic, hydroiodide, phosphoric, sulfuric, acetic, citric, benzoic, fumaric,
glutamic, lactic, malic, maleic, succinic, tartaric, p-toluenesulfonic, methanesulfonic acids,
gluconic acid, and the like, and those formed with free carboxyl groups, such as those derived
from sodium, potassium, ammonium, calcium, ferric hydroxides, isopropylamine, triecthylamine,
2-cthylamino ethanol, histidine, procaine, and the like.

[00145] "Therapeutically effective amount" refers to the amount of a PDE inhibitor with or
without additional agents that is effective to achieve its intended purpose. While individual
patient needs may vary, determination of optimal ranges for effective amounts of each of the
compounds and compositions is within the skill of an ordinary practitioner of the art. Generally,
the dosage required to provide an effective amount of the composition, and which can be
adjusted by one of ordinary skill in the art, will vary, depending on the age, health, physical
condition, sex, weight, extent of the dysfunction of the recipient, frequency of treatment and the
nature and scope of the dysfunction.

[00146] The amount of a given PDE inhibitor which will be effective in the prevention or
treatment of a particular dysfunction or condition will depend on the nature of the dysfunction or
condition, and can be determined by standard clinical techniques, including reference to
Goodman and Gilman, supra; The Physician's Desk Reference, supra; Medical Economics
Company, Inc., Oradell, N.J., 1995; and Drug Facts and Comparisons, Inc., St. Louis, Mo., 1993.
The precise dose to be used in the formulation will also depend on the route of administration,
and the seriousness of the dysfunction or disorder, and should be decided by the physician and
the patient's circumstances.

[00147] The nasal and/or pulmonary administered PDE inhibitors can be used at dose ranges
and over a course of dose regimen that are the same or substantially equivalent to those used for
oral administration. The nasal and/or pulmonary administered PDE inhibitors can also be used
in lower doses and in less extensive regimens of treatment. The amount of active ingredient that
can be combined with one or more carrier material to produce a single dosage form will vary
depending upon the host treated and the particular mode of administration.

[00148] Representative daily intranasal, lingual or pulmonary dosages can be, for example,

from about 1.0 pg and 2000 mg per day, from about 1.0 ng and 500.0 mg per day, from about 10
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ug and 100.0 mg per day, from about 10 pug and about 10 mg per day, from about 10 pg and 1.0

mg per day, from about 10 pg and 500 pg per day or from about 1 pg and 50 pg per day of the
active ingredient comprising a preferred compound. These ranges of dosage amounts represent
total dosage amounts of the active ingredient per day for a given patient. In some embodiments,
the daily administered dose is less than 2000 mg per day, 1000 mg per day, 500 mg per day, 100
mg per day, 10 mg per day, 1.0 mg per day, 500 ug per day, 300 ug per day, 200 pg per day, 100
ug per day or 50 pg per day. In other embodiments, the daily administered dose is at least 2000
mg per day, 1000 mg per day, 500 mg per day, 100 mg per day, 10 mg per day, 1.0 mg per day,
500 pg per day, 300 pg per day, 200 pg per day, 100 ug per day or 50 ug per day. In some
embodiments, on a per kilo basis, suitable dosage levels of the compounds will be from about
0.001 pg/kg and about 10.0 mg/kg of body weight per day, from about 0.5 pug/kg and about 0.5
mg/kg of body weight per day, from about 1.0 pg/kg and about 100 ng/kg of body weight per
day, and from about 2.0 pug/kg and about 50 pg/kg of body weight per day of the active
ingredient. In other embodiments, the suitable dosage level on a per kilo basis is less than 10.0
mg/kg of body weight per day, 1 mg/kg of body weight per day, 500 pg/kg of body weight per
day, 100 ng/kg of body weight per day, 10 ug/kg of body weight per day of the active ingredient,
or 1.0 ng/kg of body weight per day of active ingredient. In further embodiments, the suitable
dosage level on a per kilo basis is at least 10.0 mg/kg of body weight per day, 1 mg/kg of body
weight per day, 500 pg/kg of body weight per day, 100 ng/kg of body weight per day, 10 ug/kg
of body weight per day of the active ingredient, or 1.0 ng/kg of body weight per day of active
ingredient.

[00149] In some embodiments, the individual or single intranasal, lingual and/or pulmonary
dose of the PDE inhibitors is less than 10 mg, less than 2 mg, less than 1 mg, less than 500 pg,
less than 200 pg, less than 100 pg, or less than 50 pg per dosage unit or application. In other
embodiments, the individual or single intranasal, lingual and/or pulmonary dose of the PDE
inhibitors is at least 10 mg, 1 mg, 500 pg, 200 ng, 100 pg, 50 pg per dosage unit or application.
In further embodiments, the individual or single intranasal, lingual and/or pulmonary dose of the
PDE inhibitors ranges from 1 pug to 10 mg, 10 pto 1 mg, 10 ug to 500 pg, 10 pg to 250 pg, 10 pg
to 200 pg, 10 pg to 100 pg, 10 pg to 50 pg, 25 pg to 100 pg, 25 pg to 250 pg, 50 pug to 500 ng, or
100 pg to 1.0 mg

[00150] The number of times per day that a dose is administered will depend upon such
pharmacological and pharmacokinetic factors as the half-life of the active ingredient, which
reflects its rate of catabolism and clearance, as well as the minimal and optimal blood plasma or

other body fluid levels of said active ingredient attained in the patient which are required for
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therapeutic efficacy. Typically, the PDE inhibitors are given once, twice, trice, or four times
daily. PDE inhibitors may also be administered on a less frequent basis, such as every other day,
every three, four, five, six or seven days.

[00151]  Other factors may also be considered in deciding upon the number of doses per day
and the amount of active ingredient per dose to be administered. Not the least important of such
other factors is the individual response of the patient being treated. Thus, for example, where the
active ingredient is used to treat or prevent asthma, and is administered loco-regionally via
acrosol inhalation into the lungs, from one to four doses consisting of actuations of a dispensing
device, e.g., "puffs" of an inhaler, may be administered each day, with each dose containing from
about 10.0 pg to about 10.0 mg of active ingredient.

[00152] Effective doses can be extrapolated from dose-response curves derived from in vitro
or animal model test systems and are in the same ranges or less than as described for the
commercially available compounds in the Physician's Desk Reference, supra.

[00153] Theophylline Formulations

[00154]  Disclosed herein are pharmaceutical dosage units for intranasal administration
comprising an amount of theophylline effective for treating anosmia, hyposmia, dysosmia,
ageusia, hypogeusia, or dysgeusia in a human in need thereof, wherein the steroid-free dosage
unit comprises less than 1 mg of the theophylline in a pharmaceutically acceptable liquid carrier
that has a pH that is greater than 7.0. Some embodiments comprise less than 500 pg, less than
250 pg, or less than 100 pg of the theophylline. Some embodiments comprise from about 10 pg
to about 500 ug of the theophylline. Some embodiments comprise from about 20 ug to about 100
ug of the theophylline. Some embodiments comprise about 20 ug of the theophylline. Some
embodiments comprise about 100 ug of the theophylline.

[00155] Also disclosed herein are pharmaceutical dosage unit for intranasal administration
comprising an amount of theophylline effective for treating anosmia, hyposmia, dysosmia,
ageusia, hypogeusia, or dysgeusia in a human in need thereof, wherein the steroid-free dosage
unit comprises theophylline at a dosage level that is less than about 16.7 ug/kg in a
pharmaceutically acceptable liquid carrier that has a pH that is greater than 7.0. In some
embodiments, the dosage level is less than about 8.3 ug/kg, less than about 4.2 ug/kg, or less
than about 1.7 ug/kg. In some embodiments, the dosage level is from about 0.33 ug/kg to about
1.7 ng/kg. In some embodiments, the dosage level is about 0.33 pg/kg. In some embodiments,
the dosage level is about 1.7 ug/kg.

[00156] In some embodiments, the pH is from 7.1 to 8.5. In some embodiments, the pH is
from 7.1 to 7.4. In some embodiments, the pH 1s 7.1,7.2,7.3,7.4,7.5,7.6,7.7,7.8,7.9,8, 8.1,
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8.2, 8.3, 8.4, or 8.5. In some embodiments, the pH is at least 7.1, 7.2,7.3,7.4,7.5,7.6,7.7, 7.8,

79,8,8.1,8.2,8.3, 8.4, o0r8.5.

[00157] In some embodiments, a volume of the dosage unit is from about 50 uL to about 750
uL. In some embodiments, a volume of the dosage unit is from about 100 uL to about 400 pL. In
some embodiments, a volume of the dosage unit is about: 50 uL, 75 uL, 100 uL, 125 uL, 150
uL, 175 uL, 200 uL, 225 uL, 250 uL, 275 uL, 300 uL, 325 uL, 350 uL, 375 uL, 400 uL, 425
uL, 450 uL, 475 uL, 500 uL, 525 uL, 550 uL, 575 uL, 600 uL, 625 uL, 650 uL, 675 uL, 700
uL, 725 uL or 750 uL.

[00158] The theophylline formulations and dosage units provided herein can be used in a
nasal spray and be delivered in a plume. The plume can be characterized according to one or
more parameters such as total volume, droplet size distribution, spray pattern, and plume
geometry. The droplet size distribution can be characterized according to the percentage of
droplets having a size of less than 10 um, a Dy, a Dsg, a Do, a span, or a combination thereof. In
a plume, 10% of the droplets have a size less than the Djg, 50% of the droplets have a size less
than the Dsy, and 90% of the droplets have a size less than the Dgy. The span can be calculated
from these numbers according to the following formula: span = (Dgy — D19)/Dsg. Spray pattern
measures the ovality of the spray, which can be calculated from the ratio of maximum to
minimum cross sections diameter of the plume at a distance from the spray device. Plume
geometry measures the plume angle at the origin of the plume. Plume geometry can be measured
at two distances from the origin of the plume, for example, at two side views 90° relative to each
other. Plume geometry can also be calculated from the spray pattern.

[00159] The volume of the plume, the droplet size distribution, the spray pattern and plume
geometry can all effect the treatment efficacy of active ingredients delivered by nasal spray. The
formulations disclosed herein can be optimized to form a plume in the appropriate device that
increases the efficacy of treatment in comparison to oral administration or intranasal
administration with a syringe.

[00160] Optimal droplet sizes for a plume can be those that ensure the maximum amount of
active ingredient is applied to the nasal epithelium. Minimizing the amount of very small
droplets in the plume can reduce the amount of the plume that enters into the esophagus or lungs.
This can reduce or eliminates side effects and ensure maximal delivery to the intended site of
action. Minimizing the amount of larger drops can prevent loss of the active ingredient due to
dripping out of the nose. Larger drops can also result in the formulation dripping into the back of

the throat, which can cause irritation and delivery of active ingredient to undesired regions.
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[00161] In some embodiments, the dosage unit is in a plume that has a droplet size
distribution characterized by one or more of the following: (a) less than 5% of the droplets in the
plume having a size of less than 10 um, (b) a Dy of greater than 12.5 um, wherein 10% of the
droplets in the plume have a size less than the Dy, (c¢) a D5 of from 30 to 70 um, wherein 50%
of the droplets in the plume have a size less than the Dsg, (d) a Do of less than 200 um, wherein
90% of the droplets in the plume have a size less than the Dy, and (¢) a span of from 1 to 6,
wherein the span is calculated according to: (Dgg — D19)/Dso.

[00162] In some embodiments, the plume is characterized by less than 4% of the droplets in
the plume having a size of less than 10 um. In some embodiments, the plume is characterized by
less than 3% of the droplets in the plume having a size of less than 10 um. In some
embodiments, the plume is characterized by less than 2% of the droplets in the plume having a
size of less than 10 pum.

[00163] In some embodiments, the plume is characterized by the Dy that is greater than 15
um. In some embodiments, the plume is characterized by the Dy that is greater than 17.5 um. In
some embodiments, the plume is characterized by the Dy that is from 12.5 um to 30 pm. In
some embodiments, the plume is characterized by the Dy that is from 15 pm to 25 pm.

[00164] In some embodiments, the plume is characterized by the Dsg that is from 40 um to 60
um. In some embodiments, the plume is characterized by the D5 that is from 30 um to 60 um. In
some embodiments, the plume is characterized by the Ds that is from 30 um to 50 um. In some
embodiments, the plume is characterized by the Dsg that is from 30 pm to 40 um. In some
embodiments, the plume is characterized by the Dsg that is about: 30 um, 32.5 um, 35 um, 37.5
um, 40 um, 42.5 um, 45 um, 50 um, 55 um, 60 um, 65 um, or 70 um.

[00165] In some embodiments, the plume is characterized by the Dy, that is less than 175 um.
In some embodiments, the plume is characterized by the Dy, that is less than 150 um. In some
embodiments, the plume is characterized by the Dy that is less than 125 pm. In some
embodiments, the plume is characterized by the Dyg that is less than 100 um. In some
embodiments, the plume is characterized by the Dy that is less than 90 um. In some
embodiments, the plume is characterized by the Dyg that is from 75 um to 199 um. In some
embodiments, the plume is characterized by the Dyg that is from 75 um to 175 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 150 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 125 um. In some
embodiments, the plume is characterized by the Dy that is from 75 um to 100 um. In some
embodiments, the plume is characterized by the Dy, that is about: 75 um, 80 um, 85 um, 90 um,
100 um, 110 um, 120 pm, 130 um, 140 um, 150 um, 160 um, 170 pm, 180 um, or 190um.
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[00166] In some embodiments, the plume is characterized by the span that is from 1 to 5. In
some embodiments, the plume is characterized by the span that is from 1 to 4. In some
embodiments, the plume is characterized by the span that is from 1 to 3. In some embodiments,
the plume is characterized by the span that is from 1 to 2. In some embodiments, the plume is
characterized by the span that is about: 1, 1.1, 1.2,1.3,14,1.5,1.6,1.7,18,1.9,2,2.1,2.2,2.3,
24,25,26,2.7,2.7,2.9,3,3.25,3.5,3.75,4,4.5,5,5.5, or 6.

[00167] The spray pattern and geometry of the plume can affect the efficacy of treatment. For
example, an irregular shape can result in uneven coating of the nasal epithelium and a resulting
reduction in therapeutic efficacy. In another example, too narrow of a plume can reduce the arca
of the nasal epithelium that is coated by the plume. Conversely, too wide of a plume can direct
the plume towards unintended targets such as the back of the throat.

[00168] In some embodiments, the plume is further characterized by having an ovality of
from 0.7 to 1. In some embodiments, the plume is further characterized by having an ovality of
from 0.8 to 1. In some embodiments, the plume is further characterized by having an ovality of
from 0.9 to 1. In some embodiments, the plume is further characterized by having an ovality of
about 1.

[00169] In some embodiments, the plume is further characterized by having a geometry of
from 30° to 90°. In some embodiments, the plume is further characterized by having a geometry
of from 45° to 75°. In some embodiments, the plume is further characterized by having a
geometry of about: 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65°, 70°, 75°, 80°, 85°, or 90°.

[00170] In some embodiments, the dosage unit is provided as a nasal spray or acrosol. In
some embodiments, about 50% of droplets in the nasal spray or acrosol have a size of from about
15 um to about 150 um, from about 20 um to about 100 um, or from about 30 um to about 70
um. In some embodiments, less than about 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
or 1% of droplets in the nasal spray or acrosol have a size of less than about 10 pm. In some
embodiments, at least about 60%, 70%, 80%, 85%., 90%, or 95% of droplets in the nasal spray or
acrosol have a size of less than about 200 um. In some embodiments, at least about 50%, 60%,
70%, 80%, 90%, 95%, or 99% of droplets in the nasal spray or acrosol have a size of from about
10 um to about 200 pum.

[00171] The pharmaceutically acceptable carrier and excipients in a nasal spray formulation
can affect properties of the liquid, such as viscosity and osmolarity. This can effect the droplet
size distribution of the plume, plume geometry and shape, and ultimately the bioavailability of

the active ingredient.
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[00172] In some embodiments, the pharmaceutically acceptable liquid carrier comprises
aminoboronic acid and its derivatives, amastatin, surfactants, bile salts, gelified insulin,
bioadhesive microspheres, phospholipids, chitosan nanoparticles, alkyl glycerides, or a
combination thereof.

[00173] In some embodiments, the pharmaceutically acceptable liquid carrier comprises
water, a buffering agent, a flavoring agent, a humectant, a penetration enhancer, a pH adjusting
agent, a preservative, a solvent or co-solvent, a surfactant, a tonicity adjusting agent, a viscosity
adjusting agent, or a combination thereof. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises water. Water can be filtered water, deionized water, distilled
water, soft water, hard water, city water.

[00174] Some embodiments comprise the buffering agent that is potassium phosphate, sodium
acetate, sodium citrate, sodium phosphate, trisodium citrate, or a combination thercof. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.00001% to about 0.0006% w/w trisodium citrate.

[00175] Some embodiments comprise or further comprise the flavoring agent that is menthol,
saccharin sodium, sorbitol, or a combination thercof.

[00176] Some embodiments comprise or further comprise the humectant that is glycerin,
propylene glycol, hexylene glycol, butylenes glycol, glyceryl triacetate, vinyl alcohol,
neoagarobiose, glycerol, sorbitol, xylitol, maltitol, polydextrose, quillaia, lactic acid, urea, or
aloe vera. Some embodiments comprise or further comprise the humectant that is propylene
glycol. In some embodiments, the pharmaceutically acceptable liquid carrier comprises or further
comprises from about 0.01% to about 0.233% w/w glycerin. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.1% to
about 5% w/w glycerol. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises or further comprises from about 0.5% to about 10% w/w sorbitol.

[00177] Some embodiments comprise the penetration enhancer that is oleic acid. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.01% to about 0.132% w/w oleic acid.

[00178] Some embodiments comprise the pH adjusting agent that is acetic acid, citric acid,
hydrochloric acid, sodium hydroxide, sulfuric acid, or a combination thereof. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.01% to about 0.5% w/w acetic acid. In some embodiments, the pharmaceutically

acceptable liquid carrier comprises or further comprises from about 0.01% to about 0.5% w/w
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citric acid. In some embodiments, the pharmaceutically acceptable liquid carrier comprises or
further comprises from about 0.01% to about 0.4% w/w sulfuric acid.

[00179] Some embodiments comprise the preservative that is benzalkonium chloride,
benzethonium chloride, benzyl alcohol, butylated hydroxy toluene, butylated hydroxyanisole,
chlorobutanol, edetate disodium, methylparaben, phenylethyl alcohol, phenylmercuric acetate,
propylene paraben, propylparaben, thimerosal, or a combination thereof. Some embodiments
comprise the preservative that is methylparaben, propylparaben, or a combination thereof. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises or further
comprises from about 0.001% to about 0.119% w/w benzalkonium chloride. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.001% to about 0.0366% w/w benzyl alcohol. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.001% to
about 0.01% w/w butylated hydroxy toluene. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises or further comprises from about 0.00001% to about 0.0002%
w/w butylated hydroxyanisole. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises or further comprises from about 0.01% to about 0.5% w/w chlorobutanol. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises or further
comprises from about 0.01% to about 0.5% w/w edetate disodium. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.01% to
about 0.254% w/w phenylethyl alcohol. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises or further comprises from about 0.001% to about 0.1% w/w propylene
paraben. In some embodiments, the pharmaceutically acceptable liquid carrier comprises or
further comprises from about 0.001% to about 0.7% w/w methylparaben. In some embodiments,
the pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.01%
to about 0.3% w/w propylparaben.

[00180] Some embodiments comprise the solvent or co-solvent that is ethanol, glycerol,
glyceryl dioleate, glycine, polyethylene glycol (PEG), PEG 400, propylene glycol, triglycerides,
or a combination thereof. Some embodiments comprise the solvent or co-solvent that is
propylene glycol. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises or further comprises from about 0.1% to about 2% w/w ethanol. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.1% to about 5% w/w glycerol. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises or further comprises from about 1% to about 15% w/w

glyceryl dioleate. In some embodiments, the pharmaceutically acceptable liquid carrier
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comprises or further comprises from about 0.1% to about 20% w/w PEG 400. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.1% to about 5% w/w polyethylene glycol (PEG). In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.1% to
about 5% w/w triglycerides. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises or further comprises from about 0.1% to about 20% w/w propylene glycol.
[00181] Some embodiments comprise the surfactant that is glyceryl monoleate, lecithin, PEG
3500, PEG 400, polyoxyl 400 stearate, polysorbate 20, polysorbate 80, propylene glycol,
triglycerides, or a combination thereof. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises or further comprises from about 1% to about 10% w/w glyceryl
monoleate. In some embodiments, the pharmaceutically acceptable liquid carrier comprises or
further comprises from about 0.1% to about 10% w/w lecithin. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.1% to
about 1.5% w/w PEG 3500. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises or further comprises from about 0.1% to about 20% w/w PEG 400. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.1% to about 15% w/w polyoxyl 400 stearate. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.01% to
about 2.5% w/w polysorbate 20. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises or further comprises from about 0.1% to about 10% w/w polysorbate 80. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises or further
comprises from about 0.1% to about 20% w/w propylene glycol.

[00182] Some embodiments comprise the tonicity adjusting agent that is dextrose, potassium
chloride, sodium chloride, or a combination thereof. Some embodiments comprise the tonicity
adjusting agent that is sodium chloride. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises or further comprises from about 0.01% to about 0.5% w/w dextrose. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises or further
comprises from about 0.1% to about 1.9% w/w potassium chloride. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.1% to
about 1.9% w/w sodium chloride.

[00183] Some embodiments comprise the viscosity adjusting agent that is carboxymethyl
cellulose (CMC), Me-OH-Pr cellulose, microcrystalline cellulose (MCC), sodium carboxymethyl
cellulose (Na CMC), or a combination thereof. In some embodiments, the pharmaceutically

acceptable liquid carrier comprises or further comprises from about 0.1% to about 2% w/w
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carboxymethyl cellulose. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises or further comprises from about 0.1% to about 5% w/w Me-OH-Pr cellulose. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.1% to about 2% w/w microcrystalline cellulose. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.1% to
about 5% w/w sodium carboxymethyl cellulose (Na CMC).

[00184] In some embodiments, the pharmaceutically acceptable liquid carrier comprises or
further comprises from about 0.001% to about 0.7% w/w methylparaben, from about 0.01% to
about 0.3% w/w propylparaben, from about 0.1% to about 20% w/w propylene glycol, from
about 0.1% to about 1.9% w/w sodium chloride, or a combination therecof. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.001% to about 0.7% w/w methylparaben, from about 0.01% to about 0.3% w/w
propylparaben, from about 0.1% to about 20% w/w propylene glycol, and from about 0.1% to
about 1.9% w/w sodium chloride.

[00185] The osmolarity of an intranasal dosage unit can affect the rate at which an active
ingredient is absorbed by the nasal epithelium. For example, a higher permeability of the active
ingredient can be seen in hypotonic nasal sprays. In some embodiments, the dosage unit has an
osmolarity of from 10 mOsm/L to 1.2 Osm/L. For example, the dosage unit can have an
osmolarity of 10-1200mOsm/L, 10-750mOsm/L, 10-500mOsm/L, 10-300mOsm/L, 10-
250mOsm/L, 10-150mOsm/L, 10-100mOsm/L, 10-50mOsm/L, 50-1200mOsm/L, 50-
750mOsm/L, 50-500mOsm/L, 50-300mOsnm/L, 50-250mOsm/L, 50-150mOsm/L, 50-
100mOsm/L, 100-1200mOsm/L, 100-750mOsm/L, 100-500mOsm/L, 100-300mOsm/L, 100-
250mOsm/L, 100-150mOsm/L, 150-1200mOsm/L, 150-750mOsm/L, 150-500mOsm/L, 150-
300mOsm/L, 150-250mOsm/L, 250-1200mOsm/L, 250-750mOsm/L, 250-500mOsm/L, 250-
300mOsm/L, 300-1200mOsm/L, 300-750mOsm/L, 300-500mOsm/L, 500-1200mOsm/L, 500-
750mOsm/L, or 750-1200mOsm/L.

[00186] In some embodiments, the dosage unit has an osmolarity of from 10 mOsm/L to 295
mOsm/L. In some embodiments, the dosage unit has an osmolarity of from 295 mOsm/L to 1.2
mOsm/L. In some embodiments, the dosage unit has an osmolarity of from 200 mOsm/L to 400
mOsm/L.

[00187] In some embodiments, the dosage unit has an osmolarity of greater than 10 mOsm/L,
25 mOsm/L, 50 mOsm/L, 75 mOsm/L, 100 mOsm/L, 125 mOsm/L, 150 mOsn/L, 175 mOsm/L,
200 mOsm/L, 225 mOsm/L, 250 mOsm/L, 300 mOsm/L, 400 mOsm/L, 500 mOsm/L, 750
mOsm/L, or 1000 mOsm/L.
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[00188] In some embodiments, the dosage unit has an osmolarity of less than 1200 mOsm/L,

1000 mOsnv/L, 750 mOsm/L, 500 mOsm/L, 300 mOsm/L, 275 mOsm/L, 250 mOsm/L, 225
mOsn/L, 200 mOsm/L, 175 mOsm/L, 150 mOsm/L, 125 mOsny/L, 100 mOsm/L, 75 mOsm/L,
50 mOsm/L, or 25 mOsm/L.

[00189] The viscosity of an intranasal dosage unit can affect the residence time in the nasal
cavity. In some embodiments, the dosage unit has a higher kinematic viscosity than water at the
same temperature. In some embodiments, the dosage unit has a kinematic viscosity of from 0.5
cSt to 2 ¢St at 20 °C. For example, the dosage unit can have a kinematic viscosity of 0.5-2 cSt,
0.5-1.5 ¢St, 0.5-1.25 ¢St, 0.5-1.1 ¢St, 0.5-1 ¢St, 0.5-0.9 ¢St, 0.5-0.75 ¢St, 0.75-2 ¢St, 0.75-1.5
cSt, 0.75-1.25 ¢St, 0.75-1.1 ¢St, 0.75-1 ¢St, 0.75-0.9 ¢St, 0.9-2 ¢St, 0.9-1.5 ¢St, 0.9-1.25 ¢St, 0.9-
1.1 ¢St, 0.9-1 ¢St, 1-2 ¢St, 1-1.5 ¢St, 1-1.25 ¢St, 1-1.1 ¢St, 1.1-2 ¢St, 1.1-1.5 ¢St, 1.1-1.25 cSt,
1.25-2 ¢St, 1.25-1.5 ¢St, or 1.5-2 ¢St at 20 °C. In some embodiments, the dosage unit has a
kinematic viscosity of 0.9-1.25 ¢St at 20 °C. In some embodiments, the dosage unit has a higher
kinematic viscosity than water at the same temperature.

[00190] The dosage units disclosed herein can be stable for from 1 month to 5 years or more
at room temperature.

[00191] Also disclosed are methods of treating anosmia, hyposmia, dysosmia, ageusia,
hypogeusia, or dysgeusia in a subject in need thereof comprising administering to the subject in
need thereof any of the pharmaceutical dosage units disclosed herein. In some embodiments, the
pharmaceutical dosage unit is administered once daily to each naris. In some embodiments, the
pharmaceutical dosage unit is administered twice daily to each naris.

[00192] In some embodiments, the pharmaceutical dosage unit is administered each day for
from about 7 days to at least about 365 days. In some embodiments, the pharmaceutical dosage
unit is administered each day for from about 7 days to about 6 months. In some embodiments,
the pharmaceutical dosage unit is administered each day for from about 7 days to about 4
months. In some embodiments, the pharmaceutical dosage unit is administered each day for from
about 1 month to about 12 months.

[00193] In some embodiments, the subject experiences a decrease in a detection threshold
(DT) score, a decrease in a recognition threshold (RT) score, an increase in a magnitude
estimation (ME) score, and/or a change in a hedonic (H) score as measured with a forced-choice,
three-stimuli, stepwise-staircase technique using one or more odorants after administering the
pharmaceutical dosage unit to the subject. In some embodiments, the one or more odorants

comprise pyridine, nitrobenzene, thiophene, amyl acetate, or a combination thereof.
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[00194] In some embodiments, the subject experiences a decrease in an taste detection
threshold (DT) score, a decrease in a recognition threshold (RT) score, an increase in a
magnitude estimation (ME) score, and/or a change in a hedonic (H) score as measured with a
forced-choice, three-stimuli, stepwise-staircase technique using one or more tastants testing
compounds after administering the pharmaceutical dosage unit to the subject. In some
embodiments, the one or more tastants comprise sodium chloride (NaCl), sucrose, hydrogen
chloride (HCl), urea, or a combination thereof.

[00195] Also disclosed are kits for the treatment of anosmia, hyposmia, dysosmia, ageusia,
hypogeusia, or dysgeusia comprising: (a) a multi-dose nasal spray device that delivers any of the
pharmaceutical dosage units disclosed herein; and (b) instructions for use.

[00196] Combination PDE Inhibitor Formulations

[00197] Some subjects can be resistant to one or more PDE inhibitors. Combination
formulations can be used in such subjects to increase treatment efficacy. Combination
formulations can also be used in a wider spectrum of subjects.

[00198] Disclosed herein are pharmaceutical dosage units for intranasal administration
comprising: a first amount of a non-selective PDE inhibitor; a second amount of a second PDE
inhibitor that is a PDE 1 inhibitor, a PDE2 inhibitor, a PDE3 inhibitor, a PDE 4 inhibitor, a PDE
5 inhibitor, or a PDE 10 inhibitor; and a pharmaceutically acceptable liquid carrier; wherein the
first amount and the second amount are effective in combination to treat hyposmia or anosmia in
a subject in need thereof, wherein the subject is resistant to treatment with either the non-
selective PDE inhibitor or the second PDE inhibitor alone. In some embodiments, the non-
selective PDE inhibitor is caffeine, aminophylline, paraxanthine, pentoxifylline, theobromine,
theophylline, or oxphylline. In some embodiments, the non-selective PDE inhibitor is
theophylline.

[00199] In some embodiments, the second PDE inhibitor is the PDE 1 inhibitor that is
vinpocetine. In some embodiments, the second PDE inhibitor is the PDE 2 inhibitor that is
EHNA. In some embodiments, the second PDE inhibitor is the PDE 3 inhibitor that is
inamrinone, anagrelide, or cilostazol. In some embodiments, the second PDE inhibitor is the
PDE 4 inhibitor that is mesembrine, rolipram, ibudilast, pclamilast, luteolin, drotaverine, or
roflumilast. In some embodiments, the second PDE inhibitor is the PDE 5 inhibitor that is
sildenafil, tadalafil, vardenafil, udenafil, avanafil, or dipyridamole. In some embodiments, the
second PDE inhibitor is the PDE 10 inhibitor that is papaverine. In some embodiments, the first

amount and second amount are indicated in Table XIV.
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[00200] Some embodiments comprise a third amount of a third PDE inhibitor that is

optionally in a different class of PDE inhibitor from the non-selective PDE inhibitor and the
second PDE inhibitor. In some embodiments, the third amount is indicated in Table XIV.

[00201] Table XIV. PDE inhibitors for combination formulations.

PDE Inhibitors for Combination Exemplary Exemplary
Formulations Intranasal Dose | Intranasal Dose
in pg (ng/kg)

Nonselective PDE Inhibitors

Methylated xanthines and derivatives:

Caffeine 20-100 033-1.7
Aminophylline 20-100 033-1.7
Paraxanthine 10 -100 0.17-1.7
Pentoxifylline 20-100 033-1.7
Theobromine 30-150 0.50-25
Theophylline 20-100 033-1.7
Oxphylline 10-100 0.17-1.7

PDE1 — Vinpocetine —

PDE2 - EHNA ---

PDE3
Inamrinone 2-40 0.03-0.67
Anagrelide 2-40 0.03-0.67
Cilostazol 2-40 0.03-0.67

PDE4
Mesembrine 1-10 0.02-0.33
Rolipram 1-10 0.02-0.33
Ibudilast 1-10 0.02-0.33
Piclamilast 1-10 0.02-0.33
Luteolin 1-10 0.02-0.33
Drotaverine 2-10 0.03-0.33
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Roflumilast 1-10 0.02-0.33
PDES

Sildenafil 5-150 0.08-2.5

Tadalafil 5-150 0.08-2.5

Vardenafil 5-150 0.08 -2.5

Udenafil 1-100 0.02-1.7

Avanafil 1-150 0.02-25

Dipyridamole 1-150 0.02-2.5
PDE10

Papaverine 10 - 200 0.17-33

[00202] Disclosed are combination pharmaceutical dosage units for intranasal administration
comprising: (a) a first amount of a non-selective PDE inhibitor; (b) a second amount of a second
PDE inhibitor that is a PDE 1 inhibitor, a PDE2 inhibitor, a PDE3 inhibitor, a PDE 4 inhibitor, a
PDE 5 inhibitor, or a PDE 10 inhibitor; and (c) a pharmaceutically acceptable liquid carrier;
wherein the first amount and the second amount are effective in combination to treat anosmia,
hyposmia, dysosmia, ageusia, hypogeusia, or dysgeusia in a subject in need thereof, wherein the
subject is resistant to treatment with either the non-selective PDE inhibitor or the second PDE
inhibitor alone.

