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Phenylephrine Pharmaceutical Formulations and Compositions for
Transmucosal Absorption

BACKGROUND OF THE INVENTION

Identification or discussion of any reference in this section or any part of
this specification shall not be construed as an admission that such reference is
available as prior art to the present application.

Oral administration is the most preferred route for systemic pharmaceutical
administration. However, oral administration of some pharmaceutical agents
results in extensive pre-systemic metabolism of the agents as they undergo
nepatic first pass metabolism and enzymatic metabolism within the gut wall. This
extensive pre-systemic metabolism dramatically reduces the effective amount of
pharmaceutical agent ultimately absorbed into the blood stream and available for
therapeutic action. Transmucosal routes of drug delivery (i.e., the mucosal liNiNgs
of the nasal, rectal, ocular, and oral cavity) offer advantages over oral
agministration of pharmaceutical agents that avoid the first pass effect and pre-
systemic elimination within the gut wall, and speed absorption into the blood

stream.

Phenylephrine undergoes extensive pre-systemic metabolism, with a
majority of the metabolism taking place within the enterocytes of the
gastrointestinal tract. (See, e.g., Ibrahim, K.E. et al., Journal of Pharmacy and
Pharmacology 35, 144-147 (1983)). Phenylephrine is metabolized by Phase | and
Phase ll enzyme systems, mainly monoamine oxidase and sutiotransferase,
respectively. Ibrahim and coworkers measured the metabolism of phenylephrine
atter oral and inhalation administration and found four main metabolites were
excreted in urine, unconjugated m-hydroxymandelic acid, suifate conjugate of m-
hydroxyphenylglycol, sufate conjugate of phenylephrine and glucuronide
conjugate of phenylephrine. The ratios of the phenyephrine metabolites differed
depending on the route of administration, vet neither route demonstrated

prolonged plasma eveis of parent (unmetabolized) phenyiephrine. Another study
reporied that oral administration of Comhist® tablets containing 10 or 20 mg of
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phenyiephrine showed concentrations of parent phenylephrine in plasma were
below the limit of quantitation of 2 ng/mi. (Gumbhir, K. An investigation of
Pharmacokinetics of Phenylephrine and its Metabolites in Humans. In
Pharmaceutical Sciences, p. 216 {1993)).

U.S. Patent Application No. 11/756,881, filed June 1, 2007, describe
formulations that deliver phenylephrine and pharmaceutically acceptable salts
thereot directly to the colon, avoiding pre-systemic metabolism. The application
demonstrates that these formulations allow for systemic absorption of increased
levels of parent phenylephrine compound resulting in demonstrable blood levels
of parent phenyiephrine for up to several hours.

Although the nasal, rectal and ocular mucosa offer certain advantages, the
marginal patient acceptability renders them reserved for local applications rather
than systemic drug administration. In particular, the potential irritation and the
Irreversible damage of the nasal cavity from chronic application make it less
appealing as a method of administering several dosages as needed for effective
systemic administration of phenylephrine. Alternatively, transdermal and oral
mucosal delivery provide a highly acceptable administration route for chronic
treatments. The oral mucosa is relatively permeable with a rich blood supply and
demonstrates short recovery times after stress or damage. (Yajaman S., et al. J.
Controlled. Release. 114:2006, 15-40; Rathbone, M.J. and Hadgraft, J., Int. J.
Pharm., 74:9-24, 1991; Squier, C.A., Crit. Rev. Oral Biol. Med.. 2:13-32, 1991. 15.
Squier, C). The virtual lack of Langerhans cells makes the oral mucosa tolerant to
potential allergens. (Harris, D. and Robinson, J.R., J. Pharm. Sci., 81:1-10. 1992)
Oral transmucosal drug delivery also bypasses liver first pass metabolism and
avoids pre-systemic elimination in the gastrointestinal tract.

Thus, a composition that would aifow for substantial systemic
administration of unmetabolized phenviephrine would be useful. Further, a
composition that allowed for prolonged administration of unmetabolized
phenylephrine would be useful. Further orally administered phenylephrine
compositions which avoid the metaboiic issues associated with oral Systemic

|

adminisiration wouid be useful
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These and other objectives are provided by the invention described and
claimed herein. All references cited herein are hereby incorporated in their
entirety into the subject application.

SUMMARY OF THE INVENTION

This invention provides a pharmaceutical composition comprising
phenylephrine or a pharmaceutically acceptable salt thereof, wherein the
composition is formulated to be applied to oral mucosa to allow for enhanced
systemic absorption of therapeutically active form of phenylephrine.

This invention further provides a pharmaceutical composition suitable for
sublingual systemic administration of phenylephrine or a pharmaceutically
acceptable salt thereof, wherein the composition allows for systemic absorption of
phenylephrine from the floor of the mouth.

This invention also provides a pharmaceutical composition suitable for
buccal systemic administration of phenylephrine or a pharmaceutically acceptable
salt thereof, wherein the composition allows for absorption of phenylephrine from
the buccal mucosa.

This invention also provides a method of systemically administering
phenylephrine which comprises contacting oral mucosa with a pharmaceutical
composition comprising phenylephrine or a pharmaceutically acceptable salt
thereol, wherein the composition allows for release of phenylephrine to oral
Mucosa.

This invention further provides a dissolvable composition comprising
phenylephrine distributed within an aqueous soluble base material, wherein the
compaosition is provided as a strip for inter-oral administration of phenylephrine to
the mucus membranes of the mouth of a human or animai subject.

This invention also provides a bioerodibie, water-soluble, carrier device
comprising a non-bioadhesive backing layer, a bioadhesive layer and a
composition comprising phenylephrine or a pharmaceutically acceptable salt
thereot, wherein the bioadnesive laver is formulated to adhere 10 a mucosal

surface of a mammal and provides sustained delivery of the composition.
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This invention further provides a composition for buccal or sublingual
appiication comprising a distribution of multilayer microparticles in a base, wherein
phenylephrine or a pharmaceutically acceptable salt thereof is adsorbed within the
layers of the microparticles so as 10 be progressively released over time 1o the
buccal or sublingual mucosa.

This invention also provides a drug delivery device adapted for application
subiingually of the oral cavity for fast release thereon of a composition comprising
phenylephrine or a pharmaceutically acceptable salt thereof, said device
comprising a body having the composition distributed therein and having a size
and shape suitable for sublingual application

This invention aiso provides a pharmaceutical formulation adapted for
application and adherence o the mucosa of the oral cavity for sustained release
thereon of a composition comprising phenylephrine or a pharmaceutically
acceptable salt thereof wherein the composition is in the form of a liquid or

semisolid.

BRIEF DESCRIPTION OF THE FIGURES

Figures 1A and 1B: graphs showing calcium flux studies demonstrating that
phenylephrine (m) but not 3-hydroxymandetic acid (¢) increases intracellular

calcium In oz and oy expressing CHO celis.

Figures 2A and 2B: graphs showing receptor binding studies demonstrating that
phenylephrine (m) but not 3-hydroxymandelic acid (¢) inhibits binding of “H-

prazosin o ou, and oy CHO cell membranes,

Figures 3A, 3B, and 3C: graphs showing receptor binding studies demonstrating
that phenylephrine (m) but not 3-hydroxymandelic acid (A (3A, 3B), ¢ (3C))
stimulates [*°S]-GTPYS binding to o, and ogp and o CHO cell membranes.

Figures 4A, 4B, and 4C: graphs showing receptor binding studies demonstrating
ihat phenyiephrine {(m) but not 3-hydroxymandelic acid { A ) inhibits PHIUK 14304

oinding 10 0. and gy and o CHO cell membranes.
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Figures 5A and 5B: graphs showing calcium flux studies demonstrating that
phenylephrine sulfate ( A ) induces minimal intracellular calcium increases in o,

and o, expressing CHO cells. (w = PE ; » = Theoretical 0.1% PE)

Figures 6A and 6B: graphs showing receptor binding studies demonstrating that
phenylephrine (m) but not PE sulfate (A ) inhibits binding of “H-prazosin to o,

and o4, CHO cell membranes. (e = Theoretical 0.1% PE)

Figures 7A, 7B, and 7C: graphs showing receptor binding studies demonstrating
that phenylephrine (w) but not PE sulfate (A) stimulates [*°S]-GTPYS binding to

Oza ANd Ozp and oz, CHO cell membranes. (e = Theoretical 0.1% PE)

Figures 8A, 8B, and 8C: graphs showing receptor binding studies demonstrating
that phenylephrine (m) but not PE sulfate (A ) inhibits [°H]-UK 14304 binding 1o oz,

and oz, and ope CHO cell membranes. (o = Theoretical 0.1% PE)

Figures 9A and 9B: graphs showing calcium flux studies demonstrating that PE
glucuronide ( A ) induces intracellular calcium increases in oy, and oy, eXpressing
CHO cells consistent with level of contaminating phenylephrine. (m = PE; o =
Theoretical 0.28% PE)

Figures 10A and 10B: graphs showing receptor binding studies demonstrating
that phenylephrine (m) but not PE giucuronide ( A} (batch 2) inhibits binding of “H-

prazosin o ou, and oy receptors (CHO cell membranes).

Figures 11A, 11B, 11C: graphs showing receptor binding studies demonstrating
that phenylephrine (m) but not PE glucuronide (¥ ) (batch 2) stimulates [°S]-

GTPYS binding to oz, and ogp and e CHO cell membranes.

