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ORAL BILAYER TABLETS COMPRISING ACETYLSALICYLIC ACID AND
PSEUDOEPHEDRINE, METHODS OF PREPARING AND USING THEREOF

FIELD

[0001] The present disclosure relates generally to bilayer tablets comprising a combination
of two active pharmaceutical ingredients, and more specifically to bilayer tablets comprising
acetylsalicylic acid, pseudoephedrine and a dissolution aid. The present disclosure also provides

methods of preparing and methods of using the bilayer tablets described herein.
BACKGROUND

[0002] Due to the many symptoms and signs associated with the common cold and/or flu,
individual active pharmaceutical ingredients taken by themselves are often insufficient to
provide relief from the full catalog of symptoms, which can include, for example, nasal
congestion, cough, fever/chills, muscle and/or body aches/pain, and fatigue. The use of two or
more active pharmaceutical ingredients in combination may be appropriate to treat and address
each symptom on an individual basis. However, for persons experiencing multiple symptoms
simultaneously, having to take multiple medications containing individual active pharmaceutical
ingredients at various times throughout a single day not only can be tedious and inconvenient,

but may further result potential risk of improper dosing or other unintentional misuse.

[0003] Fixed-dose combination medications may provide a means to address multiple cold
and/or flu symptoms in a single, compact dosage form, such as tablet, capsule or pill. For
example, treatment with a combination dosage form containing both a decongestant, such as
pseudoephedrine, and a dual antipyretic/analgesic, such as acetylsalicylic acid, could provide
suitable relief in instances in which nasal congestion and/or sinus inflammation coincide with

pain and fever.

[0004] However, the preparation of combination formulations may involve several
considerations beyond the simple mixing of the individual active pharmaceutical ingredients into
a single dosage form. Formulation of fixed-dose combinations often presents a number of
difficulties in terms of maintaining the desired physicochemical and bioavailability properties
that each active ingredient component would possess individually while ensuring their respective

chemical stabilities when being prepared, stored and ultimately administered together. To



WO 2022/103620 PCT/US2021/057702

circumvent these difficulties, many manufacturers simplify their formulation design by relying
upon active pharmaceutical ingredients that are chemically compatible and have similar

bioavailability profiles.

[0005] However, there still remains a need for formulations of fixed-dose combinations that
combine two or more active pharmaceutical ingredients that may be chemically incompatible
(such as acetylsalicylic acid and pseudoephedrine) in a compact, convenient, and quick-acting
dosage form without compromising the therapeutic efficacy and/or storage stability of the

individual active ingredients.

BRIEF SUMMARY

[0006] The present disclosure addresses the need for fixed-dose combinations for the
treatment of cold and/or flu symptoms, such as sinus congestion in combination with fever
and/or pain by providing a bilayer tablet comprising acetylsalicylic acid and pseudoephedrine,
with each active pharmaceutical ingredient contained separately within one of the two distinct
layers. By virtue of a combination of granulated and non-granulated acetylsalicylic acid within
the acetylsalicylic acid layer with a unique distribution of a dissolution aid throughout the two
layers, the bilayer tablets of the present disclosure achieve good storage stability and dissolution

profiles.

[0007] In one aspect, provided herein is a bilayer tablet, comprising an acetylsalicylic acid
layer, comprising: granules, wherein the granules comprise intragranular acetylsalicylic acid,
intragranular sodium carbonate, and one or more intragranular excipients; extragranular
acetylsalicylic acid; and one or more extragranular excipients; and a pseudoephedrine layer,
comprising: pseudoephedrine or a pharmaceutically acceptable salt thereof; sodium carbonate;
and one or more excipients; wherein 10-50% w/w of the total acetylsalicylic acid present in the
tablet is intragranular acetylsalicylic acid, and wherein the tablet has a weight ratio of the

acetylsalicylic acid to sodium carbonate of between 1:1 and 5:1.

[0008] In some embodiments of the present aspect, the tablet has a weight ratio of
acetylsalicylic acid to sodium carbonate between 2:1 and 4:1. In other embodiments, which may
be combined with the preceding embodiments, 10-50% w/w of the total sodium carbonate

present in the tablet is intragranular sodium carbonate. In still other embodiments, which may be
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combined with any of the preceding embodiments, 20-40% w/w of the total acetylsalicylic acid
present is intragranular acetylsalicylic acid. In yet other embodiments, which may be combined
with any of the preceding embodiments, 20-40% w/w of the total sodium carbonate present in

the tablet is present in the acetylsalicylic acid layer.

[0009] In some embodiments, the weight percentage of intragranular acetylsalicylic acid out
of the total acetylsalicylic acid present is equal to the weight percentage of the intragranular
sodium carbonate out of the total sodium carbonate present in the tablet. In certain embodiments,
the bilayer tablets comprises between 250 mg and 1000 mg acetylsalicylic acid. In certain other
embodiments, which may be combined with any of the preceding embodiments, the bilayer
tablet comprises between 15 mg and 60 mg pseudoephedrine or a pharmaceutically acceptable
salt thereof. In certain embodiments, the pseudoephedrine or a pharmaceutically acceptable salt

thereof is pseudoephedrine hydrochloride.

[0010] In some embodiments, the one or more intragranular excipients in the granules
comprises colloidal silicon dioxide. In other embodiments, the one or more extragranular
excipients in the acetylsalicylic acid layer comprises colloidal silicon dioxide, cornstarch, and
cellulose. In still other embodiments, the one or more excipients in the pseudoephedrine layer
comprises mannitol, microcrystalline cellulose, cornstarch, and colloidal silicon dioxide. In yet

other embodiments, the bilayer tablet comprises a coating.

[0011] In some embodiments, the tablet comprises less than or equal to 4% w/w salicylic
acid of the initial acetylsalicylic acid content after storage at 50°C and 65% relative humidity for
at least 10 days. In other embodiments, the tablet comprises less than or equal to 4% w/w
salicylic acid of the initial acetylsalicylic acid content after storage at 40°C and 75% relative
humidity for at least 1 month. In yet other embodiments, the tablet comprises at least 95%
acetylsalicylic acid of the initial acetylsalicylic acid content after storage at 40°C and 75%
relative humidity for at least 1 month. In still further embodiments, the tablet has a dissolution
profile wherein at least 85% acetylsalicylic acid and at least 85% pseudoephedrine are dissolved
at 10 minutes as determined by USP Dissolution Test (Apparatus 1) in S0 mM sodium acetate
buffer at pH 4.5 at 37+0.5°C.
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[0012] In another aspect, provided herein is a method for preparing a bilayer tablet as
described herein, comprising compacting and milling acetylsalicylic acid, sodium carbonate, and
colloidal silicon dioxide to provide granules; combining the granules with acetylsalicylic acid,
cornstarch, powdered cellulose, and colloidal silicon dioxide to provide an acetylsalicylic acid
blend; combining pseudoephedrine or a pharmaceutically acceptable salt thereof, cornstarch,
mannitol, sodium carbonate, microcrystalline cellulose and colloidal silicon dioxide to provide a
pseudoephedrine blend; and compressing the acetylsalicylic acid blend and pseudoephedrine

blend to form the bilayer tablet.

[0013] In some embodiments of this aspect, the method comprises compacting the
acetylsalicylic acid, sodium carbonate, and colloidal silicon dioxide by roller compaction. In
other embodiments of the present aspect, the granules have a particle size distribution wherein
between 5% w/w and 30% w/w of the granules out of the total granule weight have a particle
size of less than 150 um, and wherein between 50% w/w and 80% w/w of the granules out of the
total granule weight have a particle size of greater than 400 um. In still further embodiments, the
method further comprises drying the acetylsalicylic acid blend prior to compressing. In certain
embodiments, the method comprises drying the acetylsalicylic acid blend to a water activity of
less than or equal to 0.2. In some embodiments, the pseudoephedrine or a pharmaceutically

acceptable salt thereof is pseudoephedrine hydrochloride.

[0014] In some embodiments, the method comprises compressing the acetylsalicylic acid
blend and pseudoephedrine blend at a compression force between 1 kN and 30 kN. In some
embodiments, the method comprises compressing the acetylsalicylic acid blend and
pseudoephedrine blend at a compression force between 5 kN and 30 kN. In certain embodiments,
the method comprises compressing the acetylsalicylic acid blend and pseudoephedrine blend at a
compression force between 10 kN and 20 kN. In other embodiments, the method comprises
compressing the acetylsalicylic acid blend at a first compression force to provide an
acetylsalicylic acid layer; and compressing the pseudoephedrine blend on top of the
acetylsalicylic acid layer at a second compression force to form the bilayer tablet. In yet other
embodiments, compressing the pseudoephedrine blend at a first compression force to provide a
pseudoephedrine layer; and compressing the acetylsalicylic acid blend on top of the

pseudoephedrine layer at a second compression force to form the bilayer tablet. In certain
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embodiments, the first compression force is between 1 kN and 30 kN and the second
compression force is between 5 kN and 30 kN. In certain embodiments, the first compression
force is between 5 kN and 30 kN and the second compression force is between 5 kN and 30 kN.