[00203] In some embodiments, the non-selective PDE inhibitor is caffeine, aminophylline,
paraxanthine, pentoxifylline, theobromine, theophylline, or oxphylline. In some embodiments,
the non-selective PDE inhibitor is theophylline.

[00204] In some embodiments, the second PDE inhibitor is the PDE 1 inhibitor that is
vinpocetine. In some embodiments, the second PDE inhibitor is the PDE 2 inhibitor that is
EHNA. In some embodiments, the second PDE inhibitor is the PDE 3 inhibitor that is
inamrinone, anagrelide, or cilostazol. In some embodiments, the second PDE inhibitor is the
PDE 4 inhibitor that is mesembrine, rolipram, ibudilast, pclamilast, luteolin, drotaverine, or
roflumilast. In some embodiments, the second PDE inhibitor is the PDE 5 inhibitor that is
sildenafil, tadalafil, vardenafil, udenafil, avanafil, or dipyridamole. In some embodiments, the
second PDE inhibitor is the PDE 10 inhibitor that is papaverine.

[00205] In some embodiments, the non-selective PDE inhibitor is caffeine and the first

amount is from about 20 ug to about 100 pg per naris. In some embodiments, the non-selective
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PDE inhibitor is caffeine and the first amount is from about 0.33 ug/kg to about 1.7 ug/kg per

naris.

[00206] In some embodiments, the non-selective PDE inhibitor is aminophylline and the first
amount is from about 20 ug to about 100 ug per naris. In some embodiments, the non-selective
PDE inhibitor is aminophylline and the first amount is from about 0.33 ug/kg to about 1.7 ug/kg
per naris.

[00207] In some embodiments, the non-selective PDE inhibitor is paraxanthine and the first
amount is from about 10 ug to about 100 ug per naris. In some embodiments, the non-selective
PDE inhibitor is paraxanthine and the first amount is from about 0.17 pg/kg to about 1.7 ug/kg
per naris.

[00208] In some embodiments, the non-selective PDE inhibitor is pentoxifylline and the first
amount is from about 20 ug to about 100 ug per naris. In some embodiments, the non-selective
PDE inhibitor is pentoxifylline and the first amount is from about 0.33 pg/kg to about 1.7 ug/kg
per naris.

[00209] In some embodiments, the non-selective PDE inhibitor is theobromine and the first
amount is from about 30 ug to about 150 ug per naris. In some embodiments, the non-selective
PDE inhibitor is theobromine and the first amount is from about 0.5 ug/kg to about 2.5 ug/kg per
naris.

[00210] In some embodiments, the non-selective PDE inhibitor is theophylline and the first
amount is from about 20 ug to about 100 ug per naris. In some embodiments, the non-selective
PDE inhibitor is theophylline and the first amount is from about 0.33 ug/kg to about 1.7 ug/kg
per naris.

[00211] In some embodiments, the non-selective PDE inhibitor is oxphylline and the first
amount is from about 100 pg to about 100 ug per naris. In some embodiments, the non-selective
PDE inhibitor is oxphylline and the first amount is from about 0.17 pg/kg to about 1.7 ug/kg per
naris.

[00212] In some embodiments, the second PDE inhibitor is inamrinone and the second
amount is from about 2 pug to about 40 pg per naris. In some embodiments, the second PDE
inhibitor is inamrinone and the second amount is from about 0.03 ug/kg to about 0.67 ug/kg per
naris.

[00213] In some embodiments, the second PDE inhibitor is anagrelide and the second amount
is from about 2 pg to about 40 ug per naris. In some embodiments, the second PDE inhibitor is

anagrelide and the second amount is from about 0.03 ug/kg to about 0.67 ug/kg per naris.
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[00214] In some embodiments, the second PDE inhibitor is cilostazol and the second amount
is from about 2 pg to about 40 ug per naris. In some embodiments, the second PDE inhibitor is
cilostazol and the second amount is from about 0.03 pg/kg to about 0.67 pg/kg per naris.

[00215] In some embodiments, the second PDE inhibitor is mesembrine and the second
amount is from about 1 ug to about 10 ug per naris. In some embodiments, the second PDE
inhibitor is mesembrine and the second amount is from about 0.02 ug/kg to about 0.33 ug/kg per
naris.

[00216] In some embodiments, the second PDE inhibitor is rolipram and the second amount is
from about 1 ug to about 10 ug per naris. In some embodiments, the second PDE inhibitor is
rolipram and the second amount is from about 0.02 pg/kg to about 0.33 pg/kg per naris.

[00217] In some embodiments, the second PDE inhibitor is ibudilast and the second amount is
from about 1 ug to about 10 ug per naris. In some embodiments, the second PDE inhibitor is
ibudilast and the second amount is from about 0.02 pg/kg to about 0.33 ug/kg per naris.

[00218] In some embodiments, the second PDE inhibitor is piclamilast and the second amount
is from about 1 pg to about 10 ug per naris. In some embodiments, the second PDE inhibitor is
piclamilast and the second amount is from about 0.02 ug/kg to about 0.33 ug/kg per naris.
[00219] In some embodiments, the second PDE inhibitor is luteolin and the second amount is
from about 1 ug to about 10 ug per naris. In some embodiments, the second PDE inhibitor is
luteolin and the second amount is from about 0.02 ug/kg to about 0.33 ug/kg per naris.

[00220] In some embodiments, the second PDE inhibitor is drotaverine and the second
amount is from about 2 ug to about 10 ug per naris. In some embodiments, the second PDE
inhibitor is drotaverine and the second amount is from about 0.03 ug/kg to about 0.33 ug/kg per
naris.

[00221] In some embodiments, the second PDE inhibitor is roflumilast and the second amount
is from about 1 pg to about 10 ug per naris. In some embodiments, the second PDE inhibitor is
roflumilast and the second amount is from about 0.02 ug/kg to about 0.33 ug/kg per naris.
[00222] In some embodiments, the second PDE inhibitor is sildenafil and the second amount
is from about 5 pg to about 150 ug per naris. In some embodiments, the second PDE inhibitor is
sildenafil and the second amount is from about 0.08 ug/kg to about 2.5 ug/kg per naris.

[00223] In some embodiments, the second PDE inhibitor is tadalafil and the second amount is
from about 5 ug to about 150 ug per naris. In some embodiments, the second PDE inhibitor is

tadalafil and the second amount is from about 0.08 ug/kg to about 2.5 ug/kg per naris.
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[00224] In some embodiments, the second PDE inhibitor is vardenafil and the second amount
is from about 5 pg to about 150 ug per naris. In some embodiments, the second PDE inhibitor is
vardenafil and the second amount is from about 0.08 ug/kg to about 2.5 ug/kg per naris.

[00225] In some embodiments, the second PDE inhibitor is udenafil and the second amount is
from about 1 ug to about 100 ug per naris. In some embodiments, the second PDE inhibitor is
udenafil and the second amount is from about 0.02 pg/kg to about 1.7 ug/kg per naris.

[00226] In some embodiments, the second PDE inhibitor is avanafil and the second amount is
from about 1 ug to about 150 ug per naris. In some embodiments, the second PDE inhibitor is
avanafil and the second amount is from about 0.02 ug/kg to about 2.5 ug/kg per naris.

[00227] In some embodiments, the second PDE inhibitor is dipyridamole and the second
amount is from about 1 ug to about 150 ug per naris. In some embodiments, the second PDE
inhibitor is dipyridamole and the second amount is from about 0.02 pg/kg to about 2.5 ug/kg per
naris.

[00228] In some embodiments, the second PDE inhibitor is papaverine and the second amount
is from about 10 ug to about 200 ug per naris. In some embodiments, the second PDE inhibitor
is avanafil and the second amount is from about 0.17 ug/kg to about 3.3 pg/kg per naris.

[00229] In some embodiments, the first amount and second amount are indicated in Table
XIV.

[00230] Some embodiments further comprise a third amount of a third PDE inhibitor that is
optionally in a different class of PDE inhibitor from the non-selective PDE inhibitor and the
second PDE inhibitor. In some embodiments, the third amount is indicated in Table XIV.
[00231] Some embodiments comprise further amounts of further PDE inhibitor that is
optionally in a different class of PDE inhibitor from the non-selective PDE inhibitor and the
second PDE inhibitor and/or third PDE inhibitor. In some embodiments, the further amount(s)
are indicated in Table XIV.

[00232] In some embodiments, the pharmaceutically acceptable liquid carrier has a pH that is
greater than 7.0. In some embodiments, the pharmaceutically acceptable liquid carrier has a pH
that is from 7.1 to 8.5. In some embodiments, the pharmaceutically acceptable liquid carrier has
a pH that is from 7.1 to 7.4. In some embodiments, the pharmaceutically acceptable liquid carrier
hasapHthatis 7.1,7.2,7.3,74,7.5,7.6,7.7,78,7.9,8, 8.1, 8.2, 8.3, 84, or 8.5. In some
embodiments, the pharmaceutically acceptable liquid carrier has a pH that is at least 7.1, 7.2, 7.3,
74,7.5,76,7.7,7.8,7.9,8,8.1,8.2,8.3, 8.4, or 8.5.

[00233] In some embodiments, a volume of the dosage unit is from about 50 uL to about 750

uL. In some embodiments, a volume of the dosage unit is from about 100 uL to about 400 pL. In
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some embodiments, a volume of the dosage unit is about: 50 uL, 75 pL, 100 puL, 125 uL, 150

uL, 175 uL, 200 uL, 225 uL, 250 uL, 275 uL, 300 uL, 325 uL, 350 uL, 375 uL, 400 uL, 425
uL, 450 uL, 475 uL, 500 uL, 525 uL, 550 uL, 575 uL, 600 uL, 625 uL, 650 uL, 675 uL, 700
uL, 725 uL or 750 uL.

[00234] The combination formulations and dosage units provided herein can be used in a
nasal spray and be delivered in a plume. The plume can be characterized according to one or
more parameters such as total volume, droplet size distribution, spray pattern, and plume
geometry. The droplet size distribution can be characterized according to the percentage of
droplets having a size of less than 10 um, a Dy, a Dsg, a Do, a span, or a combination thereof. In
a plume, 10% of the droplets have a size less than the Do, 50% of the droplets have a size less
than the Dsy, and 90% of the droplets have a size less than the Dgy. The span can be calculated
from these numbers according to the following formula: span = (Dgy — D19)/Dsg. Spray pattern
measures the ovality of the spray, which can be calculated from the ratio of maximum to
minimum cross sections diameter of the plume at a distance from the spray device. Plume
geometry measures the plume angle at the origin of the plume. Plume geometry can be measured
at two distances from the origin of the plume, for example, at two side views 90° relative to each
other. Plume geometry can also be calculated from the spray pattern.

[00235] The volume of the plume, the droplet size distribution, the spray pattern and plume
geometry can all effect the treatment efficacy of active ingredients delivered by nasal spray. The
formulations disclosed herein can be optimized to form a plume in the appropriate device that
increases the efficacy of treatment in comparison to oral administration or intranasal
administration with a syringe.

[00236] Optimal droplet sizes for a plume can be those that ensure the maximum amount of
active ingredient is applied to the nasal epithelium. Minimizing the amount of very small
droplets in the plume can reduce the amount of the plume that enters into the esophagus or lungs.
This can reduce or eliminates side effects and ensure maximal delivery to the intended site of
action. Minimizing the amount of larger drops can prevent loss of the active ingredient due to
dripping out of the nose. Larger drops can also result in the formulation dripping into the back of
the throat, which can cause irritation and delivery of active ingredient to undesired regions.
[00237] In some embodiments, the combination pharmaceutical dosage unit is in a plume that
has a droplet size distribution characterized by one or more of the following: (a) less than 5% of
the droplets in the plume having a size of less than 10 um, (b) a Dy of greater than 12.5 um,
wherein 10% of the droplets in the plume have a size less than the Dy, (¢) a Dsy of from 30 to 70

um, wherein 50% of the droplets in the plume have a size less than the Dso, (d) a Dgg of less than
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200 pum, wherein 90% of the droplets in the plume have a size less than the Do, and (¢) a span of

from 1 to 6, wherein the span is calculated according to: (Dgy — D19)/Dso.

[00238] In some embodiments, the plume is characterized by the Dy, that is less than 175 um.
In some embodiments, the plume is characterized by the Dy, that is less than 150 um. In some
embodiments, the plume is characterized by the Dog that is less than 125 pm. In some
embodiments, the plume is characterized by the Dyg that is less than 100 um. In some
embodiments, the plume is characterized by the Dy that is less than 90 um. In some
embodiments, the plume is characterized by the Dyg that is from 75 um to 199 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 175 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 150 um. In some
embodiments, the plume is characterized by the Dy that is from 75 um to 125 um. In some
embodiments, the plume is characterized by the Dy that is from 75 um to 100 um. In some
embodiments, the plume is characterized by the Doy that is about: 75 um, 80 um, 85 um, 90 um,
100 um, 110 um, 120 pm, 130 um, 140 um, 150 um, 160 um, 170 pm, 180 um, or 190um.
[00239] In some embodiments, the plume is characterized by the span that is from 1 to 5. In
some embodiments, the plume is characterized by the span that is from 1 to 4. In some
embodiments, the plume is characterized by the span that is from 1 to 3. In some embodiments,
the plume is characterized by the span that is from 1 to 2. In some embodiments, the plume is
characterized by the span that is about: 1, 1.1, 1.2,1.3,14,1.5,1.6,1.7,18,1.9,2,2.1,2.2,2.3,
24,25,26,2.7,2.7,2.9,3,3.25,3.5,3.75,4,4.5,5,5.5, or 6.

In some embodiments, the plume is further characterized by having an ovality of from 0.7 to 1.
In some embodiments, the plume is further characterized by having an ovality of from 0.8 to 1.
In some embodiments, the plume is further characterized by having an ovality of from 0.9 to 1.
In some embodiments, the plume is further characterized by having an ovality of about 1.
[00240] The spray pattern and geometry of the plume can affect the efficacy of treatment. For
example, an irregular shape can result in uneven coating of the nasal epithelium and a resulting
reduction in therapeutic efficacy. In another example, too narrow of a plume can reduce the arca
of the nasal epithelium that is coated by the plume. Conversely, too wide of a plume can direct
the plume towards unintended targets such as the back of the throat.

[00241] In some embodiments, the plume is further characterized by having a geometry of
from 30° to 90°. In some embodiments, the plume is further characterized by having a geometry
of from 45° to 75°. In some embodiments, the plume is further characterized by having a

geometry of about: 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65°, 70°, 75°, 80°, 85°, or 90°.
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[00242] In some embodiments, the dosage unit is provided as a nasal spray or acrosol. In
some embodiments, about 50% of droplets in the nasal spray or acrosol have a size of from about
15 um to about 150 um, from about 20 um to about 100 um, or from about 30 um to about 70
um. In some embodiments, less than about 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%,
or 1% of droplets in the nasal spray or acrosol have a size of less than about 10 pm. In some
embodiments, at least about 60%, 70%, 80%, 85%., 90%, or 95% of droplets in the nasal spray or
acrosol have a size of less than about 200 um. In some embodiments, at least about 50%, 60%,
70%, 80%, 90%, 95%, or 99% of droplets in the nasal spray or acrosol have a size of from about
10 um to about 200 pum.

[00243] The pharmaceutically acceptable carrier and excipients in a nasal spray formulation
can affect properties of the liquid, such as viscosity and osmolarity. This can effect the droplet
size distribution of the plume, plume geometry and shape, and ultimately the bioavailability of
the active ingredients.

[00244] In some embodiments, the pharmaceutically acceptable liquid carrier comprises
aminoboronic acid and its derivatives, amastatin, surfactants, bile salts, gelified insulin,
bioadhesive microspheres, phospholipids, chitosan nanoparticles, alkyl glycerides, or a
combination thereof.

[00245] In some embodiments, the pharmaceutically acceptable liquid carrier comprises
water, a buffering agent, a flavoring agent, a humectant, a penetration enhancer, a pH adjusting
agent, a preservative, a solvent or co-solvent, a surfactant, a tonicity adjusting agent, a viscosity
adjusting agent, or a combination thereof. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises water.

[00246] Some embodiments comprise the buffering agent that is potassium phosphate, sodium
acetate, sodium citrate, sodium phosphate, trisodium citrate, or a combination thercof. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.00001% to about 0.0006% w/w trisodium citrate.

[00247] Some embodiments comprise or further comprise the flavoring agent that is menthol,
saccharin sodium, sorbitol, or a combination thercof.

[00248] Some embodiments comprise or further comprise the humectant that is glycerin,
propylene glycol, hexylene glycol, butylenes glycol, glyceryl triacetate, vinyl alcohol,
neoagarobiose, glycerol, sorbitol, xylitol, maltitol, polydextrose, quillaia, lactic acid, urea, or
aloe vera. Some embodiments comprise or further comprise the humectant that is propylene
glycol. In some embodiments, the pharmaceutically acceptable liquid carrier comprises or further

comprises from about 0.01% to about 0.233% w/w glycerin. In some embodiments, the
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pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.1% to
about 5% w/w glycerol. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises or further comprises from about 0.5% to about 10% w/w sorbitol.

[00249] Some embodiments comprise the penetration enhancer that is oleic acid. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.01% to about 0.132% w/w oleic acid.

[00250] Some embodiments comprise the pH adjusting agent that is acetic acid, citric acid,
hydrochloric acid, sodium hydroxide, sulfuric acid, or a combination thereof. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.01% to about 0.5% w/w acetic acid. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises or further comprises from about 0.01% to about 0.5% w/w
citric acid. In some embodiments, the pharmaceutically acceptable liquid carrier comprises or
further comprises from about 0.01% to about 0.4% w/w sulfuric acid.

[00251] Some embodiments comprise the preservative that is benzalkonium chloride,
benzethonium chloride, benzyl alcohol, butylated hydroxy toluene, butylated hydroxyanisole,
chlorobutanol, edetate disodium, methylparaben, phenylethyl alcohol, phenylmercuric acetate,
propylene paraben, propylparaben, thimerosal, or a combination thereof. Some embodiments
comprise the preservative that is methylparaben, propylparaben, or a combination thereof. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises or further
comprises from about 0.001% to about 0.119% w/w benzalkonium chloride. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.001% to about 0.0366% w/w benzyl alcohol. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.001% to
about 0.01% w/w butylated hydroxy toluene. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises or further comprises from about 0.00001% to about 0.0002%
w/w butylated hydroxyanisole. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises or further comprises from about 0.01% to about 0.5% w/w chlorobutanol. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises or further
comprises from about 0.01% to about 0.5% w/w edetate disodium. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.01% to
about 0.254% w/w phenylethyl alcohol. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises or further comprises from about 0.001% to about 0.1% w/w propylene
paraben. In some embodiments, the pharmaceutically acceptable liquid carrier comprises or

further comprises from about 0.001% to about 0.7% w/w methylparaben. In some embodiments,
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the pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.01%
to about 0.3% w/w propylparaben.

[00252] Some embodiments comprise the solvent or co-solvent that is ethanol, glycerol,
glyceryl dioleate, glycine, polyethylene glycol (PEG), PEG 400, propylene glycol, triglycerides,
or a combination thereof. Some embodiments comprise the solvent or co-solvent that is
propylene glycol. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises or further comprises from about 0.1% to about 2% w/w ethanol. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.1% to about 5% w/w glycerol. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises or further comprises from about 1% to about 15% w/w
glyceryl dioleate. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises or further comprises from about 0.1% to about 20% w/w PEG 400. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.1% to about 5% w/w polyethylene glycol (PEG). In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.1% to
about 5% w/w triglycerides. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises or further comprises from about 0.1% to about 20% w/w propylene glycol.
[00253] Some embodiments comprise the surfactant that is glyceryl monoleate, lecithin, PEG
3500, PEG 400, polyoxyl 400 stearate, polysorbate 20, polysorbate 80, propylene glycol,
triglycerides, or a combination thereof. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises or further comprises from about 1% to about 10% w/w glyceryl
monoleate. In some embodiments, the pharmaceutically acceptable liquid carrier comprises or
further comprises from about 0.1% to about 10% w/w lecithin. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.1% to
about 1.5% w/w PEG 3500. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises or further comprises from about 0.1% to about 20% w/w PEG 400. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.1% to about 15% w/w polyoxyl 400 stearate. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.01% to
about 2.5% w/w polysorbate 20. In some embodiments, the pharmaceutically acceptable liquid
carrier comprises or further comprises from about 0.1% to about 10% w/w polysorbate 80. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises or further

comprises from about 0.1% to about 20% w/w propylene glycol.
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[00254] Some embodiments comprise the tonicity adjusting agent that is dextrose, potassium
chloride, sodium chloride, or a combination thereof. Some embodiments comprise the tonicity
adjusting agent that is sodium chloride. In some embodiments, the pharmaceutically acceptable
liquid carrier comprises or further comprises from about 0.01% to about 0.5% w/w dextrose. In
some embodiments, the pharmaceutically acceptable liquid carrier comprises or further
comprises from about 0.1% to about 1.9% w/w potassium chloride. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.1% to
about 1.9% w/w sodium chloride.

[00255] Some embodiments comprise the viscosity adjusting agent that is carboxymethyl
cellulose (CMC), Me-OH-Pr cellulose, microcrystalline cellulose (MCC), sodium carboxymethyl
cellulose (Na CMC), or a combination thereof. In some embodiments, the pharmaceutically
acceptable liquid carrier comprises or further comprises from about 0.1% to about 2% w/w
carboxymethyl cellulose. In some embodiments, the pharmaceutically acceptable liquid carrier
comprises or further comprises from about 0.1% to about 5% w/w Me-OH-Pr cellulose. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.1% to about 2% w/w microcrystalline cellulose. In some embodiments, the
pharmaceutically acceptable liquid carrier comprises or further comprises from about 0.1% to
about 5% w/w sodium carboxymethyl cellulose (Na CMC).

[00256] In some embodiments, the pharmaceutically acceptable liquid carrier comprises or
further comprises from about 0.001% to about 0.7% w/w methylparaben, from about 0.01% to
about 0.3% w/w propylparaben, from about 0.1% to about 20% w/w propylene glycol, from
about 0.1% to about 1.9% w/w sodium chloride, or a combination therecof. In some
embodiments, the pharmaceutically acceptable liquid carrier comprises or further comprises
from about 0.001% to about 0.7% w/w methylparaben, from about 0.01% to about 0.3% w/w
propylparaben, from about 0.1% to about 20% w/w propylene glycol, and from about 0.1% to
about 1.9% w/w sodium chloride.

[00257] Also disclosed are methods of treating anosmia, hyposmia, dysosmia, ageusia,
hypogeusia, or dysgeusia in a subject in need thereof comprising administering to the subject in
need thereof any of the combination pharmaceutical dosage units disclosed herein. In some
embodiments, the combination pharmaceutical dosage unit is administered once daily to each
naris. In some embodiments, the combination pharmaceutical dosage unit is administered twice
daily to each naris.

[00258] In some embodiments, the combination pharmaceutical dosage unit is administered

cach day for from about 7 days to about 365 days. In some embodiments, the combination
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pharmaceutical dosage unit is administered each day for from about 7 days to about 6 months. In
some embodiments, the combination pharmaceutical dosage unit is administered each day for
from about 7 days to about 4 months. In some embodiments, the combination pharmaceutical
dosage unit is administered each day for from about 1 month to about 12 months.

[00259] In some embodiments, the subject experiences a decrease in a detection threshold
(DT) score, a decrease in a recognition threshold (RT) score, an increase in a magnitude
estimation (ME) score, and/or a change in a hedonic (H) score as measured with a forced-choice,
three-stimuli, stepwise-staircase technique using one or more odorants after administering the
combination pharmaceutical dosage unit to the subject. In some embodiments, the one or more
odorants comprise pyridine, nitrobenzene, thiophene, amyl acetate, or a combination thereof.
[00260] In some embodiments, the subject experiences a decrease in an taste detection
threshold (DT) score, a decrease in a recognition threshold (RT) score, an increase in a
magnitude estimation (ME) score, and/or a change in a hedonic (H) score as measured with a
forced-choice, three-stimuli, stepwise-staircase technique using one or more tastants testing
compounds after administering the combination pharmaceutical dosage unit to the subject. In
some embodiments, the one or more tastants comprise sodium chloride (NaCl), sucrose,
hydrogen chloride (HCl), urea, or a combination thereof.

[00261] Also disclosed are kits for the treatment of anosmia, hyposmia, dysosmia, ageusia,
hypogeusia, or dysgeusia comprising: (a) a multi-dose nasal spray device that delivers any of the
combination pharmaceutical dosage units disclosed herein; and (b) instructions for use.

[00262] Nasal Sprays and Multi-dose Nasal Spray Devices

[00263] Any of the compositions comprising one or more PDE inhibitors can be administered
in a nasal spray to treat taste and smell dysfunctions. Advantages of nasal spray administration
include the ability to use lower amounts of the PDE inhibitors than are required for oral
administration, which can reduce or eliminate side effects associated with the PDE inhibitors.
Nasal spray administration of the PDE inhibitors can also speed up the therapeutic effect of the
PDE inhibitors in comparison to oral administration.

[00264] Accordingly, provided herein are multi-dose nasal spray devices that deliver a dosage
unit of one or more PDE inhibitors in a plume when actuated.

[00265] The plume can be characterized according to one or more parameters such as total
volume, droplet size distribution, spray pattern, and plume geometry. The droplet size
distribution can be characterized according to the percentage of droplets having a size of less
than 10 um, a Dyg, a Dsg, a Dy, a span, or a combination thereof. In a plume, 10% of the droplets

have a size less than the Djo, 50% of the droplets have a size less than the Dsp, and 90% of the
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droplets have a size less than the Dgg. The span can be calculated from these numbers according
to the following formula: span = (Dgg — D19)/Dso. Spray pattern measures the ovality of the spray,
which can be calculated from the ratio of maximum to minimum cross sections diameter of the
plume at a distance from the spray device. Plume geometry measures the plume angle at the
origin of the plume. Plume geometry can be measured at two distances from the origin of the
plume, for example, at two side views 90° relative to each other. Plume geometry can also be
calculated from the spray pattern. The volume of the plume, the droplet size distribution, the
spray pattern and plume geometry can all effect the treatment efficacy of active ingredients
delivered by nasal spray. The multi-dose nasal spray devices and plumes disclosed herein can
optimize treatment efficacy by controlling the delivery of the active ingredient to the correct
target site.

[00266] Accordingly, disclosed herein are multi-dose nasal spray devices for delivery of
theophylline to a human’s nasal epithelium that delivers a dosage unit in a plume upon actuation,
wherein the dosage unit comprises from 10 pg to 200 pg of theophylline in a pharmaceutically
acceptable carrier comprising one or more excipients; and wherein the plume is characterized by:
(a) a total volume of from 25 uL to 200 uL; and (b) a droplet size distribution characterized by
one or more of the following: (i) less than 5 % of the droplets in the plume having a size of less
than 10 pum, (ii) a Do of greater than 12.5 um, wherein 10% of the droplets in the plume have a
size less than the Dy, (iii) a D5y of from 30 to 70 um, wherein 50% of the droplets in the plume
have a size less than the Dsg, (iv) a Dgg of less than 200 um, wherein 90% of the droplets in the
plume have a size less than the Doy, and (v) a span of from 1 to 6, wherein the span is calculated
according to: (Do — D19)/Dso.

[00267] In some embodiments, the dosage unit comprises from 15 pgto 150 ug of
theophylline. In some embodiments, the dosage unit comprises from 20 pg to 100 ug of
theophylline. In some embodiments, the dosage unit comprises about 100 ug theophylline. In
some embodiments, the dosage unit comprises about 75 ug theophylline. In some embodiments,
the dosage unit comprises about 50 ug of theophylline. In some embodiments, the dosage unit
comprises about 20 ug of theophylline.

[00268] Also disclosed are multi-dose nasal spray devices for delivery of theophylline to a
human’s nasal epithelium that delivers a dosage unit in a plume upon actuation, wherein the
dosage unit comprises from 0.17 pug/kg to 3.4 nug/kg of theophylline in a pharmaceutically
acceptable carrier comprising one or more excipients; and wherein the plume is characterized by:
(a) a total volume of from 25 uL to 200 uL; and (b) a droplet size distribution characterized by

one or more of the following: (i) less than 5% of the droplets in the plume having a size of less
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than 10 pum, (ii) a Do of greater than 12.5 um, wherein 10% of the droplets in the plume have a

size less than the Dy, (iii) a D5 of from 30 to 70 um, wherein 50% of the droplets in the plume
have a size less than the Dsg, (iv) a Dgg of less than 200 um, wherein 90% of the droplets in the
plume have a size less than the Dgg, and (v) a span of from 1 to 6, wherein the span is calculated
according to: (Do — D19)/Dso.

[00269] In some embodiments, the dosage unit comprises from 0.25 pg/kg to 2.6 pg/kg of
theophylline. In some embodiments, the dosage unit comprises from 0.33 pug/kg to 1.7 ug/kg of
theophylline. In some embodiments, the dosage unit comprises about 1.7 ng/kg theophylline. In
some embodiments, the dosage unit comprises about 1.3 ug/kg theophylline. In some
embodiments, the dosage unit comprises about 0.85 ug/kg of theophylline. In some
embodiments, the dosage unit comprises about 0.33 ug/kg of theophylline.

[00270] In some embodiments, the pharmaceutically acceptable carrier has a pH that is
greater than 7.0. In some embodiments, the pharmaceutically acceptable carrier has a pH that is
from 7.1 to 8.5. In some embodiments, the pharmaceutically acceptable carrier has a pH that is
from 7.1 to 7.4. In some embodiments, the pharmaceutically acceptable carrier has a pH that is
about: 7.1,7.2,73,7.4,7.5,76,7.7,78,7.9,8, 8.1, 8.2, 8.3, 8.4, or 8.5. In some embodiments,
the pharmaceutically acceptable carrier has a pH that is at least 7.1, 7.2, 7.3,7.4,7.5,7.6, 7.7,
7.8,79,8,8.1,8.2,83, 8.4, 0r8.5.

[00271] The total volume of a plume can be important. Too large of a volume, and active
ingredient can be lost due to dripping out of the nose or down the throat. Too small a volume can
result in an insufficient amount of the nasal epithelium being coated by the plume. This can
result in sub-optimal therapeutic outcomes for the patient.

[00272] The multi-dose nasal spray devices disclosed herein can deliver a dosage unit in a
plume that has a total volume of from 25 to 200 uL. “Total volume,” when used in connection
with a plume, is the total liquid volume of all the droplets in the plume. In some embodiments,
the plume is characterized by the total volume of the plume that is from 50 uL to 150 pL. In
some embodiments, the plume is characterized by the total volume of the plume that is from 75
uL to 125 uL. In some embodiments, the plume is characterized by the total volume of the
plume that is from 90 uL to 110 uL. In some embodiments, the plume is characterized by the
total volume of the plume that is about: 25 uL, 30 uL, 35 uL, 40 uL, 45 uL, 50 uL, 55 uL, 60
uL, 65 uL, 70 uL, 75 uL, 80 uL, 85 uL, 90 uL, 100 uL, 110 pnL, 120 uL, 130 puL, 140 uL, 150
uL, 160 uL, 170 uL, 180 uL, 190 uL, or 200 uL. In some embodiments, the plume is

characterized by the total volume of the plume that is about 50 uL. In some embodiments, the
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plume is characterized by the total volume of the plume that is about 100 uL. In some
embodiments, the plume is characterized by the total volume of the plume that is about 140 pL.
[00273] Optimal droplet sizes for a plume can be those that ensure the maximum amount of
active ingredient is applied to the nasal epithelium. Minimizing the amount of very small
droplets in the plume can reduce the amount of the plume that enters into the esophagus or lungs.
This can reduce or eliminates side effects and ensure maximal delivery to the intended site of
action. Minimizing the amount of larger drops can prevent loss of the active ingredient due to
dripping out of the nose. Larger drops can also result in the formulation dripping into the back of
the throat, which can cause irritation and delivery of active ingredient to undesired regions.
[00274] Accordingly, in some embodiments, the plume is characterized by less than 4% of the
droplets in the plume having a size of less than 10 um. In some embodiments, the plume is
characterized by less than 3% of the droplets in the plume having a size of less than 10 um. In
some embodiments, the plume is characterized by less than 2% of the droplets in the plume
having a size of less than 10 um.

[00275] In some embodiments, the plume is characterized by the Dy that is greater than 15
um. In some embodiments, the plume is characterized by the D that is greater than 17.5 um. In
some embodiments, the plume is characterized by the Dy that is from 12.5 um to 30 pm. In
some embodiments, the plume is characterized by the Dy that is from 15 pm to 25 pm.