Figures 12A, 12B, and 12C: graphs showing receptor binding studies
demonstrating that PE glucuronide { A) weakly inhibits binding of [PHI-UK14304 to

Opa, Oph, NG O, receptors {(CHO cell membranes) consistent with ievel of
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contaminaling phenylephrine. (m = PE; e = Theoretical 0.28% PE)

DETAILED DESCRIPTION

The subject invention provides a pharmaceutical composition comprising

phenylephrine or a pharmaceutically acceptable salt thereof, wherein the
composition is formulated for enhanced systemic absorption of phenylephrine that
avoids first pass metabolism. in cerfain embodiments, the compositions of the
invention are formulated to be applied to oral mucosa of an animal, human or
otherwise, to allow for enhanced systemic delivery of therapeutically active form of
phenylephrine, and thus optimize systemic exposure of a therapeutically active
form of phenylephrine, by by-passing pre-systemic metabolism.

As used herein a pharmaceutically acceptable salt of phenylephrine
includes but is not limited to phenylephrine hydrochlioride, phenylephrine
pitartrate, phenylephrine tannate, etc. In one preferred embodiment, the
pharmaceutically acceptable salt of phenylephrine is phenylephrine hydrochloride.

The term “unmetabolized phenyiephrine” means Phenylephrine that has
not been bictransformed by Phase | or Phase |l enzymes systems, or any other
enzyme system, into a new chemical entity since entering the body of a subject
except for the release of free base, i.e. Phenylephrine that has not been
conjugated by a suifotransferase or a UDP-giucuronsyitransferase enzymes, or
chemically altered by any enzyme system in the body of a subject, including
enzyme systems of microbial organisms. Unmetabolized phenylephrine exhibits
therapeutic activity(ies). "Unmetabolized phenylephrine” does not include
phenylephrine that was at one time inactivated by conjugation but was later
unconjugated and is not therapeutically active. The term "enhanced systemic
absorption of therapeutically active form of phenyiephrine” as used herein refers
to the increased amount of therapeutically active chemical form of the
administered phenylephrine, i.e., unmetabolized phenylephrine, absorbed into the
systemic circulation and distributed to the body tissues, often characterized as
area under the plasma concentration versus time curve, as compared to non-orat

mucesal Grug gelivery ioms.
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The term “pre-systemic modification” as used herein in connection with
phenylephrine means modification of phenylephrine before phenylephrine is taken
up into the bloodstream and thus into the plasma. Pre-systemic modification
exciudes modification of phenylephrine by the liver or within the bloodstream.

As used here, the term “systemic oral mucosal delivery” means
administration to mucosal membranes within the oral cavity for systemic uptake.
The compositions and methods of the invention described herein are designed to
take advantage of administration to the non-keratinized epithelia, such as found in
the mucosa of the soft palate, the floor of the mouth and the buccal mucosa which
are considerably more permeable to water and other small molecules compared
to keratinized epithelia. In particular, oral mucosal delivery is meant to include
sublingual delivery, which is systemic delivery of drugs through the mucosal
membranes lining the floor of the mouth, as well as buccal delivery, which is drug
administration through the mucosal membranes lining the cheeks (buccal
mucosa). The permeability of oral mucosae found to be in between that of the
epidermis and intestinal mucosa. In general, the permeabilities of the oral
mucosae decrease from the sublingual to buccal, and buccal to palatai region.
The sublingual mucosa is comparatively more permeable and rapid absorption
leads to acceptable bioavailabilities of many drugs, and is convenient, accessible,
and generally well accepted (Harris, D. and Robinson, J.R., Drug delivery via the
mucous membranes of the oral cavity, J. Pharm. Sci., 81:1-10, 1992). The
subject invention contemplates administration of phenylephrine to these regions of
the oral mucosa that will allow for similar systemic uptake of parent phenylephrine.

A “dosage” or “dose” as used herein means the amount of a
pharmaceutical composition comprising therapeutically active agent(s)
administered at a time. “Dosage” or “dose” includes administration of ane or more

units of pharmaceutical composition administered at the same time.,

"AUC” as used herein means, for any given drug, the “area under the
concentration-time curve” from dosing or activation of the drug to a time point,
calculated by the trapezoidal rule. AUC is a parameter showing the cumulative
piasma concentration of a drug over time, and is an indicator of the total amount
and availabiity of a drug in the plasma. “AUC. is defined as ALUC for any value
of time (1) up to 24 hours. In a preferred embodiment. {is 24 hours (referred to
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herein as AUCo.24). “AUC,. «” is defined as calculated AUC extrapolated to infinity.
AUC,. « is calculated as equal to AUC,. + CV Az, wherein Ct is the concentration
at 24 hours and Az is the terminal or elimination rate constant. Terminal or
elimination rate constant Az is determined from the slope of the drug
concentration-time curve using linear regression on terminal data points of the
curve. "Relative AUC,. is defined as the percentage of the AUCy, value of
unconjugated phenylephrine relative 1o the AUC, value for the total

phenyiephrine in the plasma of the subject from a dosing regimen.

Pharmaceutical Compasitions

The compositions of the invention can take on any of several forms suitable
for oral administration of pharmaceutical compositions including liquid, solid or
semi-solid.

liquid forms can be those suitable for spraying from a pump spray or
pressurized spray device such as an aerosol spray. Liquids can also be delivered
to the oral mucosa from a solid carrier such as a capsule that can be opened and
its contenis emptied into the mouth. For example, U.S. Pat. Nos. 6,676,931
6,969,508, 6,767,925 disclose liquid formulations that deliver an active agent {o
the mouth for absorption through the oral mucosa, for example by spraying.

Solid forms encompass all forms that are devised to be inseried into the
mouth and either masticated or allowed to dissolve {0 release a pharmaceutical
agent and include, but are not limited to, tablets, capsules, gums, films, lozenges,
discs, spheres, and microspheres. For example, U.S. Patent Nos. RE 33,093 and
6,072,100, and 6375963 describe bicadhesive hot-melt extruded films for intra-
oral drug delivery and the processing thereof. U.S. Patent No. 6,596,298

describes orally dissoiving films with no mucoadhesive properties. U.S. Patent
NO. 0,284,264 describes mucoadhesive orally dissolving films. U.S. Patent No.
4,755,389 discloses hard gelatin capsule filled with a chewable composition
containing an ingredient for buccal absorption. U.S. Patent No. 5,437,872
describes pharmaceutical tablet and lozenge forms providing controiled and
sustained release of pharmaceutical agents. Such forms can aiso include forms

referred ¢ as fast dissolve, fast melt, and flash meit solid forms. For example
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U.S. Patent No. 6,723,348 describes fast dissolving tablets that disintegrate in the
buccal cavily upon contact with saliva by formation of an easy-to-swallow
suspension. U.S. Patent Nos. 5,464,632, 6,106,861, and 6,656,492 and PCT
Fublished applications WO 00/27357 and WO00/51568 describe fast dissolving
tablet formulations where the active ingredient is in the form of orally
disintegratable tablet containing coated microcrystals or coated microgranules.

Semi-solid forms include, but are not limited to, chewing gums, viscous
liquids, cintments, gels and hydrogel systems. For example, U.S. Patent Nos.
7,078,052, 6,773,716 and 6,558,692 disclose pharmaceutical chewing gum
formulations for delivering active agents to the cral mucosa.

In certain embodiments the compositions of the invention may also
comprise multilayered forms containing a combination of fast dissolve and slow
dissolve layers. As used herein the term multilayered is not limited to discrete
layers of materials but can also include mixtures of particles having slow dissolve

and fast dissolve properties.

In certain embodiments of the invention, the composition is formulated to
allow for immediate systemic absorption of phenylephrine. In additional
embodiments of the invention, the compos.ition 1s formulated to allow for sustained
systemic absorption of phenylephrine. In additional embodiments of the invention
the composition is formulated to allow for both an immediate systemic absorption
and a sustained systemic absorption of phenylephrine.

In certain embodiments the composition is suitable for sublingual
administration such that the composition allows for systemic absorption of
phenyiephrine from the floor of the mouth.

in certain embodiments the composition is suitabie for buccal
administration such that the composition allows for absorption of phenviephrine
from the buccal mucosa. Buccal mucosa has excellent accessibility with the direct
access to the systemic circulation through the internal jugular vein which would
bypass phenylephrine from the presystemic metabolism. Certain embodiments of
the invention suitable for buccal adminisiration can include matrix tablets and
Hims. In certain embodiments the compgositions of the invention suitable for
buccal administration will have at least one of the followings properties: (i} adhere
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to the buccal mucosa for few minutes to several hours; (ii) release phenylephrine
by either or both of immediate burst or controlied release; (iii) release
phenylephrine in an unidirectional manner directly to the mucosa or all directions:
(Iv) facilitate drug absorption through buccal mucosa; (vi) adapted to not interfere
with normal function such as talking or drinking.