In still other embodiments, the method further comprises coating the tablet.

[0015] In yet another aspect, provided herein is a method for treating nasal congestion and
pain or fever a in a human in need thereof, comprising administering a bilayer tablet as described

herein to the human.

[0016] In still another aspect, provided herein is a package comprising a bilayer tablet as

described herein. In some embodiments, the package further comprises a desiccant.

DESCRIPTION OF THE FIGURES

[0017] The present application can be understood by reference to the following description

taken in conjunction with the accompanying figures.

[0018] FIG. 1 depicts an exemplary schematic of a bilayer tablet comprising acetylsalicylic

acid and pseudoephedrine.

[0019] FIG. 2 depicts an exemplary process for preparing a bilayer tablet comprising

acetylsalicylic acid and pseudoephedrine.

[0020] FIG. 3 depicts plots of the percentage of degradation products (free salicylic acid
alone (“FSA”) and total acetylsalicylic acid-derived degradation products (“Total Degs”)
including free salicylic acid) as a function of the ratio of granulated (roller-compacted, “RC”) to

non-granulated (direct compression, “DC”) acetylsalicylic acid.

[0021] FIGS. 4A and 4B show dissolution profiles of bilayer tablets prepared under
different compression forces. FIG. 4A and FIG. 4B respectively depict the dissolution profiles
of acetylsalicylic acid (percentage of acetylsalicylic acid dissolved) and pseudoephedrine

hydrochloride (percentage of pseudoephedrine hydrochloride dissolved) as a function of time.

[0022] FIG. 5 depicts dissolution profiles of acetylsalicylic acid prepared in various

formulations.
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DETAILED DESCRIPTION

[0023] Ailments like the common cold and flu often bring with them a multitude of
symptoms, which are not all readily treated by a single active pharmaceutical ingredient. Fixed-
dose combination formulations are one means of ameliorating multiple symptoms
simultaneously to provide therapeutic relief with a single compact dosage form. However, the
preparation of fixed-dose combinations is not a simple or straightforward process. Formulations
containing a single active pharmaceutical ingredient are typically optimized with respect to a
number of criteria, including but not limited to storage stability and drug dissolution and/or
absorption rate, for the particular active pharmaceutical ingredient to be delivered. The
combination of two or more active pharmaceutical ingredients requires careful thought as to how
to accommodate the specific chemical instabilities of each component and mitigate any new

formulation incompatibilities that may arise between the two or more active components.

[0024] For example, acetylsalicylic acid may be susceptible to hydrolysis degradation to
form less stable free salicylic acid as well as other unwanted and/or inactive byproducts in the
presence of water (such as residual moisture content introduced by excipients). Similarly, certain
environmental and/or chemical conditions may degrade pseudoephedrine over time to produce
less active or inactive derivatives. In addition to their individual susceptibilities to degradation,
acetylsalicylic acid and pseudoephedrine may accelerate existing degradation pathways of the
other active ingredients when combined, which may result in reduced therapeutic efficacy
overall. Therefore, a major obstacle in preparing a fixed-dose combination is striking a balance
of chemical and storage stability with the desired delivery properties while maintaining or

improving the overall efficacy of both individual active ingredients in a single dosage form.

[0025] An additional concern with fixed-dose combinations, as with individual active
pharmaceutical ingredients, is ensuring that the fixed-dose combinations demonstrate similar
dissolution properties and rapid disintegration times in order to provide fast-acting relief from
symptoms. While modifications may be made to address the storage stability and chemical
compatibility of two or more active pharmaceutical ingredients, if the onset of action or
symptomatic relief is not comparably as quick as would be provided with the individual dosage

forms taken alone, consumers may be discouraged from using the fixed-dose combination.
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[0026] For example, acetylsalicylic acid is also known to have limited solubility in water and
under acidic conditions. The solubility of acetylsalicylic acid is increased under basic conditions,
as in the gastrointestinal tract. The addition of basic dissolution aids to acetylsalicylic acid
formulations may improve the solubility of acetylsalicylic acid within a given environment but
can further expose acetylsalicylic acid to additional degradation and/or chemical rearrangement
pathways to form less therapeutically active degradation products. For fixed-dose combinations,
the concern is compounded by the difficulty in selecting suitable dissolution aids that are
chemically compatible with each active ingredient and any excipients, achieving congruent
dissolution times for the two or more active ingredients, and, thus also, a single dosage form

having uniform dissolution and stability properties throughout.

[0027] Thus, there remains a need for fixed-dose combination dosage forms that achieve
both storage stability and dissolution rate on par with the individual dosage forms of the relevant

active pharmaceutical ingredients.

[0028] The present disclosure addresses this need by providing a fixed-dose combination
dosage form that succeed in preserving the storage stability and dissolution rate for its
component active pharmaceutical ingredients as observed in corresponding individual dosage
forms. More specifically, provided herein is a bilayer tablet, comprising acetylsalicylic acid,
pseudoephedrine or a pharmaceutically acceptable salt thereof, and a dissolution aid. The bilayer
tablet possesses a unique internal architecture that ultimately provides a quick-acting, but storage

stable formulation of acetylsalicylic acid and pseudoephedrine in a single dosage form.

[0029] The properties of the bilayer tablets described in the present disclosure are made
possible by a combination of specific structural aspects utilized in the bilayer tablets. In order to
achieve the desired stability and dissolution properties of both acetylsalicylic acid and
pseudoephedrine in a single dosage form, the bilayer tablets employ two layers to separate the
two actives from one another, a distribution of dissolution aids across the two layers,
modification to the physical forms (e.g., granulated and non-granulated) of the acetylsalicylic
acid present within the acetylsalicylic acid layer, and particular mass ratios of acetylsalicylic acid

to the dissolution aid in the granules and the bilayer tablet as a whole.
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[0030] As suggested by the term “bilayer”, the bilayer tablet of the present disclosure utilizes
two discrete layers, with one layer containing acetylsalicylic acid and the other containing
pseudoephedrine. The separation of the two active pharmaceutical ingredients into two layers
reduces the physical proximity and, thus, any chemical interaction between the two active
components. With the incompatible active ingredients isolated from one another, the risk of
accelerated degradation that may be caused by the combination of the two components is

mitigated.

[0031] The bilayer tablet further employs a distribution of dissolution aid sodium carbonate
across the two layers of the tablet and, within the acetylsalicylic acid layer, an admixture of
granulated acetylsalicylic acid and non-granulated powder acetylsalicylic acid in the
acetylsalicylic acid layer. As described above, dissolution aids such as sodium carbonate
modulate the local environment of the dosage form and thus promote dissolution of the active
pharmaceutical ingredient, e.g., acetylsalicylic acid. However, in the case of dissolution aids and
acetylsalicylic acid, chemical reactions between the two components over time may also lead to
the increased presence of degradation products. In the bilayer tablets provided herein, the
dissolution aid is distributed across both layers of the tablet, e.g., with the majority of the
dissolution aid in the pseudoephedrine layer. The allocation of the dissolution aid in this manner
improves the dissolution profile of acetylsalicylic acid during administration (i.e., dissolves more
rapidly) but reduces the extent of direct physical contact of acetylsalicylic acid with the
dissolution aid in the acetylsalicylic acid layer itself and decreases the potential for undesired

chemical interactions to occur.

[0032] Within the acetylsalicylic acid layer, the bilayer tablet utilizes a combination of
acetylsalicylic acid in a non-granulated powder form with acetylsalicylic acid granules, wherein
the dissolution aid present in the acetylsalicylic acid layer is restricted to the acetylsalicylic acid
granules. The percentage of intragranular acetylsalicylic acid (provided in the granules) out of
the total acetylsalicylic acid present is maintained within specific ranges (e.g., 10-50% w/w) to
aid dissolution. Additionally, the ratio of acetylsalicylic acid to the dissolution aid(s) are
controlled within certain mass ratio ranges, e.g., between 1:1 and 7:1, in both the granules and
the bilayer tablet taken as a whole. The control over the quantities of acetylsalicylic acid and

dissolution aids in the tablets as described above optimizes the effect of the dissolution aid where
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it directly contacts the acetylsalicylic acid by achieving minimal loss of the acetylsalicylic acid to
degradation associated with the dissolution aids during storage with maximal dissolution of

acetylsalicylic acid once administered.