In some embodiments, the plume is characterized by the D5 that is from 40 um to 60 um. In
some embodiments, the plume is characterized by the Ds that is from 30 um to 60 um. In some
embodiments, the plume is characterized by the Dsg that is from 30 pm to 50 um. In some
embodiments, the plume is characterized by the Dsg that is from 30 pm to 40 um. In some
embodiments, the plume is characterized by the D5 that is about: 30 um, 32.5 um, 35 um, 37.5
um, 40 um, 42.5 um, 45 um, 50 um, 55 um, 60 um, 65 um, or 70 um.

[00276] In some embodiments, the plume is characterized by the Dy, that is less than 175 um.
In some embodiments, the plume is characterized by the Dy that is less than 150 pm. In some
embodiments, the plume is characterized by the Dog that is less than 125 pm. In some
embodiments, the plume is characterized by the Dy that is less than 100 um. In some
embodiments, the plume is characterized by the Dy that is less than 90 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 199 um. In some
embodiments, the plume is characterized by the Dog that is from 75 um to 175 um. In some
embodiments, the plume is characterized by the Dy that is from 75 um to 150 um. In some
embodiments, the plume is characterized by the Dy that is from 75 um to 125 um. In some

embodiments, the plume is characterized by the Dog that is from 75 um to 100 um. In some
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embodiments, the plume is characterized by the Doy that is about: 75 um, 80 um, 85 um, 90 um,

100 um, 110 um, 120 pm, 130 um, 140 um, 150 um, 160 um, 170 pm, 180 um, or 190um.

In some embodiments, the plume is characterized by the span that is from 1 to 5. In some
embodiments, the plume is characterized by the span that is from 1 to 4. In some embodiments,
the plume is characterized by the span that is from 1 to 3. In some embodiments, the plume is
characterized by the span that is from 1 to 2. In some embodiments, the plume is characterized
by the span that is about: 1,1.1,1.2,1.3,1.4,1.5,1.6,1.7,1.8,1.9,2,2.1,2.2,2.3,2.4,2.5, 2.6,
27,2.7,29,3,3.25,3.5,3.75,4,4.5,5,5.5, or 6.

[00277] The spray pattern and geometry of the plume can affect the efficacy of treatment. For
example, an irregular shape can result in uneven coating of the nasal epithelium and a resulting
reduction in therapeutic efficacy. In another example, too narrow of a plume can reduce the arca
of the nasal epithelium that is coated by the plume. Conversely, too wide of a plume can direct
the plume towards unintended targets such as the back of the throat.

[00278] Accordingly, in some embodiments, the plume is further characterized by having an
ovality of from 0.7 to 1. In some embodiments, the plume is further characterized by having an
ovality of from 0.8 to 1. In some embodiments, the plume is further characterized by having an
ovality of from 0.9 to 1. In some embodiments, the plume is further characterized by having an
ovality of about 1.

[00279] In some embodiments, the plume is further characterized by having a geometry of
from 30° to 90°. In some embodiments, the plume is further characterized by having a geometry
of from 45° to 75°. In some embodiments, the plume is further characterized by having a
geometry of about: 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65°, 70°, 75°, 80°, 85°, or 90°.

[00280] The pharmaceutically acceptable carrier and excipients in a nasal spray formulation
can affect properties of the liquid, such as viscosity and osmolarity. This can effect the droplet
size distribution of the plume, plume geometry and shape, and ultimately the bioavailability of
the active ingredient.

[00281] In some embodiments, the pharmaceutically acceptable carrier comprises water,
aminoboronic acid and its derivatives, amastatin, surfactants, bile salts, gelified insulin,
bioadhesive microspheres, phospholipids, chitosan nanoparticles, alkyl glycerides, or a
combination thereof. In some embodiments, the pharmaceutically acceptable carrier comprises
water.

[00282] In some embodiments, the one or more excipients comprise a buffering agent, a

flavoring agent, a humectant, a penetration enhancer, a pH adjusting agent, a preservative, a
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solvent or co-solvent, a surfactant, a tonicity adjusting agent, a viscosity adjusting agent, or a
combination thereof.

[00283] Some embodiments comprise the buffering agent that is potassium phosphate, sodium
acetate, sodium citrate, sodium phosphate, trisodium citrate, or a combination thercof. In some
embodiments, the one or more excipients comprise or further comprises from about 0.00001% to
about 0.0006% w/w trisodium citrate.

[00284] Some embodiments comprise or further comprise the flavoring agent that is menthol,
saccharin sodium, sorbitol, or a combination thercof.

[00285] Some embodiments comprise or further comprise the humectant that is glycerin,
propylene glycol, hexylene glycol, butylenes glycol, glyceryl triacetate, vinyl alcohol,
neoagarobiose, glycerol, sorbitol, xylitol, maltitol, polydextrose, quillaia, lactic acid, urea, or
aloe vera. Some embodiments comprise or further comprise the humectant that is propylene
glycol. In some embodiments, the one or more excipients comprise or further comprises from
about 0.01% to about 0.233% w/w glycerin. In some embodiments, the one or more excipients
comprise or further comprises from about 0.1% to about 5% w/w glycerol. In some
embodiments, the one or more excipients comprise or further comprises from about 0.5% to
about 10% w/w sorbitol.

[00286] Some embodiments comprise the penetration enhancer that is oleic acid. In some
embodiments, the one or more excipients comprise or further comprises from about 0.01% to
about 0.132% w/w oleic acid.

[00287] Some embodiments comprise the pH adjusting agent that is acetic acid, citric acid,
hydrochloric acid, sodium hydroxide, sulfuric acid, or a combination thereof. In some
embodiments, the one or more excipients comprise or further comprises from about 0.01% to
about 0.5% w/w acetic acid. In some embodiments, the one or more excipients comprise or
further comprises from about 0.01% to about 0.5% w/w citric acid. In some embodiments, the
one or more excipients comprise or further comprises from about 0.01% to about 0.4% w/w
sulfuric acid.

[00288] Some embodiments comprise the preservative that is benzalkonium chloride,
benzethonium chloride, benzyl alcohol, butylated hydroxy toluene, butylated hydroxyanisole,
chlorobutanol, edetate disodium, methylparaben, phenylethyl alcohol, phenylmercuric acetate,
propylene paraben, propylparaben, thimerosal, or a combination thereof. Some embodiments
comprise the preservative that is methylparaben, propylparaben, or a combination thereof. In
some embodiments, the one or more excipients comprise or further comprises from about

0.001% to about 0.119% w/w benzalkonium chloride. In some embodiments, the one or more

-59.



WO 2014/055801 PCT/US2013/063331

excipients comprise or further comprises from about 0.001% to about 0.0366% w/w benzyl
alcohol. In some embodiments, the one or more excipients comprise or further comprises from
about 0.001% to about 0.01% w/w butylated hydroxy toluene. In some embodiments, the one or
more excipients comprise or further comprises from about 0.00001% to about 0.0002% w/w
butylated hydroxyanisole. In some embodiments, the one or more excipients comprise or further
comprises from about 0.01% to about 0.5% w/w chlorobutanol. In some embodiments, the one
or more excipients comprise or further comprises from about 0.01% to about 0.5% w/w edetate
disodium. In some embodiments, the one or more excipients comprise or further comprises from
about 0.01% to about 0.254% w/w phenylethyl alcohol. In some embodiments, the one or more
excipients comprise or further comprises from about 0.001% to about 0.1% w/w propylene
paraben. In some embodiments, the one or more excipients comprise or further comprises from
about 0.001% to about 0.7% w/w methylparaben. In some embodiments, the one or more
excipients comprise or further comprises from about 0.01% to about 0.3% w/w propylparaben.
[00289] Some embodiments comprise the solvent or co-solvent that is ethanol, glycerol,
glyceryl dioleate, glycine, polyethylene glycol (PEG), PEG 400, propylene glycol, triglycerides,
or a combination thereof. Some embodiments comprise the solvent or co-solvent that is
propylene glycol. In some embodiments, the one or more excipients comprise or further
comprises from about 0.1% to about 2% w/w ethanol. In some embodiments, the one or more
excipients comprise or further comprises from about 0.1% to about 5% w/w glycerol. In some
embodiments, the one or more excipients comprise or further comprises from about 1% to about
15% w/w glyceryl dioleate. In some embodiments, the one or more excipients comprise or
further comprises from about 0.1% to about 20% w/w PEG 400. In some embodiments, the one
or more excipients comprise or further comprises from about 0.1% to about 5% w/w
polyethylene glycol (PEG). In some embodiments, the one or more excipients comprise or
further comprises from about 0.1% to about 5% w/w triglycerides. In some embodiments, the
one or more excipients comprise or further comprises from about 0.1% to about 20% w/w
propylene glycol.

[00290] Some embodiments comprise the surfactant that is glyceryl monoleate, lecithin, PEG
3500, PEG 400, polyoxyl 400 stearate, polysorbate 20, polysorbate 80, propylene glycol,
triglycerides, or a combination thereof. In some embodiments, the one or more excipients
comprise or further comprises from about 1% to about 10% w/w glyceryl monoleate. In some
embodiments, the one or more excipients comprise or further comprises from about 0.1% to
about 10% w/w lecithin. In some embodiments, the one or more excipients comprise or further

comprises from about 0.1% to about 1.5% w/w PEG 3500. In some embodiments, the one or
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more excipients comprise or further comprises from about 0.1% to about 20% w/w PEG 400. In
some embodiments, the one or more excipients comprise or further comprises from about 0.1%
to about 15% w/w polyoxyl 400 stearate. In some embodiments, the one or more excipients
comprise or further comprises from about 0.01% to about 2.5% w/w polysorbate 20. In some
embodiments, the one or more excipients comprise or further comprises from about 0.1% to
about 10% w/w polysorbate 80. In some embodiments, the one or more excipients comprise or
further comprises from about 0.1% to about 20% w/w propylene glycol.

[00291] Some embodiments comprise the tonicity adjusting agent that is dextrose, potassium
chloride, sodium chloride, or a combination thereof. Some embodiments comprise the tonicity
adjusting agent that is sodium chloride. In some embodiments, the one or more excipients
comprise or further comprises from about 0.01% to about 0.5% w/w dextrose. In some
embodiments, the one or more excipients comprise or further comprises from about 0.1% to
about 1.9% w/w potassium chloride. In some embodiments, the one or more excipients comprise
or further comprises from about 0.1% to about 1.9% w/w sodium chloride.

[00292] Some embodiments comprise the viscosity adjusting agent that is carboxymethyl
cellulose (CMC), Me-OH-Pr cellulose, microcrystalline cellulose (MCC), sodium carboxymethyl
cellulose (Na CMC), or a combination thereof. In some embodiments, the one or more excipients
comprise or further comprises from about 0.1% to about 2% w/w carboxymethyl cellulose. In
some embodiments, the one or more excipients comprise or further comprises from about 0.1%
to about 5% w/w Me-OH-Pr cellulose. In some embodiments, the one or more excipients
comprise or further comprises from about 0.1% to about 2% w/w microcrystalline cellulose. In
some embodiments, the one or more excipients comprise or further comprises from about 0.1%
to about 5% w/w sodium carboxymethyl cellulose (Na CMC).

[00293] In some embodiments, the one or more excipients comprise or further comprises from
about 0.001% to about 0.7% w/w methylparaben, from about 0.01% to about 0.3% w/w
propylparaben, from about 0.1% to about 20% w/w propylene glycol, from about 0.1% to about
1.9% w/w sodium chloride, or a combination thercof. In some embodiments, the one or more
excipients comprise or further comprises from about 0.001% to about 0.7% w/w methylparaben,
from about 0.01% to about 0.3% w/w propylparaben, from about 0.1% to about 20% w/w
propylene glycol, and from about 0.1% to about 1.9% w/w sodium chloride.

[00294] Also disclosed are methods of treating anosmia, hyposmia, dysosmia, ageusia,
hypogeusia, or dysgeusia in a subject in need thereof comprising intranasal administration of

theophylline with any of the multi-dose nasal spray devices disclosed herein. In some
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embodiments, the theophylline is administered once daily to each naris. In some embodiments,
the theophylline is administered twice daily to each naris.

[00295] In some embodiments, the theophylline is administered each day for from about 7
days to about 365 days. In some embodiments, the theophylline is administered each day for
from about 7 days to about 6 months. In some embodiments, the theophylline is administered
cach day for from about 7 days to about 4 months. In some embodiments, the theophylline is
administered each day for from about 1 month to about 12 months.

[00296] In some embodiments, the subject experiences a decrease in a detection threshold
(DT) score, a decrease in a recognition threshold (RT) score, an increase in a magnitude
estimation (ME) score, and/or a change in a hedonic (H) score as measured with a forced-choice,
three-stimuli, stepwise-staircase technique using one or more odorants after administering the
theophylline to the subject. In some embodiments, the one or more odorants comprise pyridine,
nitrobenzene, thiophene, amyl acetate, or a combination thereof.

[00297] In some embodiments, the subject experiences a decrease in an taste detection
threshold (DT) score, a decrease in a recognition threshold (RT) score, an increase in a
magnitude estimation (ME) score, and/or a change in a hedonic (H) score as measured with a
forced-choice, three-stimuli, stepwise-staircase technique using one or more tastants testing
compounds after administering the theophylline to the subject. In some embodiments, the one or
more tastants comprise sodium chloride (NaCl), sucrose, hydrogen chloride (HCl), urea, or a
combination thereof.

[00298] In some embodiments, the subject experiences a clinically detectable improvement in
taste or smell function within 1-4 weeks of starting treatment.

[00299] Also disclosed in the first aspect are kits for the treatment of anosmia, hyposmia,
dysosmia, ageusia, hypogeusia, or dysgeusia comprising: (a) any of the multi-dose nasal spray
devices for delivery of theophylline to a human’s nasal epithelium disclosed herein; and
instructions for use.

[00300] Aerosols

[00301] By "acrosol" is meant any composition of a PDE inhibitor administered as an
acrosolized formulation, including for example an inhalation spray, inhalation solution,
inhalation suspension, a nebulized solution, or nasal spray. Aerosolized formulations can deliver
high concentrations of a PDE inhibitor directly to the airways with low systemic absorption.
Solutions for acrosolization typically contain at least one therapeutically active PDE inhibitor
dissolved or suspended in an aqueous solution that may further include one or more excipients

(e.g., preservatives, viscosity modifiers, emulsifiers, or buffering agents). The solution acts as a
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carrier for the PDE inhibitor. In some embodiments, the preservative is methylparaben or
propylparaben. These formulations are intended for delivery to the respiratory airways by
inspiration.

[00302] A major limitation of pulmonary delivery is the difficulty of reaching the deep lung.
To achieve high concentrations of a PDE inhibitor solution in both the upper and lower
respiratory airways, the PDE inhibitor solution is preferably nebulized in jet nebulizers, a
ultrasonic nebulizer, or an electronic nebulizer particularly those modified with the addition of
one-way flow valves, such as for example, the Pari LC Plus™ nebulizer, commercially available
from Pari Respiratory Equipment, Inc., Richmond, Va., which delivers up to 20% more drug
than other unmodified nebulizers.

[00303] Drops and Gels

[00304] In some embodiments, the PDE inhibitor is directly applied to the nasal or lingual
epithelium as a liquid, cream, lotion, ointment or gel. These fluids or semifluids contain at least
one therapeutically active PDE inhibitor and may further include at least one excipient (e.g.,
preservatives, viscosity modifiers, emulsifiers, or buffering agents) that are formulated for
administration as nose drops, or applied with an applicator to the inside of the nasal passages. In
some embodiments, the preservative is methylparaben or propylparaben. The pH of the
formulation is preferably maintained from 4.5 and 7.0, more preferably from 5.0 and 7.0 and
most preferably from 5.5 and 6.5. The osmolarity of the formulation can also be adjusted to
osmolarities of about 250 to 350 mosm/L.

[00305] Dry Powder Formulation

As an alternative therapy to aerosol, liquid or gel delivery, the PDE inhibitor may be
administered in a dry powder formulation for efficacious delivery into the nasal cavity and/or
endobronchial space. Dry powder formulation is convenient because it does not require further
handling by a physician, pharmacist or patient such as diluting or reconstituting the agent as is
often required with nebulizers. Furthermore, dry powder delivery devices are sufficiently small
and fully portable. Dry powder formulations may also be applied directly on the lingual
epithelium.

[00306] For dry powder formulations, a PDE inhibitor and/or carrier is processed to median
diameter ranging from 0.001-250 um typically by media milling, jet milling, spray drying, super-
critical fluid energy, or particle precipitation techniques. Particles of a desired size ranges can
also be obtained through the use of sieves. Frequently, milled particles are passed through one
or more sieves to isolate a desired size range. In some embodiments intended for pulmonary

administration, the PDE inhibitor and/or carrier has a median diameter ranging from 0.01-25 um,
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0.1-10 pm, 1-10 pm, 1-5 pm, or 2-5pum. In further embodiments intended for pulmonary

administration, the PDE inhibitor and/or carrier has a median diameter ranging less than 20 pm,
10 um, 5 pm, 4,um, 3 pm, 2 um, or I pum. In some embodiments intended for nasal
administration, the PDE inhibitor and/or carrier has a median diameter ranging from 1-250 pum,
5-200 pm, 10-150 um, 10-100 pm, 10-50 um, 15-100 pm, 15-50 pum, or 20-60 pm. In further
embodiments intended for nasal administration, the PDE inhibitor and/or carrier has a median
diameter of less than 250 pum, 200 um, 150 pm, 100 um, 75 pm, 60 pm, 50 pm, 40 pm or 30 pum.
In other embodiments intended for nasal administration, the PDE inhibitor and/or carrier has a
median diameter of at least 20 pm, 30 pm, 40 pm, 50 pm, 60 pm, 75 pm, 100 um, 150 um or 200
pm.

[00307] In some embodiments, a pharmaceutically acceptable carrier for the present
compositions and formulations include but are not limited to amino acids, peptides, proteins,
non-biological polymers, biological polymers, simple sugars, carbohydrates, gums, inorganic
salts and metal compounds which may be present singularly or in combination. In some
embodiments, the pharmaceutically acceptable carrier comprises native, derivatized, modified
forms, or combinations thercof.

[00308] In some embodiments, useful proteins include, but are not limited to, gelatin or
albumin. In some embodiments, useful sugars that can serve as pharmaceutically acceptable
carriers include, but are not limited to fructose, galactose, glucose, lactitol, lactose, maltitol,
maltose, mannitol, melezitose, myoinositol, palatinite, raffinose, stachyose, sucrose, trehalose,
xylitol, hydrates thereof, and combinations of thereof.

[00309] In some embodiments, useful carbohydrates that can serve as pharmaceutically
acceptable carriers include, but are not limited to starches such as corn starch, potato starch,
amylose, amylopectin, pectin, hydroxypropyl starch, carboxymethyl starch, and cross-linked
starch. In other embodiments, useful carbohydrates that can serve as pharmaceutically
acceptable carriers include, but are not limited to cellulose, crystalline cellulose, microcrystalline
cellulose, a-cellulose, methylcellulose, hydroxypropyl cellulose, carboxymethyl cellulose, ethyl
cellulose, hydroxypropyl methyl cellulose, and cellulose acetate.

[00310] In some embodiments, the composition or formulation includes an excipient. Useful
excipients include, but are not limited to, fluidizers, lubricants, adhesion agents, surfactants,
acidifying agents, alkalizing agents, agents to adjust pH, antimicrobial preservatives,
antioxidants, anti-static agents, buffering agents, chelating agents, humectants, gel-forming
agents, or wetting agents. Excipients also include coloring agents, coating agents, sweetening,

flavoring and perfuming and other masking agents. The compositions and formulations of this
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invention may include a therapeutic agent with an individual excipient or with multiple
excipients in any suitable combination, with or without a carrier.

[00311] The dry powder formulations of the present invention may be used directly in
metered dose or dry powder inhalers. With dry powder inhalers, the inspiratory flow of the
patient accelerates the powder out of the device and into the nasal and/or oral cavity.
Alternatively, dry powder inhalers may employ an air source, a gas source, or electrostatics, to
deliver the therapeutic agent. The dry powder formulations are temperature stable and have a
physiologically acceptable pH of 4.0-7.5, preferably 6.5 to 7.0.

[00312] Kits/Articles of Manufacture

[00313] For use of the therapeutic compositions described herein, kits and articles of
manufacture are also described. In some embodiments, such kits include a carrier, package, or
container that is compartmentalized to receive one or more blister packs, bottles, tubes, capsules,
and the like. In certain embodiments, the pharmaceutical compositions are presented in a pack
or dispenser device which contains one or more unit dosage forms containing a compound
provided herein. In other embodiments, the pack contains metal or plastic foil, such as a blister
pack. In some embodiments, the pack contains capsules, vials, or tubes. In other embodiments,
the pack or dispenser device is accompanied by instructions for administration. In some
embodiments, the dispenser is disposable or single use, while in other embodiments, the
dispenser is reusable. In certain embodiments, the pharmaceutical formulations are preloaded
into the device.

[00314] In still other embodiments, the pack or dispenser also accompanied with a notice as
required by a governmental agency regulating the manufacture, use, or sale of pharmaceuticals.
This notice states that the drug is approved by the agency for human or veterinary
administration. Such notice, for example, is the labeling approved by the U.S. Food and Drug
Administration for prescription drugs, or the approved product insert. Compositions containing
a compound provided herein formulated in a compatible pharmaceutical carrier are also
prepared, placed in an appropriate container, and labeled for treatment of an indicated condition.
[00315] The articles of manufacture provided herein may also contain an administration or
dispensing device. Examples of administration devices include pulmonary inhalers and
intranasal applicators. Pumps may be provided with the inhalers and intranasal devices, or the
pumps may be built into the devices. Alternatively, a propellant may be included with or it may
be stored within the devices.

[00316] Such kits optionally comprise an identifying description or label for the containers.

In further embodiments, the label is on a container with letters, numbers or other characters
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forming the label and attached, molded or etched into the container itself; a label is associated
with a container when it is present within a receptacle or carrier that also holds the container,
e.g., as a package insert. In some embodiments, a label is used to indicate that the contents are to
be used for a specific therapeutic application. In yet other embodiments, the label also indicates
directions for use of the contents, such as in the methods described herein. In some
embodiments, a set of instructions may also be included, generally in the form of a package
insert. The informational material may contain instructions on how to dispense the
pharmaceutical composition, including description of the type of patients who may be treated,
the schedule (e.g., dose and frequency), and the like.

[00317] The invention also relates to a set (kit) consisting of separate packs of kits that are
frequently assembled for shipping or for patient convenience, such as a weekly, biweekly or

monthly supply of a medicament.
EXPERIMENTAL SECTION

[00318] While some embodiments have been shown and described herin, such embodiments
are provided by way of example only. Numerous variations, changes, and substitutions will now
occur to those skilled in the art without departing from the invention. It should be understood
that various alternatives to the embodiments of the invention described herein can be employed
in practicing the invention.

[00319] EXAMPLE 1

[00320] Patients with smell loss (hyposmia) reflect a clinically diverse group of patients (1-
10). Whereas there is common agreement that many patients exhibit this clinical problem, there
18 no agreement with respect to their treatment. Indeed, most groups who evaluate these patients
consider that there are few, if any, medically relevant treatments for them.

[00321] In an attempt to elucidate the biochemical pathology of hyposmia, total protein
fractionation was performed on saliva (14, 15) and nasal mucus (16), since these fluids bathe
both taste buds and olfactory epithelial tissues, respectively, and contain substances which are
critical to maintain these sense organs (14-16). It was discovered that some patients with smell
loss had diminished salivary (17) and nasal mucus (18) levels of the saliva and nasal mucus
protein carbonic anhydrase (CA) VI, a putative stem cell growth factor; treatment of these
patients with exogenous zinc increases both salivary and nasal mucus CA VI (19) leading to an
increase in smell acuity (19). These CAVI deficient patients, however, represent only a fraction
of the total patient group (1, 2).

[00322] Further investigation revealed many of the non-CAVI deficient patients exhibited
lower than normal levels of both cAMP and cGMP in their saliva (31) and nasal mucus (32).
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When the cAMP and ¢cGMP levels in the saliva and in the nasal mucus of these patients was
compared against the severity of their smell loss, it was noted that as smell loss severity
increased (worsened) levels of these cyclic nucleotides in saliva (34) and nasal mucus (35)
decreased. Since these cyclic nucleotides act as growth factors for several neural tissues (36-38)
including olfactory tissues (39-45), it was reasoned that lower than normal levels of cyclic
nucleotides may play a role in generation of their hyposmia. To test this hypothesis, patients
were treated with the PDE inhibitor theophylline in an effort to increase saliva and nasal mucus
levels of these cyclic nucleotides. It was found that hyposmia was corrected in many of them as
demonstrated by improvement of psychophysical measurements of hyposmia, (1, 2, 49), by
increased brain activation to several olfactory stimuli through measurements of functional
magnetic resonance imaging (fMRI) (48) and associated with changes in serum theophylline
(44).

[00323] In order to confirm these initial studies, theophylline was given to 312 patients in a
fixed design, controlled, open trial over a period of seven years. These patients exhibited
salivary (32) and nasal mucus (33) levels of cAMP and cGMP below the normal mean. Studies
were approved by an Institutional Review Board and all patients gave informed consent.

[00324] The patients ranged in age from 18 to 86 y (55+1y, mean=SEM) and consisted of 178
women, aged 18-85y (55+2y) and 134 men, aged 23-86y (54+3y). Patients reported a history of
smell loss extending from 2 months to 40 y (6.5+1.0 y). Etiology of smell loss varied; the major
causes of hyposmia were post influenza-like hyposmia [97 patients, 31.1% of the total (50)] and
allergic rhinitis [97 patients, 31.1% of the total (51)] followed by head injury [42 patients, 13.5%
(52)] and several other causes, as previously described [76 patients, 24.4% (1, 2)]. Levels of CA
VI in their saliva and nasal mucus were within normal levels.

[00325] Patients initially reported their sensory dysfunction as either loss of taste (e.g., flavor)
and/or smell function. This subjective response was documented by objective psychophysical
measurements of olfactory function administered to each patient by use of a forced-choice, three-
stimuli, stepwise-staircase technique in a fixed, controlled design (1, 53). Efficacy of this
technique and results of testing were previously documented in a double-blind clinical trial (53).
Four odors were used; they were pyridine (dead-fish odor), nitrobenzene (bitter-almond odor),
thiophene (petroleum-like odor) and amyl acetate (banana-oil odor). Detection thresholds (DT),
recognition thresholds (RT) and magnitude estimation (ME) values for cach odor were
determined as previously described (1, 53). Thresholds were converted into bottle units (BU) as
previously described (53) and results reported as MESEM of correct responses for each odor in

cach treatment group; ME was reported in % and results calculated to obtain M£SEM for each
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treatment group for all correct responses using data for the four highest odor concentrations

presented (from 10

— an absolute odor concentration).

[00326] In addition, each patient graded the hedonic (H) value of each odor presented for
these same odor concentrations (from 10 — an absolute odor concentration using a -100 — 0 —
+100 scale). If they considered the presented odor pleasant (“they wished to smell the odor
again”) they graded the odor as +1 — +100 with respect to pleasantness; if they considered the
odor unpleasant (“they did not wish to smell the odor again”) they graded the odor as -1 — -100
with respect to unpleasantness; if they did not consider the odor either pleasant or unpleasant
they graded the odor as neutral or 0. Results were obtained by calculating the arithmetical sum
of each correct recognition response for each odor with respect to its pleasantness,
unpleasantness or neutrality. Arithmetic MESEM were obtained for each treatment group for
cach odor presented.

[00327] Independently, patients were also required to grade their ability to smell daily on a
scale from 0-100, with 0 reflecting no overall smell function over a 24 hour period, 100
reflecting normal overall smell function over this period and numbers from 0-100 reflecting their
estimation of their overall ability to smell odors over this period.

[00328] Based upon values for the DT, RT and ME tests, patients were classified with respect
to severity of smell loss into the four types [(1, 2) (Table I)]. Anosmia is the complete loss of
smell. Patients with anosmia have DT, RT and ME test values of zero, since they cannot detect,
recognize nor grade the intensity of any odor including an absolute concentration of any odorant
(Table I). No patients with anosmia were present in the study due to the relative rarity of this
condition (1). Patients with Type I hyposmia (96 patients) could detect some odors but could not
recognize any odor correctly; thus, DTs for some odors were present, but RTs and MEs for all
odors were zero since they could neither recognize correctly nor thereby grade correctly intensity
of any odor (Table I). Patients with Type II hyposmia (208 patients) could detect and recognize
some odors, but at levels greater than normal; thus DTs and RTs were present, but elevated
above normal and MEs were present but at levels lower than normal (Table I). Patients with
Type III hyposmia (8 patients) could detect and recognize all odors at normal levels (e.g., normal
DT and RT), but ME values for one or more odors were significantly decreased below normal
(Table I). Severity of smell loss graded from most to least severe loss was typed as anosmia >
hyposmia Type 1> Type Il > Type III and verified by demonstrating that as smell loss severity
increased levels of nasal mucus cCAMP and ¢cGMP decreased (32, 34).
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TABLE I: CLASSIFICATION OF SMELL LOSS

DETECTION RECOGNITION MAGNITUDE

THRESHOLD THRESHOLD ESTIMATION
DT in M/L RT in M/L MEAN ME in %
NORMALS + + >48
PATIENTS
ANOSMIA® 0 0 0
HYPOSMIA
TYPE I + 0 0
TYPE 11 + + <48

+ Normal (<10°M for all odorants)

+" Normal (<10 for all odorants)

0 Absent response ()

+ Present but < normal (>10~<c0 for all odorants)
+" Present but < normal (>102<w for all odorants)

w Inability to detect, recognize or judge intensity of an absolute concentration of odorant

[00329]  After determination of hyposmia, patients were treated in an open label, fixed design,
controlled open trial. Patients were given an oral extended release theophylline in divided daily
doses taken in the middle of breakfast and lunch. All patients were initially given 200mg of
theophylline; changes in this dose were made based upon subjective responses to therapy. If at a
subsequent return visit, patients reported >5% subjective improvement in overall smell function,
they continued on this same dose of theophylline and were reevaluated after four to six months
of continued treatment. Results from any subsequent return from these improved patients were
not included in any subsequent data report. All subsequent comparisons between treated and
untreated patients were made only between those patients continuing in the study compared to
their own measurements obtained in the untreated state. If patients reported <5% subjective
improvement, their theophylline dose was increased by 200mg daily and they were scheduled for
retesting at the study site after two to four months at this new dosage. For patients that reported
<5% improvement, this sequence continued until patients reached 800mg of theophylline, at
which time the study was considered completed.

[00330] Patients were initially divided into two groups based upon proximity to the study site.
One group, consisting of local patients (212 patients), returned for reevaluation after two-four
months of treatment. The other group, consisting of distant patients (100 patients), called the

study site at two to four month intervals and visited the study site after six to 10 months of
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treatment. Some of the distant patients returned after treatment on 200mg, 400mg, 600mg of
theophylline and these results were included with those of local patients at each dose level (see
Fig. 1 for patient details).

[00331] Local Patients — First Return (200mg theophylline)

[00332] Patients returned for reevaluation after two to four months of treatment.
Measurements of blood serum theophylline were measured by a fluorescence polarization assay
(Abbott, Chicago, IL). At this time, subjective changes in smell function were measured
independently (compared to patient’s memory of previous normal smell function monitored by
use of the patients’ daily measurements) using the scale from -100 — 0 — +100 previously
described (vs). After independently recording their subjective responses, smell function was
measured for all four odors with DT, RT, ME and H determined without recourse to prior
measurements.

[00333] Local Patients — Second Return (400mg theophylline)

[00334] Patients returned after four to eight months of treatment and consisted of patients who
previously reported <5% improvement on 200mg of theophylline but also some distant patients
who returned on this dose. Blood theophylline was measured as before. All patients
independently reported subjective overall changes in smell function as done previously. At this
visit, smell function was measured as before to determine DT, RT, ME and H for all four odors
without recourse to prior measurements.

[00335] Local Patients — Third Return (600mg theophylline)

[00336] Patients returned after four — 10 months of treatment and included both patients who
reported <5% improvement on 400mg theophylline and also some of the distant patient group.
Blood theophylline was obtained as before. Patients independently reported subjective changes
in overall smell function and measurements of DT, RT, ME and H were obtained as before for
all four odors without recourse to prior measurements.

[00337] Local Patients — Fourth Return (800mg theophylline)

[00338] Patients returned after four — eight months of treatment and included patients who
reported <5% improvement on 600mg theophylline and also some of the distant patient group.
Blood theophylline was obtained as before. Patients independently reported subjective changes
in overall smell function and measurements of DT, RT, ME and H were obtained as before for
all four odors without recourse to prior measurements.