In certain embodiments the composition of the invention can comprise a
dissolvable composition comprising phenylephrine distributed within an aqueous
soluble base material, wherein the composition is provided as a strip for inter-oral
adgministration of phenylephrine to the mucus membranes of the mouth of a
human or animal subject. In certain embodiments, the dissolvable composition
can comprise a base material comprising a carrier which is conformed as a strip to
serve as a delivery system for a measured dose of phenylephrine. In certain
embodiments, the strip can be a film impregnated with, coated with or otherwise
carry phenylephrine {0 enable the distribution of the phenylephrine to the oral
cavity. The films generally comprise one or more water-soluble or water-swellable
thermoplastic polymers such as hydroxypropylcellulose, polyethylene oxide,
homopolymers and copolymers of carboxymethyl cellulose, hydroxyethyi
cellulose, hydroxymethyl cellulose) with or without a plasticizer. The strip/film can
have a thickness suitable for oral administration to a subject, typically of from
about 20 microns to about 250 microns.

in certain embodiments, the composition may comprise part or all of the
phenylephrine or pharmaceutically acceptable salt thereof encapsulated within
encapsulation structures. The encapsulation structures may be selected to
provide adhesion to the mucous membranes of the oral cavity and/or be adapted
0 release the phenylephrine slowiy over time. in certain embodiments, the
encapsulation structures may comprise multilamellar microparticles.

In certain embodiments, the composition of the invention can comprise a
bioerodible, water-soluble, carrier device comprising a non-bioadhesive backing
iayer, a bioadhesive layer and a composition comprising phenylephrine or a
charmaceuticailly acceptable salt thereof. In ceriain embodiments, the
sivadnesive layer may be formulated to adhere 1o an oral mucosal surface o
enable sustained delivery of the composition. in certain embodiments the carrier
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device may further comprise a fluid carrier suitable for administration to a mucosal
surface of a mammal. The fluid carrier may comprise one or more of such
materials as acetic acid, acetone, anisole, 1-butanol, 2-butanol. putyl acetate, tert-
butylmethyl ether, cumene, dimethyl sulfoxide, ethanol. ethyl acetate, ethyl ether,
methanol, ethyl formate, formic acid, heptane, isobutyi acetate, iIsopropyl acetate,
methyl acetate, 3-methyl-1-butanoi, methylethyl ketone, methylisobutyl ketone, 2-
methyl-1-propanol, pentane, 1-pentanol, 1-propanol, 2-propanol, propyl acetate,
or tetrahydrofuran. In certain embodiments, the carrier device may further
comprises a polymeric or nonpolymeric hydrophilic agent, such as polyethylene
glycol.

in certain embodiments, the compositions of the invention can comprise a
non-bioadhesive backing layer such as a pharmaceutically acceptabie, film-
forming, water-soluble polymer. Examples of pharmaceutically acceptable, film-
forming, water-soluble polymer include, but are not limited to, nydroxyethyl
celivlose, hydroxypropyl cellulose, hydroxypropyimethy! celliulose,
hydroxyethylmethyl cellulose, polyvinyl alcohol, polyethylene glycoi, polyethylene
oxide, ethylene oxide-propylene oxide co-polymers, and combinations thereof.

in certain embodiments, the composition of the invention may comprise a
distribution of muitilayer microparticles in a base, wherein phenylephrine or a
pharmaceutically acceptable salt thereof is adsorbed within the layers of the
microparticles so as to be progressively released over time to the buccal or
sublingual mucosa. Compositions containing such microparticles ¢an be
administered by various means, such as film, gel, capsule, tablet, acrosolized or
otherwise pressurized spray, non-pressurized pump spray, mousse or drench, eic.

In certain embodiments, the distribution of multilayer microparticies is in the form
of a soluble solid or gel base, the base material being formulated to dissolve
within the mouth and liberate the microparticles to allow for contact of the
micropatrticles with the mucous membranes of the oral cavity. In cerain
embodiments, multilayer microparticles are in the range 0.1-10 microns. in certain

embodiments, the microparticles may comprise polar structures with 3 DOsitive

surtace charge 1o atlow for adhesion o mucosal surfaces. U.S. Patent No.
6,861,066 describes the use of high shear rates, such as with 3 microfiuidizer, to
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produce uniform submicron particle and droplet sizes of chemical or particulate

substances.

in certain embodiments, the compaositions of the invention may provide for
a susiained release of phenylephrine to provide a measurable blood levels of
parent (unmetabolized) phenylephrine in a subject for a sustained period of
time,wherein the period of time is at least about 5, 10, 15, 30, or 45 minutes, or at
leastabout 1, 2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21.
22, 23, or 24 hours.

In certain embodiments, the compositions of the invention may contain
additional therapeutic agents in addition to phenylephrine. The additional
therapeutic agent may be a decongestant including anti-histamine, an anti-pyretic,
a non-steroidal anti-inflammatory, or any other therapeutic agent or combination
of two or more of such agents to assist alleviation of the symptoms of a cold, a
seasonai or non-seasonal allergy, hay fever, or sinus problems. In a preferred
embodiment, the pharmaceutical compositions include an antihistamine.
Antihistamines can be of H1 or H2 antagonists or other types of histamine release
inhibitors. The H1 antagonists can be sedating or non-sedating, such as
diphenhydramine, chlorpheniramine, tripelennamine, promethazine, clemastine.
doxylamine, astemizole, terfenadine, and loratadine, among others. Examples of
H2 antagonists include, but are not limited to, cimetidine, famotidine, nizatidine.
and ranitidine. Examples of histamine-release inhibitors include cromolyn. Long-
acting antihistamines selected from one or more of the group consisting of
loratadine, desloratadine, azatidine, fexofenadine, terfenadine, cetirizine,
astemizole, and ievocabastine, or their pharmaceutically acceptable salts are
suitable for the pharmaceutical compositions of the invention.

Freterred antihistamines include loratadine and desloratadine. Loratadine
s disclosed in U.S. Patent No. 4,282,233 as a non-sedating antihistamine useful,
for example, in alleviation of seasonal allergic rhinitis symptoms such as sneezing
and itching. The active metabolite of loratadine is desioratadine, which has a haif-
ife (tyz) of approximately 15 to 19 hours. U.S. Patent No. 5,585,997 discloses
methods and composiions for treating seasonal allergic rhinitis symploms using
desioratadine. Loratadine and desioratadine are available in the form of
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conventional tablets that release the active agent in a conventional manner. An
exemplary formulation releases loratadine by the processes of disintegration and
dissolution such that loratadine begins to elicit its antihistaminic effect within 1 to 3
hours and the effect lasts in excess of 24 hours. Due to the long half life of
loratadine compared to phenylephrine, the loratadine in the formulation according
to the present invention is preferably available for immediate release. For
example, loratadine or desloratadine may be present in solution in the carrier
liquid of a Hquid core or incorporated into the top coating of the product.

Other antihistamines are also useful for the practice of the instant invention.
Azatadine is disclosed in Belgian Patent No. 647,043 and in corresponding U.S.
Patent No. 3,326,924 and 3,419,565. The elimination half-life is reported to be 9-
12 hours. Terfenadine and fexofenadine are disciosed in U.S. Patent No.
3,878,217 and have a duration of action of 12 {0 24 hours, and greater than 24
hours, respectively. Cetirizine is disclosed in U.S. Patent No. 4,525,358 and is
reported to have a guration of action of 12 to 24 hours. Astemizole is disclosed in
U.S. Patent No. 4,219,559 and is reported to have a duration of action greater
than 24 hours. Levocabastine is disclosed in U.S. Patent No. 4,369,184 and is
reported to have a duration of action of 16 to 24 hours. The dosage of
antihistamine such as loratadine or desloratadine may be present in different
concentrations such as 1 — 20 mg; preferably 2.5 mqg, 5 mg, or 10 mg.

Suitable anti-inflammatory and/or antipyretic agents useful for the present
compositions may be: a non-steroidal anti-inflammatory (NSAIDs),
aminoarylcarboxylic acid derivalives such as enfenamic acid, etofenamate,
flutenamic acid, isonixin, meclofenamic acid, mefanamic acid, niflumic acid,
talniflumate, terofenamate and tolfenamic acid; aryiacetic acid derivatives such as
acemetacin, aiclofenac, amfenac, bufexamac, cinmetacin, clopirac, diclofenac
sodium, etodolac, felbinac, fenclofenac, fenciorac, fenclozic acid, fentiazac,
giucametacin, ibufenac, indomethacin, isofezolac, isoxepac, lonazolac, metiazinic
acid, oxametacine, proglumetacin, sulindac, tiaramide, tolmetin and zomepirac;
arylbutyric acid derivalives such as bumadizon, butibufen, fenbufen and xenbucin;
aryicarboxylic acids such as clidanac, ketorolac and tinoridine; arylpropionic acid
derivatives sucn as aiminoproien, venoxaproien, bucloxic acid; carprofen,

fenoprofen, flunoxaprofen, fiurbiprofen, ibuprofen, ibuproxam, indoprofen,
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ketoprofen, loxoprofen, miroprofen, naproxen, oxaprozin, piketoprofen, pirprofen,
pranoprofen, protizinic acid, suprofen and tiaprofenic acid; pyrazoles such as
difenamizole and epirizole; pyrazolones such as apazone, benzpiperylon,
feprazone, motebutazone, morazone, oxyphenbutazone, phenybutazone,
pipebuzone, propyphenazone, ramifenazone, suxibuzone and thiazolinobutazone,
salicylic acid derivatives such as acetaminosalol, aspirin, benoryiate,
bromosaligenin, caicium acetylsalicylate, diflunisal, etersalate, fendosal, gentisic
acid, glycol salicylate, imidazole salicylate, lysine acetyisalicylate, mesalamine,
morpholine salicylate, 1-naphthyl salicylate, olsalazine, parsalimide, phenyi
acetyisalicyiate, phenyl salicylate, salacetamide, salicylamine ¢-acetic acid,
salicylsulfuric acid, salsalate and sulfasalazine; thiazinecarboxamides such as
droxicam, isoxicam, piroxicam and tenoxicam; others such as y-acetamidocaproic
acid, s-adenosyimethionine, 3-amino-4-hydroxybutyric acid, amixetrine, bendazac,
benzydamine, bucolome, difenpiramide, ditazol, emorfazone, guaiazulene,
nabumetone, nimesulide, orgotein, oxaceprol, paranyline, perisoxal, pifoxime,
proquazone, proxazole and tenidap; and pharmaceutically acceptable salts
thereof, and other analgesics, such as acetaminophen. The dosage of analgesic
and/or antipyretic such as aspirin, acetaminophen, etc. will be known to those
skilled in the art and can be in the range of 80 mg to 250 mg. The dosage of
NSAID will be known to those skilled in the art and can be in the range of 80 mg

to 500 mqg.