[0033] By virtue of the compartmentalization of the active ingredients and dissolution aid(s),
the bilayer tablets described herein provide fast-acting therapeutic benefit in a single, storage

stable fixed-dose combination dosage form.

[0034] The following description sets forth exemplary methods, parameters and the like. It
should be recognized, however, that such description is not intended as a limitation on the scope

of the present disclosure but is instead provided as a description of exemplary embodiments.

[0035] Reference to “about” a value or parameter herein includes (and describes)
embodiments that are directed to that value or parameter per se. For example, description

referring to “about X” includes description of “X”.

[0036] It is understood that aspects and variations described herein also include “consisting”

and/or “consisting essentially of” aspects and variations.
Bilayer Tablet

[0037] Provided herein is a fixed combination dosage form comprising two active
pharmaceutical ingredients in a bilayer tablet, wherein each layer comprises one of the two

active pharmaceutical ingredients, and both layers comprise one or more dissolution aids.

[0038] As described herein, a primary aspect of the bilayer tablets provided herein is the
separation of active pharmaceutical ingredients, which may be chemically incompatible (e.g.,
reactive), into discrete layers. Reduction of the physical contact between active pharmaceutical
ingredients that could induce or accelerate degradation enhances the storage stability of the

active ingredients and the shelf life of the bilayer tablet.

[0039] In one aspect, provided herein is a bilayer tablet, wherein the bilayer tablet comprises
a first layer and a second layer, wherein the first layer comprises a first active pharmaceutical
ingredient, and wherein the second layer comprises a second active pharmaceutical ingredient. In

some embodiments, the bilayer tablet comprises a first layer and a second layer, wherein the first
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layer comprises acetylsalicylic acid, and the second layer comprises pseudoephedrine or a
pharmaceutically acceptable salt thereof. With reference to FIG. 1, schematic 100 is an
exemplary schematic of a bilayer tablet comprising a first layer (acetylsalicylic acid (ASA)
layer) 102 and a second layer (pseudoephedrine hydrochloride (PSEH) layer) 104. The
acetylsalicylic acid layer 102 comprises a combination of granulated acetylsalicylic acid (e.g.
roller-compacted granules) and non-granulated acetylsalicylic acid external to the granules (e.g.,
in a direct blend). As shown in FIG. 1, sodium carbonate is used as a dissolution aid and is
incorporated in both layers 102 and 104. The sodium carbonate in the acetylsalicylic acid layer
102 is contained entirely within the granules. With reference again to FIG. 1, in some
embodiments, the bilayer tablet further comprises an external lubricant or coating 106. In certain
embodiments, the coating comprises a combination of hypromellose, zinc stearate and carnauba

wax. In still further embodiments, the coating comprises a flavorant.

[0040] It should be recognized that the bilayer tablets of the present disclosure may also be
suitable to deliver combinations of active pharmaceutical ingredients, wherein one or both
analgesic/antipyretic and nasal decongestant active pharmaceutical ingredients is substituted with
a therapeutically equivalent active ingredient. Such combinations may include, for example,
naproxen or ibuprofen as analgesics/antipyretics in place of acetylsalicylic acid, phenylephrine as

a nasal decongestant in lieu of pseudoephedrine, or any combinations thereof.

[0041] It should be further recognized that the bilayer tablets of the present disclosure may
further comprise one or more additional active pharmaceutical ingredients in addition to
acetylsalicylic acid and pseudoephedrine or a pharmaceutically salt thereof, provided the
additional active ingredient is compatible with one or both of the acetylsalicylic acid and
pseudoephedrine, and may be incorporated into one or both of the layers in the bilayer tablet.
The inclusion of additional active pharmaceutical ingredients may be appropriate for the
treatment of or provision of relief from other symptoms associated with the common cold and/or

flu, such as sneezing or coughing.

[0042] In still further embodiments, the bilayer tablets of the present disclosure may be
suitable to deliver any two active pharmaceutical ingredients for a fixed-dose combination

treatment, especially combinations of active pharmaceutical ingredients that may exhibit similar

10
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potential for degradation due to external variables (moisture content) and/or share similar

incompatibilities as acetylsalicylic acid and pseudoephedrine.
First Layer, or Acetylsalicylic Acid Layer

[0043] In some embodiments, the bilayer tablet of the present disclosure comprises a first
layer, wherein the first layer comprises a first active pharmaceutical ingredient. In certain
embodiments, the bilayer tablet comprises a first layer comprising an analgesic. In still further
embodiments, the analgesic is acetylsalicylic acid. Alternatively, in some embodiments wherein
the bilayer tablet comprises acetylsalicylic acid in the first layer, the first layer may be described

as an acetylsalicylic acid layer.

[0044] Acetylsalicylic acid is a pain-relieving (analgesic) and fever-reducing (antipyretic)
agent. Acetylsalicylic acid may also be used as an anti-inflammatory agent. As a result of its
myriad effects, acetylsalicylic acid is widely used to treat various ailments, including those
associated with the common cold and/or flu. Depending on the desired therapeutic effect to be
provided by the bilayer tablet—that is, the extent to which the cold and flu symptoms are
alleviated and how long relief is provided, the quantities of the active pharmaceutical

ingredients, such as acetylsalicylic acid, contained in the bilayer tablet may vary.

[0045] The quantity of the acetylsalicylic acid present in the bilayer tablet may be expressed
in terms of absolute milligram amounts. It should be recognized that the absolute milligram
amounts of the present disclosure are intended to indicate the quantity of the acetylsalicylic acid
in an individual bilayer tablet. In some embodiments, the bilayer tablet comprises at least 50 mg,
at least 75 mg, at least 100 mg, at least 150 mg, or at least 250 mg acetylsalicylic acid. In other
embodiments, the bilayer tablet comprises less than or equal to 1000 mg, less than or equal to

500 mg, less than or equal to 325 mg, or less than or equal to 250 mg acetylsalicylic acid.

[0046] Alternatively, the quantity of the acetylsalicylic acid may also be expressed as a
weight percentage of the total weight of the bilayer tablet. In some embodiments, the bilayer
tablet comprises at least 25% w/w, at least 30% w/w, at least 40% w/w, or at least 50% w/w
acetylsalicylic acid by total weight of the bilayer tablet. In other embodiments, the bilayer tablet

comprises less than or equal to 80% w/w, less than or equal to 75% w/w, less than or equal to

11
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70% w/w, or less than or equal to 60% w/w acetylsalicylic acid by total weight of the bilayer
tablet.

[0047] In still further embodiments, the bilayer tablet comprises acetylsalicylic acid, wherein
the entirety of acetylsalicylic acid present in the bilayer tablet is contained with the first
(acetylsalicylic acid) layer. In certain embodiments wherein the entirety of acetylsalicylic acid
present in the bilayer tablet is contained with the first (acetylsalicylic acid) layer, the amount of
acetylsalicylic acid present may be characterized by a weight percentage of the weight of the
acetylsalicylic acid layer. For example, in some embodiments, the acetylsalicylic acid layer
comprises at least 50% w/w, at least 60% w/w, at least 70% w/w, or at least 75% w/w
acetylsalicylic acid by weight of the acetylsalicylic acid layer. In other embodiments, the bilayer
tablet comprises less than or equal to 95% w/w, less than or equal to 90% w/w, or less than or

equal to 85% w/w acetylsalicylic acid by weight of the acetylsalicylic acid layer.

[0048] As described above, the bilayer tablet of the present disclosure employs a
combination of granulated and non-granulated acetylsalicylic acid within one of the layers of the
bilayer tablet in order to achieve its observed storage stability and dissolution properties. In some
embodiments, the acetylsalicylic acid present in the bilayer tablet may be further characterized
by total quantity of acetylsalicylic acid, which is the sum of acetylsalicylic acid in granulated and
non-granulated forms. In other embodiments, the bilayer tablet comprises granules, wherein at
least a portion of the total acetylsalicylic acid present is contained within the granules (i.e.,
intragranular) and the remaining portion of the total acetylsalicylic acid is contained within the

first layer external to the granules (i.e., extragranular).
Granules (Acetylsalicylic Acid Composite)

[0049] As described above, the bilayer tablets of the present disclosure comprise granules,
wherein the granules comprise acetylsalicylic acid, the inclusion of which granules may lead to a
faster absorption profile and improvement in the pharmacokinetic profile. The granules, which
may collectively be referred to as an acetylsalicylic acid composite, also include one or more
dissolution aids. It was observed that the incorporation of the acetylsalicylic acid composite
comprising acetylsalicylic acid in intimate contact with one or more dissolution aids provided

improvement in dissolution rate of the acetylsalicylic acid layer, particularly with respect to

12
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matching the dissolution profile of the active ingredient pseudoephedrine (or phenylephrine) in
the second layer of the tablet. Without being bound to a particular theory of the invention, the
envelopment of the acetylsalicylic acid by the dissolution aid and the smaller particle sizes of the
ingredients are believed to lead to observed, significant improvement in the dissolution profile

for the active pharmaceutical ingredient.