[00339] Distant Patients — First Call In (200mg theophylline)

[00340] Subjective overall changes in smell acuity were reported by telephone and by FAX or

email at two — four month intervals after treatment was initiated using the standardized form in
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which they measured daily changes in smell acuity using the -100 — 0 — +100 scale as noted
above (vs). Using the same criteria noted above, if at their initial two — four month call-in they
reported improvement in smell acuity of >5%, they continued at 200mg and returned to the study
site at four — six months on this treatment dose. If they reported improvement in smell acuity of
<5% their dose of theophylline was increased to 400mg for an additional two — four months and
they then called the study site at the end of this period.

[00341] Distant Patients — Second Call In (400mg theophylline)

[00342] At this time, if patients reported >5% improvement on 400mg they continued on this
dose and returned to the study site after four — six months on this treatment dose. If they
reported <5% improvement in smell function their theophylline dose was increased to 600mg
and they then called the study site after four — six months on this treatment dose.

[00343] Distant Patients — Third Call In (600mg theophylline)

[00344] At this time, if patients reported >5% improvement they were continued on this
treatment dose and were requested to return to the study site in four — six months. If they
reported <5% improvement in smell function they were requested to return to the study site as
soon as possible to reevaluate their smell function. At this return, blood theophylline levels were
measured. Smell function was measured using the subjective and psychophysical techniques
(DT, RT, ME, H) previously described.

[00345] Distant Patients — Fourth Call In (800mg theophylline)

[00346] At this time, if patients reported either >5% improvement or <5% improvement, they
were requested to return to the study site as soon as possible to reevaluate their smell function.
At this return, blood theophylline levels were measured and smell function were measured using
both subjective and psychophysical techniques with results as shown on Table VII and discussed
previously.

[00347] Since data for all measurements from each patient group (local or distant) on each
dose level were combined mean and SEM for each measurement (DT, RT, ME, H) of smell
function for each treatment group were calculated on this basis. Differences in measurements
between before treatment and each treatment level were calculated and significance of
differences estimated using Student t tests (values p<0.05 considered significant). Some patient
responses were also analyzed by use of non-parametric statistics (sign test) and the Spearman
rank correlation technique; r<0.05 was considered significant related to smell loss type and
treatment response. Since each patient served as his/her own control with respect to before and
after treatment, paired t tests were also calculated; t values <0.05 were considered significant.

These values were not included in the results presented.
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[00348] Results were previously obtained in 150 normal subjects for each of these
measurements (1, 53-55) and are reported here for comparison.

[00349] RESULTS

[00350] Comparison of smell function in normal subjects and in untreated patients with
hyposmia

[00351] Results of each measurement (DT, RT, ME and H) in untreated patients indicated
significant impairment of smell function compared to normal subjects (Table II, Fig. 2). For DT
and RT, patient responses were significantly higher (less sensitive) than in normals (Table II),
ME responses were significantly lower (less sensitive) than in normals (Fig. 2). H responses
were significantly lower (less pleasant) for amyl acetate and nitrobenzene (odors usually
considered pleasant) and significantly higher for pyridine and thiophene (less unpleasant — closer
to zero for odors usually considered unpleasant) (Fig. 2). Analysis of H data indicate that for
normal subjects H values for pyridine and thiophene (unpleasant responses) are similar to or
slightly higher than ME values, whereas H values for nitrobenzene and amyl acetate (pleasant
responses) are similar or slightly lower. Ratios of H:ME in normals for pyridine and thiophene
are 1.09 and 1.05 whereas for nitrobenzene and amyl acetate they are 0.94 and 0.96. For
untreated patients (patients with Type II and III hyposmia only) these ratios are quite different.
For pyridine and thiophene, these ratios are 0.87 and 0.81 whereas for nitrobenzene and amyl
acetate they are 0.81 and 0.10. In part, H decreases for nitrobenzene and amyl acetate are related
to decreased patient acuity; however, the major discrepancy is that about 50% of patients with
hyposmia also exhibit dysosmia (1, 2) in which odors usually considered pleasant are considered
unpleasant (e.g., banana-oil odor may be considered putrid) and even unpleasant odors may be
considered pleasant (e.g., pyridine may be considered flowery). These distortions in patients
comprise a bimodal response for H values (some patients reporting a normal hedonic response
related to appropriate pleasantness and unpleasantness of the perceived odor whereas others

reporting a distortion) which reduces the overall arithmetic mean obtained for H for each odor.
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TABLE II: DIFFERENCES IN SMELL FUNCTION BETWEEN STUDY

PATIENTS BEFORE TREATMENT AND NORMAL CONTROLS

PATIENTS (312) NORMALS (155)
SMELL
FUNCTION\ PYR
OBOR PYRD NO,B THIO AA LY NOB THIO  AA
DT 8.550. 9.040. 8.50. 8.9+0. 42+ 3940. 3.6£0. 3.7+0
2%a 2° 2° 2° 0.1 1 1 1
RT 10240 10540 10240 10740 7.2+ 5.740. 7.140. 6.8+0.
10 2 2o 0.1 1 1 1
ME . . ) .
23400 1241%  1642° 1041 6443 5144 6644 S1+d
H 00420 441% 13420 1410 © 4845 8042 5445
7443

() Patient number
* Mean+SEM
DT, detection threshold, in bottle units [BU ( )]
RT, recognition threshold, in bottle units [BU ( )]
ME, magnitude estimation, in % ( )
H, hedonic estimation, in % (+, pleasant, -, unpleasant, 0, neutral)
PYRD, pyridine; NO,B, nitrobenzene; THIO, thiophene; AA, amyl acetate
With respect to normals

a p<0.001

[00352] Comparison of smell function in patients classified by degree of smell loss
[00353] Categorized by smell loss type, results of each measurement indicate that before
treatment, patients exhibited a consistent pattern of abnormality associated with their loss type
such that Type I hyposmia > Type Il > Type III (Table III). H:ME ratios were closer to those of
normals in patients with Type III compared to those with Type II hyposmia, as would be

expected due to the lesser degree of abnormality in the former patients (Table I1I).
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TABLE III: COMPARISON OF SMELL FUNCTION BETWEEN UNTREATED

PATIENTS WITH TYPES I, IT AND III HYPOSMIA

1(96) 11 (208) 111 (8)
PYR THI PYR THI PYR NO, THI
p NO:B "0 AA p NO:B "5 AA D B o AA
l; 9.8+0. 11.2+ 109+ 117+ 8.8+0 8.3+0. 8.0+0 8.2+0. 4.0+ 3.4+0 3.3£0 2.5+0
1" 02 02 02 2 28 28 28 0.5 .6 gl gl
1; 117+ 118+ 118+ 118+ 9740 10.1+ 9740 104+ 5.6+ 4.0+0 3.940 5.3+1
0.1 01 01 0.1 1 020 28 02° 0.8 9% gwul g
M 4244 3444 3441 40+2°
E O O O O 29:|:2a 16:|:la 21:|:2a 13:|:la a,al ,al Oa ,al
H - . - § w . 34L6°
0 0 0 0 psipn SEIN [ 1] 211:1 12+7 46;1 ol

() Patient number

* MeantSEM
DT, detection threshold, in BU
RT, recognition threshold, in BU
ME, magnitude estimation, in %
H, hedonic estimation, in %

PYRD, pyridine; NO,B, nitrobenzene; THIO, thiophene; AA, amyl acetate

With respect to Type 1 With respect to Type 11
a p<0.001 al p<0.001

[00354] Changes in smell function in all patients treated with theophylline, 200mg daily
[00355] Changes in smell function in 199 patients with hyposmia after treatment with 200mg
daily of theophylline for two — six months are shown in Table IV and in Fig. 3. These patients
constituted mainly local patients minus 15 of the original 312 who did not return after treatment
was initiated. Of the 15 non-returning patients, seven reported >5% improvement (46.7%) and
one (14.3%) reported a return to normal; eight reported improvement of <5%. With returning

patients, 34 patients (17.1%) improved >5% (and were not included in subsequent studies).
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Among this group nine (26.5%) considered their smell function had returned to normal. Two
hundred sixty-three patients improved <5% (160 local and 103 distant patients); among this
group 36 patients did not continue in the study.

[00356] Among the 199 patients (both improved and not improved) who returned on 200mg,
DT and RT for all odors decreased (improved) significantly (Table IV). ME for pyridine and
amyl acetate also increased (improved) significantly (Fig. 3). H values for pyridine and
thiophene decreased significantly [e.g., odors pyridine and thiophene were recognized as more
unpleasant (Fig. 3)] and H values for nitrobenzene increased significantly [e.g., the odor of
nitrobenzene was recognized as more pleasant (Fig. 3)]. While not statistically significant, H
values for amyl acetate increased 50% (perceived as more pleasant with improved odor
recognition). On treatment, H:ME ratios did not change significantly since both ME and H
values changed to similar degrees. No differences in results with respect to age or gender of
these patients were apparent. At subsequent visits over the next six — 36 months with continued
treatment on this dose, the 34 patients with initially improved smell function maintained their
increased acuity or improved further. Mean serum theophylline on this treatment was 4.0+0.2

mg/dl.

TABLE 1V: CHANGES IN SMELL FUNCTION FOLLOWING TREATMENT
WITH ORAL THEOPHYLLINE, 200MG DAILY

Before Treatment (199) After Treatment (199)
SMELL
FUNCTION\ PYR THI PYR NO; THI
ODOR p NO:B o AA D B 0 AA
8.5+0
DT 8.5+0 9.0+0 7.6£0 7.8+0 7.5+0 c
PE P 2 8.9+0.2 a d e 7.940.2
RT 10.2+ 105+ 10.2+ 9.0£0 9.5£0 9.1+0 c
0.1 0.2 0.2 10.7+0.1 e e e 9.9+0.2
ME a d
23+£2 1241 16£2 10=£1 28+2% 1742 21+2 152
H 20+2 441 1342 14l T e T 3a

() Patient number

* MeantSEM
DT, detection threshold, in BU
RT, recognition threshold, in BU
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ME, magnitude estimation, in %
H, hedonic estimation, in %
PYRD, pyridine; NO,B, nitrobenzene; THIO, thiophene; AA, amyl acetate

With respect to before treatment

a  p<0.001
b p<0.005
c p<0.01
d p<0.05

[00357] Changes in smell function in patients with hyposmia treated with theophylline
400mg daily

[00358] One hundred twenty patients (97 from the 165 who returned on <5% on 200mg and
23 who returned for the first time on 400mg) were reevaluated after taking 400mg of
theophylline for two — six months (Table IV). On this treatment dose, 35 patients (29.2%)
improved >5% (and were not included in subsequent studies). Among this group, three (8.6%)
considered their smell function had returned to normal. One hundred ninety-two patients
improved <5% (96 local and 96 distant patients). Twenty-five patients of these 192 did not
continue in the study. On this dose, DT and RT for all odors decreased (improved) significantly
and ME for all odors increased (improved) significantly (Table V) (both improved and
unimproved patients included). Hedonic values also increased significantly for pyridine and
thiophene [e.g., odors of pyridine and thiophene were recognized as more unpleasant (Fig. 2)].
While not statistically significant, H values for nitrobenzene increased 50% (perceived as more
pleasant); H values for thiophene decreased 40% (perceived as more unpleasant). Overall,
H:ME ratios did not change significantly on treatment. No differences in results with respect to
age or gender of these patients were apparent. Among patients who exhibited improvement at
this dose, on subsequent visits over six — 36 months, their improvement persisted. Mean serum

theophylline on this treatment dose was 7.4+0.4 mg/dl.
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TABLE V: CHANGES IN SMELL FUNCTION FOLLOWING TREATMENT
WITH ORAL THEOPHYLLINE, 400MG DAILY

Before Treatment (120) After Treatment (120)
SMELL
FUNCTION\ PYR
ODOR PYRD NO,B THIO AA p NOB THIO AA
DT 840. 9.0£0. 8.6:0. 8.9:0. 7.040. 72+40. 6.8+0. 7.1+0.
2 3 3 3 3¢ 3¢ 4° 3b
RT 10320 10.5£0 1050 10.620  8.5+0. 8.9+0. 8.4+0. 9.3+0.
2 2 2 2 32 3b 32 3°
ME . a ¢ c
2182 1242 14%2  10+1 3343 2342 264£2° 182
H 1942 441 1242 2] 2683 gy 19E2 4,

() Patient number
* MeantSEM
DT, detection threshold, in BU
RT, recognition threshold, in BU
ME, magnitude estimation, in %
H, hedonic estimation, in %
PYRD, pyridine; NO,B, nitrobenzene; THIO, thiophene; AA, amyl acetate

With respect to before treatment

a  p<0.001
b p<0.005
c p<0.01
d p<0.05

[00359] Change in smell function in patients with hyposmia treated with theophylline,
600mg daily

[00360] Changes in smell function in 160 patients after treatment with 600mg daily for two —
12 months are shown on Table VI. This patient number includes 77 distant patients who

returned on this theophylline dose as well as 83 local patients who improved <5% on 400mg.
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Among this group, 66 (41.2%) improved >5% and 17 (10.6%) considered their smell function

had returned to normal. On subsequent visits, over the next six — 36 months, improvement on
this dose either persisted or improved further. One hundred thirty-seven patients improved <5%
and 73 did not continue. On this dose, DT and RT for all odors decreased (improved)
significantly and ME for all odors increased (improved) significantly (Table VI) (both improved
and unimproved patients included). H values did not change significantly for any odor, although
pyridine and thiophene were recognized as more unpleasant (Fig. 3) and nitrobenzene and amyl
acetate were recognized as more pleasant (Fig. 3). Overall, H:ME ratios did not change
significantly. Again, as noted on the previous theophylline doses, no differences were apparent
with respect to age or gender of these patients. Mean serum theophylline on this dose was
9.4+0.38mg/dl.

TABLE VI: CHANGES IN SMELL FUNCTION FOLLOWING TREATMENT

WITH ORAL THEOPHYLLINE, 600MG DAILY

Before Treatment (160) After Treatment (160)
SMELL
FUNCTION\ PYR
OBOR PYRD NO,B THIO AA L. NOB THIO AA
DT RAL0. 90+0. 8.840. 93+0.  7.440. 7.8+0. 7.140. 7.8+0.
2" 2 2 2 2¢ 3® 3® 3®
RT 10340 10540 103+0 10840  9.4+0. 9.140. 9.040. 9.6+0.
2 2 2 2 2¢ 2¢ 3¢ 2
ME 1942 1141 1342 8+l 26020 18429 2142 1540¢
H 1642 341 942 2+l 1942 840% L1442 441

() Patient number
* MeantSEM
DT, detection threshold, in BU
RT, recognition threshold, in BU
ME, magnitude estimation, in %
H, hedonic estimation, in %
PYRD, pyridine; NO,B, nitrobenzene; THIO, thiophene; AA, amyl acetate
With respect to before treatment
a  p<0.001
b p<0.005
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c p<0.01
d p<0.05

[00361] Change in smell function in patients with hyposmia treated with theophylline,
800mg daily

[00362] Changes in smell function in 28 patients after treatment with 800mg daily for two —
12 months are shown in Table VII. Among this group, 15 (53.6%) improved >5% and three
(33%) considered their smell function had returned to normal. On subsequent visits over the
next two — six months, improvement on this dose persisted or improved further. Thirteen
patients improved <5%. At this dose, the study terminated. DT and RT for all odors increased
on treatment, but were statistically significant only for DT for nitrobenzene, RT for nitrobenzene
and amyl acetate. ME for all odors increased, but was significant only for amyl acetate. H for
both pyridine and thiophene decreased 55% and 37%, respectively (became more unpleasant)
and H for nitrobenzene and amyl acetate increased about 50% (became more pleasant). When
analyzed by paired t test (data not shown) DT, RT and ME for all odors increased significantly,
H for pyridine and thiophene decreased significantly and H for nitrobenzene and amyl acetate
increased significantly. Mean serum theophylline on this dose was 11.2+0.8mg/dl.

[00363] As drug doses increased mean DT and RT for most odors decreased (acuity
increased) whereas, mean ME for most odors increased from 200mg to 400mg and then
remained relatively constant. H also decreased from 200mg to 400mg (increased
unpleasantness) for pyridine and thiophene and then remained relatively constant as doses
increased; H for nitrobenzene and amyl acetate (increased pleasantness) increased in a similar

manncr.

TABLE VII: CHANGES IN SMELL FUNCTION FOLLOWING TREATMENT
WITH ORAL THEOPHYLLINE, 800MG DAILY

Before Treatment (28) After Treatment (28)
SMELL
FUNCTION\ PYR THI PYR NO, THI
ODOR p NO:B AA D B 0 AA
DT 7940 9.3+0 8.9+0 6.9+0 7.0=0 7.2+
s 5 P 8.8+0.7 6 gd 0.7 7.240.8
RT 10.6+ 10.1+ 10.2+ 850 7.8£0 9.6% b
03 06 05 003 e g e 90403
ME a
1844 114 1444 104 20+5  25+6 2044 2442
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f -1244 0 6+2 944 4+4 '262i 13+7 'lji 8+5

() Patient number

* Mean + SEM

DT, detection threshold, in BU
RT, recognition threshold, in BU
ME, magnitude estimation, in %

H, hedonic estimation, in %

PYRD, pyridine; NO,B, nitrobenzene; THIO, thiophene; AA, amyl acetate

With respect to before treatment

a  p<0.001

b p<0.005

c p<0.01

d p<0.05
[00364]

classified by hyposmia type

[00365]

Changes in smell function and after treatment with theophylline in patients

Type I Hyposmia Treatment. After treatment with either 200mg, 400mg, 600mg or

800mg, there were significant decreases in DT and RT, increases in ME and changes in H for

specific odors consistent with improvement in smell function (Table VIII). Of the 96 patients

with Type I hyposmia in the study, 32 (33.3%) reported >5% improvement and 5 (15.6%)

reported their smell function had returned to normal.

TABLE VIII: CHANGES IN SMELL FUNCTION IN TYPE I HYPOSMIA

PATIENTS FOLLOWING TREATMENT

Before Treatment (96)

After Treatment 200mg (57)

SMELL
FUNCTION\ PYR THI
NO,B AA PYRD NO,B THIO AA
ODOR D (0)
9.8+0. 11.2+ 109+ 9.540. 10.3+0 10.1+0 10.5+0
DT 11.2+0.2 d d
1% 0.2 0.2 2 3 3 3
1170 11.8+ 11.8+ 11.0+ 11240 11440 11.3+£0
RT 11.740.1 ]
0.1 0.1 0.1 0.2* 2 2 2
ME 0 0 0 0 11£2% 542 6+£2° 62
H 0 0 0 0 -84+2° 442 -3407 442
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After Treatment 400mg (33)

8.8+0. 9.8+0. 9.8+0. 10.1+0

DT
5 5¢ 5¢ S5°
10.6£ 109+0 10.8+0 11.2+0
RT d
0.4 4° 4 3
ME 12+3*  8+3° 742° 743
H S743% 0 3£3% 0 -5£2% 0 5+3°
After Treatment 600mg (51)
8.9+0. 99+0. 9.4+0. 10.1+£0
DT b
3 4° 4* 3°
109+ 10.8£0 109+0 11.1+0
RT b
0.3 3° 3 2°
ME 11£3* 6£2° 7427 542
H -8+2% 242 -342% 0.4+l
After Treatment 800mg (12)
9.6£0. 10.1=0 10.0=0 10.6+0
DT
8 8 i 5
103 11.3+0 11.6£0 11.6+0
RT
1.0 i 2 4
ME 104" 4437 4427 543
R 11450 242% 442% 14
() Patient number; * Mean = SEM
DT, detection threshold, in BU Compared to
before treatment
RT, recognition threshold, in BU a p<0.001
ME, magnitude estimation, in % b p<0.005
H, hedonic value, in % ¢ p<0.01
PYRD, pyridine; NO,B, nitrobenzene; THIO, thiophene; AA, amyl acetate d p<0.05

[00366] Type Il Hyposmia Treatment. After treatment with either 200mg, 400mg, 600mg or
800mg, there were significant decreases in DT and RT, increases in ME and changes in H for

specific odor consistent with improvement in smell function (Table IX). Of the 208 patients
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with Type Il hyposmia in the study, 129 (62%) reported >5% improvement and 26 (20.2%)

reported their smell function had returned to normal.

TABLE IX: CHANGES IN SMELL FUNCTION IN TYPE 11 HYPOSMIA
PATIENTS FOLLOWING TREATMENT

Before Treatment (208) After Treatment 200mg (138)
SMELL
FUNCTION\ PYR THI PYR NO, THI
NO,B AA AA
ODOR o D B o
8.8t 83+0 8.0+ 6.9+0 6940 6.510
DT 8.2+0.2 7.0£0.3
0.2 2 0.2 2 3° 3
9.7 10.1£ 9.7+ 82+0 8.8£0 8.2+0
RT 10.4+0.2 9.3+0.2
0.1 0.2 0.2 2° 3 38
ME 2042 161 2142 13+1 3582 2242 2742 19+£2
H skl 1+1 2842 7H2 <1942 342
2542 162
After Treatment 400mg (85)
6.3+0 6.3+0 5.7+0
DT 6.1£0.4"
38 4° 4
7.7+0 8240 7.610
RT 8.8+0.4"
38 4° 4
ME 41+£3* 27+£3* 3143 2143
H -34+£3 1143 -23£3  0.3£2.8
After Treatment 600mg (105)
6.7t0 6.840 6.110
DT 6.8+0.3"
38 3° 38
8.9+0 8.4+0 8.1+0
RT 8.9+0.3"
3 3 38
ME 33£2  24+2 2742 19+£2
H 2543 1182 2082 72
After Treatment 800mg (16)
4740 4.6£0 4.9+0
DT 4.6+0.7*

7 9*
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71£0 5.1£0 8.0+l
RT 7.140.6
7 9?
ME 43+5° 4248° 3346 38+6°
22+]
H 3149 24+8 1349

() Patient number
DT, detection threshold, in BU

before treatment

RT, recognition threshold, in BU
<0.001

ME, magnitude estimation, in %
p<0.005

H, hedonic value, in %

p<0.02

Compared to

PYRD, pyridine; NO,B, nitrobenzene; THIO, thiophene; AA, amyl acetate

[00367]

Type III Hyposmia Treatment. After treatment with either 200mg, 400mg or 600mg,

there were no significant changes in DT or RT, since these values were not significantly different

from normal before treatment. After treatment, there were changes in ME and H, but values

were variable due to the small number of patients in each treatment series (Table X). Of the

eight patients with Type III hyposmia in the study, 5 (62.5%) reported >5% improvement and 3

(60%) reported their smell function had returned to normal (see Table X).

TABLE X: CHANGES IN SMELL FUNCTION IN TYPE III HYPOSMIA PATIENTS

FOLLOWING TREATMENT
Before Treatment (8) After Treatment 200mg (4)
SMELL
FUNCTION\ PYR PYR
ODOR NO;B THIO AA D NO;B THIO AA
4.0£0. 3.4+0. 3.3+0. 2.5%0. 4.0£0. 3.840. 3.2+40. 2.840.
T 5 6 8 5 6 7 8 5
5.6£0. 4.0+£0. 3.9+0. 5.3+1. 5240. 5.0+0. 3.8+0. 5.2+£1.
’t 8 9 8 0 5 6 6 6
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ME 4244 3444 34+10  40+£2 4511 33+8  47+15 32+10

H 12+7 34+8 13£12 14£13
27+14 46%13 40+13 40+18

After Treatment 400mg (2)

DT 5.0 2.5 1 2
RT 5.0 4.0 1 3
ME 45 79 99 75

H -40 -62 -99 75

After Treatment 600mg (4)

3.8+0. 3.8+0. 2.0+1. 2.5+1.

DT
9 9 0 0
5510, 45t1. 3.840. 4.8+l
RT
9 3 9 7
ME 41£15 33+13 42220 31%17
H C 12416 28419
26422 35404

() Patient number

DT, detection threshold, in BU
RT, recognition threshold, in BU
ME, magnitude estimation, in %
H, hedonic value, in %

PYRD, pyridine; NO,B, nitrobenzene; THIO, thiophene; AA, amyl acetate

[00368] DISCUSSION

[00369] These results indicate that 157 of the 312 patients in the study (50.3%) were
subjectively responsive to treatment with theophylline. Of these, 34 (21.7%) considered their
smell function returned to normal levels. Overall, 10.9% of all patients in the study considered
their smell function had returned to normal. Improvement in smell function, once occurred,
persisted and sometimes continued to improve as long as treatment continued. These results also
indicate that a significant number of patients demonstrated significant increases in sensitivity to
detection and recognition of odors and increased ability to determine odor intensity. They also

demonstrated significant improvement in hedonic responses such that unpleasant odors were
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significantly more unpleasant and pleasant odors were significantly more pleasant. In addition,
pleasant odors which were initially recognized as unpleasant were recognized as pleasant after
treatment.

[00370] Initial studies were made at two — six month intervals after drug initiation. Subjective
responses indicated that return of function was both time and dose related; patients reported little
or no improvement before four — six weeks of treatment and reported greater improvement as
doses increased to 400mg and especially to 600mg and 800mg.

[00371] Patients with smell loss exhibited varying degrees of loss prior to treatment, however,
improvement was noted in patients regardless of degree of loss. Patients with lesser degrees of
smell loss (Type II and III hyposmia) exhibited more improvement with more patients reporting
a return to normal smell function on treatment than those with a more severe degree of loss
(Type I hyposmia). Indeed, in terms of percent patients reporting a return to normal function,
twice as many patients with Type II and III hyposmia compared to Type I reported a return to
normal function. These results are useful since smell loss degree is related to severity of
biochemical changes (35) responsible for the loss. This result lends credence to the smell loss
classification previously devised (1, 2, 56) and alerts physicians treating these patients that
patients with a greater degree of smell loss require greater care and diligence with respect to
successful treatment responses. Among patients who did not improve (those who responded
<5% improvement), increasing the dose of theophylline further to 800mg improved smell
function further. In another group of patients who improved <5%, the addition of another PDE
inhibitor (e.g., cilostazol) to their dose of 600mg or 800mg of theophylline improved smell
function in an additional 15% of patients.

[00372] When analyzed with respect to changes in objective psychophysical measurements of
smell function, mean values for DT and RT improved significantly for all odors for cach
theophylline dose, whether or not subjective improvement occurred (Tables IV, V, VI). These
results indicate that treatment with theophylline improved standardized threshold measurements
of sensory function, albeit, not enough to be perceived by the patients as significant. While
mean DT and RT for all odors improved on treatment, none of these means reached the level of
improvement exhibited by normal subjects (e.g., Tables IIL, IV, V, VI).

[00373] When analyzed with respect to ME on 200mg theophylline (Table IV), only
responses to pyridine were significantly greater than prior to treatment. ME for each odor,
however, increased with the total mean increase (5.1%) consistent with the overall reported
subjective improvement among the successfully treated patients. On 400mg theophylline (Table

V), ME for each odor increased significantly with a total mean increase of 10.4%. On 600mg
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theophylline (Table VI), ME for each odor also increased significantly with a total mean increase
of 6.9%. These results are probably more consistent with patient subjective changes, since most
patients are less focused on whether or not they can detect or recognize weak (threshold)
concentrations of odors. Rather, they are more concerned about the intensity at which odors are
perceived. These results are consistent with the subjective responses of the patients.

[00374] In general, as noted before, ME and H values in normal subjects are similar, since
subjects usually equate pleasantness or unpleasantness of any odor with its intensity, be it
pleasant or unpleasant (Table V). For example, pyridine odor of 50% intensity is generally
considered as 50% unpleasant whereas amyl acetate odor of 50% intensity is generally
considered as 50% pleasant. Patients with hyposmia, however, may not only manifest decreased
sensory acuity, but also sensory distortions. This phenomena was observed upon comparison of
ME and H values between untreated patients and normals (Table II). The disparate ratios of
H:ME reflected among the patients not only manifest decreased acuity (lower ME) but also the
bimodal distribution of H values (as discussed previously). This bimodal distribution becomes
more apparent for H values as patients recovered their sensory acuity (manifested by increased
DT, RT and ME) since there was an even greater divergence of pleasantness—unpleasantness
among all odors presented than in normals. Thus, H values among some patients in whom
sensory acuity increased, pleasant odors (e.g., nitrobenzene — bitter almond or marzipan-like or
amyl acetate — banana-like) were considered putrid because the distorted aspect of these odors
also increased. This type of change may not be as readily apparent with respect to changes in
more unpleasant odors (e.g., pyridine, thiophene), but may also occur with these unpleasant
odors considered sweet or fruity as part of the distortion.

[00375] On 200mg theophylline, ME values for pyridine and thiophene increased 6% and 5%,
respectively, whereas H values decreased (became less unpleasant) 2%, respectively; ME values
for nitrobenzene and amyl acetate increased 5%, respectively, whereas H values increased
(became more pleasant) only by 2% (Table IV). This effect is better appreciated on 400mg
theophylline with ME increases for pyridine and thiophene at 12%, respectively, whereas
increases in H values were 9% and 7%, respectively; ME for nitrobenzene and amyl acetate
increased 11% and 8%, respectively, whereas H values decreased (became more pleasant) only
4% and 1%, respectively (Table V). Similar results hold for 600mg theophylline also (Table
V).

[00376] Differences with respect to subjective responses and changes measured in DT and RT
before and after treatment may reflect differences in how patients considered their overall

improvement on treatment. A response of >5% was chosen to indicate improvement in smell
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function on treatment. This apparently small response number may in actuality be a conservative
estimate of return of smell function since this number is a composite of all odors which the
patient considered improved on treatment. Thus, responses to some strong odors (e.g., gasoline,
bleach, ammonia, etc.) may have been considered improved by a great deal, but these responses
may have been tempered by the patients’ responses to weaker odors (e.g., flowers, perfume,
shampoo, etc.) in which no improvement may have occurred. Therefore, the overall composite
which the patient was required to consider, included overall improvement in both strong and
weak odors.

[00377] Most patients are usually unconcerned whether or not they can detect or recognize
weak concentrations of odors (DT or RT), but they are concerned about the intensity (ME) at
which odors are perceived. After treatment with 200mg theophylline, the average improvement
in ME for all odors was 5.1% consistent with the results reported with respect to subjective
responses to treatment (Table IV). After treatment with 400mg, mean ME increased 10.4%
consistent with increased response to this dose (Table V) and after treatment with 600mg, mean
ME increased 6.9% (Table VI). These results are more consistent with the subjective responses
of the patients, although data for DT and RT increased significantly.

[00378] Side effects of theophylline among patients were generally minimal. Patients were
required to take the drug in divided doses in middle of meals (breakfast and lunch). While this
technique delayed drug absorption it did not inhibit absorption. Thus, the more common and
usual side effects of nervousness, jitteriness and difficulty in falling asleep were obviated. Mild
gastrointestinal upset, tachycardia, nausea, diarrhea, headache and insomnia were occasionally
reported but were usually obviated by temporarily decreasing drug intake for a short period and
then increasing drug dose to the required amount.

[00379] Treatment with theophylline improved smell function probably by acting through its
effect as a PDE inhibitor on cAMP and cGMP levels in saliva (31) and nasal mucus (34, 35). As
drug dose increased, presumably with increasing PDE inhibition, patient responses also
increased. Subsequent increases in cyclic nucleotides may have increased activation of olfactory
receptor stem cell growth and maturation, as previously described (20, 21).

[00380] This extensive study was performed over an extended time period in an effort to
evaluate treatment of smell loss on the basis of a biochemical molecular abnormality as the basic
pathology of the loss. Although unblinded, a majority of patients expressed subjective

improvement in their sensory function on treatment that was confirmed through objective testing.
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[00382] EXAMPLE 2

[00383] Theophylline treatment restored smell function in over 50% of the hyposmic patients
in Example 1. This study, however, was an open label clinical trial and not all patients
responded to the drug. These results raise questions about the character of the study and the
efficacy of the drug to correct the smell loss.

[00384] In an effort to understand more about these results, levels of cAMP and cGMP in
saliva before and after theophylline treatment were studied in patients who participated in the
clinical study of Example 1. Cyclic nucleotide levels were not assayed until the entire analysis
of the clinical trial results was completed.

[00385] METHODS

[00386] Thirty-one patients, aged 29-85y (56+3y, Mean+SEM) from among the 312 patients
who participated in the open label, fixed design clinical trial treated with theophylline of
Example 1 were studied. There were 13 men, aged 54+3y and 18 women, aged 58+4y. All
patients exhibited hyposmia. Six had Type I hyposmia, 25 had Type Il hyposmia. Patients had a
variety of etiologies for their hyposmia; six had PVIL and hypogeusia, thirteen had allergic
rhinitis, nine had a head injury, and three had a variety of the ctiologies contributing to their loss
including a drug reaction, an idiopathic cause and post chemotherapy.

[00387] Measurements of smell function were obtained for each patient by use of a standard
three stimuli forced choice technique using four odors (pyridine, nitrobenzene, thiophene and
amyl acetate as described in Example 1. Subjective measurements of smell function were also
obtained for each patient by use of standard technique in which smell acuity was graded on a
scale from 0-100 with 0 indicating an absence of overall smell function and 100 indicating
normal smell function as described in Example 1.