Certain embodiments of the compositions of the invention are designed to
release phenylephrine unidirectionally targeting the oral mucosa. Additional
embodiments of the compositions of the invention are designed to release
phenylephrine multidirectionally directly to the mucosa and into the saliva. Certain
embodiments of the compositions of the invention may also contain a
oharmaceutically acceptable bioadhesive or mucoadhesive additive to promote
retention of the compaosition in the oral cavity for a period of time {o allow for
sustained release of phenylephrine. Examples of pharmaceutically acceptable
bioadhesives and mucoadhesives are known in the art and include, but are not
imited 10, celluiose derivalives such as nydroxypropyi cellulose, and others as
described in U.S. Patent No. 4,940,587, In cerfain embodiments, the bicadhesive

layer can be water-soluble or non-water solubie. Certain water soluble
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bioadhesive layers include film forming water-soluble polymers and bicadhesive
polymers. Examples of film forming water soluble polymers include, but are not
limited to, hydroxyethyl cellulose, hydroxypropyl celiulose, hydroxypropylmethyl
celiuiose, hydroxyethylmethyl cellulose, and combinations thereof. In certain
embodiments, the film forming water soluble polymer of the bicadhesive layer is
crosslinked or plasticized. Examples of bicadhesive polymers include, but are
not limited to, polyacrylic acid, sodium carboxymethy! cellulose or
polyvinylpyrrolidone and combinations thereof. In certain embodiments,
polyacrylic acid can be fully or partially crosslinked. Examples of mucoadhesives
nclude gels, pastes, macromolecules, polymers, and oligomers, and mixtures
thereof that can adhere to a subject's mucous membrane for a period of time
sufticient to deliver the active agent such as described in U.S. Patent No.

6,509,028.

In certain embodiments the compositions of the invention comprise at least
one or a combination of biodegradable polymers to form a matrix with the
phenylephrine or pharmaceutically acceptable sait thereof such that the matrix
would provide an instant phenylephrine release upon contact with oral mucous
without taking any water. In certain embodiments, the matrix can be in the form of
a film or lattice comprising the biodegradable polymers. Such polymers are
known in the art and can be selected from non-limiting examples including gelatin,
dextran, dextrin, alginates (i.e., sodium alginate), hydroxypropy! methylcellulose
(HPMC), hydroxypropylceliulose, carboxymethylceliulose or its salt. polyvinyi
alcohol, polyvinylpyrrolidine, sucrose or other compressible sugars, dextrose,
dextrate, maltodextrine, starch, modified starch, microcrystailine cellulose,
sifidified microcrystalline cellulose, polyethylene glycols, lactose or with other
pharmaceutically acceptable carrier materials. in certain embodiments. the
compositions of the invention may aiso contain a pharmaceutical wax could be
agded for better performance.

The compositions of the invention may optionally comprise a penetration
enhancer. Examples of penetration enhancers are: salicyiates such as sodium
salicylate, 3-methoxysalicylate, 5-methoxysalicyiate and homovaniiate: bile acids
such as taurocholic, tauorodeoxycholic, deoxycholic, cholic, giveholic, dtnocholate,
chenodeoxycholic, ursodeoxycholic, ursocholic, dehydrocholic, fusidic, afc.; non-
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ionic surfactants such as polyoxyethylene ethers (e.g. Brij 36T, Brij 52°, Brij 56%,
Brij 76", Brij 96”, Texaphor® A8, Texaphor® A14, Texaphor® A60 etc.), p-t-octy!
phenol polyoxyethylenes (Triton® X-45, Triton® X-100, Triton® X-114. Triton® X-
305 etc.) nonylphenoxypoloxyethylenes (e.g. Igepal” CO series), polyoxyethylene
sorbitan esters (e.g. Tween®-20, Tween®-80 etc.); anionic surfactants such as
dioctyl sodium sulfosuccinate; lyso-phospholipids such as lysolecithin and
lysophosphatidylethanolamine; acylcarnitines, acylcholines and acyl amino acids
such as lauroylcarnitine, myristoylcarnitine, palmitoylcarnitine, lauroyicholine,
myristoylcholine, palmitoyicholine, hexadecyllysine, N-acylphenylalanine, N-
acylgiycine etc., water soluble phospholipids; medium-chain glycerides which are
mixtures of mono-, di- and triglycerides comprising medium-chain-length fatty
acids (caprylic, capric and lauric acids); ethylene-diaminetetraacetic acid (EDTA);
cationic surfactants such as cetylpyridinium chioride; fatty acid derivatives of
polyethylene glycol such as Labrasol®, Labrafac®, etc.; and atkylsaccharides such
as lauryl maltoside, lauroyl sucrose, myristoyl sucrose, and palmitoyl sucrose.

Certain embodiments of the compositions of the invention may comprise
one or more solubilizing agents with phenylephrine or other active agents to
promote rapid dissolution in aqueous media. Suitable solubilizing agents include
wetting agents such as polysorbates and poloxamers, non-ionic and ionic
surfactants, food acids and bases {e.g. sodium bicarbonate), and alcohols, and
buffer salts for pH control. Suitable acids include, but are not limited to, acetic
acid, ascorbic acid, citric acid, and hydrochloric acid.

Certain embodiments of the compositions of the invention may comprise
buttering materials to assist in absorption of pharmaceutically active ingredients.
Certain embodiments of buffered formulations may include sodium carbonate.
sodium phosphate, calcium carbonate, magnesium hydroxide, magnesium
carponate, aluminum hydroxide, or combinations thereof and cther similar
substances known to those skilled in the art. Certain embodiments of the
invention will optionally contain taste masking agents, such as flavors and/or
sweeteners. The compositions may further comprise one or more lubricating
and/or moisturising olls, including but not limited 1o hyaluronic acid or sodium

nyaluronate, giycerol, caienduta officinalis flower exiract or glycerin extract, guar
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hydroxypropyltrimonium chioride, xanthan gum, cellulose gum, sodium chioride,
olive oil, sunflower oil, almond o¢il, sesame oil, aloe vera, aloe barbadensis, and

combinations thereof.

General process for manufacturing the formulations

Another aspect of the invention are the processes of manufacturing the
formulations described above. The solid formulations are prepared using
methods generally known in the art to prepare orally delivered, single layer and
multiple-lavered dosage forms. See, for example, Hoover, John E., Remington's
Pharmaceutical Sciences, Mack Publishing Co., Easton, Pa. (1975), and
Liberman, H. A. and Lachman, L., Eds., Pharmaceutical Dosage Forms, Marcel
Decker, New York, N.Y. (1880). Stability and degradation analyses can be
performed according to the International Conference on Harmonization (ICH)
standards as described in “Impurities in New Drug Products” guidetines to
simulate two or more years of shelf life. For example, stability testing can be
performed at 40 degrees Celsius / 75% relative humidity for a 3-month period.
Standard pharmaceutical storage conditions are known in the art. Compositions
according to the invention can be assayed to meet all ICH guidelines for active
pharmaceutical assay with degradant levels which are below reporting limis,
preferably below identification limits, and most preferably below qualification limits.
The compositions of the invention can be packaged maintain stability of the
product. Preferred packaging methods include strip lamination in a foil-like
material or packaging in blisters using & foil or {efion-like material.

Methods of treatment and administration

The methods of the invention are directed (o administration of the
oharmaceutical compositions for temporary reliet of congestion and/or stuffiness
caused by colds, seasonal and other allergies, hay fever, sinus problems or
allergic and non-allergic rhinitis, which may cause an increase in nasal discharge.

in certain embodiments the composition of the invention provides a
therapeutically effective phenviephrine dose for at period of time after a single
dose is administerad 1o a subiact. The subject can be any animal, human of
otherwise, in need of treatment with phenyiephrine. The period of time
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contempiated can be anywhere from 5 minutes to over 24 hours. itis
contemplated that, by bypassing the first pass metabolism of the subject, a
sustained therapeutic dosage can be obtained for a period of time from a single
administration of the compositions of the invention that would be therapeutically
equivalent to orally administered immediate release compositions that are typically
agministered in multiple dosages and absorbed through the gastrointestinal tract.
Thus, when viewed in terms of pharmacokinetic parameters, a single
administration of certain embodiments of the compositions of the invention will
provide phenylephrine to the subject such that the subject exhibits a mean AUC
and/or Cnax of phenylephrine equivalent to from about 80% to about 125% of the
AUC and/or Cax Obtained by multiple doses of a standard immediate release orai
dosage formulation of phenylephrine. Such standard immediate release oral
dosage formulation of phenylephrine typically contain about 10mg of
phenylephrine and are administered in multiple doses, such as 2, 3. 4. 5. 6. or
more doses, over a 24 hour period to provide for sustained therapeutic dosages.