[0050] Additional benefits of the envelopment of acetylsalicylic acid by the dissolution aid
include the protection of the granulated acetylsalicylic acid from adventitious moisture and the
secondary behavior of dissolution aid to act like a starch or binder, thereby removing the need

for additional fillers, binders and or stabilizers in the granules.

[0051] The quantity of acetylsalicylic acid present in the granules may be described as a
weight percentage of the weight of the granules. In some embodiments, the granules comprise at
least 50% w/w, at least 60% w/w, or at least 70% w/w acetylsalicylic acid by weight of the
granules. In other embodiments, the granules comprise less than or equal to 90% w/w, less than
or equal to 80% w/w, or less than or equal to 75% w/w acetylsalicylic acid by weight of the
granules. In certain embodiments, the acetylsalicylic acid present in the granules may be referred

to as intragranular acetylsalicylic acid.

[0052] In still other embodiments, the quantity of intragranular acetylsalicylic acid present in
the granules may be described as a weight percentage of the weight of the acetylsalicylic acid
layer. In some embodiments, the acetylsalicylic acid layer comprises at least 10% w/w, at least
15% w/w, or at least 20% w/w intragranular acetylsalicylic acid by weight of the acetylsalicylic
acid layer. In other embodiments, the granules comprise less than or equal to 50% w/w, less than
or equal to 40% w/w, or less than or equal to 30% w/w intragranular acetylsalicylic acid by

weight of the acetylsalicylic acid layer.

[0053] In some embodiments, the granules comprise one or more dissolution aids.
Dissolution aids, which may also be referred to as solubilizing agents or solubility enhancers,
may enhance the dissolution profile of active pharmaceutical ingredients in a formulation.
Suitable dissolution aids may include but are not limited to surfactants (e.g., sodium lauryl
sulfate), magnesium hydroxide, magnesium oxide, aluminum oxide, calcium carbonate, sodium

carbonate, sodium bicarbonate, or any combinations thereof. As with intragranular
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acetylsalicylic acid above, the dissolution aid present in the granules may be referred to as
intragranular dissolution aid and characterized by a weight percentage of the weight of the

granules.

[0054] In some embodiments, the granules comprise at least 5% w/w, at least 10% w/w, at
least 15% w/w, or at least 20% w/w dissolution aid by weight of the granules. In other
embodiments, the granules comprise less than or equal to 50% w/w, less than or equal to 40%

w/w, or less than or equal to 30% w/w dissolution aid by weight of the granules.

[0055] In still further embodiments, the amount of intragranular dissolution aid may be
described as a weight percentage of the weight of the acetylsalicylic acid layer. In some
embodiments, the acetylsalicylic acid layer comprises at least 1% w/w, at least 2% w/w, at least
5% w/w, or at least 7% w/w intragranular dissolution aid by weight of the acetylsalicylic acid
layer. In other embodiments, the acetylsalicylic acid layer comprises less than or equal to 15%
w/w, less than or equal to 12% w/w, or less than or equal to 10% w/w intragranular dissolution

aid by weight of the acetylsalicylic acid layer.

[0056] In some embodiments, the granules comprise sodium carbonate. In some
embodiments, the granules comprise at least 5% w/w, at least 10% w/w, at least 15% w/w, or at
least 20% w/w sodium carbonate by weight of the granules. In other embodiments, the granules
comprise less than or equal to 50% w/w, less than or equal to 40% w/w, or less than or equal to
30% w/w sodium carbonate by weight of the granules. In some embodiments, the acetylsalicylic
acid layer comprises at least 1% w/w, at least 2% w/w, at least 5% w/w, or at least 7% w/w
intragranular sodium carbonate by weight of the acetylsalicylic acid layer. In other embodiments,
the acetylsalicylic acid layer comprises less than or equal to 15% w/w, less than or equal to 12%
w/w, or less than or equal to 10% w/w intragranular sodium carbonate by weight of the

acetylsalicylic acid layer.

[0057] In other embodiments, the granules comprises one or more intragranular excipients in
addition to the dissolution aid described above. Such intragranular excipients may be included in
order to facilitate manufacture of the granules themselves or to modulate certain physical

properties of the granules produced. Additional intragranular excipients apart from the
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dissolution aid(s) described above may include, but are not limited to, flow aids, diluents,

binders, and disintegrants.

[0058] In some embodiments, the granules comprise a flow aid. Flow aids, also known as
glidants, may be employed to reduce friction between powder or granular material and increase
flowability. Exemplary flow aids include but are not limited to silicon dioxide, colloidal silicon

dioxide, talc, magnesium stearate, zinc stearate, and stearic acid.

[0059] In some embodiments, the granules comprise colloidal silicon dioxide. In some
embodiments, the granules comprise at least 0.1% w/w, at least 0.2% w/w, or at least 0.3% w/w
colloidal silicon dioxide by weight of the granules. In other embodiments, the granules comprise
less than or equal to 4% w/w, less than or equal to 2% w/w, or less than or equal to 1% w/w
colloidal silicon dioxide by weight of the granules. In other embodiments, the acetylsalicylic acid
layer comprises at least 0.03% w/w, at least 0.06% w/w, or at least 0.1 % w/w intragranular
colloidal silicon dioxide by weight of the acetylsalicylic acid layer. In other embodiments, the
acetylsalicylic acid layer comprises less than or equal to 0.5% w/w, less than or equal to 1%
w/w, or less than or equal to 2% w/w intragranular colloidal silicon dioxide by weight of the

acetylsalicylic acid layer.
Extragranular Acetylsalicylic acid and Other Excipients

[0060] In some embodiments, the first (acetylsalicylic acid) layer comprises additional active
pharmaceutical ingredient outside of the granules described herein. Active pharmaceutical
ingredient outside of the granules but contained within the first layer may be referred to herein as

extragranular active pharmaceutical ingredient.

[0061] As described above, the bilayer tablets of the present disclosure utilize an admixture
of acetylsalicylic acid in granulated and non-granulated form. The use of acetylsalicylic acid in
both granulated and non-granulated forms contributes to the observed storage stability as well as
the fast dissolution profile of the acetylsalicylic acid in the bilayer tablets. For example, in some
embodiments wherein acetylsalicylic acid is the active pharmaceutical ingredient in the first

layer (acetylsalicylic acid layer), the first layer comprises extragranular acetylsalicylic acid.
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[0062] In some embodiments, the first layer comprises extragranular acetylsalicylic acid. In
some embodiments, the acetylsalicylic acid layer comprises at least 30% w/w, at least 40% w/w,
or at least 50% w/w extragranular acetylsalicylic acid by weight of the acetylsalicylic acid layer.
In other embodiments, the acetylsalicylic acid layer comprises less than or equal to 80% w/w,

less than or equal to 75% w/w, less than or equal to 70% w/w, or less than or equal to 60% w/w

extragranular acetylsalicylic acid by weight of the acetylsalicylic acid layer.

[0063] In some embodiments, the first layer further comprises additional active
pharmaceutical excipients outside of the granules described herein. As with acetylsalicylic acid
described above, excipients present outside of the granules but contained within the first layer

may be referred to herein as extragranular excipients.

[0064] In some embodiments wherein the first layer is an acetylsalicylic acid layer, the
acetylsalicylic acid layer comprises one or more extragranular excipients. Similar to the
intragranular excipients described above, extragranular excipients may be included in order to
facilitate manufacture of the acetylsalicylic acid layer (e.g., flowability, ejection from tablet
press) or to modulate certain physical properties of the acetylsalicylic acid layer produced (e.g.,
dissolution rate). In some embodiments, the one or more extragranular excipients comprise one
or more extragranular binders (e.g, cellulose), one or more extragranular disintegrants (e.g.,
cornstarch), one or more extragranular glidants/flow aids (e.g., colloidal silicon dioxide), or any

combinations thereof.