[00388] Parotid saliva was collected from each patient by application of a Lashley cup over

Stensen’s duct with lingual stimulation by placement of concentrated lemon juice. Saliva was
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collected in plastic tubes and stored at -20°C until assayed. cAMP and cGMP were measured in
saliva by a sensitive 96 plate spectrophotometric assay (R&D Systems, Minneapolis, MN).
[00389]  All patients were placed in a fixed design open label clinical trial with treatment with
oral theophylline. Treatment consisted of fixed treatment periods of two-cight months with
sequential doses of the drug at 200mg, 400mg and 600mg. At termination of each of these
intervals, patients returned to study site for reevaluation. At the end of each interval subjective
responses to treatment were measured with a modification of the 0-100 scale previously used
(vs). Subjective responses to treatment were graded on a sliding scale from -100 — 0 — +100 with
patients recording improvement (+0 — +100), no improvement (0) or worsening (0 — -100) of
their overall smell function. If overall smell function improved >5% they were considered to
improve clinically (1). If smell function improved <5% they were considered not to improve (1).
At the end of each interval subjective measurements of smell function, measurements of DT, RT,
ME and H and measurements of parotid saliva for levels of cAMP and cGMP were obtained. In
addition, blood plasma was obtained by venipuncture, placed in ice into zinc free tubes which
contained 100mg zinc free heparin, centrifuged at 3000 rpm for 10-20 min, the plasma
transferred to plastic PCR tubes and stored at -20°C until assayed. Theophylline was assayed by
a fluorescence polarization assay (Abbott, Chicago, IL), as previously described.

[00390] At cach return visit, if patients noted improvement in their overall smell function (see
Example 1) they continued on this same drug dose and were not included in any further data. If
smell function did not improve on 200mg of theophylline, their dose was increased to 400mg
and they returned to study site after an additional two-four months of treatment. These same
measurement processes occurred after treatment with 400mg and 600mg of theophylline.

[00391] Data for the cyclic nucleotides from these 31 patients was not analyzed until the
entire study of the 312 patients in Example 1 was assembled and analyzed in its entirety. After
completion of these analyses, all data for parotid saliva cAMP and cGMP from all patients in
whom salivary cAMP and ¢cGMP were obtained were assembled. Levels of salivary cyclic
nucleotides varied widely. Initially, without external criteria, there was no way to understand
these disparate data. To assist in understanding these data, each data point was independently
identified with respect to which patient from whom it was obtained and categorized as to
whether or not that patient demonstrated improvement or lack of improvement in both subjective
smell function and in objective measurements of smell function (DT, RT, ME, H) on
theophylline treatment. On this basis, 20 patients were identified as having improved smell
function and 11 did not improve. In a similar manner, measurements of each patient’s plasma

theophylline level at each dosage of theophylline (at 200mg, 400mg, 600mg of theophylline)
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were categorized. The two patient groups were also analyzed post hoc with respect to type of
smell loss and etiology of smell loss.

[00392] Differences in the characteristics between these two patient groups were analyzed
with respect to each measurement obtained (Mean+SEM). Differences between mean+=SEM
were analyzed using Student t test and X2; differences of p<5% were considered significant.
[00393] RESULTS

[00394] Post hoc analysis demonstrated that initial values of subjective smell function and
measurements of smell function (DT, RT, ME, H) from these two patient groups prior to
theophylline treatment did not differ. At baseline, there were also no significant differences in
saliva cAMP and cGMP between improved and unimproved patients (Table XI). Levels of
saliva cAMP prior to treatment were consistent with mean values obtained for saliva cAMP in all
312 patients included in the original study. After treatment with 200mg of theophylline, cAMP
levels in the improved patients increased 10% above baseline, albeit not significantly; there was
essentially no change among the unimproved patients (Table I). After treatment with 400mg of
theophylline, however, although values were not statistically significant compared to before
treatment, CAMP levels increased 40% over baseline in the improved group, whereas there was
essentially no change among the unimproved patients. After treatment with 600mg, cAMP
levels increased significantly to 67% above initial cCAMP values in the improved patients, but
there was essentially no change among unimproved patients. After treatment with 600mg, levels
of cAMP in the improved patients were still below the mean of saliva cAMP reported in normal

subjects.
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TABLE XI: RESULTS FOR PATIENTS WITH IMPROVED SMELL FUNCTION

THEOPHYLLINE THEOPHYLLINE
BEFORE BEFORE
TREATMENT TREATMENT
TREATM TREATM
cAMP (pmol/ml) cGMP (pmol/ml)
ENT ENT
(pmol/ml) 200mg  400mg  600mg (pmol/ml) 200mg  400mg 600mg
0.96+£0. 1.22+0. 1.45°+0 0.08+0. 0.22°+0 0.27°+0
0.87+0.14* 0.08+0.016
13 33 37 016 .07 .09
(20) (16) (12) ) (20) (15) (12) (10)
PLASMA
THEOPHYLLINE (mg/dl)
12.4%1
35404 6.4+1.2
(13) (12) )
* Meant+SEM

() Patient number

With respect to no improvement in smell function
a p<0.05
b p<0.025

[00395] At baseline, there were no significant differences between cGMP levels for the two
groups of patients (Table XII). Mean values obtained in each patient group were consistent with
values obtained in the total group of 312 patients prior to initiation of the treatment (see Example
1). After treatment with 200mg of theophylline, there was little difference in saliva cGMP levels
between improved and unimproved patients or compared to pretreatment values. After treatment
with 400mg of theophylline, saliva cGMP levels in the improved patients increased significantly
to 275% over initial values, whereas there was little change among the unimproved patients.

After treatment with 600 mg of theophylline, cGMP levels improved significantly to 338% over

initial values, whereas there was no increase among the unimproved patients. After treatment
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with 400mg or 600mg of theophylline, cGMP mean levels in the improved patients were similar

to those obtained in normal subjects.

TABLE XII: RESULTS FOR PATIENTS WITH UNIMPROVED SMELL FUNCTION

THEOPHYLLINE THEOPHYLLINE
BEFORE TREATMENT BEFORE TREATMENT
TREATM TREATM
ENT cAMP (pmol/ml) ENT cGMP (pmol/ml)
(pmol/ml) 200mg  400mg 600mg (pmol/ml) 200mg  400mg  600mg
0.78£0. 0.95+0. 0.56+0. 0.07+0. 0.05+0. 0.04+0
% .
1.03+0.24 26 26 1 0.08+0.016 018 014 07
(11) ©) (5) ) (11) ©) 4) (5)
PLASMA

THEOPHYLLINE (mg/dl)

37410 8.6£14 8.7+0.6
©) ) ©)

* MeantSEM

() Patient number

[00396] Comparison of blood plasma theophylline between the two groups indicated that
there was no difference in mean values after treatment with either 200mg or 400mg of
theophylline (Table XI). After treatment with 600mg, however, although plasma theophylline
increased in both groups, compared to plasma levels seen following treatment with 200mg or
400mg of theophylline, mean theophylline was significantly elevated in the improved group
compared to the unimproved group. (Tables XI and XII).

[00397] Classified by smell loss type, there were significant differences between the two
groups (Table XIII). Among the improved patients, 95% of the patients exhibited Type 11
hyposmia, whereas, only one patient had Type I hyposmia. Among the unimproved patients,
57% of the patients exhibited Type I hyposmia, indicating that significantly more of the
unimproved patients (with unchanged levels of cAMP and ¢cGMP) had Type I hyposmia, the

more severe type of smell loss (Table XII).
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TABLE XIII: COMPARISON OF CLINICAL CHARACTERISTICS BETWEEN
IMPROVED AND UNIMPROVED PATIENTS

IMPROVED* UNIMPROVED
SMELL LOSS TYPE I II I II
PATIENT NUMBER 1 19* 4 7

IMPROVED* UNIMPROVED
ETIOLOGY OF AR  PIHH HI OTHE AR PIHH HI OTHER
LOSS R
PATIENT

NUMBER 8 6 3 3 8 0 3 0

* Parotid saliva cAMP and cGMP concentrations after 600mg theophylline were

significantly higher in improved than in unimproved patients (see Tables I, II)

Improved vs Unimproved by Smell Loss Type

a X% =52 (p<0.05)

AR, allergic rhinitis

PIHH, post influenza-like hyposmia and hypogeusia
HI, head injury

Other (drug reaction, idiopathic, post chemotherapy)

[00398] Classified by diagnosis, the distribution of etiology of smell loss among the improved

patients was similar to that previously reported in several publications. Among the unimproved

patients, however, there were no patients who had PIHH or “other” causes of smell loss. Indeed,

only two ctiologies comprised the etiology of smell loss among unimproved patients, either

allergic rhinitis or head injury (Table XII).
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[00399] DISCUSSION
[00400] The observed results were unexpected. These results, however, suggest that changes
in cGMP may be more relevant to changes in smell function than measurement of cAMP since,
among the improved patients, levels of cGMP increased into the normal range whereas for
cAMP they increased, but not into the normal range.
[00401] These results also suggest that administration of theophylline at the same dose results
in differences in smell improvement, in levels of saliva cAMP or cGMP and in serum
theophylline levels in this group of patients. There are no prior studies that would suggest
differential effects of drug response or biochemical changes related to theophylline intake. This
type of change, however, has been observed previously with many drugs and is well known in
several discase states. Indeed, drug resistance has been important to understanding differential
drug affects and their influence on metabolic processes. Although the patient number in this
study is relatively small, apparently this is the first report of drug resistance to oral
administration of theophylline.
[00402] Patients with theophylline resistance appear to have specific clinical characteristics
by which they can be identified prior to their treatment and development of this resistance. It
was discovered that unimproved patients had head injury and allergic rhinitis. In addition these
patients exhibit a preponderance of a severe type of smell loss (Type I hyposmia), one in which
they cannot recognize the character of any odor.
[00403] The data obtained also suggest that this resistance is present irrespective of drug dose,
although it is more obvious at higher doses of the drug. In addition, drug resistance effects
appear to be more robust with respect to levels of saliva cGMP rather than to cAMP. Levels of
salivary cGMP among the improved patients returned to levels previously observed in normal
subjects. Saliva cAMP levels increased, significantly so at the highest dose of theophylline
administered, but they did not increase to levels measured in normal subjects.
[00404] While levels of blood theophylline increased in both groups of patients as the dose of
theophylline increased (200mg, 400mg, 600mg), levels of blood theophylline were significantly
higher in the improved group compared to the unimproved group after 600mg of the drug. The
blood theophylline level in the improved group was 12.4mg/dl whereas it was 8.7mg in the
unimproved group (Tables XI and XII). While the level of theophylline in the improved patients
is in the normal range for therapeutic effects of the drug (10-20mg/dl), the level in the
unimproved group was not. Previous data suggest that patients that improve with theophylline
exhibit plasma levels from 2-14mg/dl, so that it would not be reasonable to imply that these

differences between these two groups are attributable only to the differences obtained in serum
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theophylline. While this is undoubtedly one factor related to drug resistance, as is well known
from many other studies, this difference may not account for all the differences between these
two groups.

[00405] The open label trial of theophylline in Example 1 demonstrates the usefulness of
theophylline in restoring the sense of smell in patients with smell loss. The present studies
indicate that multiple factors influence successful treatment of hyposmic patients and that a
thorough work up is required if treatment is to be successful. These factors include testing as to
the type and degree of smell loss, discovering the etiology of the patient’s smell loss, analysis of
theophylline plasma levels, and analysis of parotid gland secretion of cAMP and ¢cGMP. In
particular, parotid saliva cGMP level stands out as predictive of clinical response given the
unexpected finding that cGMP levels correlate with recovery of the sense of smell. This
observation allows for the development of a testing regiment to select for the appropriate
therapy. A patient can be administered a standard challenge dose of theophylline or other PDE
inhibitor and then the level of parotid saliva cGMP is determined. Patients that achieve a
threshold level of cGMP following the challenge can then be prescribed the appropriate dose that
will achieve the targeted steady state plasma level of the PDE inhibitor. Patients whom parotid
saliva cGMP levels fail to achieve the threshold level can be challenged with a higher dose of the
PDE inhibitor, have another PDE inhibitor or other active agent added to the dosage of the
original PDE inhibitor, or switched to another PDE inhibitor as is clinically warranted. In this
way, a physician can determine the optimum PDE inhibitor dosage for a patient without
undertaking the long dose escalation titration required in the original study detailed in Example
1.

[00406] In some embodiments, a method is provided for screening patients for PDE inhibitor
therapy for anosmia or hyposmia comprising: administering to a patient a challenge dose of a
PDE inhibitor; determining the salivary level of cGMP; and comparing the patient’s salivary
cGMP level to a threshold value, wherein patients who have a cGMP salivary level equal to or
greater than the threshold value are candidates for PDE inhibitor therapy to treat anosmia or
hyposmia. In some embodiments, the challenge dose is 200 mg, 400 mg, 600 mg or 800 mg of
theophylline. In some embodiments, the threshold value is at least 0.08, 0.10, 0.12, 0.14, 0.16,
0.18, 0.20, 0.22, 0.24, 0.26, or 0.28 pmol/ml.

[00407] In some embodiments, the threshold value is equal to or substantially similar to the
mean cGMP value seen in normal individuals following the same challenge dose. In other
embodiments, the threshold value is not less than 10%, 20%, 30%, 40%, or 50% of the mean

salivary cGMP value seen in normal individuals following the same challenge dose.
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[00408] EXAMPLE 3

[00409] Hyposmic patients for whom the etiology of smell loss is not associated with head
injury or allergic rhinitis are enrolled in an open label trial of inhalable theophylline. Patients are
started at an initial dose of not more than 500 pg formulated as a liquid spray or dry powder to be
delivered as a metered dose. Initially only local patients are enrolled so that quicker dose
titration is achieved. Groups of 5 patients are started on not more than 500 pg of theophylline
and continued for 1 month.

[00410] Patients are tested for improvement in smell acuity using the standard forced choice
technique using four odors as described in Example 1. Additionally, subjective measurements of
smell function are obtained using a scale from 0-100 as described in Example 1. Blood samples
are also drawn to ascertain blood theophylline level to gauge its relationship to the expected
recovery of smell.

[00411] Nasal administration of theophylline provides for high, initial concentrations of
theophylline being deposited on the olfactory epithelium, thereby exposing olfactory neurons
and their sensory cilia to higher concentrations of theophylline than are achieved through oral
administration through the avoidance of first pass metabolism. Nasal administration provides for
at least an equivalent recovery of smell acuity comparable to that achieved with orally
administered theophylline while avoiding or at least reducing the side effects caused by higher
theophylline plasma levels seen with oral administration.

[00412] EXAMPLE 4

[00413] Hyposmic patients for whom the etiology of smell loss is not associated with head
injury or allergic rhinitis are enrolled in an open label trial of an inhalable PDE1 inhibitor. More
preferably, a PDE1C2 inhibitor such as eburnamenine-14-carboxylic acid ethyl ester
(vinpocetine), 8-methoxymethyl-1-methyl-3-(2-methylpropyl) xanthine (§SMM-IBMX), zaprinast
(M&B 22948), 4-[3-(cyclopentyloxy)-4-methoxyphenyl]-2-pyrrolidinone (rolipram), 4-(3-
butoxy-4-methoxybenzyl)-2-imidazolidinone (R0O20-1724), 1,6-dihydro-2-methyl-6-ox0-(3,4'-
bipyridine)-5-carbonitrile (milrinone), trequinsin (HL 725), and/or combinations thereof because
of the high expression level of PDE1C2 in the olfactory epithelium. Patients are started at an
initial dose of 500 pg formulated as a liquid spray or dry powder delivered as a metered dose.
Initially only local patients are enrolled so that quicker dose titration is achieved. Groups of 5
patients are started on 500 pg of the PDE1 inhibitor or PDE1C2 inhibitor and continued for 1
month.

[00414] Patients are tested for improvement in smell acuity using the standard forced choice

technique using four odors as described in Example 1. Additionally, subjective measurements of
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smell function are obtained using a scale from 0-100 as described in Example 1. Blood samples
are also drawn to ascertain blood levels of the PDE1 inhibitor or PDE1C2 inhibitor and its
relationship to the observed patient response.

[00415] Nasal administration of the PDE1 inhibitor or PDE1C2 inhibitor provides higher
exposure of the PDE] inhibitor or PDE1C2 inhibitor to nasal olfactory neurons than can be
achieved through oral administration. This provides for at least an equivalent recovery of smell
acuity comparable to that achieved with orally administered PDE1 inhibitor or PDEIC2
inhibitor, avoiding or reducing the side effects caused by higher PDE1 inhibitor or PDE1C2
inhibitor plasma levels seen with oral administration.

[00416] EXAMPLE 5

[00417] For over 60 years, theophylline has been used as a bronchodilator in the treatment of
asthma and COPD and remains one of the most widely prescribed drugs for the treatment of
airway diseases worldwide. Theophylline directly relaxes human airways smooth muscle in
vitro and, like betay-agonists, acts as a functional antagonist, preventing and reversing the effects
of all bronchoconstrictor agonists. Bronchodilatation by theophylline is achieved through PDE
inhibition, resulting in an increase in cAMP by inhibition of PDE3 and PDE4 and in cyclic
guanosine 3',5'-- monophosphate by inhibition of PDES. The bronchodilator effect of
theophylline in human airways is reduced by charybdotoxin, which selectively inhibits large
conductance Ca”'activated K" channels (maxi-K channels), suggesting that theophylline opens
these maxi-K channels via an increase in cAMP.

[00418]  In asthma therapy, theophylline has an increasing acute bronchodilator response
above plasma concentrations of 10 mg/L (55 uM), however, the upper recommended plasma
concentration is 20 mg/L due to unacceptable side effects above this level including nausea and
headaches. The therapeutic range for plasma concentrations is therefore established at 10 to 20
mg/L, and doses are adjusted in individual patients to achieve this range.

[00419] Theophylline has an additional effect on mucociliary clearance through a stimulatory
effect on ciliary beat frequency and water transport across the airway epithelium. Relatively
high doses of theophylline are needed, as this effect is likely to be due to an increase in cAMP as
a result of PDE inhibition.

[00420]  Theophylline also has anti-inflammatory effects in asthma. In allergen challenge
studies in patients with asthma, intravenous theophylline inhibits the late response to allergen..
A similar finding with allergen challenge was reported after chronic oral treatment with
theophylline. Oral theophylline also inhibits the late response to toluene diisocyanate in toluene

diisocyanate-sensitive individuals with asthma. This is interpreted as an effect on the chronic
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inflammatory response, and this is supported by a reduced infiltration of eosinophils and CD4"
lymphocytes into the airways after allergen challenge subsequent to low doses of theophylline.
In patients with nocturnal asthma, low-dose theophylline inhibits the influx of neutrophils and, to
a lesser extent, eosinophils in the early morning. In patients with mild asthma, low doses of
theophylline (mean plasma concentration ~ 5 mg/L) reduce the numbers of cosinophils in
bronchial biopsies, bronchoalveolar lavage, and induced sputum, whereas in severe asthma,
withdrawal of theophylline results in increased numbers of activated CD4" cells and eosinophils
in bronchial biopsies.

[00421] In patients with COPD, theophylline reduces the total number and proportion of
neutrophils in induced sputum, the concentration of interleukin-8, and neutrophil chemotactic
responses, suggesting an anti-inflammatory effect. This is in sharp contrast to the lack of effect
of high doses of inhaled corticosteroids in a similar population of patients.

[00422] These anti-inflammatory effects of theophylline in asthma and COPD are seen at
concentrations that are usually less than 10 mg/L, which is below the dose where significant
clinically useful bronchodilatation is evident.

[00423] Theophylline is a weak and nonselective inhibitor of PDEs. In vitro, theophylline
relaxes airway smooth muscle by inhibition of PDE activity (PDE3, PDE4, and PDES), but
relatively high concentrations are needed for maximal relaxation. The degree of PDE inhibition
is very small at concentrations of theophylline that are therapeutically relevant with experiments
with human lung extracts demonstrating only 5 to 10% inhibition of total PDE activity at
therapeutic concentrations.

[00424] Inhalation therapy with nebulized solutions of theophylline and other
methylxanthines was tried to widen the therapeutic index. Inhalation of methylxanthine
derivatives produce an immediate increase in specific airway resistance (sGaw) that peaks in 5
minutes, but the effects were no more than half the response seen with a standard 200 pg dose of
inhaled salbutamol, and dissipated by 30 minutes. Additionally, the nebulized solutions of
methylxanthine derivatives have a disagreeable taste and produced a pronounced cough leading
the researchers to conclude that inhalation of methylxanthines derivatives were unlikely to be of
benefit in the treatment of asthma.

[00425]  Applicants believe that this past failure with inhalable methylxanthine derivatives
owes more to the formulation and method of delivery than to the inherent properties of the
derivatives. To test this theory, asthmatic patients are enrolled in a dose escalating single blind
study. On arrival to the clinic, subjects are allowed to rest for 20 minutes before baseline

measurements of FEV1 (six recordings) and sGaw (five recordings) are made. Subjects receive
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a dry powder dispenser loaded with a dose of 2 mg theophylline or a dry powder carrier.

Subjects are advised that some of the preparations may have a bitter taste, while others will not,
but that this does not necessarily reflect the presence or degree of activity of the drug. After each
inhalation, measurements of sGaw are made at 1, 3, 5, 10, 15, 20, 25, and 30 minutes. After 30
minutes, the sGaw measurement is still 20% above the baseline measurement, so additional
sGaw measurements are taken every 15 minutes until baseline is reached at 1 hour.

[00426] On completion of the last recording, subjects inhale a 200 pg dose of salbutamol from
a metered inhaler and a further measurement of sGaw is made after 15 minutes. Subjects are
also monitored for coughing and are questioned about the taste of the drug. The increase in
sGaw produced by the inhaled theophylline is comparable to that produced by salbutamol.
Furthermore, the dry powder formulation is without the unpleasant taste or the induction of
coughing associated with a liquid formulation delivered by a nebulizer.

[00427] EXAMPLE 6

[00428] IBMX, (isobutylmethylxanthine), a non-specific PDE inhibitor possesses greater
potency than theophylline (IC50 = 2-50 uM). Given IBMX structural similarity to theophylline,
IBMX shares theophylline’s bronchodilatation, anti-inflammatory, and ciliary beat frequency
stimulatory effects but is expected to have a wider therapeutic index potentially allowing for the
use of lower dosages, thereby reducing side effects and complaints over disagreeable taste when
administered through a nebulizer.

[00429]  Asthmatic patients are enrolled in a dose escalating single blind study. On arrival to
the clinic, subjects are allowed to rest for 20 minutes before baseline measurements of FEV1 (six
recordings) and sGaw (five recordings) are made. Subjects receive a dry powder dispenser
loaded with a dose of 1 mg IBMX formulated as a dry powder or a dry powder carrier. Subjects
are advised that some of the preparations may have a bitter taste, while others will not, but that
this does not necessarily reflect the presence or degree of activity of the drug. After each
inhalation, measurements of sGaw are made at 1, 3, 5, 10, 15, 20, 25, and 30 minutes. After 30
minutes, the sGaw measurement is still 20% above the baseline measurement, so additional
sGaw measurements are taken every 15 minutes until baseline is reached at one and a half hours.
[00430] On completion of the last recording, subjects inhale a 200 pg dose of salbutamol from
a metered inhaler and a further measurement of sGaw mad after 15 minutes. Subjects are also be
monitored for coughing and are questioned about the taste of the drug. The increase in sGaw
produced by the inhaled IBMX is comparable with that produced by salbutamol. Furthermore,
the dry powder formulation is without the unpleasant taste or the induction of coughing

associated with a liquid formulation delivered by a nebulizer.
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[00431] EXAMPLE 7

[00432] Ten patients with hyposmia were selected from among 400 patients with hyposmia to
participate in a pilot study to determine safety and efficacy of intranasal theophylline for the
treatment of hyposmia. These patients were previously treated with oral theophylline or were
switched from oral theophylline to intranasal theophylline at the start of the study. Selection for
inclusion in the intranasal study was based upon several criteria. 1) non-response to oral
theophylline; 2) severe side effects with oral theophylline that prevented reaching a dose of
sufficient strength to restore smell function; and/or 3) preference for intranasal medication over
oral medication.

Through careful evaluation of plasma, saliva and nasal mucus theophylline levels in patients
with hyposmia taking theophylline at doses of 200-800 mg daily, it was determined that a dose
of 20 pg theophylline delivered intranasally to each naris (or 40 pg total) was sufficient to
produce localized effects similar to those achieve with oral theophylline of 200-400 mg daily.
Additionally, loco-regional administration of such a low dose would avoid producing the side
effects seen with oral administration.

[00433] Intranasal Preparation

[00434] A batch of theophylline for intranasal administration at a dose of 20 pg/0.4 ml of was
prepared by dissolving 250 mg of methylparaben powder and 250 mg of propylparaben powder
in 5 ml of propylene glycol. Next 50 mg of theophylline, anhydrous powder, was dissolved in a
small amount of 0.9% sodium chloride. The dissolved parabens were added to the theophylline
solution and mixed well. Sufficient 0.9% sodium chloride was added to the mixture to bring the
total volume to 1000 ml. The solution was sterilized by filtering through a sterile 0.2 um filter.
1 ml syringes were loaded with 0.4 ml of the sterile solution and then capped with a tamper
evident cap. Representative samples were sent to an independent testing laboratory for pH,
endotoxin, sterility, and fungal contamination testing in addition to the determination of the
theophylline concentration. The test results demonstrated that the preparation had 20.716 pg of
theophylline per 0.4 ml with a pH of 5.9. Further, endotoxin was below 1.0 EU/ml and the
preparation was sterile and free of fungal contamination.

[00435] Study Design

[00436] The purpose, risk and benefits of participating in the study were explained to each
patient by the study’s supervising physician. Prior to enrollment in the study, each patient read
and signed an informed consent form. Next, each patient was instructed in the proper technique

of intranasal administration.
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Patients discontinued their use of oral theophylline either at time of entry into the study (eight
patients) or four months prior to study entry (two patients).

[00437] Changes to smell function was determined at four specific periods:

[00438] Time 0 — at the start of the study.

[00439] Time 1 —one week after starting intranasal theophylline

[00440] Time 2 —two weeks after starting intranasal theophylline

[00441] Time 4 — four weeks after starting intranasal theophylline

[00442]  After reaching Time 4, the study was discontinued and the patients were returned to
their use of oral theophylline if indicated.

[00443] Study Mcasurements

[00444] At cach of the four time periods of the study the following battery of tests were
performed and samples obtained.

[00445] Objective Test Measurements

[00446] Taste function tests

[00447] Taste function was measured by detection threshold (DT), recognition threshold

(RT), magnitude estimation (ME) and hedonics (H) for four tastants (NaCl, sucrose, HCI, urea)
by use of a standard three stimuli, forced choice staircase drop technique described in Example 1
and ref 53.

[00448] Smell function tests

[00449] Smell function was measured for DT, RT, ME and H for four odorants (pyridine,

nitrobenzene, thiophene, amyl acetate) by use of the standard three stimuli, forced choice
staircase sniff technique described in Example 1 and in ref 53.

[00450] Bodily fluids

[00451] Blood was obtained by venipuncture to collect plasma and red blood cells used to
measure trace metals (Cu, Zn, Mg), various enzymes, theophylline and other chemical moieties.
[00452]  Saliva was collected with a modified Lashley cup as described in Example 2 and used
to measure trace metals (Cu, Zn, Mg), various enzymes (cAMP, cGMP, CA VI, etc.),
theophylline and other chemical moieties.

[00453] Nasal mucus was collected by use of a standard technique and used to measure trace
metals (Cu, Zn, Mg), various enzymes (cAMP, cGMP, CA VI, etc.), theophylline and other
chemical moieties. Trace metals were measured by atomic absorption spectrophotometry (as
previously described) using a dual beam Thermo-Jarrel Ash atomic absorption
spectrophotometer. CA VI was measured by enzymatic analysis of activity of the enzyme by our

modification of the method of Richli, et al. Cyclic nucleotides were measured by a sensitive 96
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plate spectrophotometric sensitive ELISA assay provided by Applied Biosystems, Minneapolis,

MN.
[00454] Subjective Test Measurecments

[00455]  Subjective responses to treatment were obtained independent of any interaction with
the clinical staff by using a scale of 0-100 to measure response of taste function and smell
function to treatment with 0 indicating no response, 100 indicating return to normal function and
intermediate numbers indicating an intermediate response.

[00456] Treatment Technique

[00457] The patients inserted a plastic syringe containing 0.4 ml of fluid (20 pg theophylline)
into each naris once a day. Previous investigation of the syringe injection technique for
intranasal drug administration indicated that a volume of 0.4 ml delivered to each naris was
sufficient to deliver the drug dose without having the liquid escape out of the nares or directly
into the pharynx. The drug dose was delivered through a plastic nipple which fitted snugly onto
the filled syringe which was attached directly to the nipple. One nipple was supplied for each set
of two syringes in each application kit. The patient fitted the nipple on one syringe, placed the
nipple securely into the lower naris and injected the contents of the syringe directly into the
lower vault of one naris accompanied by a modest inhalation. This technique was then used for
the second syringe used for the other naris. The patients were instructed to administer the drug
cither seated or standing with their head in an erect, vertical position.

[00458]  Patients were supplied with 15 doses on each of two occasions with all used syringes
returned to the clinic after use to insure proper and complete usage.

[00459] RESULTS

[00460] Ten hyposmia patients were enrolled in the study; eight patients have completed all
four phases of the study with the remaining two patients still in process. No side effects of
intranasal use were observed, including, no nasal congestion, nasal pruritus, nasal discomfort,
cough or unusual or bitter taste. No patient exhibited a further of loss of smell while in the
study. This demonstrates that the patients that stopped their oral medication at the time of the
start of the study, which ranged from 400-800 mg oral theophylline daily, received at least an
equivalent localized dose of theophylline to the nasal olfactory epithelium as was achieved with
their total oral dose.

[00461] Of the eight patients that completed the study, six reported subjective improvement in
both taste and smell function (>10-20% over prior results with oral theophylline). The plasma
theophylline levels for the eight patients was zero indicating that at most an undetectable fraction

of intranasal theophylline was absorbed systemically. Furthermore, this data demonstrates that
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at the dosage level of 20 pg per naris, more theophylline is delivered locally to the nasal
olfactory epithelium than is delivered by 200-800 mg of oral theophylline because the six
patients that experienced increased smell acuity with the intranasal theophylline reported that
their acuity diminished upon the resumption of their previous oral dosage of theophylline.
[00462] Overall, of the first eight patients, six (75%) exhibited subjective improvement in
smell function in the study with the other two patients reporting maintenance of the improvement
in smell acuity previously achieved with oral theophylline .

[00463] DISCUSSION

[00464] Preliminary results of this trial of intranasal theophylline indicate that patients can
administer the drug without difficulty. Further, no side effects were observed with the intranasal
administration of theophylline. Additionally, all of the patients preferred intranasal
administration over oral administration with six of the eight evaluable patients studied noting
significant improvement in taste and smell function after use of intranasal over that achieved
with oral theophylline. All ten patients reported no diminution of their smell function using
intranasal administration demonstrating that they are receiving at least an equivalent dose of
theophylline by intranasal administration. As the last two patients have not yet completed the
study, the number of patients responding to the intranasal therapy may further increase.
Furthermore, taste and smell acuity was stable or improved without producing measureable
blood theophylline levels.

[00465] One of the patients that achieved an improved sense of smell did not wish to return
the unused portion of the intranasal theophylline since the methodology also successfully
enhanced her nasal breathing, nasal homeostasis and ability to sleep more soundly at night due to
improvement in nasal function.

[00466] EXAMPLE 8

[00467] Objective: To determine whether intranasal theophylline methylpropyl paraben
can correct hyposmia and hypogeusia.

[00468] Design: We performed an open-label pilot study in patients with hyposmia and
hypogeusia under the following 3 conditions: (1) before treatment, (2) after oral theophylline
treatment, and (3) after intranasal theophylline treatment. Under each condition, we performed
subjective evaluations of taste and smell functions, quantitative measurements of taste
(gustometry) and smell (olfactometry), and measurements of serum theophylline level and body
weight.

[00469] Setting: The Taste and Smell Clinic in Washington, DC.
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[00470] Patients: Ten patients with hyposmia and hypogeusia clinically related to the

effects of viral illness, allergic rhinitis, traumatic brain injury, congenital hyposmia, and other
chronic disease processes were selected.

[00471] Interventions: Oral theophylline methylpropyl paraben, 200 to 800 mg/d for 2 to
12 months, was administered to each patient. This treatment was discontinued for 3 weeks to 4
months when intranasal theophylline methylpropyl paraben, 20 ug/d in each naris, was
administered for 4 weeks.

[00472] Main Outcome Measures: At termination of cach condition, taste and smell
function was determined subjectively, by means of gustometry and olfactometry, with
measurement of serum theophylline levels and body weight.