Thus, certain embodiments of this invention provide a therapeutically
effective phenylephrine dose for a period of time after a single dose is
administered to a subject, wherein the period of time is at least about 5, 10, 15,
30, or 45 minutes, or atleastabout 1,2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15,
16, 17,18, 19, 20, 21, 22, 28, or 24 hours. In addition, certain embodiments of
the invention are formulated as a single dosage form to deliver phenylephrine or a
pharmaceutically acceptable salt thereof to a subject in need thereof, such that
the single dosage results in peak concentration of unmetabolized phenvylephrine in
plasma of the subject at a time point of from about 0.1 and about 1.5 hours after
the composition contacts the oral mucosa. In certain embodiments of the
nvention, the amount of unmetabolized phenylephrine in the subiect is maintained
at a levei greater than 20 picogram/mi. in certain embodiments of the invention,
the amount of unmetabolized phenylephrine in the subject is maintained for a
period of about one half to 12 hours after placing the composition in contact with
the oral mucosa. The presence of unmetabolized phenylephrine is detectable by
metnoas used by one skilled in the art for detecting pharmaceutical compounds in
the plasma (P. Placek, et al. J. Chromatography B. 858 (2007),263 — 268}

As used herein, the term “contacting of the oral mucosa” can comprise
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piacing the composition of the invention under the tongue or on the floor of the
mouth or in contact with the buccal mucosa. In certain embodiments of the
invention, the compositions will contact the oral mucosa by means of placing a
solid, semi-solid, or liguid form of the composition in the mouth. These methods
of contacting may also include spraying the composition into the mouth in a
manner that the compaosition is applied to the oral mucosa.

Thus, the invention further provides a method of systemically administering
phenylephrine to a subject which comprises contacting oral mucosa with a
pharmaceutical composition comprising phenylephrine or a pharmaceutically
acceptable salt thereof, wherein the composition allows for absorption of
phenylephrine by oral mucosa. In certain embodiments, the invention includes
methods of freating symptoms of cold, influenza, or allergies in a subject in need
thereof, comprising administering the pharmaceutical compositions described
herein. In certain embodiments, the methods comprise administering the
pharmaceutical composition every 8, 12, 16, or 24 hours.

In certain embodiments, the method of the invention comprises
administering phenylephrine to the floor of the mouth underneath the tongue of
the subject. In certain embodiments, the method of the invention comprises

administering phenylephrine to the buccal mucosa of the subject.

Phenylephrine Metaboiite Activity Assays

The affinity and activity of phenylephrine metabolites were evaluated in
human recombinant oy and oy adrenoreceptor binding and activity assays. Pk
undergoes extensive pre-systemic metabolism. After oral administration of
approximately 24 mg of PE to healthy volunteers, four main meiaboiites were
excreted in the urine {10). These metabolites are: 1} unconjugated m-
nydroxymandeiic acid {30% of dose); 2) suifate conjugate of m-
hydroxyphenylglycol; 3) sulfate conjugate of Pk (47%); and 4) glucuronide
conjugate of PE (12%). The purpose of the present studies was to determine the
affinity and functional activity of m-hydroxymandelic acid, Pt suilfate conjugate

and PE glucuronide coniugate at the human recombinant o, -adrenorecepitors {0,
and o, subtypes) and os-adrencreceptons {tp,., Opp and oy sublypes). Affinity of

the metabolites was determined by receptor binding assays. Functional activity of
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the metabolites was assessed using an [*°S]-GTPYS binding exchange assay for
the o, receptor subtypes and a cell-based calcium flux response for the

receptor subtypes.
The major metabolites of PE were evaluated to determine their ability to

bind to or activate the ay adrenoreceptor subtypes a4, and o, and the oo
adrenoreceptor subtypes opa, oop and .. The metabolites evaluated were: 3-

hydroxymandelic acid, PE sulfate and PE glucuronide. in each binding and
tunctional assay the metabolites were compared to PE.

Materials And Methods

(R)-(-)-phenylephrine (PE), was obtained from Sigma (Cat. no.P6126-25G,
CAS [61-76-7]). 3-hydroxymandelic acid, also known as m- hydroxymandelic acid,
was obtained from Fiuka (Cat n0.55520-1G, CAS [17119-15-2]), and
characterized as described (11). (R)-PE sulfate was prepared as described from
PE (11). By NMR (R)-PE-sulfate batch 4 was estimated to contain less than 0.1%
PE (11). (R)-PE glucuronide was prepared as described (11). Two batches were
prepared : batch 2 ("b2”) or batch 4 ("b4”). The amount of PE in the PE-
glucuronide was estimated to be undetectable (b2) or ~ 0.28 % (b4) by LC/MS

(11).

[®S]-GTPYS binding

Membranes (20 ng/well) from Chinese hamster ovary (CHO) cells
expressing each of the o, adrenoreceptors were incubated for 30 minutes at room
temperature with serial dilutions of phenylephrine (PE), PE metabolites or the
standard, UK14304, or 1 uM cold GTPYS {(non-specific binding} and 0.1 nM [*S]-
GTPYS in quadruplicate in NEN Basic FlashPlates”. Assay buffer was 75 mM
Tris-HCIi pH 7.4, 12.5 mM MgCl,, 2 mM EDTA and 1 uM GDP. Plates were
counted on a Packard TopCount. The percent increase over basal binding of
[*S]-GTPYS, a measure of efficacy, was calculated as follows : 100 x {[mean total
sample cpm ~ basal cpm] + by basal cpm]. Basa!l cpm was defined as the mean
cpm in the absence of agonist compound minus the mean non-specific oinding

cpm. Halt-maximai effective concentrations (ECs,, concentration of compound
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required to give 50% of its own maximal stimulation) were caiculated using

nonlinear regression with GraphPad Prism.

Competition binding assays

Competition binding assays for the o, adrenoreceptors were performed
using 20 ug membrane protein per well in binding buffer (75 mM Tris-HCI pH 7.4,
12.5 mM MgCl,, 2 mM EDTA, 0.29% bovine serum albuminj). PHI-UK 14304 was
used as the radioligand. Competition binding for the o, adrenoreceptors was
performed similarly with [°H]-Prazosin as the radioligand. The Kj of ["H]-UK 14304
for s Ozp and ozc is : 0.9, 26.5 and 2.4 nM, respectively. The Kq of [°H]-Prazosin
for ciz and aqp is 0.2 and 0.3 nM, respectively. Competition binding was done
using various concentrations of PE or Pk metabolites as the cold competitor.
Binding was terminated by rapid filtration through GF/C unifilter plates, presoaked
with 0.3% polyethyienimine, with five washes with 0.5 ml cold 50 mM Tris-HCI ph
7.4, using a Packard Filtermate Harvester. After drying, bound radioactivity was
determined by liquid scintillation counting (Packard TopCount) with Microscint 20,
50 ul/well. Binding data were anaiyzed using GraphPad Prism.

Cellular Calcium flux

Intracellular calcium levels were measured using a fluorometric imaging
plate reader (FLIPR). Cells expressing o, adrenoreceptors were cultured
overnight at 15,000 celis/well in 96 well black-wall clear bottom plates (Packard).
Adherent cells were loaded for 1 hour at 37° C using the FLIPR Calcium Plus
Assay Kit (Molecular Probes, Eugene, OR), which included 2.5 mM probenecid
(Sigma). Compounds {at 10 mM in 100 % DMSQO) were diluted in diluting buffer
(HBSS, 20 mM HEPES, 2.5 mM probenecid, 0.5% BSA, pH 7.4). A titration of
norepinephrine was included in every experiment and norepinephrine (at 1 uM)
was also used as a plate standard on each assay plate. Cells were maintained at
37° C throughout all calcium measurements. Fluorescence data was collected at 1
second interval ior 60 seconds, followed by collection at 2 second intervals for 30

seconds. Background fluorescence was quaniiiated in welis containing cells with

no additions and was sublracted from all experimental samples. All conditions
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were done in quadruplicate. Non-linear regression analysis using GraphPad Prism
was used to calculate ECs; values.

Data Analysis
5 PE was tested as a reference compound in all assays. Each metabolite

was evaluated in each assay in at least 2 independent experiments and a
representative assay of each metabolite/assay combination is shown. ECs; and K
values are expressed as mean = SD of 2-4 independent assays.

A low level of PE was estimated to be present in the PE sulfate (less than

10 0.1%) or in PE glucuronide batch 4 (approximately 0.28%). Theoretical dose

response curves were generated using nonlinear regression (Graphpad Prism) to
estimate the actlivity expected if PE were present in the PE sulfate at 0.1% or in
PE glucuronide batch 4 at 0.28%.

15 Results
The potency and affinity of PE and all PE metabolites tested are

summarnized in Table 1.