[0065] In some embodiments, the acetylsalicylic acid layer comprises one or more
extragranular binders. Binders may be incorporated in the acetylsalicylic acid layer to help
adhere the extragranular acetylsalicylic acid, granules and other extragranular excipients
together. Binder excipients may also contribute to the overall volume or mechanical properties of
the resulting formulation, that is, the acetylsalicylic acid layer. In certain embodiments, the one
or more extragranular binders comprises cellulose. In certain embodiments, the acetylsalicylic
acid layer comprises at least 1% w/w, at least 2% w/w, or at least 5% w/w cellulose by weight of
the acetylsalicylic acid layer. In other embodiments, the acetylsalicylic acid layer comprise less
than or equal to 15% w/w, less than or equal to 12% w/w, less than or equal to 10% w/w, or less

than or equal to 7% w/w cellulose by weight of the acetylsalicylic acid layer.
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[0066] In some embodiments, the acetylsalicylic acid layer comprises one or more
extragranular disintegrants. Disintegrants are typically included in pharmaceutical formulations
to aid in the dissolution process. Upon contact with moisture, disintegrants promote breakage of
a solid dosage form into smaller pieces for more rapid solubilization. In certain embodiments, the
one or more extragranular disintegrants comprises cornstarch. In some embodiments, the
acetylsalicylic acid layer comprises at least 1% w/w, at least 2% w/w, or at least 5% w/w
cornstarch by weight of the acetylsalicylic acid layer. In other embodiments, the acetylsalicylic
acid layer comprise less than or equal to 15% w/w, less than or equal to 12% w/w, less than or
equal to 10% w/w, or less than or equal to 7% w/w cornstarch by weight of the acetylsalicylic

acid layer.

[0067] In still further embodiments, the acetylsalicylic acid layer comprises one or more
extragranular glidants. Glidants may be incorporated to improve the flowability of extragranular
acetylsalicylic acid, granules, and other extragranular excipients for easier manufacture and
tableting. In certain embodiments, the one or more extragranular glidants comprises colloidal
silicon dioxide. In certain embodiments, the acetylsalicylic acid layer comprises at least 0.1%
w/w, at least 0.2% w/w, or at least 0.3% w/w colloidal silicon dioxide by weight of the
acetylsalicylic acid layer. In other embodiments, the acetylsalicylic acid layer comprise less than
or equal to 5% w/w, less than or equal to 2% w/w, or less than or equal to 1% w/w colloidal

silicon dioxide by weight of the acetylsalicylic acid layer.
Distribution of Acetylsalicylic acid in First Layer

[0068] As described above, the bilayer tablets of the present invention may comprise a total
quantity of acetylsalicylic acid distributed within the first (acetylsalicylic acid) layer in either
granulated or non-granulated form. The distribution of acetylsalicylic acid between granulated
and non-granulated forms may influence the dissolution profile as well as the storage stability of
the resulting acetylsalicylic acid layer, and thus, also, the final bilayer tablet. As described
herein, it was observed that certain ratios of extragranular acetylsalicylic acid to intragranular
acetylsalicylic acid in combination with distribution of a dissolution aid across two layers of a

bilayer tablet resulted in rapid dissolution rate without compromising storage stability.
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[0069] The amounts of granulated and non-granulated acetylsalicylic acid in the
acetylsalicylic acid layer may be described as a percentage of the total acetylsalicylic acid
present, or as a weight ratio of acetylsalicylic acid contained in the granules (that is, intragranular
acetylsalicylic acid) to acetylsalicylic acid external to the granules (extragranular acetylsalicylic
acid), or, conversely, a weight ratio of extragranular acetylsalicylic acid to intragranular

acetylsalicylic acid.

[0070] In some embodiments, the distribution of acetylsalicylic acid in the first layer of the
tablet is such that at least 40% w/w, at least 50% w/w, at least 60% w/w, or at least 70% w/w of
the total acetylsalicylic acid present in the bilayer tablet is extragranular acetylsalicylic acid. In
other embodiments, less than or equal to 90% w/w, less than or equal to 80% w/w, less than or
equal to 70% w/w, or less than or equal to 60% w/w of the total acetylsalicylic acid present in the

bilayer tablet is extragranular acetylsalicylic acid.

[0071] As described another way, in some embodiments, at least 10% w/w, at least 20%
w/w, at least 30% w/w or at least 40% w/w of the total acetylsalicylic acid present in the bilayer
tablet is intragranular acetylsalicylic acid. In other embodiments, the granules comprise less than
or equal to 60% w/w, less than or equal to 50% w/w, less than or equal to 40% w/w, or less than
or equal to 30% w/w of the total acetylsalicylic acid present in the bilayer tablet is intragranular

acetylsalicylic acid.

[0072] In further embodiments, the ratio of extragranular acetylsalicylic acid to intragranular
acetylsalicylic acid is at least about 40:60, at least about 50:50, at least about 60:40, or at least
about 70:30. In still other embodiments, the ratio of extragranular acetylsalicylic acid to
intragranular acetylsalicylic acid is less than or equal to 60:40, less than or equal to 70:30, less

than or equal to 80:20, or less than or equal to 90:10.
Second Layer, or Pseudoephedrine Layer

[0073] In some embodiments, the bilayer tablet comprises a second layer, wherein the
second layer comprises a second active pharmaceutical agent. In some embodiments, the bilayer
tablet comprises a second layer, wherein the second layer comprises a decongestant. In certain

embodiments, the decongestant is pseudoephedrine or a pharmaceutically acceptable salt thereof.
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In still certain other embodiments, the second layer comprises pseudoephedrine hydrochloride,
or pseudoephedrine HCI. Alternatively, in some embodiments wherein the bilayer tablet
comprises pseudoephedrine in the second layer, the second layer may be described as a

pseudoephedrine layer.

[0074] The quantity of the pseudoephedrine (or other decongestant) present in the bilayer
tablet may be expressed in terms of absolute milligram amounts. It should be recognized that the
absolute milligram amounts of the present disclosure are intended to indicate the quantity of the
pseudoephedrine in an individual bilayer tablet. In some embodiments, the bilayer tablet
comprises at least 5 mg, at least 10 mg, at least 15 mg, at least 20 mg, or at least 30 mg
pseudoephedrine or a pharmaceutically acceptable salt thereof. In other embodiments, the bilayer
tablet comprises less than or equal to 240 mg, less than or equal to 120 mg, less than or equal to
100 mg, less than or equal to 80 mg, or less than or equal to 60 mg pseudoephedrine or a

pharmaceutically acceptable salt thereof.

[0075] Alternatively, the quantity of the pseudoephedrine or a pharmaceutically acceptable
salt thereof may also be expressed as a weight percentage of the total weight of the bilayer tablet.
In some embodiments, the bilayer tablet comprises at least 1% w/w, at least 2% w/w, or at least
3% w/w pseudoephedrine or a pharmaceutically acceptable salt thereof. In other embodiments,
the bilayer tablet comprises less than or equal to 24% w/w, less than or equal to 12% w/w, less
than or equal to 10% w/w, less than or equal to 8% w/w, or less than or equal to 6% w/w

pseudoephedrine or a pharmaceutically acceptable salt thereof.

[0076] In still further embodiments, the bilayer tablet comprises pseudoephedrine or a
pharmaceutically acceptable salt thereof, wherein the entirety of pseudoephedrine or a
pharmaceutically acceptable salt thereof present in the bilayer tablet is contained with the second
(pseudoephedrine) layer. In certain embodiments wherein the entirety of pseudoephedrine or a
pharmaceutically acceptable salt thereof present in the bilayer tablet is contained with the second
(pseudoephedrine) layer, the amount of pseudoephedrine or a pharmaceutically acceptable salt
thereof present may be characterized by a weight percentage of the weight of the
pseudoephedrine layer. For example, in some embodiments, the pseudoephedrine layer

comprises at least 2% w/w, at least 5% w/w, or at least 7% w/w pseudoephedrine or a
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pharmaceutically acceptable salt thereof by weight of the pseudoephedrine layer. In other
embodiments, the bilayer tablet comprises less than or equal to 15% w/w, less than or equal to
12% w/w, or less than or equal to 10% w/w pseudoephedrine or a pharmaceutically acceptable

salt thereof by weight of the pseudoephedrine layer.

[0077] As described above, the bilayer tablets of the present disclosure may utilize
alternative nasal decongestants in lieu of pseudoephedrine. For example, in some embodiments,
the second layer comprises phenylephrine or a pharmaceutically acceptable salt thereof in place
of pseudoephedrine in a therapeutically equivalent amount. In other embodiments, the
decongestant is phenylephrine or a pharmaceutically acceptable salt thereof. In certain

embodiments, the second layer comprises phenylephrine hydrochloride, or phenylephrine HCI.