[00473] Results: Oral theophylline treatment improved taste and smell acuity in 6 patients
after 2 to 12 months of treatment. Intranasal theophylline treatment improved taste and smell
acuity in 8 patients after 4 weeks, with improvement greater than after oral administration. No
adverse effects accompanied intranasal drug use. Body weight increased with each treatment but
was greater after intranasal than after oral administration.

[00474] Conclusions: Intranasal theophylline treatment is safer and more effective in
improving hyposmia and hypogeusia than oral theophylline treatment.

[00475] Loss of smell (hyposmia) and taste (hypogeusia) are common symptoms that
affect many thousands of patients in the United States, as reported by several investigators.
Effective treatment for these symptoms has been demonstrated only recently and has not been
formally established.

[00476] Before effective treatment to correct loss of smell and taste can be established, a
biochemical basis for the cause of these symptoms is necessary. To accomplish this, we
determined that these symptoms are commonly caused by decreased secretion of several growth
factors in the saliva and nasal mucus. The growth factors act on stem cells in taste buds and
olfactory epithelial cells to generate the elegant repertoire of cellular components in these
sensory organs. Growth factor stimulation of these sensory organs is thought to maintain normal
taste and smell function. If these growth factors were diminished by any of several diseases and
pathological conditions, then hyposmia and hypogeusia occur. These conditions and diseases
include trace metal deficiencies; vitamin deficiencies; liver disease; diabetes mellitus's; other
metabolic, otolaryngological, and neurodegenerative disorders, including multiple sclerosis,
Parkinson disease, and Alzheimer disease; and other neurological disorders. Effective treatment

to increase secretion of these growth factors is therefore necessary to improve hypogeusia and
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hyposmia and return taste and smell function to normal as demonstrated by several previous
studies.

[00477] To understand more about these processes, a comprehensive study of many
patients with loss of smell and taste determined that levels of the salivary and nasal mucus
growth factors cyclic adenosine monophosphate (cAMP) and cyclic guanosine monophosphate
(cGMP) were lower than in healthy subjects and were responsible for the onset of hyposmia and
hypogeusia in many of these patients. Indeed, as hyposmia increased in severity, levels of these
salivary and nasal mucus growth factors decreased in a consistent manner.

[00478] To increase salivary and nasal mucus cAMP and cGMP levels and thereby correct
hypogeusia and hyposmia, we hypothesized that treatment with a phosphodiesterase inhibitor
would be useful. To test this hypothesis, a previous study from our institution administered oral
theophylline to 312 patients with hyposmia and hypogeusia in an open-label controlled clinical
trial. Results of this study demonstrated that oral theophylline treatment successfully corrected
hyposmia in more than 50% of these patients. Subsequent investigators have used other oral
phosphodiesterase inhibitors to correct hyposmia. An open-label study also demonstrated that, as
nasal mucus cAMP and cGMP levels increased, hyposmia was corrected, whereas in patients in
whom these moieties did not increase, hyposmia was not corrected. These results suggested that
some patients may be resistant to treatment with oral theophylline.

[00479] However, successful treatment with oral theophylline that increased nasal mucus
levels of cAMP and ¢cGMP required increased theophylline doses, sometimes prolonged
treatment duration, and endurance of adverse effects, including restlessness, gastrointestinal tract
discomfort, sleep difficulties, tachycardia, and other unwanted symptoms. Theophylline
treatment also required regular determinations of blood theophylline levels to ensure adequate
drug absorption and lack of toxic effects. These efforts limited use of this orally administered
drug.

[00480] Because of these adverse effects, we wished to learn more about the
pharmacology of theophylline administration. After treatment with oral theophylline, the drug
was found in blood, nasal mucus, and saliva in a dose dependent manner. These results were
consistent with improvement in smell function as demonstrated in patients with hyposmia in the
prior clinical trial. Results of these studies and efforts to improve therapeutic efficacy and reduce
adverse effects of oral theophylline administration made it logical to administer the drug
intranasally. In this manner, the drug could affect olfactory receptors more directly without

causing the systemic adverse effects associated with oral therapy.
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[00481] To accomplish this, with assistance of an established medical device company, an
intranasal delivery device was developed. With assistance of an established pharmaceutical
company, the drug was packaged for sterile, intranasal delivery. Using this device, an open-label,
single source, controlled pilot study in 10 patients with hyposmia and hypogeusia and with levels
of parotid saliva and nasal mucus cAMP and cGMP below the reference range was performed to
determine safety and to compare smell and taste responses after intranasal theophylline
treatment, with patient responses before any treatment and after oral theophylline treatment.
[00482] METHODS

[00483] Patients

[00484] We selected 10 patients with hyposmia and hypogeusia from the 312 patients who
participated in the prior open-label controlled clinical trial at The Taste and Smell Clinic for this
pilot study. Each patient had undergone previous evaluation before any drug treatment, followed
by treatment with oral theophylline. These patients had hyposmia and hypogeusia and exhibited
levels of cAMP and ¢cGMP lower than their respective reference ranges in the saliva and nasal
mucus before theophylline treatment. These 10 patients were selected from the group undergoing
previous evaluation and treatment for the intranasal trial because (1) their response to oral
theophylline was subjectively submaximal; (2) they developed adverse effects after attempts to
increase the drug dose to obtain a more maximal clinical response, thus limiting the administered
drug dose; and (3) they resided in an area in close proximity to The Clinic, which made their
frequent return visits to The Clinic more practical for any additional clinical trial.

[00485] These 10 patients included 7 men, aged 37 to 77 (mean [SEM] age, 64 [6]) years,
and 3 women, aged 47 to 77 (62 [1 1]) years. Patients had 1 of the following 5 different clinical
causes of sensory dysfunction: allergic rhinitis (n=3), postinfluenzalike hyposmia and
hypogeusia (n =3), head injury (n=2), congenital hyposmia49 (n =1), and other disorders (n=1).
Patients served as their own control throughout each condition of this study. The conditions
included no treatment (before entry into the oral theophylline study), oral theophylline treatment,
and intranasal theophylline treatment.

[00486] Procedures

[00487] Subjective changes in smell and taste function under each study condition were
measured by questionnaire before measurements of smell or taste function. Responses were
graded on a scale from 0 to 100, with 0 reflecting no subjective response in overall sensory
function; 100, return to normal sensory function; and values between 0 and 100 intermediate
responses. Overall sensory function was defined as the ability to smell all odors and identify all

tastants, although response intensity varied.
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[00488] Smell and taste functions under each study condition were measured by
standardized psychophysical sensory testing techniques. Measurements included determination
of detection thresholds (DTs), recognition thresholds (RTs), magnitude estimation (ME), and
hedonic response (HR) for 4 odors (e.g., pyridine [dead fish] , nitrobenzene [bitter almond],
thiophene [petroleum], and amyl acetate [banana oil]) (olfactometry) and for 4 tastants (e.g.,
sodium chloride [salt] , sucrose [sweet] , hydrochloride [sour], and urea [bitter]) (gustometry).
These techniques have been previously described with olfactometry confirmed in a prior
controlled double-blind clinical trial. Each measurement was performed independent of any prior
knowledge of response.

[00489] Serum theophylline levels were measured by fluorescence polarization at each
treatment condition. Body weight was measured with a calibrated clinical scale during each
study condition and reported at the final measurement in each study condition.

[00490] Study Protocol

[00491] The patients each underwent initial clinical evaluation at The Clinic to establish
the cause, degree, and character of hyposmia and hypogeusia exhibited. Measurements in blood,
urine, erythrocytes, saliva, and nasal mucus determined before their entry into the open trial of
oral theophylline established the biochemical cause of their hyposmia and hypogeusia to be
related to their levels of saliva and nasal mucus cAMP and cGMP being lower than the reference
range. These 10 patients were then selected for this study on the basis of the laboratory and
clinical criteria noted previously.

[00492] The 10 patients in this intranasal pilot study entered into the previous oral
theophylline study according to a protocol approved by the institutional review board of the
Georgetown University Medical Center. In this prior trial, oral theophylline was administered
daily in 2 divided doses (at breakfast and lunch) of 200, 400, 600, or 800 mg for 2 to 12 months
of treatment. Treatment was divided into 2- to 4-month periods, at which time patients returned
to The Clinic for measurements of subjective sensory responses, olfactometry, gustometry,
serum theophylline level, and body weight. If oral theophylline treatment failed to correct
hyposmia at a given dose, the theophylline dose was increased by 200 mg, and the patient
underwent reevaluation at 2- to 4-month intervals to a dose of 800 mg. As noted previously,
study patients did not obtain a maximal clinical response to oral theophylline' or, while taking
oral theophylline at a given dose, demonstrated some clinical improvement but experienced
significant adverse effects that limited increasing the oral dose as necessary to achieve maximum
clinical benefit. In the 10 patients selected for the intranasal pilot study, oral theophylline

treatment was discontinued 3 weeks to 4 months before initiation of the intranasal drug trial. At
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that time, the mean (SEM) serum theophylline level was unmeasurable in any patient (0 [0]
mg/L).

[00493] A pilot study of intranasal theophylline treatment was then initiated among these
10 patients. This trial was an investigator initiated phase 1, open-label, single-source, controlled
pilot study. Intranasal drug therapy reflected a compassionate trial of a potentially more useful
therapeutic method to improve hyposmia (and hypogeusia) than oral theophylline. Before the
intranasal trial, risks and benefits were explained and the patients signed an informed consent.
[00494] The intranasal administration device was a calibrated 1 mL syringe fitted with a
nozzle that fit comfortably into the anterior naris (Wolfe Tory Medical, Inc) and loaded under
sterile conditions with 20 pg of theophylline methylpropyl paraben in a 0.4-mL saline solution
(Foundation Care). Patients were instructed to direct the spray superiorly into the nasal cavity but
not posteriorly into the nasopharynx. This technique was practiced before study initiation with
sterile saline. Each patient used the technique easily and as demonstrated before drug
administration.

[00495] Each patient delivered the theophylline dose in each naris once daily throughout
the study. Patients underwent evaluation 1, 2, and 4 weeks during drug use with the same
measurements used for the oral study.

[00496] Values for the oral trial were taken from the last measurements made before
discontinuation of oral drug treatment and before initiation of the intranasal trial. This period
varied from 2 to 12 months after oral treatment initiation and reflected the maximal improvement
in sensory function each patient experienced. Values for the intranasal pilot study were taken
from measurements obtained after completion of 4 weeks of intranasal treatment.

[00497] The mean and standard error of the mean for all values obtained at each study
condition were compared. Differences were considered significant if P < .05 by the unpaired t

test. Paired comparison tests were also used with differences considered significant if P < .05 by

the t test.
[00498] RESULTS
[00499] With oral theophylline administration, hypogeusia improved after 2 to 12 months

of treatment, but hypogeusia improved further within 1 to 4 weeks of intranasal treatment
(Figure 4). Results of gustometry after oral and intranasal theophylline are shown in Figure 4.
Before treatment, DTs for sucrose, hydrochloride, and urea (less sensitive) and RTs for all
tastants were elevated (less sensitive) above the reference levels. Magnitude estimations for all
tastants were lower (less sensitive) than the reference level. Hedonic responses for sodium

chloride, hydrochloride, and urea were lower (less unpleasant) than the reference levels. After
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oral theophylline treatment, DTs for sucrose and hydrochloride and RTs for sodium chloride,
hydrochloride, and urea decreased (more sensitive). Magnitude estimations for all tastants
increased (more sensitive) and HR for hydrochloride and urea increased (more unpleasant) as
previously reported. After intranasal theophylline treatment, DTs and RTs for all tastants were
lower (more sensitive) than before treatment or after oral theophylline treatment. Magnitude
estimations for all tastants after intranasal theophylline treatment were higher (more intense)
than before any treatment or after oral theophylline treatment. Hedonic responses for sodium
chloride, hydrochloride, and urea were more negative (more unpleasant), whereas HRs for
sucrose were more positive (more pleasant) than before any treatment or after oral theophylline
treatment.

[00500] After oral theophylline treatment, hyposmia improved with 2 to 12 months of
treatment but improved more with intranasal theophylline after 1 to 4 weeks of treatment (Figure
5). Olfactometry comparisons of oral and intranasal theophylline treatment are shown in Figure
5. Before treatment, compared with reference levels, DTs and RTs for all odorants were elevated
(less sensitive); MEs for all odorants were decreased (less sensitive); HRs for pyridine and
thiophene were decreased (less unpleasant); and HRs for nitrobenzene and amyl acetate were
decreased (less pleasant). After oral theophylline treatment, DTs and RTs for all odorants were
decreased (more sensitive), MEs for all odorants were increased (more sensitive), and HRs for
all odorants increased (for pyridine and thiophene, more unpleasant; for nitrobenzene and amyl
acetate, more pleasant) as previously reported. After intranasal theophylline treatment, DTs and
RTs for each odor were lower (more sensitive) than before treatment or after oral theophylline
treatment. Magnitude estimations for each odor were higher (more intense) than before treatment
or after oral theophylline treatment. Hedonic responses to thiophene were more negative (more
unpleasant) and to nitrobenzene were more positive (more pleasant) than before treatment or
after oral theophylline treatment.

[00501] Smell and taste acuity were reported to be subjectively improved with oral
theophylline treatment, but greater improvement was reported after 4 weeks of intranasal
theophylline treatment. After oral theophylline treatment, 6 patients reported overall increased
taste and smell function, whereas 4 reported no improvement. After intranasal theophylline
treatment, 8 of the 10 patients reported overall improvement in taste and smell functions,
whereas 2 reported no improvement. This response frequency is higher than that previously
reported among patients with hyposmia and treated with oral theophylline, in which slightly

more than 50% reported improvement.
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[00502] Taste and smell acuity were measured as subjectively improved after oral
theophylline treatment, but this improvement was measured as increased after 4 weeks of
intranasal theophylline treatment (Figure 6). After intranasal theophylline treatment, a 2-fold
improvement was measured for taste and smell functions compared with oral treatment. Paired t
test results showed that responses after intranasal theophylline were significantly greater than
after oral theophylline treatment (taste, P < .05; smell, P < .025).

[00503] Body weight increased from pretreatment levels after oral theophylline treatment,
but weight increased more after intranasal theophylline treatment. After oral theophylline
treatment, mean (SEM) weight increased by 1.5 (0.4) kg from pretreatment values, whereas after
intranasal theophylline treatment, weight increased by 2.5 (0.5) kg from pretreatment values.
Patients related this change to increased food flavor obtained by improved smell function after
intranasal theophylline treatment, which increased appetite and food enjoyment, resulting in
subsequent weight gain. These changes were measured in each patient group despite no sensory
improvement in 4 patients after oral theophylline treatment and none in 2 after intranasal
theophylline treatment.

[00504] During oral theophylline treatment, the mean (SEM) serum theophylline level at
the time of maximum improvement for these 10 patients was 6.4 (2.0) mg/L (to convert to
micromoles per liter, multiply by 5.55). During intranasal theophylline treatment, the mean
serum theophylline level was 0.0 (0.0). Discontinuation of intranasal theophylline treatment
resulted in loss of smell and taste function within 1 week in 2 patients and after 6 weeks in 2.
Four patients reported some persistence of improvement after 10 weeks.

[00505] COMMENT

[00506] Results of this open-label, single-source, controlled pilot trial demonstrate that
oral theophylline effectively improved hyposmia, as previously reported. The earliest this
improvement was measured was after 2 months of treatment, but maximal improvement varied
from 4 to 12 months. These results also demonstrate that oral theophylline was effective in
improving hypogeusia in the same time frame as improvement in smell acuity.

[00507] In addition, intranasal theophylline was shown to be safe and more effective than
oral theophylline in correcting hyposmia and hypogeusia. This improvement was measured as
carly as 1 week after starting treatment, but maximal improvement varied from 1 to 4 weeks.
[00508] Mechanisms by which intranasal theophylline was more effective than oral
theophylline are not clearly defined. Intranasal drug delivery avoids the first-pass hepatic effect
of an oral drug, bypassing initial cytochrome P450 metabolism and decreasing metabolism of the

orally administered drug, thereby allowing for lower intranasally administered drug doses to be
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clinically efficacious. This lowering of the drug dose from a range of 200 to 800 mg orally to 40

ug intranasally was sufficient and specific enough to also avoid production of systemic adverse
effects. This delivery mechanism may also avoid development of drug resistance that has
occurred with oral theophylline. In addition, because more drug presumably contacts the
olfactory epithelium with intranasal than with oral theophylline, direct nasal administration may
activate more olfactory receptors than does oral administration.

[00509] However, additional actions of intranasal theophylline might enhance its
therapeutic efficacy. Theophylline has been shown to inhibit symptoms of allergic rhinitis, which
affected 3 patients in the intranasal trial. Many of the diseases and conditions that caused
hyposmia and hypogeusia have an associated inflammatory component that may be suppressed
by the anti-inflammatory effects of a phosphodiesterase inhibitor. In addition, drugs introduced
intranasally can be delivered into the brain (1) directly by absorption through the cribriform plate
along the olfactory bulb, (2) indirectly by absorption through blood-brain barrier receptors, or (3)
through combinations of both methods. Although studies of theophylline absorption from nasal
mucus into the brain have not been performed, studies of insulin, nerve growth factor, several
neurotransmitters, and other moieties indicate uptake of these intranasally introduced moieties
into the brain.

[00510] Whatever its mechanism of action, intranasal theophylline in this pilot study
corrected hyposmia and hypogeusia relatively rapidly in 8 of 10 patients with several clinical
diagnoses. The 2 patients who did not experience improvement were men, one with allergic
rhinitis and the other with the effects of viral illness.

[00511] These results are consistent with prior studies in which several intranasal drugs
were more effective than oral drugs. Inhaled adrenocorticosteroids were more effective with
fewer adverse effects for asthma treatment than oral adrenocorticosteroids, and inhaled
adrenocorticosteroids were more efficacious in asthma treatment than oral prednisolone acetate.
Intranasal zolmitriptan achieved faster control of migraine headaches with fewer effects than the
orally administered drug. Nasal administration of chicken type II collagen suppressed adjuvant
arthritis in rats more effectively than oral administration.

[00512] However, intranasally administered drugs have also been reported to be only as
effective as these same drugs given orally. Intranasal estradiol valerate was as effective as oral
administration in alleviating postmenopausal symptoms but produced less frequent mastalgia and
uterine bleeding. Intranasal desmopressin acetate was as effective for nocturnal enuresis as the
oral drug but at a dose one-tenth that of the oral drug. Intranasal desmopressin is the preferred

route for management of central diabetes insipidus.
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[00513] At present, no generally clinically accepted method of treatment for hyposmia and

hypogeusia exists. This pilot study suggests a simple, direct, and safe method to improve
hyposmia and hypogeusia in a varied group of patients with both dysfunctions. In conclusion,
intranasal theophylline treatment was safe and effective in improving hyposmia and hypogeusia
and was more efficacious than oral theophylline treatment.

[00514] Example 10

[00515] In this example, subject with taste and or smell loss are administered intranasal
formulations containing theophylline and papaverine. The subjects are administered effective
amounts once per day in each naris and experience an improvement in taste or smell function.
The improvements in taste and smell function are evidenced by a decrease in the detection
threshold for at least one odorant, a decrease in the recognition threshold for at least one odorant,
and/or an increase in a magnitude estimation for at least one odorant. The benefits of the
intranasal formulation are realized more rapidly than for orally administered combinations.
[00516] Example 11

[00517] In this example, subject with taste and or smell loss are administered intranasal
formulations containing theophylline and roflumilast. The subjects are administered effective
amounts once per day in each naris and experience an improvement in taste or smell function.
The improvements in taste and smell function are evidenced by a decrease in the detection
threshold for at least one odorant, a decrease in the recognition threshold for at least one odorant,
and/or an increase in a magnitude estimation for at least one odorant. The benefits of the
intranasal formulation are realized more rapidly than for orally administered combinations.
[00518] Example 12

[00519] In this example, subject with taste and or smell loss are administered intranasal
formulations containing theophylline and cilostazol. The subjects are administered effective
amounts once per day in each naris and experience an improvement in taste or smell function.
The improvements in taste and smell function are evidenced by a decrease in the detection
threshold for at least one odorant, a decrease in the recognition threshold for at least one odorant,
and/or an increase in a magnitude estimation for at least one odorant. The benefits of the
intranasal formulation are realized more rapidly than for orally administered combinations.
[00520] Example 13

In this example, subject with taste and or smell loss are administered intranasal formulations
containing theophylline, cilostizol, and roflumilast. The subjects are administered effective
amounts once per day in each naris and experience an improvement in taste or smell function.

The improvements in taste and smell function are evidenced by a decrease in the detection
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threshold for at least one odorant, a decrease in the recognition threshold for at least one odorant,
and/or an increase in a magnitude estimation for at least one odorant. The benefits of the
intranasal formulation are realized more rapidly than for orally administered combinations.
[00521] While preferred embodiments of the present invention have been shown and
described herein, it will be obvious to those skilled in the art that such embodiments are provided
by way of example only. Numerous variations, changes, and substitutions will now occur to
those skilled in the art without departing from the invention. It should be understood that various
alternatives to the embodiments of the invention described herein may be employed in practicing
the invention. It is intended that the following claims define the scope of the invention and that

methods and structures within the scope of these claims and their equivalents be covered thereby.
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CLAIMS

WHAT IS CLAIMED IS:

1. A multi-dose nasal spray device for delivery of theophylline to a human’s nasal
epithelium that delivers a dosage unit in a plume upon actuation, wherein the dosage unit
comprises from 10 pg to 200 pg of theophylline in a pharmaceutically acceptable carrier
comprising one or more excipients; and wherein the plume is characterized by:

(a) atotal volume of from 25 uL to 200 uL; and
(b) a droplet size distribution characterized by one or more of the following:
(1)  less than 5 % of the droplets in the plume having a size of less than
10 pwm,
(i)  a Dy of greater than 12.5 um, wherein 10% of the droplets in the
plume have a size less than the Dy,
(i)  aDsg of from 30 to 70 um, wherein 50% of the droplets in the
plume have a size less than the Dsy,
(iv)  a Dy of less than 200 um, wherein 90% of the droplets in the
plume have a size less than the Dy, and
(v)  aspan of from 1 to 6, wherein the span is calculated according to:

(Doop — D19)/Dso.

2. The device of claim 1, wherein the dosage unit comprises from 15 pg to 150 ug
of theophylline.

3. The device of claim 1, wherein the dosage unit comprises from 20 ugto 100 ug
of theophylline.

4. The device of claim 1, wherein the dosage unit comprises about 100 ug
theophylline.

5. The device of claim 1, wherein the dosage unit comprises about 75 ug
theophylline.

6. The device of claim 1, wherein the dosage unit comprises about 50 ug of
theophylline.

7. The device of claim 1, wherein the dosage unit comprises about 20 ug of
theophylline.

8. A multi-dose nasal spray device for delivery of theophylline to a human’s nasal

epithelium that delivers a dosage unit in a plume upon actuation, wherein the dosage unit
comprises from 0.17 pg/kg to 3.4 ug/kg of theophylline in a pharmaceutically acceptable carrier

comprising one or more excipients; and wherein the plume is characterized by:
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(a) atotal volume of from 25 uL to 200 uL; and

(b) a droplet size distribution characterized by one or more of the following:
(1)  less than 5% of the droplets in the plume having a size of less than
10 pwm,
(i)  a Dy of greater than 12.5 um, wherein 10% of the droplets in the
plume have a size less than the Dy,
(i)  aDsg of from 30 to 70 um, wherein 50% of the droplets in the
plume have a size less than the Ds,
(iv)  aDgg of less than 200 um, wherein 90% of the droplets in the
plume have a size less than the Dy, and
(v)  aspan of from 1 to 6, wherein the span is calculated according to:

(Dgg — D10)/Ds.

9. The device of claim 8, wherein the dosage unit comprises from 0.25 ug/kg to 2.6
ug/kg of theophylline.

10.  The device of claim 8, wherein the dosage unit comprises from 0.33 ug/kgto 1.7
ug/kg of theophylline.

11. The device of claim 8, wherein the dosage unit comprises about 1.7 ug/kg
theophylline.

12.  The device of claim 8, wherein the dosage unit comprises about 1.3 pg/kg
theophylline.

13.  The device of claim 8, wherein the dosage unit comprises about 0.85 ug/kg of
theophylline.

14, The device of claim 8, wherein the dosage unit comprises about 0.33 ug/kg of
theophylline.

15.  The device of any one of claims 1-14, wherein the dosage unit is a steroid-free

dosage unit.

16.  The device of any one of claims 1-15, wherein the pharmaceutically acceptable
carrier has a pH that is greater than 7.0.

17.  The device of any one of claims 1-16, wherein the pharmaceutically acceptable
carrier has a pH that is from 7.1 to 8.5.

18.  The device of any one of claims 1-17, wherein the pharmaceutically acceptable
carrier has a pH that is from 7.1 to 7.4.

19. The device of any one of claims 1-18, wherein the pharmaceutically acceptable

carrier has a pH that is about: 7.1,7.2,7.3,7.4,7.5,7.6,7.7,7.8,7.9, 8, 8.1, 8.2, 8.3, 84, or 8.5.
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20.  The device of any one of claims 1-19, wherein the pharmaceutically acceptable
carrier has a pH that is at least 7.1,7.2,7.3,7.4,7.5,7.6,7.7,7.8,7.9,8,8.1,8.2,8.3, 8.4, or 85.

21.  The device of any one of claims 1-20, characterized by the total volume of the
plume that is from 50 uL to 150 pL.

22.  The device of any one of claims 1-21, characterized by the total volume of the
plume that is from 75 pL to 125 pL.

23.  The device of any one of claims 1-22, characterized by the total volume of the
plume that is from 90 uL to 110 pL.

24.  The device of any one of claims 1-20, characterized by the total volume of the
plume that is about: 25 uL, 30 uL, 35 uL, 40 uL, 45 uL, 50 uL, 55 uL, 60 uL, 65 uL, 70 uL, 75
uL, 80 uL, 85 uL, 90 uL, 100 puL, 110 uL, 120 uL, 130 uL, 140 uL, 150 uL, 160 uL, 170 uL,
180 uL, 190 uL, or 200 pL.

25.  The device of any one of claims 1-20, characterized by the total volume of the
plume that is about 50 pL.

26.  The device of any one of claims 1-20, characterized by the total volume of the
plume that is about 100 puL.

27.  The device of any one of claims 1-20, characterized by the total volume of the
plume that is about 140 pL.

28.  The device of any one of claims 1-27, characterized by less than 4% of the
droplets in the plume having a size of less than 10 um.

29.  The device of any one of claims 1-27, characterized by less than 3% of the
droplets in the plume having a size of less than 10 um.

30.  The device of any one of claims 1-27, characterized by less than 2% of the
droplets in the plume having a size of less than 10 um.

31.  The device of any one of claims 1-30, characterized by the D that is greater than
15 pm.

32.  The device of any one of claims 1-30, characterized by the Dy that is greater than
17.5 um.

33. The device of any one of claims 1-30, characterized by the Dy that is from 12.5
um to 30 um.

34.  The device of any one of claims 1-30, characterized by the Dy that is from 15 um
to 25 um.

35.  The device of any one of claims 1-34, characterized by the Ds that is from 40 um
to 60 um.
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36.  The device of any one of claims 1-34, characterized by the Ds that is from 30 um

to 60 um.

37.  The device of any one of claims 1-34, characterized by the Ds that is from 30 um
to 50 um.

38.  The device of any one of claims 1-34, characterized by the Ds that is from 30 um
to 40 um.

39, The device of any one of claims 1-34, characterized by the D5 that is about: 30
um, 32.5 um, 35 um, 37.5 um, 40 um, 42.5 um, 45 um, 50 um, 55 pm, 60 pm, 65 um, or 70
um.

40.  The device of any one of claims 1-39, characterized by the Doy that is less than
175 um.

41]. The device of any one of claims 1-39, characterized by the Dy that is less than
150 um.

42.  The device of any one of claims 1-39, characterized by the Doy that is less than
125 um.

43, The device of any one of claims 1-39, characterized by the Dy that is less than
100 pum.

44.  The device of any one of claims 1-39, characterized by the Doy that is less than 90

wm.,

45.  The device of any one of claims 1-39, characterized by the Dy, that is from 75 um
to 199 um.

46.  The device of any one of claims 1-39, characterized by the Doy that is from 75 um
to 175 um.

47.  The device of any one of claims 1-39, characterized by the Dy that is from 75 um
to 150 um.

48.  The device of any one of claims 1-39, characterized by the Doy that is from 75 um
to 125 um.

49.  The device of any one of claims 1-39, characterized by the Dy that is from 75 um
to 100 um.

50.  The device of any one of claims 1-39, characterized by the Dyg that is about: 75
um, 80 um, 85 um, 90 um, 100 um, 110 um, 120 um, 130 pum, 140 um, 150 um, 160 um, 170
um, 180 um, or 190um.

51.  The device of any one of claims 1-50, characterized by the span that is from 1 to
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52.  The device of any one of claims 1-50, characterized by the span that is from 1 to
4.

53.  The device of any one of claims 1-50, characterized by the span that is from 1 to
3.

54.  The device of any one of claims 1-50, characterized by the span that is from 1 to
2.

55.  The device of any one of claims 1-50, characterized by the span that is about: 1,

1.1,1.2,13,14,15,16,1.7,1.8,19,2,2.1,2.2,23,24,2.5,2.6,2.7,2.7,2.9,3,3.25,3.5,
3.75,4,4.5,5,55,0r6.

56.  The device of any one of claims 1-55, wherein the plume is further characterized
by having an ovality of from 0.7 to 1.

57.  The device of any one of claims 1-55, wherein the plume is further characterized
by having an ovality of from 0.8 to 1.

58.  The device of any one of claims 1-55, wherein the plume is further characterized
by having an ovality of from 0.9 to 1.

59.  The device of any one of claims 1-55, wherein the plume is further characterized
by having an ovality of about 1.

60.  The device of any one of claims 1-59, wherein the plume is further characterized
by having a geometry of from 30° to 90°.

61.  The device of any one of claims 1-59, wherein the plume is further characterized
by having a geometry of from 45° to 75°.

62.  The device of any one of claims 1-59, wherein the plume is further characterized
by having a geometry of about: 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65°, 70°, 75°, 80°, 85°, or 90°.

63. The device of any one of claims 1-62, wherein the pharmaceutically acceptable
carrier comprises water, aminoboronic acid and its derivatives, amastatin, surfactants, bile salts,
gelified insulin, bioadhesive microspheres, phospholipids, chitosan nanoparticles, alkyl
glycerides, or a combination thereof.

64.  The device of any one of claims 1-63, wherein the pharmaceutically acceptable
carrier comprises water.

65.  The device of any one of claims 1-64, wherein the one or more excipients
comprise a buffering agent, a flavoring agent, a humectant, a penetration enhancer, a pH
adjusting agent, a preservative, a solvent or co-solvent, a surfactant, a tonicity adjusting agent, a

viscosity adjusting agent, or a combination thereof.
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66.  The device of claim 65, comprising the buffering agent that is potassium
phosphate, sodium acetate, sodium citrate, sodium phosphate, trisodium citrate, or a combination
thereof.

67.  The device of any one of claims 65-66, comprising the flavoring agent that is
menthol, saccharin sodium, sorbitol, or a combination thercof.

68.  The device of any one of claims 65-67, comprising the humectant that is glycerin,
propylene glycol, hexylene glycol, butylenes glycol, glyceryl triacetate, vinyl alcohol,

neoagarobiose, glycerol, sorbitol, xylitol, maltitol, polydextrose, quillaia, lactic acid, urea, or

aloe vera.

69.  The device of any one of claims 65-67, comprising the humectant that is
propylene glycol.

70.  The device of any one of claims 65-69, comprising the penetration enhancer that

1s oleic acid.

71.  The device of any one of claims 65-70, comprising the pH adjusting agent that is
acetic acid, citric acid, hydrochloric acid, sodium hydroxide, sulfuric acid, or a combination
thereof.

72.  The device of any one of claims 65-71, comprising the preservative that is
benzalkonium chloride, benzethonium chloride, benzyl alcohol, butylated hydroxy toluene,
butylated hydroxyanisole, chlorobutanol, edetate disodium, methylparaben, phenylethyl alcohol,
phenylmercuric acetate, propylene paraben, propylparaben, thimerosal, or a combination thereof.

73.  The device of any one of claims 65-71, comprising the preservative that is
methylparaben, propylparaben, or a combination thereof.

74.  The device of any one of claims 65-73, comprising the solvent or co-solvent that
is ethanol, glycerol, glyceryl dioleate, glycine, polyethylene glycol (PEG), PEG 400, propylene
glycol, triglycerides, or a combination thereof.

75.  The device of any one of claims 65-73, comprising the solvent or co-solvent that
is propylene glycol.

76.  The device of any one of claims 65-75, comprising the surfactant that is glyceryl
monoleate, lecithin, PEG 3500, PEG 400, polyoxyl 400 stearate, polysorbate 20, polysorbate 80,
propylene glycol, triglycerides, or a combination thereof.

77.  The device of any one of claims 65-76, comprising the tonicity adjusting agent
that is dextrose, potassium chloride, sodium chloride, or a combination thereof.