TABLE 1
2w
PE hydroxymandelic
PE PE sulfate glucuronide acid

Receptor Assay K ECsg K== ECsp K ECsqy K ECs

atla Calcium 101 NA M NA
aib Calcium 14 NA M NA
ala Binding 1873 NA NA NA
alb Binding 6737 NA NA NA
aza GTPYS 225 NA NA NA
azb GTPYS 2334 NA NA NA
a2¢ GTPYS 584 NA NA NA
az2a Binding 130 NA M NA
az2b Binding 558 NA Vi NA

a2 Binding 67 __NA M NA

Numerical values represent mean K, or EC:s nM
NA = Not Active
W = Not Active or Minimal activity in b4 consistent with PE contamination

.
T
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PE induced an increase in intracellular calcium in o4~ (ECsq = 101 252 nM)
and ap-expressing CHO cells (ECs; = 13.6 = 20.6 nM). In contrast, 3-
hydroxymandeilic acid was not active in the o, and oy, calcium assays (Figure 1).
PE demonstrated binding to the oy (Ki= 1873 £ 1043 nM) and o, recepiors (K
= 6737 + 5650 nM)}. No appreciable binding to these receptors was detectable
with 3-hydroxymandelic acid at concentrations up to 100 uM (Figure 2).

in an [*°S]-GTPYS binding exchange assay, PE demonstrated functionai
activity for the ap receptor subtypes. The potency of PE for the opa, opp and o
subtypes is 225 £ 46 nM, 2334 = 522 nM, and 884 = 312 nM, respectively. In
contrast, 3-hydroxymandelic acid had no activity in the oga, O and o 20'S-
GTPYS assays (Figure 3). Also, 3-hydroxymandelic acid demonstrated no
significant binding to the oy receptor subtypes (Figure 4). In contrast, PE bound
to the o, O and oee receptors with moderate affinity | Ky = 130 £ 15 nM, 558 =
188 nM, and 67 = 16 nM, respectively.

In contrast to PE, PE sulfate had no or minimal activity in the o O dip
caicium assays, respectively (Figure 5). Theoretical curves were also generated {0
indicate the activity expected if PE were present in PE sulfate at 0.1%, the limit of

detection of PE by NMR. In both assays the activity of PE sulfate was much less
than expected for Pk if Pk were present at the limit of assay detection (Figure 5).

No appreciable binding of PE suifate was detected at the o4, and oyp receptors
(Fiqure 6).

PE sulfate was also assessed for activity at the oo, 0oy and oz subtypes
using the [°°S]-GTPYS assays (Figure 7). No activity of PE sulfate was detected
and this was less than that expected for PE it PE were present at the limit of
assay detection. in addition, no appreciable binding of Pk sulfate was observed at
the oy receptor subtypes (Figure 8. The very minimal binding detected at 100 uM
at each receptor subtype was less than that expected for PE if PE were present at

the limit of assay detection.
PE glucuronide was evaluated in the assays described above. PE

glucuronide b4 was estimated o confain approximateiy §.28% PE and was
avaiuated in the o4 caicium assays (Figure 9} and o binding assays {(Figure 12

PE glucuronide b4 was ~ 300-450-fold less potent than PE in inducing a calcium
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iIncrease in the a4, Or yy, cells (Figure 9). Theoretical curves were also generated
to reflect the activity expected for contaminating Pt which was present in Pk
glucuronide at approximately 0.28%. In both assays the activity of Pt glucuronide
was similar to or slightly less than that expected for Pk if Pk were present at
0.28% (Figure 9).This indicates that the weak activity of PE glucuronide is
attributable to the low level of contaminating PE.

PE glucuronide b2, with no detectable PE, was evaluated in the ¢4 binding
assays {Figure 10). No appreciable binding of PE glucuronide was detected at the
12 and oy receptors (Figure 10). In the o, [°S]-GTPYS assays (Figure 11), PE
glucuronide b2 stimulated very weak binding to oz, membranes only at the highest
concentration tested, 100 uM. No stimulatory activity was observed In oy and O
membranes.

A small amount of binding of PE glucuronide b4 was observed at the oy

receptor subtypes which was significantly less than that of PE (Figure 12) and K|
values could not be determined. Theoretical curves were generated to reflect the
activity expected for contaminating PE which was present in PE glucuronide b4 at
approximately 0.28%. In all o, receptor binding assays the activity of Pk
glucuronide b4 was similar to that expected for Pk it PE were present at 0.28%
(Figure 12).This indicates that the weak activity of PE glucuronide is attriputable to

the low level of contaminating PE.

Conclusions
3-Hydroxymandelic acid had no activity at the highest concentration

evaluated (10 uM) in the o4 or oz assays assessing agonist activity. Both the
calcium fiux assay and the [*°SI-GTPYS binding exchange assay are considered
sensitive assays of oy and o adrenorecepior aclivily, respectively, because each
utilizes cells overexpressing the recombinant human adrenoreceptors. In addition,
3-hydroxymandelic acid had no affinity for the o or o receptor subtypes at the
nighest concentration evaluated (100 uM). Thus, 3-hydroxymandelic acid is an
inactive metabolite of PE.

FE suifate had no altinity for the o or op recepior subtvpes at the highest

concentration evaluated {100 ubd}. PE suitate had no activity in the ¢y subyipe
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[°S]-GTPYS assays at the highest concentration evaluated (100 uM). A very low
level of activity was detected in the o, calcium assays and this activity was much
less than expected for PE if PE were present at the limit of assay detection. Thus,
PE sulfate has minimal to no activity at the o, or op adrenoreceptors.

PE glucuronide was pharmacologically inactive in the o, and «; subtype
receptor binding assays as well as in the assays measuring functional activity of
the oy and o receptors. PE glucuronide had no binding affinity for the o, Or aup
receptors nor did it activate binding of [°S]-GTPYS to the o, receptor subtypes.
The minimal activity of PE glucuronide batch 4 observed in the oy, and o

caicium and o receptor binding assays was completely consistent with the levei
of contaminating PE (0.28%).
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The following exampies describe certain embodiments of the compositions
and methods of the invention. The examples are not intended, and should not be
interpreted, to limit the scope of the invention which is more fully defined in the
claims which appear thereatter.

EXAMPLES
Example 1
Orally disintegrating tablet dosage forms

The foilowing table shows a representative formulation for compositions of

the invention in the form of an oraily disintegrating tablet.

Table 2
F'“M | Theoretical % | Amount per tablet
| Ingredients (w/w) | (mg)
Phenyiephrinéﬁ&d?&bﬁidﬁde T 1-30 | 1-45
Mannito! | 30-60 ; 45-90 |

Crospovidone

O el A" ARA0A e el sl
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Povidone

‘Magnesium stearate _
Total 100 150

The dosage forms are prepared by charging phenyiephrine HCI, Avicel PH101,
and Povidone 1o a granuiator and mixing. the mixture is then granulated with
water and passed through a screen, such as an 8 mesh screen. The granules are
then dried, such as by using a tray dryer, and the dried granules are passed
through a suitably-sized screening mill. The granulation is then mixed with
selected excipients and pressed into tablets.

Example 2
Soft gel capsule dosage forms

The following table shows a representative formulation for compositions of

the invention in the form of soft gel capsules.

Table 3
L__.“.__..._. e —TFreoreticaT T Amountima
ingredients {w/w)
Phenylephrine Hydrochloride 1-30 1-45
PEG 400 : 10-50 1575
W T -
Total ' ' . 100 : 150 |

The formulations are prepared by weighing PEG 400 and water and mixing well
with @ mixer. Phenylephrine HCI is then charged and mixed until all
phenyiephrine dissolved. The composition is then filed into softgel capsules.
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Example 3
Buccal tablet dosage forms

The foliowing table shows a representative formuiation for compositions of
the invention in the form of buccal adhesive tablets having a diameter of
approximately 7 mm and hardness 6 — 8 kPP (kilopascal).

Table 4
mgmdiem.sw Theoréféi:ai ]

Fha nyiep e mrade . T
Carbop-ol@umé?ikfﬁ' — U T _
STST— nhyzi?ous e B
Corscarmeliose Sodium ] 05-15 |
' Magnesium Stearate - | 0.1-1.0
e SR e
. e T

Sucralose Micronized j
- N_{ -

The tablets are prepared by directly compressing a tablet mix containing between

about 1 to about 75 mg of phenylephrine or pharmaceutically acceptable salt and
about 90 to about 400 mg of excipients such as Carbopol® §71P as biocadhesive
polymer, magnesium stearate as lubricant, corscarmellose sodium as supper
disintegrate, granular sugar (e.g. dexirose, multidexirine, manitol efc.), sucralose
as artificial sweetener and artificial flavors using a rotatory tablet press.

Example 4
Lozenge dosage forms
Lozenges are flavored dosage delivery systems for medication that are
held in the mouth, wetted with saliva and sucked until dissolution occurs. A
iozenge that dissolves slower is more preferable 10 aliow for most of the drug to
e absorbed from the buccal cavity and iess swallowed and lost in the G! tract,

The foliowing table shows a representative formuiation for compositions of the
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invention in the form of lozenges having a diameter of approximately 20 mm and
nardness of between about 12 and about 30 kP.