[0078] In some embodiments, the bilayer tablet comprises at least 5 mg, at least 10 mg, at
least 20 mg, or at least 30 mg phenylephrine or a pharmaceutically acceptable salt thereof. In
other embodiments, the bilayer tablet comprises less than or equal to 240 mg, less than or equal
to 120 mg, less than or equal to 100 mg, less than or equal to 80 mg, or less than or equal to 60

mg phenylephrine or a pharmaceutically acceptable salt thereof.

[0079] Alternatively, the quantity of the phenylephrine or a pharmaceutically acceptable salt
thereof may also be expressed as a weight percentage of the total weight of the bilayer tablet. In
some embodiments, the bilayer tablet comprises at least 1% w/w, at least 2% w/w, or at least 3%
w/w phenylephrine or a pharmaceutically acceptable salt thereof. In other embodiments, the
bilayer tablet comprises less than or equal to 12% w/w, less than or equal to 10% w/w, less than
or equal to 8% w/w, or less than or equal to 6% w/w phenylephrine or a pharmaceutically

acceptable salt thereof.

[0080] In certain embodiments wherein the second layer comprises phenylephrine or a
pharmaceutically acceptable salt thereof, the amount of phenylephrine or a pharmaceutically
acceptable salt thereof present may be characterized by a weight percentage of the weight of the
phenylephrine (second) layer. For example, in some embodiments, the phenylephrine layer
comprises at least 2% w/w, at least 5% w/w, or at least 7% w/w phenylephrine or a
pharmaceutically acceptable salt thereof by weight of the phenylephrine layer. In other

embodiments, the bilayer tablet comprises less than or equal to 15% w/w, less than or equal to
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12% w/w, or less than or equal to 10% w/w phenylephrine or a pharmaceutically acceptable salt

thereof by weight of the phenylephrine layer.

[0081] As described above, the bilayer tablets incorporate a dissolution aid in the second (or
pseudoephedrine) layer to accelerate the dissolution rate of the active ingredient (such as
acetylsalicylic acid) in the first layer. By separating a fraction of the dissolution aid from
acetylsalicylic acid, possible degradation induced by the interaction of the dissolution aid with

acetylsalicylic acid is reduced significantly.

[0082] In some embodiments, the pseudoephedrine layer comprises a dissolution aid.
Suitable dissolution aids may include but are not limited to magnesium hydroxide, magnesium
oxide, aluminum oxide, calcium carbonate, sodium carbonate, sodium bicarbonate, or any
combinations thereof. In some embodiments, the pseudoephedrine layer comprises at least 10%
w/w, at least 20% w/w, or at least 30% w/w dissolution aid by weight of the pseudoephedrine
layer. In other embodiments, the pseudoephedrine layer comprises less than or equal to 60%
w/w, less than or equal to 50% w/w, or less than or equal to 40% w/w dissolution aid by weight

of the pseudoephedrine layer.

[0083] In some embodiments, the pseudoephedrine layer comprises sodium carbonate. In
some embodiments, the pseudoephedrine layer comprise at least 10% w/w, at least 20% w/w, or
at least 30% w/w sodium carbonate. In other embodiments, the pseudoephedrine layer comprises
less than or equal to 60% w/w, less than or equal to 50% w/w, or less than or equal to 40% w/w

sodium carbonate.

[0084] In still further embodiments, the pseudoephedrine layer comprises one or more
excipients in addition to sodium carbonate. In some embodiments, the one or more excipients in
the pseudoephedrine layer comprise one or more diluents/fillers, one or more binders, one or

more disintegrants, one or more glidants/flow aids, or any combinations thereof.

[0085] In some embodiments, the pseudoephedrine layer comprises one or more diluents.
Diluents, which may also be known as fillers or thinners, are inactive ingredients that can be
incorporated into the pseudoephedrine layer to improve flow and cohesion of formulations

during manufacture, add to the bulk weight and improve content uniformity of the final
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formulation. Suitable diluents may include, for example, mannitol, lactose, microcrystalline
cellulose, calcium phosphate, and pregelatinized starch. In some embodiments, the
pseudoephedrine layer comprises mannitol. In some embodiments, the pseudoephedrine layer
comprises at least 10% w/w, at least 20% w/w, or at least 30% w/w by weight of the
pseudoephedrine layer. In other embodiments, the pseudoephedrine layer comprises less than or
equal to 60% w/w, less than or equal to 50% w/w, or less than or equal to 40% w/w mannitol by

weight of the pseudoephedrine layer.

[0086] In some embodiments, the pseudoephedrine layer comprises one or more binders.
Binders may be incorporated in the pseudoephedrine layer to help adhere the pseudoephedrine or
pharmaceutically acceptable salt thereof and other excipients together within the layer. Binder
excipients may also contribute to the overall volume or mechanical properties of the resulting
formulation, that is, the pseudoephedrine layer. Suitable binders for use in the pseudoephedrine
layer may include, for example, microcrystalline cellulose, cellulose and starch. In certain
embodiments, the one or more binders comprises microcrystalline cellulose (MCC). In certain
embodiments, the pseudoephedrine layer comprises at least 5% w/w, at least 7% w/w, at least
10% w/w, or at least 12% w/w microcrystalline cellulose by weight of the pseudoephedrine
layer. In other embodiments, the pseudoephedrine layer comprise less than or equal to 20% w/w,
less than or equal to 17% w/w, or less than or equal to 15% w/w microcrystalline cellulose by

weight of the pseudoephedrine layer.

[0087] In some embodiments, the pseudoephedrine layer comprises one or more
disintegrants. As described above, disintegrants, such as cornstarch, crospovidone, and
croscarmellose sodium, are typically included in pharmaceutical formulations to aid in the
dissolution process. In certain embodiments, the one or more disintegrants comprises cornstarch.
In some embodiments, the pseudoephedrine layer comprises at least 5% w/w, at least 7% w/w, at
least 10% w/w, or at least 12% w/w cornstarch by weight of the pseudoephedrine layer. In other
embodiments, the pseudoephedrine layer comprise less than or equal to 20% w/w, less than or
equal to 17% w/w, or less than or equal to 15% w/w cornstarch by weight of the

pseudoephedrine layer.
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[0088] In still further embodiments, the pseudoephedrine layer comprises one or more
glidants, such as colloidal silicon dioxide, silicon dioxide, talc, magnesium stearate, zinc stearate,
and stearic acid. In certain embodiments, the one or more glidants comprises colloidal silicon
dioxide. In certain embodiments, the pseudoephedrine layer comprises at least 0.1% w/w, at least
0.2% w/w, or at least 0.3% w/w colloidal silicon dioxide by weight of the pseudoephedrine layer.
In other embodiments, the pseudoephedrine layer comprise less than or equal to 5% w/w, less
than or equal to 2% w/w, or less than or equal to 1% w/w colloidal silicon dioxide by weight of

the pseudoephedrine layer.
Total Dissolution Aid and Distribution in the Bilayer Tablet

[0089] As described herein, the bilayer structure of the tablets provided herein enables use of
the acetylsalicylic acid and pseudoephedrine or a pharmaceutically acceptable salt thereof in a
single dosage form, which mitigates or minimizes any unfavorable chemical interactions
between the two actives in the tablet itself. The bilayer tablets of the present disclosure further
utilize the bilayer structure of the tablet to take advantage of the improved solubilization of
acetylsalicylic acid in basic media by using sodium carbonate as a dissolution aid but mitigating
degradation pathways of acetylsalicylic acid while in storage. More specifically, the storage
stability and dissolution rate achieved in the bilayer tablets of the present disclosure arise from
the combination of the bilayer architecture with a distribution of dissolution aids across the two

layers.

[0090] The total amount of dissolution aid present in the bilayer tablet may be considered as
the sum of the amounts of dissolution aid present in each layer (i.e., intragranular dissolution aid
in the acetylsalicylic acid layer and dissolution aid in the pseudoephedrine layer). The total
dissolution aid present in the tablet may be described in absolute milligram quantities or in

relative weight percentages of the total bilayer tablet weight.

[0091] In some embodiments, the bilayer tablet comprises at least 15 mg, at least 20 mg, at
least 30 mg, or at least 50 mg dissolution aid. In other embodiments, the bilayer tablet comprises
less than or equal to 300 mg, less than or equal to 150 mg, less than or equal to 100 mg, or less
than or equal to 75 mg dissolution aid. In certain embodiments wherein the dissolution aid is

sodium carbonate, the bilayer tablet comprises at least 15 mg, at least 20 mg, at least 30 mg, or at
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least 50 mg sodium carbonate. In certain other embodiments, the bilayer tablet comprises less
than or equal to 300 mg, less than or equal to 150 mg, less than or equal to 100 mg, or less than

or equal to 75 mg sodium carbonate.