78.  The device of any one of claims 65-76, comprising the tonicity adjusting agent

that 1s sodium chloride.
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79.  The device of any one of claims 65-78, comprising the viscosity adjusting agent
that is carboxymethyl cellulose (CMC), Me-OH-Pr cellulose, microcrystalline cellulose (MCC),
sodium carboxymethyl cellulose (Na CMC), or a combination thereof.

80. The device of any one of claims 1-79, wherein the one or more excipients
comprise from about 0.01% to about 0.5% w/w acetic acid.

81.  The device of any one of claims 1-80, wherein the one or more excipients
comprise from about 0.001% to about 0.119% w/w benzalkonium chloride.

82.  The device of any one of claims 1-81, wherein the one or more excipients
comprise from about 0.001% to about 0.0366% w/w benzyl alcohol.

83.  The device of any one of claims 1-82, wherein the one or more excipients
comprise from about 0.001% to about 0.01% w/w butylated hydroxy toluene.

84.  The device of any one of claims 1-83, wherein the one or more excipients
comprise from about 0.00001% to about 0.0002% w/w butylated hydroxyanisole.

85.  The device of any one of claims 1-84, wherein the one or more excipients
comprise from about 0.1% to about 2% w/w carboxymethyl cellulose.

86.  The device of any one of claims 1-85, wherein the one or more excipients
comprise from about 0.01% to about 0.5% w/w chlorobutanol.

87.  The device of any one of claims 1-86, wherein the one or more excipients
comprise from about 0.01% to about 0.5% w/w citric acid.

88.  The device of any one of claims 1-87, wherein the one or more excipients
comprise from about 0.01% to about 0.5% w/w dextrose.

89.  The device of any one of claims 1-88, wherein the one or more excipients
comprise from about 0.01% to about 0.5% w/w edetate disodium.

90.  The device of any one of claims 1-89, wherein the one or more excipients
comprise from about 0.1% to about 2% w/w ethanol.

91.  The device of any one of claims 1-90, wherein the one or more excipients
comprise from about 0.01% to about 0.233% w/w glycerin.

92.  The device of any one of claims 1-91, wherein the one or more excipients
comprise from about 0.1% to about 5% w/w glycerol.

93.  The device of any one of claims 1-92, wherein the one or more excipients
comprise from about 1% to about 15% w/w glyceryl dioleate.

94.  The device of any one of claims 1-93, wherein the one or more excipients

comprise from about 1% to about 10% w/w glyceryl monoleate.
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95.  The device of any one of claims 1-94, wherein the one or more excipients
comprise from about 0.1% to about 10% w/w lecithin.

96.  The device of any one of claims 1-95, wherein the one or more excipients
comprise from about 0.1% to about 5% w/w Me-OH-Pr cellulose.

97.  The device of any one of claims 1-96, wherein the one or more excipients
comprise from about 0.001% to about 0.7% w/w methylparaben.

98.  The device of any one of claims 1-97, wherein the one or more excipients
comprise from about 0.1% to about 2% w/w microcrystalline cellulose.

99.  The device of any one of claims 1-98, wherein the one or more excipients
comprise from about 0.01% to about 0.132% w/w oleic acid.

100. The device of any one of claims 1-99, wherein the one or more excipients
comprise from about 0.1% to about 1.5% w/w PEG 3500.

101. The device of any one of claims 1-100, wherein the one or more excipients
comprise from about 0.1% to about 20% w/w PEG 400.

102.  The device of any one of claims 1-101, wherein the one or more excipients
comprise from about 0.01% to about 0.254% w/w phenylethyl alcohol.

103.  The device of any one of claims 1-102, wherein the one or more excipients
comprise from about 0.1% to about 5% w/w polyethylene glycol (PEG).

104.  The device of any one of claims 1-103, wherein the one or more excipients
comprise from about 0.1% to about 15% w/w polyoxyl 400 stearate.

105. The device of any one of claims 1-104, wherein the one or more excipients
comprise from about 0.01% to about 2.5% w/w polysorbate 20.

106.  The device of any one of claims 1-105, wherein the one or more excipients
comprise from about 0.1% to about 10% w/w polysorbate 80.

107.  The device of any one of claims 1-106, wherein the one or more excipients
comprise from about 0.1% to about 1.9% w/w potassium chloride.

108.  The device of any one of claims 1-107, wherein the one or more excipients
comprise from about 0.1% to about 20% w/w propylene glycol.

109. The device of any one of claims 1-108, wherein the one or more excipients
comprise from about 0.001% to about 0.1% w/w propylene paraben.

110.  The device of any one of claims 1-109, wherein the one or more excipients
comprise from about 0.01% to about 0.3% w/w propylparaben.

111.  The device of any one of claims 1-110, wherein the one or more excipients

comprise from about 0.1% to about 5% w/w sodium carboxymethyl cellulose (Na CMC).
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112.  The device of any one of claims 1-111, wherein the one or more excipients
comprise from about 0.1% to about 1.9% w/w sodium chloride.

113.  The device of any one of claims 1-112, wherein the one or more excipients
comprise from about 0.5% to about 10% w/w sorbitol.

114.  The device of any one of claims 1-113, wherein the one or more excipients
comprise from about 0.01% to about 0.4% w/w sulfuric acid.

115.  The device of any one of claims 1-114, wherein the one or more excipients
comprise from about 0.1% to about 5% w/w triglycerides.

116.  The device of any one of claims 1-115, wherein the one or more excipients
comprise from about 0.00001% to about 0.0006% w/w trisodium citrate.

117. A method of treating anosmia, hyposmia, dysosmia, ageusia, hypogeusia, or
dysgeusia in a subject in need thereof comprising intranasal administration of theophylline with
the multi-dose nasal spray device of any one of claims 1-116.

118.  The method of claim 117, wherein the theophylline is administered once daily to
cach naris.

119. The method of claim 117, wherein the theophylline is administered twice daily to
cach naris.

120. The method of any one of claims 117-119, wherein the theophylline is
administered each day for from about 7 days to about 365 days.

121.  The method of any one of claims 117-120, wherein the theophylline is
administered each day for from about 7 days to about 6 months.

122.  The method of any one of claims 117-121, wherein the theophylline is
administered each day for from about 7 days to about 4 months.

123.  The method of any one of claims 117-122, wherein the theophylline is
administered each day for from about 1 month to about 12 months.

124. The method of any one of claims 117-123, wherein the subject experiences a
decrease in a detection threshold (DT) score, a decrease in a recognition threshold (RT) score,
an increase in a magnitude estimation (ME) score, and/or a change in a hedonic (H) score as
measured with a forced-choice, three-stimuli, stepwise-staircase technique using one or more
odorants after administering the theophylline to the subject.

125.  The method of any one of claims 117-124, wherein the one or more odorants
comprise pyridine, nitrobenzene, thiophene, amyl acetate, or a combination thereof.

126. The method of any one of claims 117-125, wherein the subject experiences a

decrease in an taste detection threshold (DT) score, a decrease in a recognition threshold (RT)
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score, an increase in a magnitude estimation (ME) score, and/or a change in a hedonic (H) score
as measured with a forced-choice, three-stimuli, stepwise-staircase technique using one or more
tastants testing compounds after administering the theophylline to the subject.

127.  The method of any one of claims 117-126, wherein the one or more tastants
comprise sodium chloride (NaCl), sucrose, hydrogen chloride (HCl), urea, or a combination
thereof.

128.  The method of any one of claims 117-127, wherein the subject experiences a
clinically detectable improvement in taste or smell function within 1-4 weeks of starting
treatment.

129. A kit for the treatment of anosmia, hyposmia, dysosmia, ageusia, hypogeusia, or
dysgeusia comprising:

(a) the multi-dose nasal spray device for delivery of theophylline to a human’s
nasal epithelium of any one of claims 1-128; and
(b) instructions for use.

130. A pharmaceutical dosage unit for intranasal administration comprising an amount
of theophylline effective for treating anosmia, hyposmia, dysosmia, ageusia, hypogeusia, or
dysgeusia in a human in need thereof, wherein the steroid-free dosage unit comprises less than 1
mg of the theophylline in a pharmaceutically acceptable liquid carrier that has a pH that is
greater than 7.0.

131.  The dosage unit of claim 130, comprising less than 500 pg, less than 250 ug, or
less than 100 pg of the theophylline.

132.  The dosage unit of claim 130, comprising from about 10 ug to about 500 ug of
the theophylline.

133.  The dosage unit of claim 130, comprising from about 20 ug to about 100 ug of
the theophylline.

134.  The dosage unit of claim 130, comprising about 20 ug of the theophylline.

135. A pharmaceutical dosage unit for intranasal administration comprising an amount
of theophylline effective for treating anosmia, hyposmia, dysosmia, ageusia, hypogeusia, or
dysgeusia in a human in need thereof, wherein the steroid-free dosage unit comprises
theophylline at a dosage level that is less than about 16.7 ug/kg in a pharmaceutically acceptable
liquid carrier that has a pH that is greater than 7.0.

136.  The dosage unit of claim 135, wherein the dosage level is less than about 8.3

ug/kg, less than about 4.2 ug/kg, or less than about 1.7 ug/kg.
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137.  The dosage unit of claim 135, wherein the dosage level is from about 0.33 ug/kg

to about 1.7 ng/kg.

138.  The dosage unit of claim 135, wherein the dosage level is about 0.33 pg/kg.

139.  The dosage unit of any one of claims 130-138, wherein the dosage unit is a
steroid-free dosage unit.

140. The dosage unit of any one of claims 130-139, wherein the pH is from 7.1 to 8.5.

141. The dosage unit of any one of claims 130-140, wherein the pH is from 7.1 to 7.4.

142.  The dosage unit of any one of claims 130-141, wherein the pH is 7.1, 7.2, 7.3, 7.4,
75,76,7.7,78,79,8,8.1,8.2,8.3, 8.4, or 8.5.

143.  The dosage unit of any one of claims 130-142, wherein the pH is at least 7.1, 7.2,
73,74,7.5,76,7.7,78,79,8,8.1,8.2,8.3,84, or 8.5.

144.  The dosage unit of any one of claims 130-143, wherein a volume of the dosage
unit is from about 50 pL to about 750 uL.

145.  The dosage unit of any one of claims 130-144, wherein a volume of the dosage
unit is from about 100 uL to about 400 uL.

146. The dosage unit of any one of claims 130-145, wherein a volume of the dosage
unit is about: 50 uL, 75 uL, 100 uL, 125 uL, 150 uL, 175 uL, 200 uL, 225 uL, 250 uL, 275 uL,
300 uL, 325 uL, 350 uL, 375 uL, 400 uL, 425 uL, 450 uL, 475 uL, 500 uL, 525 uL, 550 uL,
575 uL, 600 uL, 625 uL, 650 uL, 675 uL, 700 uL, 725 uL or 750 uL.

147.  The dosage unit of any one of claims 130-146, in a plume that has a droplet size
distribution characterized by one or more of the following:

(a) less than 5% of the droplets in the plume having a size of less than 10 um,

(b) a Dy of greater than 12.5 um, wherein 10% of the droplets in the plume
have a size less than the Dy,

(c) a Dsg of from 30 to 70 um, wherein 50% of the droplets in the plume have
a size less than the Ds,

(d) a Dy of less than 200 um, wherein 90% of the droplets in the plume have
a size less than the Dgg, and

(e) a span of from 1 to 6, wherein the span is calculated according to: (Dgy —
Di10)/Dsp.

148. The dosage unit of claim 147, characterized by less than 4% of the droplets in the
plume having a size of less than 10 um.

149.  The dosage unit of any one of claims 147-148, characterized by less than 3% of

the droplets in the plume having a size of less than 10 pm.
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150. The dosage unit of any one of claims 147-149, characterized by less than 2% of

the droplets in the plume having a size of less than 10 pm.

151. The dosage unit of any one of claims 147-150, characterized by the D that is
greater than 15 um.

152. The dosage unit of any one of claims 147-151, characterized by the D that is
greater than 17.5 pm.

153. The dosage unit of any one of claims 147-152, characterized by the D that is
from 12.5 pm to 30 um.

154. The dosage unit of any one of claims 147-153, characterized by the D that is
from 15 um to 25 um.

155. The dosage unit of any one of claims 147-154, characterized by the Ds that is
from 40 pm to 60 um.

156. The dosage unit of any one of claims 147-155, characterized by the Ds that is
from 30 um to 60 um.

157. The dosage unit of any one of claims 147-156, characterized by the Ds that is
from 30 um to 50 um.

158.  The dosage unit of any one of claims 147-157, characterized by the Ds that is
from 30 um to 40 um.

159. The dosage unit of any one of claims 147-158, characterized by the Ds that is
about: 30 um, 32.5 um, 35 um, 37.5 um, 40 um, 42.5 um, 45 um, 50 um, 55 um, 60 um, 65 um,
or 70 um.

160. The dosage unit of any one of claims 147-159, characterized by the Do that is
less than 175 pm.

161. The dosage unit of any one of claims 147-160, characterized by the Dy that is
less than 150 pum.

162. The dosage unit of any one of claims 147-161, characterized by the Do that is
less than 125 pum.

163. The dosage unit of any one of claims 147-162, characterized by the Dy that is
less than 100 pum.

164. The dosage unit of any one of claims 147-163, characterized by the Do that is
less than 90 pum.

165. The dosage unit of any one of claims 147-164, characterized by the Dy that is
from 75 um to 199 um.
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166. The dosage unit of any one of claims 147-165, characterized by the Dy that is

from 75 um to 175 um.

167. The dosage unit of any one of claims 147-166, characterized by the Dy that is
from 75 um to 150 um.

168. The dosage unit of any one of claims 147-167, characterized by the Do that is
from 75 um to 125 pm.

169. The dosage unit of any one of claims 147-168, characterized by the Dy that is
from 75 um to 100 um.

170. The dosage unit of any one of claims 147-169, characterized by the Do that is
about: 75 um, 80 um, 85 um, 90 um, 100 um, 110 um, 120 um, 130 um, 140 um, 150 um, 160
um, 170 um, 180 um, or 190um.

171.  The dosage unit of any one of claims 147-170, characterized by the span that is
from 1 to 5.

172.  The dosage unit of any one of claims 147-171, characterized by the span that is
from 1 to 4.

173.  The dosage unit of any one of claims 147-172, characterized by the span that is
from 1 to 3.

174.  The dosage unit of any one of claims 147-173, characterized by the span that is
from 1 to 2.

175.  The dosage unit of any one of claims 147-174, characterized by the span that is
about: 1,1.1,1.2,13,14,1.5,1.6,1.7,1.8,19,2,2.1,2.2,2.3,24,2.5,26,2.7,2.7,2.9, 3,
3.25,3.5,3.75,4,4.5,5,5.5, or 6.

176. The dosage unit of any one of claims 147-175, wherein the plume is further
characterized by having an ovality of from 0.7 to 1.

177.  The dosage unit of any one of claims 147-176, wherein the plume is further
characterized by having an ovality of from 0.8 to 1.

178.  The dosage unit of any one of claims 147-177, wherein the plume is further
characterized by having an ovality of from 0.9 to 1.

179. The dosage unit of any one of claims 147-178, wherein the plume is further
characterized by having an ovality of about 1.

180. The dosage unit of any one of claims 147-179, wherein the plume is further
characterized by having a geometry of from 30° to 90°.

181. The dosage unit of any one of claims 147-180, wherein the plume is further

characterized by having a geometry of from 45° to 75°.
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182.  The dosage unit of any one of claims 147-181, wherein the plume is further
characterized by having a geometry of about: 30°, 35°, 40°, 45°, 50°, 55°, 60°, 65°, 70°, 75°,
80°, 85°, or 90°.

183.  The dosage unit of any one of claims 130-146, provided as a nasal spray or
acrosol.

184.  The dosage unit of claim 183, wherein about 50% of droplets in the nasal spray or
acrosol have a size of from about 15 um to about 150 um, from about 20 um to about 100 um, or
from about 30 um to about 70 um.

185.  The dosage unit of any one of claims 183-184, wherein less than about 20%, 15%,
10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of droplets in the nasal spray or acrosol have a
size of less than about 10 um.

186. The dosage unit of any one of claims 183-185, wherein at least about 60%, 70%,
80%, 85%, 90%, or 95% of droplets in the nasal spray or acrosol have a size of less than about
200 pm.

187.  The dosage unit of any one of claims 183-186, wherein at least about 50%, 60%,
70%, 80%, 90%, 95%, or 99% of droplets in the nasal spray or acrosol have a size of from about
10 um to about 200 pum.

188.  The dosage unit of any one of claims 130-187, wherein the pharmaceutically
acceptable liquid carrier comprises aminoboronic acid and its derivatives, amastatin, surfactants,
bile salts, gelified insulin, bioadhesive microspheres, phospholipids, chitosan nanoparticles, alkyl
glycerides, or a combination thereof.

189.  The dosage unit of any one of claims 130-188, wherein the pharmaceutically
acceptable liquid carrier comprises water, a buffering agent, a flavoring agent, a humectant, a
penetration enhancer, a pH adjusting agent, a preservative, a solvent or co-solvent, a surfactant,
a tonicity adjusting agent, a viscosity adjusting agent, or a combination thereof.

190. The dosage unit of any one of claims 130-189, wherein the pharmaceutically
acceptable liquid carrier comprises water.

191. The dosage unit of any one of claims 130-190, wherein the pharmaceutically
acceptable liquid carrier comprises the buffering agent that is potassium phosphate, sodium
acetate, sodium citrate, sodium phosphate, trisodium citrate, or a combination thereof.

192.  The dosage unit of any one of claims 130-191, wherein the pharmaceutically
acceptable liquid carrier comprises the flavoring agent that is menthol, saccharin sodium,

sorbitol, or a combination thereof.
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193.  The dosage unit of any one of claims 130-192, wherein the pharmaceutically
acceptable liquid carrier comprises the humectant that is glycerin, propylene glycol, hexylene
glycol, butylenes glycol, glyceryl triacetate, vinyl alcohol, neoagarobiose, glycerol, sorbitol,
xylitol, maltitol, polydextrose, quillaia, lactic acid, urea, or aloe vera.

194.  The dosage unit of any one of claims 130-193, wherein the pharmaceutically
acceptable liquid carrier comprises the penetration enhancer that is oleic acid.

195. The dosage unit of any one of claims 130-194, wherein the pharmaceutically
acceptable liquid carrier comprises the pH adjusting agent that is acetic acid, citric acid,
hydrochloric acid, sodium hydroxide, sulfuric acid, or a combination thereof.

196. The dosage unit of any one of claims 130-195, wherein the pharmaceutically
acceptable liquid carrier comprises the preservative that is benzalkonium chloride, benzethonium
chloride, benzyl alcohol, butylated hydroxy toluene, butylated hydroxyanisole, chlorobutanol,
edetate disodium, methylparaben, phenylethyl alcohol, phenylmercuric acetate, propylene
paraben, propylparaben, thimerosal, or a combination thereof.

197.  The dosage unit of any one of claims 130-196, wherein the pharmaceutically
acceptable liquid carrier comprises the solvent or co-solvent that is ethanol, glycerol, glyceryl
dioleate, glycine, polyethylene glycol (PEG), PEG 400, propylene glycol, triglycerides, or a
combination thereof.

198.  The dosage unit of any one of claims 130-197, wherein the pharmaceutically
acceptable liquid carrier comprises the surfactant that is glyceryl monoleate, lecithin, PEG 3500,
PEG 400, polyoxyl 400 stearate, polysorbate 20, polysorbate 80, propylene glycol, triglycerides,
or a combination thereof.

199. The dosage unit of any one of claims 130-198, wherein the pharmaceutically
acceptable liquid carrier comprises the tonicity adjusting agent that is dextrose, potassium
chloride, sodium chloride, or a combination thereof.

200. The dosage unit of any one of claims 130-199, wherein the pharmaceutically
acceptable liquid carrier comprises the viscosity adjusting agent that is carboxymethyl cellulose
(CMC), Me-OH-Pr cellulose, microcrystalline cellulose (MCC), sodium carboxymethyl cellulose
(Na CMC), or a combination thereof.

201. The dosage unit of any one of claims 130-200, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.5% w/w acetic acid.

202. The dosage unit of any one of claims 130-201, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.001% to about 0.119% w/w benzalkonium

chloride.
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203. The dosage unit of any one of claims 130-202, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.001% to about 0.0366% w/w benzyl alcohol.

204. The dosage unit of any one of claims 130-203, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.001% to about 0.01% w/w butylated hydroxy
toluene.

205. The dosage unit of any one of claims 130-204, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.00001% to about 0.0002% w/w butylated
hydroxyanisole.

206. The dosage unit of any one of claims 130-205, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 2% w/w carboxymethyl cellulose.

207. The dosage unit of any one of claims 130-206, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.5% w/w chlorobutanol.

208. The dosage unit of any one of claims 130-207, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.5% w/w citric acid.

209. The dosage unit of any one of claims 130-208, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.5% w/w dextrose.

210. The dosage unit of any one of claims 130-209, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.5% w/w edetate disodium.

211. The dosage unit of any one of claims 130-210, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 2% w/w ethanol.

212. The dosage unit of any one of claims 130-211, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.233% w/w glycerin.

213. The dosage unit of any one of claims 130-212, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 5% w/w glycerol.

214. The dosage unit of any one of claims 130-213, wherein the pharmaceutically
acceptable liquid carrier comprises from about 1% to about 15% w/w glyceryl dioleate.

215. The dosage unit of any one of claims 130-214, wherein the pharmaceutically
acceptable liquid carrier comprises from about 1% to about 10% w/w glyceryl monoleate.

216. The dosage unit of any one of claims 130-215, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 10% w/w lecithin.

217. The dosage unit of any one of claims 130-216, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 5% w/w Me-OH-Pr cellulose.

218. The dosage unit of any one of claims 130-217, wherein the pharmaceutically

acceptable liquid carrier comprises from about 0.001% to about 0.7% w/w methylparaben.
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219. The dosage unit of any one of claims 130-218, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 2% w/w microcrystalline cellulose.

220. The dosage unit of any one of claims 130-219, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.132% w/w oleic acid.

221. The dosage unit of any one of claims 130-220, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 1.5% w/w PEG 3500.

222. The dosage unit of any one of claims 130-221, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 20% w/w PEG 400.

223. The dosage unit of any one of claims 130-222, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.254% w/w phenylethyl alcohol.

224.  The dosage unit of any one of claims 130-223, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 5% w/w polyethylene glycol
(PEG).

225. The dosage unit of any one of claims 130-224, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 15% w/w polyoxyl 400 stearate.

226. The dosage unit of any one of claims 130-225, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 2.5% w/w polysorbate 20.

227. The dosage unit of any one of claims 130-226, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 10% w/w polysorbate 80.

228. The dosage unit of any one of claims 130-227, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 1.9% w/w potassium chloride.

229. The dosage unit of any one of claims 130-228, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 20% w/w propylene glycol.

230. The dosage unit of any one of claims 130-229, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.001% to about 0.1% w/w propylene paraben.

231. The dosage unit of any one of claims 130-230, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.3% w/w propylparaben.

232. The dosage unit of any one of claims 130-231, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 5% w/w sodium carboxymethyl
cellulose (Na CMC).

233. The dosage unit of any one of claims 130-232, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 1.9% w/w sodium chloride.

234. The dosage unit of any one of claims 130-233, wherein the pharmaceutically

acceptable liquid carrier comprises from about 0.5% to about 10% w/w sorbitol.
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235. The dosage unit of any one of claims 130-234, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.01% to about 0.4% w/w sulfuric acid.

236. The dosage unit of any one of claims 130-235, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.1% to about 5% w/w triglycerides.

237. The dosage unit of any one of claims 130-236, wherein the pharmaceutically
acceptable liquid carrier comprises from about 0.00001% to about 0.0006% w/w trisodium
citrate.

238. A method of treating anosmia, hyposmia, dysosmia, ageusia, hypogeusia, or
dysgeusia in a subject in need thereof comprising administering to the subject in need thereof the
pharmaceutical dosage unit of any one of claims 130-237.

239. The method of claim 238, wherein the pharmaceutical dosage unit is administered
once daily to each naris.

240. The method of claim 238, wherein the pharmaceutical dosage unit is administered
twice daily to each naris.

241. The method of any one of claims 238-240, wherein the pharmaceutical dosage
unit is administered each day for from about 7 days to about 365 days.

242,  The method of any one of claims 238-241, wherein the pharmaceutical dosage
unit is administered each day for from about 7 days to about 6 months.

243,  The method of any one of claims 238-242, wherein the pharmaceutical dosage
unit is administered each day for from about 7 days to about 4 months.

244, The method of any one of claims 238-243, wherein the pharmaceutical dosage
unit is administered each day for from about 1 month to about 12 months.

245. The method of any one of claims 238-244, wherein the subject experiences a
decrease in a detection threshold (DT) score, a decrease in a recognition threshold (RT) score,
an increase in a magnitude estimation (ME) score, and/or a change in a hedonic (H) score as
measured with a forced-choice, three-stimuli, stepwise-staircase technique using one or more
odorants after administering the pharmaceutical dosage unit to the subject.

246. The method of any one of claims 238-245, wherein the one or more odorants
comprise pyridine, nitrobenzene, thiophene, amyl acetate, or a combination thereof.

247. The method of any one of claims 238-246, wherein the subject experiences a
decrease in an taste detection threshold (DT) score, a decrease in a recognition threshold (RT)
score, an increase in a magnitude estimation (ME) score, and/or a change in a hedonic (H) score
as measured with a forced-choice, three-stimuli, stepwise-staircase technique using one or more

tastants testing compounds after administering the pharmaceutical dosage unit to the subject.
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248.  The method of any one of claims 238-247, wherein the one or more tastants
comprise sodium chloride (NaCl), sucrose, hydrogen chloride (HCl), urea, or a combination
thereof.

249. A kit for the treatment of anosmia, hyposmia, dysosmia, ageusia, hypogeusia, or
dysgeusia comprising:

(a) a multi-dose nasal spray device that delivers the pharmaceutical dosage unit
of any one of claims 130-237; and
(b) instructions for use.

250. A combination pharmaceutical dosage unit for intranasal administration

comprising:

(a) a first amount of a non-selective PDE inhibitor;

(b) a second amount of a second PDE inhibitor that is a PDE 1 inhibitor, a PDE2
inhibitor, a PDE3 inhibitor, a PDE 4 inhibitor, a PDE 5 inhibitor, or a PDE 10 inhibitor; and

(c) a pharmaceutically acceptable liquid carrier;

wherein the first amount and the second amount are effective in combination to
treat anosmia, hyposmia, dysosmia, ageusia, hypogeusia, or dysgeusia in a subject in need
thereof, wherein the subject is resistant to treatment with either the non-selective PDE inhibitor
or the second PDE inhibitor alone.

251. The combination pharmaceutical dosage unit of claim 250, wherein the non-
selective PDE inhibitor is caffeine, aminophylline, paraxanthine, pentoxifylline, theobromine,
theophylline, or oxphylline.

252. The combination pharmaceutical dosage unit of claim 250, wherein the non-
selective PDE inhibitor is theophylline.

253. The combination pharmaceutical dosage unit of any one of claims 250-252,
wherein the second PDE inhibitor is the PDE 1 inhibitor that is vinpocetine.

254. The combination pharmaceutical dosage unit of any one of claims 250-253,
wherein the second PDE inhibitor is the PDE 2 inhibitor that is EHNA.

255. The combination pharmaceutical dosage unit of any one of claims 250-254,
wherein the second PDE inhibitor is the PDE 3 inhibitor that is inamrinone, anagrelide, or
cilostazol.

256. The combination pharmaceutical dosage unit of any one of claims 250-255,
wherein the second PDE inhibitor is the PDE 4 inhibitor that is mesembrine, rolipram, ibudilast,

pclamilast, luteolin, drotaverine, or roflumilast.
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257. The combination pharmaceutical dosage unit of any one of claims 250-256,
wherein the second PDE inhibitor is the PDE 5 inhibitor that is sildenafil, tadalafil, vardenafil,
udenafil, avanafil, or dipyridamole.

258. The combination pharmaceutical dosage unit of any one of claims 250-257,
wherein the second PDE inhibitor is the PDE 10 inhibitor that is papaverine.

259. The combination pharmaceutical dosage unit of any one of claims 250-258,
wherein the non-selective PDE inhibitor is caffeine and the first amount is from about 20 ug to
about 100 ug per naris.

260. The combination pharmaceutical dosage unit of any one of claims 250-259,
wherein the non-selective PDE inhibitor is caffeine and the first amount is from about 0.33 ug/kg
to about 1.7 ng/kg per naris.

261. The combination pharmaceutical dosage unit of any one of claims 250-260,
wherein the non-selective PDE inhibitor is aminophylline and the first amount is from about 20
ug to about 100 ug per naris.

262. The combination pharmaceutical dosage unit of any one of claims 250-261,
wherein the non-selective PDE inhibitor is aminophylline and the first amount is from about 0.33
ug/kg to about 1.7 ug/kg per naris.

263. The combination pharmaceutical dosage unit of any one of claims 250-262,
wherein the non-selective PDE inhibitor is paraxanthine and the first amount is from about 10 ug
to about 100 ug per naris.

264. The combination pharmaceutical dosage unit of any one of claims 250-263,
wherein the non-selective PDE inhibitor is paraxanthine and the first amount is from about 0.17
ug/kg to about 1.7 ug/kg per naris.

265. The combination pharmaceutical dosage unit of any one of claims 250-264,
wherein the non-selective PDE inhibitor is pentoxifylline and the first amount is from about 20
ug to about 100 ug per naris.

266. The combination pharmaceutical dosage unit of any one of claims 250-265,
wherein the non-selective PDE inhibitor is pentoxifylline and the first amount is from about 0.33
ug/kg to about 1.7 ug/kg per naris.

267. The combination pharmaceutical dosage unit of any one of claims 250-266,
wherein the non-selective PDE inhibitor is theobromine and the first amount is from about 30 ug

to about 150 ug per naris.
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268. The combination pharmaceutical dosage unit of any one of claims 250-267,
wherein the non-selective PDE inhibitor is theobromine and the first amount is from about 0.5
ug/kg to about 2.5 ug/kg per naris.

269. The combination pharmaceutical dosage unit of any one of claims 250-268,
wherein the non-selective PDE inhibitor is theophylline and the first amount is from about 20 pg
to about 100 ug per naris.

270. The combination pharmaceutical dosage unit of any one of claims 250-269,
wherein the non-selective PDE inhibitor is theophylline and the first amount is from about 0.33
ug/kg to about 1.7 ug/kg per naris.

271. The combination pharmaceutical dosage unit of any one of claims 250-270,
wherein the non-selective PDE inhibitor is oxphylline and the first amount is from about 100 pg
to about 100 ug per naris.

272. The combination pharmaceutical dosage unit of any one of claims 250-271,
wherein the non-selective PDE inhibitor is oxphylline and the first amount is from about 0.17
ug/kg to about 1.7 ug/kg per naris.

273. The combination pharmaceutical dosage unit of any one of claims 250-272,
wherein the second PDE inhibitor is inamrinone and the second amount is from about 2 pg to
about 40 ug per naris.

274. The combination pharmaceutical dosage unit of any one of claims 250-273,
wherein the second PDE inhibitor is inamrinone and the second amount is from about 0.03 pg/kg
to about 0.67 pg/kg per naris.

275. The combination pharmaceutical dosage unit of any one of claims 250-274,
wherein the second PDE inhibitor is anagrelide and the second amount is from about 2 ug to
about 40 ug per naris.

276. The combination pharmaceutical dosage unit of any one of claims 250-275,
wherein the second PDE inhibitor is anagrelide and the second amount is from about 0.03 ug/kg
to about 0.67 pg/kg per naris.

277. The combination pharmaceutical dosage unit of any one of claims 250-276,
wherein the second PDE inhibitor is cilostazol and the second amount is from about 2 pg to
about 40 ug per naris.

278. The combination pharmaceutical dosage unit of any one of claims 250-277,
wherein the second PDE inhibitor is cilostazol and the second amount is from about 0.03 pg/kg

to about 0.67 pg/kg per naris.
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279. The combination pharmaceutical dosage unit of any one of claims 250-278,
wherein the second PDE inhibitor is mesembrine and the second amount is from about 1 ug to
about 10 ug per naris.

280. The combination pharmaceutical dosage unit of any one of claims 250-279,
wherein the second PDE inhibitor is mesembrine and the second amount is from about 0.02
ug/’kg to about 0.33 pg/kg per naris.

281. The combination pharmaceutical dosage unit of any one of claims 250-280,
wherein the second PDE inhibitor is rolipram and the second amount is from about 1 pg to about
10 ug per naris.

282. The combination pharmaceutical dosage unit of any one of claims 250-281,
wherein the second PDE inhibitor is rolipram and the second amount is from about 0.02 ug/kg to
about 0.33 ug/kg per naris.

283. The combination pharmaceutical dosage unit of any one of claims 250-282,
wherein the second PDE inhibitor is ibudilast and the second amount is from about 1 pg to about
10 ug per naris.