Table 5

i - Theoretical %%

Ingredients (w/w)

T T R R T I T I T IR I TN IE NI I NN NI I N NN NN TN L L LA &L 2
LI AN BN an Bl el BARE L BN BN BN BEEE B LLEELa A S am Sl am B Ll g & il ;s a

Phenylephrine Hydrochloride T 1780

Magnesium Stearate

L

T

iSweetener
' Total

0 - -

pp————,

The lozenges are prepared by direct compressing a tablet mix consisting of
5 — 75 mg of phenylephrine and 80 — 900 mg of suitable excipients such as

magnesium stearate, mannitol, carbopol 971P and xanthan gum using a rotatory
tablet press.

Examples 5-8
Buccal/Sublingual Film Dosage Form

The following table shows representative formulations for compositions of
the invention in the form of rapidly disintegrating/dissolving films for oral
consumption with no mucoadhesion.
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Table 6

|
| Ingredients

(mg/film) |

Phenyiephr ine HCE

%

(%} I
28.30 §

f

I T Eampies | Examples |
| i Am—'L - Amount | Percent E
(maffilm) | (%) ]

20.00 ¢ 33 83 %

1412

.
3
*
1
.
>
-+
.
3
)
Mwm“ ., L s, a
.
>
3
>
3
3
>

Puliui

1GOOE
|

39.97 |

......................
vvvvvvvvvv

| - Xanthan Gum 0. 08

023

014;‘

Tocust Bean Gum 610}

x ! L]
:

0.1?:

- Carrageenan

0.41 {

‘iJGi

070

f Sodium Benzoate 0.10 E

017 |

E Acestuifame Potassium i' (.68

PUL LI LR L L L LM AN AL ARMIIIIIIL AR AL ARERR A R AL A AL AL AR L LAY AL _RAR__ L & Ao AL
r Y Y LN SE S n Sun B BN S B EEE BN EEEEE NSRS NS LI NSRS Su REE L g g

1.15

- Asr.)artame NF | 1.91

3.23 |

" v —— ; L N A S A N N NN NN NI NAN AN ANSALME AREAEAIA AL AL LRL L PR
AL LR AL L g g i e e
i i mElimAR L Ly LlARA AR LA RRIRY R ALREIE 4 a3 N "
ral + + WAL A LR LR A b A A o A s e TR T — T w—

s Cooling Agent 0.14

LLSRRI L AaEES RApS

- 0.39

0.24 |

| Menthol E

2.73

7?3

462

} Polysorbate 80 NF
%

136;

0.81

g ............................

E Atmos 300

1.36

0.81

[ Prapyterre Glycol

410|

.
i

11160

3.38

{ TOi&f Dose Wezght 35.53

100 |

" Calculated assuming complete evaporation of water from the films after drying.

Enough water is used to enable efficient p

rocessing.

ingredient ranges for one film dose according to this aspect of the invention

can be as foliows:
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Table 7
Ingredient Theoretical % g
E (wiw) E‘
Phenylephrine HCI {}?“%_ 1-35(5 - 20 mg)
1 similar salt |
| Pullulan ' 40 - 80
Locust Bean Gum | 0.1-05 |
| Carrageenan i 0.70 - 2 i
T Sodium Benzoate | 0.1-0.4
~ Acesulfame Potassium 1-3
Aspartame 3-7 gﬁ
" Polysorbate 80 | 0.8 - 2 ’
Atmos 300 0.8 -2
Fropylene Glycol | 3-20

The films in Examples 5 and 6 are prepared as follows. The film-forming
ingredients (e.qg. pullulan, xanthan gum, locust bean gum, and carrageenan) other
than Polysorbate 80 and Atmos 300 are mixed and hydrated in hot purified water
to form a gel and stored in a refrigerator overnight at a temperature of
approximately 4 C to form Preparation A. The sweetener and Phenylephrine
Hydrochloride are dissolved in purified water 10 form Preparation B, Preparation B
Is added to Preparation A and mixed together 1o form Preparation C. The
flavoring agents (e.g. cooling agent and menthol) are mixed to form Preparation
. The Polysorbate 80 and Atmos 300 are added to Preparation D and mixed
well to form Preparation k£ which s added t¢ Preparation C and mixed well {0 form
Hreparation F. Preparation F is poured on a mold and cast o form a film of
desired thickness at room temperature. The film is dried using warm air and cut
info desired dimensions, packaged and stored. The films will have a very rapid
dissolving time, on the arder of about 10 seconds.

The following table shows representative formulations for composiions of
the invention in the form of disintegrating/dissolving films for oral consumption with

mucoadhesive properties:



LA

CA 02709208 2010-06-07

WO 2009/076165 PCT/US2008/085523

36

Table 8
Example 7

A AL ARM SAMIIIMANIIIIIL AR L AR L AR LA ALA LA 4 A A A 2
T LI S G B M A M M B BASSSRSRRSRARRRRRRRRRR M amm e % L e L
Ll sy v guwny v g = A8 R WA SRS L uy AE_. DS W R ETT AN T T W S i S 4 |

Ingredients  {mgffilm)

“Phenylephrine HCI | 10.00 E 14.22 20 ee

21.62
5.41 |

S G rb H OE ..... i ot _é_‘ 00_
- 30)

1ML ""U'G; W‘-‘Q—"-ﬁ-i—'-‘#r@wﬂ-rh#m—m ey all rr-ncn. o e ol

:
| | 2. 2.70}
' Glycerol | 00 | .. E = 5.41
SroTiene Giveal =55 7”} =50 t:&m ,
§ oo BONF T T A e T

L ._,_._._,___;_ N
H
J
;

ST NP S
)
G |
D:
~d
.
orvedin

 Polyoxyethylene (23)

lauryl ether (Brij 35) 8.00| 11.38 10.00 | | 1081

“Peppermint Elavor T Bo0| 741 f TT7B0 T 811
: | i s '

Aspartame 0.80 | 1.14 150 1.62 |

I | _ |

; Hydroxypropylmethyl l {
s ' |
%

cellulose ! 28.00| 39 9.83 30.00 | 32.43
S Wate?”userb/sp -+ ; o %*__E

Y _n-nnn-.u-n------n— Ty

E Ethanoi usp i
| Totai Dose Werght

.3 29 R g

" Calculated assuming complete evaporation of water and ethano! from the films
after drying. Enough water and ethanol is used to enable efficient processing. A
preservative, e.g. sodium benzoate, can be added as an anti-microbial agent.

ingredient ranges for one film dose according to this aspect of the invention

can be as foliows:
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Table 9

ingredient

Theoretical % |
el

T A LT TR

|
|
z
|
|

similar salt

Phenylephrine HCI or

% ettt —
- 1-25(1to 20 mg) {

Drbﬁei N B —
%tdcn 30 . E“J
G!ycero ) T g
Propylené Gm- T i

Sodium Benzoate 0T
Aspartame TR |

BolvSo rba‘teao-é . A

E —Fronyions Ghoo—— ——T5
~ Hydroxypropyimethyl | 20~ 40 ,
g ? z

celulose

The films in Examples 7 and 8 are prepared as follows. Sorbitol, Kollidon

30, glycerol, propylene glycol, polysorbate 80, Brij 35, peppermint flavor and

aspartame are dissolved in a sufficient amount of water and ethanol (e.qg. 800

gram for an approximate batch size of 75 gram) at 60 C while stirring. After all the

ingredients are dissolved (clear solution is obtained), add hydroxypropyimethyl

celiulose (HPMC) while stirring. After the HPMC is completely dissolved, the

solution is cooled tc room temperature and coated onto a suitable carrier web

(e.g. non-siliconized, polyethylene-coated kraft paper) using conventionat coating

and drying conditions. Coating gap and web speed have 1o be adjusted to

achieve a dry Him thickness between

20 and 50 micron. The resulting film |

peeled off the carrier web and cut into pieces of a suitable shape and size.



%

15

CA 02709208 2010-06-07
WO 2009/0761635 PCT/US2008/085523

38

Exampie 9
Semi-solid (chewing gum} dosage forms

The following table shows a representative formulation for compositions of
the invention in the form of a semi solid chewing gum composition:

UL UL UL
uuuuuuuu

| Ingredients 'Theoretical %

| Phényl'@ph-rin-e Hydméﬁfé%icf

‘Gum base
Menthol

Flavor

- Sweetener

A

The chewing gum compositions are comprised of a water insoluble
chewing gum base portion, a water soluble portion includes sweeteners and
phenylephrine or its pharmaceutically acceptable salt, fillers that may be insoluble
or partially soluble and flavors and colorants. Phenylephrine and all soluble
ingredients except filler are dissolved in a mixing vessel and granulated with the
fillers. The granulation is dried in a suitable dryer and then milled with suitable
particle size distributions. The milled granulation is then mixed with gum base in a
suitabie mixer. The mix is then compressed into chewing gum using suitable roli
COMprassion eguipment.
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WHAT IS CLAIMED 1G:

1. A pharmaceutical composition comprising phenylephrine or a pharmaceutically
acceptable salt thereof, wherein the compaosition is formulated to be applied {0
oral mucosa to allow for enhanced systemic absorption of therapeutically active

form of phenylephrine.

2. The composition of ciaim 1 wherein the composition is formulated to allow for

immediate systemic absorption of therapeutically active form of phenylephrine.

3. The composition of claim 1 wherein the composttion is formulated to allow for

sustained systemic absorption of therapeutically active form of phenylephrine.