[0092] In other embodiments, the bilayer tablet comprises at least 5% w/w, at least 10%
w/w, or at least 15% w/w dissolution aid by total weight of the bilayer tablet. In yet other
embodiments, the bilayer tablet comprises less than or equal to 25% w/w, less than or equal to
22% w/w, less than or equal to 20% w/w, or less than or equal to 17% w/w dissolution aid by
total weight of the bilayer tablet. In yet further embodiments, the bilayer tablet comprises at least
5% wiw, at least 10% w/w, or at least 15% w/w sodium carbonate by total weight of the bilayer
tablet. In still yet other embodiments, the bilayer tablet comprises less than or equal to 25% w/w,
less than or equal to 22% w/w, less than or equal to 20% w/w, or less than or equal to 17% w/w

sodium carbonate by total weight of the bilayer tablet.

[0093] The total dissolution aid is distributed within the bilayer tablet such that a fraction of
the total sodium carbonate is directly combined with acetylsalicylic acid in granulate form and
the remaining fraction is supplied in the second layer containing pseudoephedrine or a

pharmaceutically acceptable salt thereof.

[0094] In some embodiments, the bilayer tablet comprises a dissolution aid, wherein at least
10%, at least 20%, at least 30%, or at least 40% of the total dissolution aid present is
intragranular dissolution aid. In other embodiments, less than or equal to 100%, less than or
equal to 90%, less than or equal to 80%, less than or equal to 70%, less than or equal to 60%, or
less than or equal to 50% of the total dissolution aid present in the bilayer tablet is intragranular
dissolution aid. In some embodiments, at least 10%, at least 20%, at least 30%, or at least 40% of
the total dissolution aid present is present in the acetylsalicylic acid layer. In other embodiments,
less than or equal to 100%, less than or equal to 90%, less than or equal to 80%, less than or
equal to 70%, less than or equal to 60%, or less than or equal to 50% of the total dissolution aid

present in the bilayer tablet is present in the acetylsalicylic acid layer.

[0095] In certain embodiments wherein the dissolution aid is sodium carbonate, at least 10%,
at least 20%, at least 30%, or at least 40% of the total sodium carbonate present is intragranular

sodium carbonate. In other embodiments, the less than or equal to 100%, less than or equal to

24



WO 2022/103620 PCT/US2021/057702

90%, less than or equal to 80%, less than or equal to 70%, less than or equal to 60%, or less than
or equal to 50% of the total sodium carbonate present in the bilayer tablet is intragranular sodium
carbonate. In some embodiments, at least 10%, at least 20%, at least 30%, or at least 40% of the
total sodium carbonate present is present in the acetylsalicylic acid layer. In other embodiments,
less than or equal to 100%, less than or equal to 90%, less than or equal to 80%, less than or
equal to 70%, less than or equal to 60%, or less than or equal to 50% of the total sodium

carbonate present in the bilayer tablet is present in the acetylsalicylic acid layer.

[0096] In some embodiments, the distribution of dissolution aid in bilayer tablet is such that
the acetylsalicylic acid layer comprises at least 10%, at least 20%, at least 30%, or at least 40%
of the total dissolution aid present in the bilayer tablet. In other embodiments, the acetylsalicylic
acid layer comprises less than or equal to 100%, less than or equal to 90%, less than or equal to

80%, or less than or equal to 70% of the total dissolution aid present in the bilayer tablet.

[0097] In certain embodiments wherein the dissolution aid is sodium carbonate, the
acetylsalicylic acid layer comprises at least 10%, at least 20%, at least 30%, or at least 40% of
the total sodium carbonate present in the bilayer tablet. In other embodiments, the acetylsalicylic
acid layer comprises less than or equal to 100%, less than or equal to 90%, less than or equal to

80%, or less than or equal to 70% of the total sodium carbonate present in the bilayer tablet.

[0098] In other embodiments, the pseudoephedrine layer comprises at least 10%, at least
20%, or at least 30% w/w of the total dissolution aid present in the bilayer tablet. In some
embodiments, the pseudoephedrine layer comprises less than or equal to 90%, less than or equal
to 80%, less than or equal to 70%, or less than or equal to 60% w/w of the total dissolution aid

present in the bilayer tablet.

[0099] In still other embodiments wherein the dissolution aid is sodium carbonate, the
pseudoephedrine layer comprises at least 10%, at least 20%, or at least 30% w/w of the total
sodium carbonate present in the bilayer tablet. In some embodiments, the pseudoephedrine layer
comprises less than or equal to 90%, less than or equal to 80%, less than or equal to 70%, or less

than or equal to 60% w/w of the total sodium carbonate present in the bilayer tablet.
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Weight Ratio of Acetylsalicylic acid to Dissolution Aid

[0100] As briefly described above and further detailed below, the amount of intragranular
acetylsalicylic acid relative to the total amount of acetylsalicylic acid and intragranular
dissolution aid (such as sodium carbonate) relative to the total amount of dissolution aid may be
modulated to achieve the desired stability and dissolution properties. Although the two
parameters may be adjusted independently, it was observed that certain ratios, e.g., between
about 1:1 and 7:1, of the total amount of acetylsalicylic acid to the total amount of dissolution aid
(in both layers) produced the desired balance of reduced chemical instability and improved

dissolution rates.

[0101] In some embodiments, the weight ratio of the total acetylsalicylic acid to total
dissolution aid present in the bilayer tablet is at least about 1:1, at least about 2:1, at least about
3:1, or at least about 4:1. In other embodiments, the weight ratio of the total acetylsalicylic acid
to total dissolution aid present in the bilayer tablet is less than or equal to about 7:1, less than or
equal to about 6:1, less than or equal to about 5:1, or less than or equal to about 4:1. In still
further embodiments, the weight ratio of the total acetylsalicylic acid to total dissolution aid
present in the bilayer tablet is between about 1:1 and 7:1, between about 1:1 and 6:1, between
about 1:1 and 5:1, between about 1:1 and 4:1, between about 2:1 and 7:1, between about 2:1 and
6:1, between about 2:1 and 5:1, between about 2:1 and 4:1, between about 3:1 and 7:1, between

about 3:1 and 6:1, between about 3:1 and 5:1, or between about 3:1 and 4:1.

[0102] In certain embodiments wherein the dissolution aid is sodium carbonate, the weight
ratio of the total acetylsalicylic acid to total sodium carbonate present in the bilayer tablet is at
least about 1:1, at least about 2:1, at least about 3:1, or at least about 4:1. In other embodiments,
the weight ratio of the total acetylsalicylic acid to total sodium carbonate present in the bilayer
tablet is less than or equal to about 7:1, less than or equal to about 6:1, less than or equal to about
5:1, or less than or equal to about 4:1. In still further embodiments, the weight ratio of the total
acetylsalicylic acid to total sodium carbonate present in the bilayer tablet is between about 1:1
and 7:1, between about 1:1 and 6:1, between about 1:1 and 5:1, between about 1:1 and 4:1,

between about 2:1 and 7:1, between about 2:1 and 6:1, between about 2:1 and 5:1, between about
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2:1 and 4:1, between about 3:1 and 7:1, between about 3:1 and 6:1, between about 3:1 and 5:1, or
between about 3:1 and 4:1.

[0103] As also described above, the dissolution aid present in the acetylsalicylic acid layer is
provided intragranularly, i.e., within the granules. In still further embodiments, the bilayer tablet
comprises granules comprising acetylsalicylic acid and a dissolution aid, wherein the weight
ratio of acetylsalicylic acid present in the granules to the dissolution aid present in the granules is
at least about 1:1, at least about 2:1, at least about 3:1 or at least about 4:1. In other
embodiments, the weight ratio of the acetylsalicylic acid present in the granules to the
dissolution aid present in the granules is less than or equal to about 7:1, less than or equal to
about 6:1, less than or equal to about 5:1, or less than or equal to about 4:1. In still further
embodiments, the weight ratio of the acetylsalicylic acid present in the granules to the
dissolution aid present in the granules is between about 1:1 and 7:1, between about 1:1 and 6:1,
between about 1:1 and 5:1, between about 1:1 and 4:1, between about 2:1 and 7:1, between about
2:1 and 6:1, between about 2:1 and 5:1, between about 2:1 and 4:1, between about 3:1 and 7:1,
between about 3:1 and 6:1, between about 3:1 and 5:1, or between about 3:1 and 4:1.