284. The combination pharmaceutical dosage unit of any one of claims 250-283,
wherein the second PDE inhibitor is ibudilast and the second amount is from about 0.02 ug/kg to
about 0.33 ug/kg per naris.

285. The combination pharmaceutical dosage unit of any one of claims 250-284,
wherein the second PDE inhibitor is piclamilast and the second amount is from about 1 ug to
about 10 ug per naris.

286. The combination pharmaceutical dosage unit of any one of claims 250-285,
wherein the second PDE inhibitor is piclamilast and the second amount is from about 0.02 pg/kg
to about 0.33 pg/kg per naris.

287. The combination pharmaceutical dosage unit of any one of claims 250-286,
wherein the second PDE inhibitor is luteolin and the second amount is from about 1 ug to about
10 ug per naris.

288.  The combination pharmaceutical dosage unit of any one of claims 250-287,
wherein the second PDE inhibitor is luteolin and the second amount is from about 0.02 ug/kg to
about 0.33 ug/kg per naris.

289. The combination pharmaceutical dosage unit of any one of claims 250-288,
wherein the second PDE inhibitor is drotaverine and the second amount is from about 2 pg to

about 10 ug per naris.
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290. The combination pharmaceutical dosage unit of any one of claims 250-289,
wherein the second PDE inhibitor is drotaverine and the second amount is from about 0.03 pg/kg
to about 0.33 pg/kg per naris.

291. The combination pharmaceutical dosage unit of any one of claims 250-290,
wherein the second PDE inhibitor is roflumilast and the second amount is from about 1 ug to
about 10 ug per naris.

292. The combination pharmaceutical dosage unit of any one of claims 250-291,
wherein the second PDE inhibitor is roflumilast and the second amount is from about 0.02 pg/kg
to about 0.33 pg/kg per naris.

293. The combination pharmaceutical dosage unit of any one of claims 250-292,
wherein the second PDE inhibitor is sildenafil and the second amount is from about 5 pg to
about 150 ug per naris.

294. The combination pharmaceutical dosage unit of any one of claims 250-293,
wherein the second PDE inhibitor is sildenafil and the second amount is from about 0.08 ug/kg
to about 2.5 ng/kg per naris.

295. The combination pharmaceutical dosage unit of any one of claims 250-294,
wherein the second PDE inhibitor is tadalafil and the second amount is from about 5 ug to about
150 pug per naris.

296. The combination pharmaceutical dosage unit of any one of claims 250-295,
wherein the second PDE inhibitor is tadalafil and the second amount is from about 0.08 ng/kg to
about 2.5 ng/kg per naris.

297. The combination pharmaceutical dosage unit of any one of claims 250-296,
wherein the second PDE inhibitor is vardenafil and the second amount is from about 5 ug to
about 150 ug per naris.

298. The combination pharmaceutical dosage unit of any one of claims 250-297,
wherein the second PDE inhibitor is vardenafil and the second amount is from about 0.08 ug/kg
to about 2.5 ng/kg per naris.

299. The combination pharmaceutical dosage unit of any one of claims 250-298,
wherein the second PDE inhibitor is udenafil and the second amount is from about 1 ug to about
100 ug per naris.

300. The combination pharmaceutical dosage unit of any one of claims 250-299,
wherein the second PDE inhibitor is udenafil and the second amount is from about 0.02 ug/kg to

about 1.7 ng/kg per naris.
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301. The combination pharmaceutical dosage unit of any one of claims 250-300,
wherein the second PDE inhibitor is avanafil and the second amount is from about 1 pg to about
150 pug per naris.

302. The combination pharmaceutical dosage unit of any one of claims 250-301,
wherein the second PDE inhibitor is avanafil and the second amount is from about 0.02 pg/kg to
about 2.5 ng/kg per naris.

303. The combination pharmaceutical dosage unit of any one of claims 250-302,
wherein the second PDE inhibitor is dipyridamole and the second amount is from about 1 pug to
about 150 ug per naris.

304. The combination pharmaceutical dosage unit of any one of claims 250-303,
wherein the second PDE inhibitor is dipyridamole and the second amount is from about 0.02
ug/kg to about 2.5 ug/kg per naris.

305. The combination pharmaceutical dosage unit of any one of claims 250-304,
wherein the second PDE inhibitor is papaverine and the second amount is from about 10 ug to
about 200 ug per naris.

306. The combination pharmaceutical dosage unit of any one of claims 250-305,
wherein the second PDE inhibitor is avanafil and the second amount is from about 0.17 pg/kg to
about 3.3 pg/kg per naris.

307. The combination pharmaceutical dosage unit of any one of claims 250-306,
wherein the first amount and second amount are indicated in Table XIV.

308. The combination pharmaceutical dosage unit of any one of claims 250-307,
further comprising a third amount of a third PDE inhibitor that is optionally in a different class of
PDE inhibitor from the non-selective PDE inhibitor and the second PDE inhibitor.

309. The combination pharmaceutical dosage unit of any one of claims 250-308,
wherein the third amount is indicated in Table XIV.

310. The combination pharmaceutical dosage unit of any one of claims 250-309,
wherein the combination pharmaceutical dosage unit is a steroid-free, combination
pharmaceutical dosage unit.

311.  The combination pharmaceutical dosage unit of any one of claims 250-310,
wherein the pharmaceutically acceptable liquid carrier has a pH that is greater than 7.0.

312.  The combination pharmaceutical dosage unit of any one of claims 250-311,
wherein the pharmaceutically acceptable liquid carrier has a pH that is from 7.1 to 8.5.

313.  The combination pharmaceutical dosage unit of any one of claims 250-312,

wherein the pharmaceutically acceptable liquid carrier has a pH that is from 7.1 to 7.4.
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314.  The combination pharmaceutical dosage unit of any one of claims 250-313,
wherein the pharmaceutically acceptable liquid carrier has a pH thatis 7.1, 7.2,7.3,7.4,7.5, 7.6,
7.7,7.8,79,8,8.1,8.2,8.3,84, or 8.5.

315. The combination pharmaceutical dosage unit of any one of claims 250-314,
wherein the pharmaceutically acceptable liquid carrier has a pH that is at least 7.1, 7.2, 7.3, 7.4,
75,76,7.7,78,79,8,8.1,8.2,8.3, 8.4, or 8.5.

316. The combination pharmaceutical dosage unit of any one of claims 250-315,
wherein a volume of the dosage unit is from about 50 uL to about 750 uL.

317.  The combination pharmaceutical dosage unit of any one of claims 250-316,
wherein a volume of the dosage unit is from about 100 uL to about 400 uL.

318.  The combination pharmaceutical dosage unit of any one of claims 250-317,
wherein a volume of the dosage unit is about: 50 uL, 75 uL, 100 uL, 125 uL, 150 uL, 175 uL,
200 uL, 225 uL, 250 uL, 275 uL, 300 uL, 325 uL, 350 uL, 375 uL, 400 uL, 425 uL, 450 uL,
475 uL, 500 uL, 525 uL, 550 uL, 575 uL, 600 uL, 625 uL, 650 uL, 675 uL, 700 uL, 725 uL or
750 uL.

319. The combination pharmaceutical dosage unit of any one of claims 250-318, in a
plume that has a droplet size distribution characterized by one or more of the following:

(a) less than 5% of the droplets in the plume having a size of less than 10 um,

(b) a Dy of greater than 12.5 um, wherein 10% of the droplets in the plume
have a size less than the Dy,

(c) a Dsg of from 30 to 70 um, wherein 50% of the droplets in the plume have
a size less than the Dsg,

(d) a Dy of less than 200 um, wherein 90% of the droplets in the plume have
a size less than the Dgg, and

(e) a span of from 1 to 6, wherein the span is calculated according to: (Dgy —
D10)/Dso.

320. The combination pharmaceutical dosage unit of claim 319, characterized by less
than 4% of the droplets in the plume having a size of less than 10 um.

321. The combination pharmaceutical dosage unit of any one of claims 319-320,
characterized by less than 3% of the droplets in the plume having a size of less than 10 um.

322. The combination pharmaceutical dosage unit of any one of claims 319-321,
characterized by less than 2% of the droplets in the plume having a size of less than 10 um.

323. The combination pharmaceutical dosage unit of any one of claims 319-322,

characterized by the D that is greater than 15 um.
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324.  The combination pharmaceutical dosage unit of any one of claims 319-323,
characterized by the Dy that is greater than 17.5 pm.

325. The combination pharmaceutical dosage unit of any one of claims 319-324,
characterized by the Dy that is from 12.5 um to 30 pm.

326. The combination pharmaceutical dosage unit of any one of claims 319-325,
characterized by the Dy that is from 15 um to 25 pm.

327. The combination pharmaceutical dosage unit of any one of claims 319-326,
characterized by the Ds that is from 40 um to 60 pm.

328. The combination pharmaceutical dosage unit of any one of claims 319-327,
characterized by the Ds that is from 30 um to 60 pm.

329. The combination pharmaceutical dosage unit of any one of claims 319-328,
characterized by the Ds that is from 30 um to 50 pm.

330. The combination pharmaceutical dosage unit of any one of claims 319-329,
characterized by the Ds that is from 30 um to 40 pm.

331. The combination pharmaceutical dosage unit of any one of claims 319-330,
characterized by the Ds that is about: 30 um, 32.5 um, 35 um, 37.5 um, 40 um, 42.5 um, 45
um, 50 um, 55 um, 60 um, 65 um, or 70 um.

332.  The combination pharmaceutical dosage unit of any one of claims 319-331,
characterized by the Dy, that is less than 175 um.

333. The combination pharmaceutical dosage unit of any one of claims 319-332,
characterized by the Doy that is less than 150 um.

334.  The combination pharmaceutical dosage unit of any one of claims 319-333,
characterized by the Dy that is less than 125 um.

335. The combination pharmaceutical dosage unit of any one of claims 319-334,
characterized by the Dy, that is less than 100 um.

336. The combination pharmaceutical dosage unit of any one of claims 319-335,
characterized by the Doy that is less than 90 um.

337. The combination pharmaceutical dosage unit of any one of claims 319-336,
characterized by the Dy that is from 75 um to 199 um.

338. The combination pharmaceutical dosage unit of any one of claims 319-337,
characterized by the Do that is from 75 um to 175 um.

339. The combination pharmaceutical dosage unit of any one of claims 319-338,

characterized by the Dy, that is from 75 um to 150 um.
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340. The combination pharmaceutical dosage unit of any one of claims 319-339,
characterized by the Dy that is from 75 um to 125 um.

341. The combination pharmaceutical dosage unit of any one of claims 319-340,
characterized by the Dy, that is from 75 um to 100 um.

342. The combination pharmaceutical dosage unit of any one of claims 319-341,
characterized by the Dy that is about: 75 um, 80 um, 85 um, 90 um, 100 um, 110 um, 120 um,
130 um, 140 um, 150 pum, 160 pm, 170 pm, 180 um, or 190um.

343. The combination pharmaceutical dosage unit of any one of claims 319-342,
characterized by the span that is from 1 to 5.

344.  The combination pharmaceutical dosage unit of any one of claims 319-343,
characterized by the span that is from 1 to 4.

345. The combination pharmaceutical dosage unit of any one of claims 319-344,
characterized by the span that is from 1 to 3.

346. The combination pharmaceutical dosage unit of any one of claims 319-345,
characterized by the span that is from 1 to 2.

347. The combination pharmaceutical dosage unit of any one of claims 319-346,
characterized by the span that is about: 1, 1.1, 1.2,1.3,14,1.5,1.6,1.7,18,1.9,2,2.1,2.2,2.3,
24,25,26,2.7,2.7,2.9,3,3.25,3.5,3.75,4,4.5,5,5.5, or 6.

348. The combination pharmaceutical dosage unit of any one of claims 319-347,
wherein the plume is further characterized by having an ovality of from 0.7 to 1.

349. The combination pharmaceutical dosage unit of any one of claims 319-348,
wherein the plume is further characterized by having an ovality of from 0.8 to 1.

350. The combination pharmaceutical dosage unit of any one of claims 319-349,
wherein the plume is further characterized by having an ovality of from 0.9 to 1.

351. The combination pharmaceutical dosage unit of any one of claims 319-350,
wherein the plume is further characterized by having an ovality of about 1.

352.  The combination pharmaceutical dosage unit of any one of claims 319-351,
wherein the plume is further characterized by having a geometry of from 30° to 90°.

353. The combination pharmaceutical dosage unit of any one of claims 319-352,
wherein the plume is further characterized by having a geometry of from 45° to 75°.

354.  The combination pharmaceutical dosage unit of any one of claims 319-353,
wherein the plume is further characterized by having a geometry of about: 30°, 35°, 40°, 45°,
50°, 55°, 60°, 65°, 70°, 75°, 80°, 85°, or 90°.
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355. The combination pharmaceutical dosage unit of any one of claims 250-318,
provided as a nasal spray or acrosol.

356. The combination pharmaceutical dosage unit of claim 355, wherein about 50% of
droplets in the nasal spray or acrosol have a size of from about 15 pm to about 150 pm, from
about 20 um to about 100 um, or from about 30 um to about 70 um.

357. The combination pharmaceutical dosage unit of any one of claims 355-356,
wherein less than about 20%, 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2%, or 1% of droplets
in the nasal spray or acrosol have a size of less than about 10 pm.

358. The combination pharmaceutical dosage unit of any one of claims 355-357,
wherein at least about 60%, 70%, 80%, 85%, 90%, or 95% of droplets in the nasal spray or
acrosol have a size of less than about 200 um.

359. The combination pharmaceutical dosage unit of any one of claims 355-358,
wherein at least about 50%, 60%, 70%, 80%, 90%, 95%, or 99% of droplets in the nasal spray or
acrosol have a size of from about 10 um to about 200 um.

360. The combination pharmaceutical dosage unit of any one of claims 250-359,
wherein the pharmaceutically acceptable liquid carrier comprises aminoboronic acid and its
derivatives, amastatin, surfactants, bile salts, gelified insulin, bioadhesive microspheres,
phospholipids, chitosan nanoparticles, alkyl glycerides, or a combination thereof.

361. The combination pharmaceutical dosage unit of any one of claims 250-360,
wherein the pharmaceutically acceptable liquid carrier comprises water, a buffering agent, a
flavoring agent, a humectant, a penetration enhancer, a pH adjusting agent, a preservative, a
solvent or co-solvent, a surfactant, a tonicity adjusting agent, a viscosity adjusting agent, or a
combination thereof.

362. The combination pharmaceutical dosage unit of any one of claims 250-361,
wherein the pharmaceutically acceptable liquid carrier comprises water.

363. The combination pharmaceutical dosage unit of any one of claims 250-362,
wherein the pharmaceutically acceptable liquid carrier comprises the buffering agent that is
potassium phosphate, sodium acetate, sodium citrate, sodium phosphate, trisodium citrate, or a
combination thereof.

364. The combination pharmaceutical dosage unit of any one of claims 250-363,
wherein the pharmaceutically acceptable liquid carrier comprises the flavoring agent that is
menthol, saccharin sodium, sorbitol, or a combination thercof.

365. The combination pharmaceutical dosage unit of any one of claims 250-364,

wherein the pharmaceutically acceptable liquid carrier comprises the humectant that is glycerin.
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366. The combination pharmaceutical dosage unit of any one of claims 250-365,
wherein the pharmaceutically acceptable liquid carrier comprises the penetration enhancer that is
oleic acid.

367. The combination pharmaceutical dosage unit of any one of claims 250-366,
wherein the pharmaceutically acceptable liquid carrier comprises the pH adjusting agent that is
acetic acid, citric acid, hydrochloric acid, sodium hydroxide, sulfuric acid, or a combination
thereof.

368. The combination pharmaceutical dosage unit of any one of claims 250-367,
wherein the pharmaceutically acceptable liquid carrier comprises the preservative that is
benzalkonium chloride, benzethonium chloride, benzyl alcohol, butylated hydroxy toluene,
butylated hydroxyanisole, chlorobutanol, edetate disodium, methylparaben, phenylethyl alcohol,
phenylmercuric acetate, propylene paraben, propylparaben, thimerosal, or a combination thereof.

369. The combination pharmaceutical dosage unit of any one of claims 250-368,
wherein the pharmaceutically acceptable liquid carrier comprises the solvent or co-solvent that is
ethanol, glycerol, glyceryl dioleate, glycine, polyethylene glycol (PEG), PEG 400, propylene
glycol, triglycerides, or a combination thereof.

370.  The combination pharmaceutical dosage unit of any one of claims 250-369,
wherein the pharmaceutically acceptable liquid carrier comprises the surfactant that is glyceryl
monoleate, lecithin, PEG 3500, PEG 400, polyoxyl 400 stearate, polysorbate 20, polysorbate 80,
propylene glycol, triglycerides, or a combination thereof.

371. The combination pharmaceutical dosage unit of any one of claims 250-370,
wherein the pharmaceutically acceptable liquid carrier comprises the tonicity adjusting agent that
is dextrose, potassium chloride, sodium chloride, or a combination thereof.

372. The combination pharmaceutical dosage unit of any one of claims 250-371,
wherein the pharmaceutically acceptable liquid carrier comprises the viscosity adjusting agent
that is carboxymethyl cellulose (CMC), Me-OH-Pr cellulose, microcrystalline cellulose (MCC),
sodium carboxymethyl cellulose (Na CMC), or a combination thereof.

373. The combination pharmaceutical dosage unit of any one of claims 250-372,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about
0.5% w/w acetic acid.

374. The combination pharmaceutical dosage unit of any one of claims 250-373,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.001% to about

0.119% w/w benzalkonium chloride.
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375. The combination pharmaceutical dosage unit of any one of claims 250-374,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.001% to about
0.0366% w/w benzyl alcohol.

376. The combination pharmaceutical dosage unit of any one of claims 250-375,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.001% to about
0.01% w/w butylated hydroxy toluene.

377. The combination pharmaceutical dosage unit of any one of claims 250-376,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.00001% to about
0.0002% w/w butylated hydroxyanisole.

378. The combination pharmaceutical dosage unit of any one of claims 250-377,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 2%
w/w carboxymethyl cellulose.

379. The combination pharmaceutical dosage unit of any one of claims 250-378,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about
0.5% w/w chlorobutanol.

380. The combination pharmaceutical dosage unit of any one of claims 250-379,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about
0.5% w/w citric acid.

381. The combination pharmaceutical dosage unit of any one of claims 250-380,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about
0.5% w/w dextrose.

382. The combination pharmaceutical dosage unit of any one of claims 250-381,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about
0.5% w/w edetate disodium.

383. The combination pharmaceutical dosage unit of any one of claims 250-382,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 2%
w/w ethanol.

384.  The combination pharmaceutical dosage unit of any one of claims 250-383,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about
0.233% w/w glycerin.

385.  The combination pharmaceutical dosage unit of any one of claims 250-384,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 5%

w/w glycerol.
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386. The combination pharmaceutical dosage unit of any one of claims 250-385,
wherein the pharmaceutically acceptable liquid carrier comprises from about 1% to about 15%
w/w glyceryl dioleate.

387. The combination pharmaceutical dosage unit of any one of claims 250-386,
wherein the pharmaceutically acceptable liquid carrier comprises from about 1% to about 10%
w/w glyceryl monoleate.

388.  The combination pharmaceutical dosage unit of any one of claims 250-387,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 10%
w/w lecithin.

389.  The combination pharmaceutical dosage unit of any one of claims 250-388,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 5%
w/w Me-OH-Pr cellulose.

390. The combination pharmaceutical dosage unit of any one of claims 250-389,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.001% to about
0.7% w/w methylparaben.

391. The combination pharmaceutical dosage unit of any one of claims 250-390,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 2%
w/w microcrystalline cellulose.

392. The combination pharmaceutical dosage unit of any one of claims 250-391,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about
0.132% w/w oleic acid.

393. The combination pharmaceutical dosage unit of any one of claims 250-392,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 1.5%
w/w PEG 3500.

394. The combination pharmaceutical dosage unit of any one of claims 250-393,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 20%
w/w PEG 400.

395. The combination pharmaceutical dosage unit of any one of claims 250-394,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about
0.254% w/w phenylethyl alcohol.

396. The combination pharmaceutical dosage unit of any one of claims 250-395,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 5%

w/w polyethylene glycol (PEG).
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397. The combination pharmaceutical dosage unit of any one of claims 250-396,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 15%
w/w polyoxyl 400 stearate.

398. The combination pharmaceutical dosage unit of any one of claims 250-397,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about
2.5% w/w polysorbate 20.

399. The combination pharmaceutical dosage unit of any one of claims 250-398,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 10%
w/w polysorbate 80.

400. The combination pharmaceutical dosage unit of any one of claims 250-399,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 1.9%
w/w potassium chloride.

401. The combination pharmaceutical dosage unit of any one of claims 250-400,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 20%
w/w propylene glycol.

402. The combination pharmaceutical dosage unit of any one of claims 250-401,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.001% to about
0.1% w/w propylene paraben.

403. The combination pharmaceutical dosage unit of any one of claims 250-402,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about
0.3% w/w propylparaben.

404. The combination pharmaceutical dosage unit of any one of claims 250-403,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 5%
w/w sodium carboxymethyl cellulose (Na CMC).

405. The combination pharmaceutical dosage unit of any one of claims 250-404,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 1.9%
w/w sodium chloride.

406. The combination pharmaceutical dosage unit of any one of claims 250-405,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.5% to about 10%
w/w sorbitol.

407. The combination pharmaceutical dosage unit of any one of claims 250-406,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.01% to about

0.4% w/w sulfuric acid.
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408. The combination pharmaceutical dosage unit of any one of claims 250-407,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.1% to about 5%
w/w triglycerides.

409. The combination pharmaceutical dosage unit of any one of claims 250-408,
wherein the pharmaceutically acceptable liquid carrier comprises from about 0.00001% to about
0.0006% w/w trisodium citrate.

410. A method of treating anosmia, hyposmia, dysosmia, ageusia, hypogeusia, or
dysgeusia in a subject in need thereof comprising administering to the subject in need thereof the
combination pharmaceutical dosage unit of any one of claims 250-409.

411. The method of claim 410, wherein the combination pharmaceutical dosage unit is
administered once daily to each naris.

412. The method of claim 410, wherein the combination pharmaceutical dosage unit is
administered twice daily to each naris.

413. The method of any one of claims 410-412, wherein the combination
pharmaceutical dosage unit is administered each day for from about 7 days to about 365 days.

414. The method of any one of claims 410-413, wherein the combination
pharmaceutical dosage unit is administered each day for from about 7 days to about 6 months.

415. The method of any one of claims 410-414, wherein the combination
pharmaceutical dosage unit is administered each day for from about 7 days to about 4 months.

416. The method of any one of claims 410-415, wherein the combination
pharmaceutical dosage unit is administered each day for from about 1 month to about 12 months.

417. The method of any one of claims 410-416, wherein the subject experiences a
decrease in a detection threshold (DT) score, a decrease in a recognition threshold (RT) score,
an increase in a magnitude estimation (ME) score, and/or a change in a hedonic (H) score as
measured with a forced-choice, three-stimuli, stepwise-staircase technique using one or more
odorants after administering the combination pharmaceutical dosage unit to the subject.

418. The method of any one of claims 410-417, wherein the one or more odorants
comprise pyridine, nitrobenzene, thiophene, amyl acetate, or a combination thereof.

419. The method of any one of claims 410-418, wherein the subject experiences a
decrease in an taste detection threshold (DT) score, a decrease in a recognition threshold (RT)
score, an increase in a magnitude estimation (ME) score, and/or a change in a hedonic (H) score
as measured with a forced-choice, three-stimuli, stepwise-staircase technique using one or more
tastants testing compounds after administering the combination pharmaceutical dosage unit to

the subject.
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420. The method of any one of claims 410-419, wherein the one or more tastants
comprise sodium chloride (NaCl), sucrose, hydrogen chloride (HCl), urea, or a combination
thereof.

421. A kit for the treatment of anosmia, hyposmia, dysosmia, ageusia, hypogeusia, or
dysgeusia comprising:

(a) a multi-dose nasal spray device that delivers the combination pharmaceutical
dosage unit of any one of claims 250-409; and

(b) instructions for use.

-150-



WO 2014/055801 PCT/US2013/063331

1/10
7 Patients Improved
312 Patients begin - >=5%
study 8 Patients Improved
<5%
199
34 Patients
199 patients returned > Improved > = 5%

on 200 mg Teo 36 Patients
Improved < 5%

23 4
35 Patients
120 patients returned q Improved > = 5%
on 400 mg Teo \ 25 Patients
Improved < 5%
69 P
66 Patients
160 patients returned > Improved > = 5%

on 600 mg Teo 73 Patients
Improved < 5%

21

15 Patients
28 patients returned Improved > = 5%
on 800 mg Teo 12 Patients
Improved < 5%

FIG.1

SUBSTITUTE SHEET (RULE 26)



WO 2014/055801 PCT/US2013/063331
2/10

PYRD-DT

PYRD-DT

i)
A A
N
o
o

PYRD-DT

RT
»
o

|

B PYRD-DT

] ] ]
PRE 200 400 00 800

TEO

(o2}

NO2B-DT
10.0

8.0

6.0

DT

NO2B-DT
4.0

20

0.0

-
Py
m
N
o
o
N
o
o
(@]
o
o
0]
o
o

SUBSTITUTE SHEET (RULE 26)



WO 2014/055801

RT

DT

12.0
10.0
8.0
6.0
4.0
2.0
0.0

10.0
8.0
6.0
4.0
20
0.0

12.0
10.0
8.0
6.0
4.0
20
0.0

PCT/US2013/063331
3/10
NO2B-RT
-
NO2B-RT
1 1 1 1
PRE 200 400 600 800
TEO
THIO-DT
x THIO-DT
|} \ |}
200
THIO-RT
— THIO-RT
1 1 1 1
PRE 200 400 600 800
TEO
FIG. 2
(Continued)

SUBSTITUTE SHEET (RULE 26)



WO 2014/055801 PCT/US2013/063331

4/10
AA-DT

10.0

8.0 § .

6.0 \ \

2 4.0 § X N AADT

o\ N\

2.0 +—h

0.0 “\‘*\\ — . § .

PRE 600 800

AA-RT

12.0

10.0 = —

8.0

£ 6.0 Bl AA-RT

4.0 —

2.0

0.0 T T

PRE 200 400 600 800
TEO
FIG. 2
(Continued)

SUBSTITUTE SHEET (RULE 26)



WO 2014/055801

5/10

PYRD-ME

PCT/US2013/063331

40.0

35.0

30.0 T

) 290

= 20.0

15.0

10.0

5.0

0.0 T
PRE 200

400
TEO

600

800

0.0 +——=7—
-5.0

PYRD-H
oo

800

-10.0

PRE[  }200]

:5(5:0':

T -15.0

-20.0

HE

-25.0

2

-30.0

H

TEO

NO2B-ME

30.0
25.0

20.0

L 150
10.0

5.0

0.0 T

PRE 200

400
TEO

FIG.3

600

SUBSTITUTE SHEET (RULE 26)

800

PYRD-ME

PYRD-H

£ NO2B-ME



WO 2014/055801

6/10

NO2B-H

PCT/US2013/063331

20.0

15.0

I 10.0

5.0

0.0

T ;

T - L L
== I =
: S :

< O NO2B-H

PRE

200

THIO-ME

600

800

30.0

25.0
20.0

15.0

ME

10.0

5.0

B THIO-ME

0.0

0.0

PRE

200

800

-5.0

pre

2001

600

-10.0

-15.0

Heps

O THIO-H

HA

-20.0
-25.0

TEO

F1G. 3

(Continued)

SUBSTITUTE SHEET (RULE 26)



WO 2014/055801 PCT/US2013/063331

7/10
AA-ME
30.0
25.0 T
20.0 —
L 15.0 I T AA-ME
10.0 +—%
5.0 %
0.0 . . . .
PRE 200 400 600 800
TEO
AA-H
14.0
12.0 —
10.0
T 28 — 0 AAH
4.0 ¥ 1 1
2.0 3:1: i . _ R EB
OO ! ! ! !
PRE 200 400 600 800
TEO
FIG. 3
(Continued)

SUBSTITUTE SHEET (RULE 26)



WO 2014/055801 PCT/US2013/063331
Gustometry, Mean (SEM)
Sodium Chloride Sucrose Hydrochloride Urea
BU, mmol/L % BU, mmol/L % BU, mmol/L % BU, mmol/L %
Condition DT RT ME | HR | DT RT | ME | HR | DT RT ME | HR DT RT ME | HR
Before 33 3.6 46 -38 3.6 3.8 38 28 42 5.2 38 -28 5.1 5.4 32 -27
treatment 0.2) | (03) [ (12) | (10) | (0.3) | (0.3) | (10) [ (10) [ (04 | O.7) | ®a | (D 0.3) 1] (05) | ®)c | ®)c
b
After oral 33 33 48 -35 35 4.0 40 28 35 35 44 -32 43 4.6 34 -33
theophylline | (0.2) | (0.2) | (9) (10) | (0.2) | (1.0) | (10) © | 02) | ©02) | 10) | O 0.2) | (04) | (1) | (1D
anhydrous e e c a
treatment ¢
After 2.6 32 57 -48 22 2.4 50 34 2.1 2.6 52 -37 32 37 42 -37
intranasal 0.4) | (03) [ (11) | (11) | (0.3) | 0.3) | (12) | (12) | (0.4) | (0.4) | (10) | (10) | (0.5) [ (0.6) | 9 | (10)
theophylline gh g h,i,j gh ik g a
methylpropyl
paraben
treatment £
Reference 33 34 68 -51 33 34 60 26 34 35 66 -59 3.6 37 68 -66
Level 03] 02| @ @ |02 02| @ 3 |04 |0 | @ 3) 04 | 04| @D 3)

Abbreviations: BU, bottle units; DT, detection threshold; HR, arithmetic mean hedonic
response; ME, mean magnitude estimation response; RT, recognition threshold.
P <0.01 compared with reference levels.
P < 0.005 compared with reference levels.
P <0.001 compared with reference levels.
Indicates maximal improvement after oral theophylline treatment.
P < 0.05 compared with before treatment.
Indicates improvement after 4 weeks of intranasal theophylline treatment.
P < 0.005 compared with before treatment.
P <0.01 compared with oral theophylline treatment.
P <0.001 compared with before treatment.
P < 0.05 compared with reference levels.
P < 0.05 compared with reference levels.
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Olfactometry, Mean (SEM)
Pyridine Nitrobenzene Thiophen Amyl Acetate
BU, mmol/L % BU, mmol/L % BU, mmol/L % BU, mmol/L %
Condition DT RT ME | HR DT RT ME | HR DT RT ME | HR DT RT ME | HR
Before 8.9 9.3 16 -14 9.1 10.1 6 3 9.4 10.2 10 -3 9.5 11.0 0.6 0
treatment 07108 [ ®a] ) | 07| @©6) | XDa| 2 [ O] O | 2Da]| (2 0.7) 1 (05) | (0.3) ] (O
a b a c a a b a a a
After oral 6.3 6.3 25 24 5.9 6.5 23 20 6.0 6.3 20 -17 5.4 6.1 21 20
theophylline 0.6) | (0.6) [ ®a ] O | (1.0) | (0.9) | Oc | (10) [ (0.8) | (L.1) | ®a | (8) 09) 109 | ® | ®e
anhydrous ae f g e c,f £h i, k b,g
treatment ¢
After 5.9 6.2 27 22 42 5.1 24 21 4.7 5.8 23 -18 33 33 22 12
intranasal 08109 [ Ma| () | QO | A | D ™ A2 | A [ Da| O 09 109 | ®)
theophylline a,e g i k c,g g,j i iy k k,m b,i
methylpropyl
paraben
treatment !
Reference 37 6.0 64 -20 3.6 6.0 51 4 32 33 66 -13 3.1 33 51 1
Level 03] 07| 3 2) | 04 | ©06) | (1) | (0.6) | (0.5) @ 2) 0.5) | (06) | b (1)

Abbreviations: BU, bottle units; DT, detection threshold; HR, arithmetic mean hedonic
response; ME, mean magnitude estimation response; RT, recognition threshold.

B~ R T TR Tho a0 oD

P <0.001 compared with reference levels.
P < 0.005 compared with reference levels.
P < 0.01 compared with reference levels.
Indicates maximal improvement after oral theophylline treatment.
P < 0.05 compared with before treatment.
P <0.01 compared with before treatment.
P < 0.02 compared with before treatment.
P < 0.02 compared with reference level.

P < 0.005 compared with before treatment.
P < 0.05 compared with reference level.

P <0.001 compared with before treatment.

Indicates improvement after 4 weeks of intranasal theophylline treatment.

P < 0.05 compared with oral theophylline treatment.
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Indicates maximal improvement after oral theophylline treatment.
Indicates improvement after 4 weeks of intranasal theophylline treatment.
P < 0.05 compared with oral theophylline response.

P < 0.025 compared with oral theophylline response.
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