4. A pharmaceutical composition suitable for sublingual systemic administration
of phenylephrine or a pharmaceutically acceptable salt thereof, wherein the
composition allows for systemic absorption of phenyiephrine from the floor of the

mouth.

5. The composition of claim 4 wherein the composttion is formulated o provide an

immediate release of phenylephrine.

6. The composition of claim 4 wherein the composition is formulated to provide a

sustained release of phenyiephrine.

/. A pharmaceutical composition suitabie for buccal systemic administration of
phenviephrine or a pharmaceuticaily acceptable sait thereol, wherein the

composition aliows for absorption of phenviephrine from the buccal mucosa.

8. The composition of claim 7 wherein the composttion is formulated to provide an

immediate release of phenyiephrine.

9. The compostion of claim 7 wherein the composition s formudated 1o provide a

sustained release of phenylephrine.



L5

2 U

25

CA 02709208 2010-06-07

WO 2009/076165 PCT/US2008/085523

40

10. The composition of claim 1 wherein the composition provides a release of
phenylephrine to provide a measurable plasma concentration of therapeutically
active form of phenylephrine in the subject for a period of at least four hours.

11. The composition of claim 1 wherein the composition provides a release of
phenylephrine to provide a measurable plasma concentration of therapeutically
active form of phenylephrine in the subject for a period of at least six hours.

12. The composition of claim 1 wherein the composition provides a release of
phenylephrine to provide a measurable plasma concentration of therapeutically
active form of phenylephrine in the subject for a period of at least eight hours.

13. The composition of claim 1 wherein the composition provides a release of
phenylephrine to provide a measurable plasma concentration of therapeutically
active form of phenylephrine in the subject for a period of at least twelve hours.

14. The composition of claim 1 wherein the composition provides a release of
phenylephrine to provide a measurable plasma concentration of therapeutically
active form of phenylephrine in the subject for a period of at least sixteen hours.

15. The composition of claim 1 wherein the composition provides a release of
phenylephrine to provide a measurable plasma concentration of therapeutically
active form of phenylephrine in the subject for a period of at least twenty hours.

16. The composition of claim 1 wherein the composition provides a release of
phenylephrine 1o provide a measurable plasma concentration of therapeutically
active form of phenylephrine in the subject for a period of at least twenty four

nours.

17. A method of systemically administering phenylephrine which comprises
contacting oral mucosa with a pharmaceutical composition comprising
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phenylephrine or a pharmaceutically acceptable salt thereof, wherein the
composition allows for reiease of phenylephrine to oral mucosa.

18. A dissolvable composition comprising phenylephrine distributed within an
agueous soluble base material, wherein the composition is provided as a strip for
inter-oral administration of phenylephrine to the mucus membranes of the mouth

of a human or animal subiject.

19. The composition of claim 18 wherein base material comprises a carrier which
IS conformed as a strip to serve as a delivery system for a measured dose of

phenylephrine.

20. The composition of claim 18 wherein the strip comprises phenylephrine
coated on the strip.

21. The composition of claim 18 wherein the strip comprises a flexible film having
a thickness of from about 20 microns to about 250 microns.

22. The composition according to claim 18 wherein the carrier or base material of
the strip comprises a soluble gel material.

23. The composition according to claim 1 wherein a part or all of the
phenylephrine or pharmaceutically acceptable salt thereof are encapsulated within

encapsulation structures.

24. The composition according to claim 23 wherein the encapsulation structures
are selected to adhere to the mucous membranes of the oral cavity.

25. The composition according to claim 1 wherein the encapsulation structures
are selected to release the phenylephrine or pharmaceutically acceptable salt

thereof slowly over time.

26. The composition according to claim 23 wherein the encapsulation structures
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comprise multilamellar microparticles.

27. A bioerodible, water-soluble, carrier device comprising a non-biocadhesive
Dacking layer, a bloadhesive layer and a composition comprising phenylephrine or
a pharmaceutically acceptable salt thereof, wherein the bicadhesive layer is
formulated to adhere to a mucosal surface of a mammal and provides sustained
delivery of the composition.

28. The carrier device of claim 27 wherein the composition further comprises a
fluid carner suitable for administration to a mucosal surface of a mammal.

29. The carrier device of claim 28 wherein the fluid carrier comprises acetic acid,
acetone, anisole, 1-butanol, 2-butanol, butyl acetate, tert-butylmethyl ether,
cumene, dimethyl sulfoxide, ethanol, ethyl acetate, ethyl ether, methanol, ethy!
formate, formic acid, heptane, isobutyl acetate, isopropyl acetate, methy! acetate,
3-methyl-1-butanol, methylethyl ketone, methylisobutyl ketone, 2-methyi-1-
propanol, pentane, 1-pentanol, 1-propanol, 2-propanol, propyl acetate, or
tetranydrofuran.

30. The carrier device of claim 27 wherein the composition further comprises a
polymeric or nonpolymeric hydrophilic agent.

31. The carrier device of claim 30 wherein the hydrophilic agent comprises
polyethylene glycol.

32. The carrier device of claim 27 wherein the bicadhesive layer is water-soiuble.

33. The carrier device of claim 27 wherein the bicadhesive layer comprises a film

forming water-soluble polymer.

34. The carrier device of claim 27 wherein the bicadhesive layer comprises a

Digadhniesive polymaer.
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35. The carrier device of claim 33 wherein the film forming water soluble polymer
of the bicadhesive layer comprises hydroxyethyl celiulose, hydroxypropyl
cellulose, hydroxypropylimethyl cellulose, hydroxyethylimethyl cellulose, or a

combination thereot.

36. The carrier device of claim 33 wherein the film forming water soluble polymer

of the bicadhesive layer is crosslinked or plasticized.

37. The carrier device of claim 34 wherein the bicadhesive polymer of the
picadhesive layer comprises polyacrylic acid, sodium carboxymethyl cellulose or
polyvinyipyrrolidone or a combination thereof.

38. The carrier device of claim 37 wherein the polyacrylic acid is partially
crosslinked.

39. The carrier device of claim 27 wherein the non-bioadhesive backing layer
comprises a pharmaceutically acceptable, film-forming, water-soluble polymer.

40. The carrier device of claim 39 wherein the pharmaceutically acceptable, film-
forming, water-soluble polymer is hydroxyethyl cellulose, hydroxypropyl celluiose,
nydroxypropylmethyl cellulose, hydroxyethyimethyl cellulose, polyvinyl alcohol,
polyethylene glycol, polyethylene oxide, ethylene oxide-propylene oxide co-

polymers, or a combination thereof.

41. A composition for buccal or sublingual application comprising a distribution of
muitilayer microparticles in a base, wherein phenviephrine or a pharmaceutically
accepiable salt thereo! is adsorbed within the layers of the microparticies so as ¢
he progressively released over time to the buccal or sublingual mucosa.

42. The composition of claim 41 in the form tor application by means of a spray,

mousse or drench.
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43. The composition of claim 41 comprising a distribution of muitiayer
microparticles in a soluble solid or gei base, the base material being formulated 1o

dissolve within the mouth and liberate the microparticies to allow for contact of the

microparticles with the mucous membranes of the oral cavity.

44 Composition of claim 41 wherein multilayer microparticies are selected to

exhibit good adhesion to the mucous membranes of the oral cavity.

45. The composition of claim 41 wherein the multilayer microparticles are in the

range 0.1-10 microns.

48. The composition of claim 41 wherein the multilayer microparticles comprise

an aerosolized spray.

47. The composition according to claim 41 wherein the microparticles generally

comprise polar structures with a positive surface charge.

48. The composition according to claim 1 further comprising additional active

ingredients chosen from the group consisting of antihistamines, antibacteriais,

anti-inflammatory agents, and analgesic compounds.

49. The composition of claim 48 wherein the antihistamine is chosen from the

group consisting of diphenhydramine, chiorpheniramine, tripelennamine,
oromethazine, clemastine, doxylamine, astemizote, terfenadine, loratadine,

desioratadine. cimetadine, famotidine, nizatidine, ranitidine. cromolyn and

combinations thereof

50. Composition according to claim 1 further comprising one or more lubricating

and/or moisturising oiis.

51. The composition of claim 50 wherein the iubricating and/or moisturising oils
are selected from the group consisting of hyaluronic acid of gsodium hyaluronique,

glycerol, calendula officinalis flower extract of giycerin extract, guar
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hydroxypropyitrimonium chioride, xanthan gum, cellulose gum, sodium chloride,

olive oil. sunflower oil, almond olil, sesame oil, aloe vera, aloe barbadensis, and

combinations thereof.

52. A drug delivery device adapted for application sublingually of the oral cavity
for fast release thereon of a composition comprising phenylephrine or a
pharmaceutically acceptable sait thereot, said device comprising a body having

the composition distributed therein and having a size and shape suitable for

sublingual appiication

53 The device of claim 52 wherein the body is in the form of a tablet, a softgel

capsule, a fast dissolving film.

54 The devise of claim 53 wherein the tablet is a fast dissolving or fast melting
tablet.

55. A pharmaceutical formulation adapted for application and adherence to the
mucosa of the oral cavity for sustained release thereon of a composition
comprising phenylephrine or a pharmaceutically acceptable salt thereof wherein

the composition is in the form of a liquid or semisolid.

56. The pharmaceutical formulation of claim 55 wherein the liquid or semisolid

congeals after application to oral mucosa.
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