[0104] In certain embodiments wherein the dissolution aid is sodium carbonate, the bilayer
tablet comprises granules comprising acetylsalicylic acid and sodium carbonate, wherein the
weight ratio of acetylsalicylic acid present in the granules to the sodium carbonate present in the
granules is at least about 1:1, at least about 2:1, at least about 3:1, or at least about 4:1. In other
embodiments, the weight ratio of the acetylsalicylic acid present in the granules to the sodium
carbonate present in the granules is less than or equal to about 7:1, less than or equal to about
6:1, less than or equal to about 5:1, or less than or equal to about 4:1. In still further
embodiments, the weight ratio of the acetylsalicylic acid present in the granules to the sodium
carbonate present in the granules is between about 1:1 and 7:1, between about 1:1 and 6:1,
between about 1:1 and 5:1, between about 1:1 and 4:1, between about 2:1 and 7:1, between about
2:1 and 6:1, between about 2:1 and 5:1, between about 2:1 and 4:1, between about 3:1 and 7:1,
between about 3:1 and 6:1, between about 3:1 and 5:1, or between about 3:1 and 4:1.

[0105] It should be recognized that the weight ratio of acetylsalicylic acid to dissolution aid

present in the granules may be the same or different from the weight ratio of acetylsalicylic acid
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to dissolution aid in the bilayer tablet. For example in some embodiments, the weight ratio of the
total acetylsalicylic acid to total sodium carbonate present in the bilayer tablet is between about
1:1 and 7:1 and the weight ratio of acetylsalicylic acid present in the granules to the sodium
carbonate present in the granules is between about 1:1 and 7:1. In certain embodiments, the
weight ratio of the total acetylsalicylic acid to total sodium carbonate present in the bilayer tablet
and the weight ratio of acetylsalicylic acid present in the granules to the sodium carbonate
present in the granules are the same. In other embodiments, the weight ratio of the total
acetylsalicylic acid to total sodium carbonate present in the bilayer tablet and the weight ratio of
acetylsalicylic acid present in the granules to the sodium carbonate present in the granules are the
different. As described an alternative manner, in some embodiments, the weight percentage of
intragranular acetylsalicylic acid out of the total acetylsalicylic acid present is 10-50% and the
weight percentage of the intragranular sodium carbonate out of the total sodium carbonate is 10-
50%. In certain embodiments, the weight percentage of intragranular acetylsalicylic acid out of
the total acetylsalicylic acid present is equal to the weight percentage of the intragranular sodium

carbonate out of the total sodium carbonate.
Properties of the Bilayer Tablet

[0106] As described herein, the bilayer tablets of the present disclosure may provide similar
release profile, compatibility of active ingredients for storage, and long-term storage stability

against degradation.
Dissolution Profile

[0107] In some embodiments, the bilayer tablet of the present disclosure may be
characterized as immediate release. In some embodiments, the acetylsalicylic acid layer is
immediate release. In other embodiments, the pseudoephedrine layer is immediate release. In
certain embodiments, the acetylsalicylic acid layer and the pseudoephedrine layer are both
immediate release. The tablet dissolution profiles were determined in accordance with the USP
dissolution test (Apparatus 1, basket, 500 mL of pH 4.5, 50 mM sodium acetate buffer, at
37+0.5°C, rotation speed 50 rpm) (USP34-NF29 Chapter <711> Dissolution, Stage 6

Harmonization Bulletin dated December 1, 2011).
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[0108] In some embodiments, the bilayer tablet has a dissolution profile wherein at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, or at least 85% of the total
acetylsalicylic acid present in the tablet is dissolved after 10 minutes as determined by the USP

Dissolution Test Apparatus-1 in 50 mM sodium acetate buffer at pH 4.5 and 37+0.5°C.

[0109] In other embodiments, the bilayer tablet has a dissolution profile wherein at least
40%, at least 45%, at least 50 %, at least 55%, or at least 60% of the total pseudoephedrine or a
pharmaceutically acceptable salt thereof is dissolved after 10 minutes as determined by the USP

Dissolution Test Apparatus-1 in 50 mM sodium acetate buffer at pH 4.5 and 37+0.5°C.

[0110] In some embodiments, the bilayer tablet has a dissolution profile wherein at least
60%, at least 65%, at least 70%, at least 75%, at least 80%, or at least 85% of the total
acetylsalicylic acid is dissolved and at least 40%, at least 45%, at least 50 %, at least 55%, or at
least 60% of the total pseudoephedrine or a pharmaceutically acceptable salt thereof is dissolved
after 10 minutes as determined by the USP Dissolution Test Apparatus-1 in 50 mM sodium
acetate buffer at pH 4.5 and 37+0.5°C.

[0111] In still further embodiments wherein phenylephrine or a pharmaceutically acceptable
salt is employed in lieu of pseudoephedrine or a pharmaceutically acceptable salt thereof, the
bilayer tablet has a dissolution profile wherein at least 40%, at least 45%, at least 50 %, at least
55%, or at least 60% of the total phenylephrine or a pharmaceutically acceptable salt is dissolved
after 10 minutes as determined by the USP Dissolution Test Apparatus-1 in 50 mM sodium
acetate buffer at pH 4.5 and 37+0.5°C.

Stability to Degradation

[0112] As described herein, the bilayer tablets of the present disclosure combine a mixture of
granulated and non-granulated acetylsalicylic acid with a unique distribution of sodium
carbonate in the bilayer tablets to achieve a balanced dissolution profile and storage stability.

The bilayer tablets incorporate sodium carbonate or other dissolution aids into the
pseudoephedrine layer in order to facilitate quick dissolution of acetylsalicylic acid in dissolution
media while minimizing intimate contact of acetylsalicylic acid with the dissolution air to reduce

the extent of chemical degradation that may occur during storage.

29



WO 2022/103620 PCT/US2021/057702

[0113] The stability of the bilayer tablets to degradation may be characterized variously by
the amount of the initial active pharmaceutical ingredients that remain or the quantity of
degradation by-products that are observed within the tablet as a function of various storage
conditions (e.g., temperature, humidity, and/or time). Evaluation of the stability of the bilayer
tablets described herein may be carried out by various methods, which may include subjecting
the tablets to precise temperature and/or humidity conditions for a duration of time and
subsequently determining the presence and quantity of active pharmaceutical ingredients as well

as any potential degradation products that may have formed under the evaluation conditions.

[0114] For example, in some embodiments, the bilayer tablets may be subjected to a storage
temperature of at least about 20°C, at least about 25°C, at least about 30°C, at least about 40°C or
at least about 50°C. In other embodiments, the bilayer tablets are subjected to a storage
temperature of less than or equal to 80°C, less than or equal to 75°C, less than or equal to 70°C,
or less than or equal to 60°C. In still other embodiments, the bilayer tablets are subjected to a
storage temperature of about 20°C, about 25°C, about 30°C, about 40°C, about 50°C, about 60°C,
about 70°C, about 75°C, or about 80°C.

[0115] In some embodiments, any of which may be combined with any of the foregoing
embodiments, the bilayer tablets are subjected to a storage humidity of at least about 30%
relative humidity, at least about 40% relative humidity, at least about 50% relative humidity, or
at least about 60% relative humidity. In other embodiments, the bilayer tablets are subjected to a
storage humidity of less than or equal to about 100% relative humidity, less than or equal to
about 90% relative humidity, less than or equal to about 80% relative humidity, less than or

equal to about 75% relative humidity, or less than or equal to about 70% relative humidity.

[0116] In still further embodiments, the bilayer tablets are subjected to a storage at a
temperature of about 25°C and humidity of about 60% relative humidity (RH). In certain
embodiments, the bilayer tablets are subjected to a storage at a temperature of about 40°C and
humidity of about 75% relative humidity. In other embodiments, the bilayer tablets are the
bilayer tablets are subjected to a storage at a temperature of about 50°C and humidity of between
about 50% and about 70% relative humidity. In certain embodiments, the bilayer tablets are

subjected to a storage at a temperature of about 50°C and humidity of between about 50% and
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about 60% relative humidity or between about 60% and about 70% relative humidity. In still
other embodiments, the bilayer tablets are subjected to a storage at a temperature of about 50°C

and humidity of 60% or 65% relative humidity.

[0117] In yet other embodiments, the bilayer tablets may be subjected to certain storage
temperatures and relative humidities for at least about 1 day, at least about 2 days, at least about
3 days, at least about 4 days, at least about 5 days, at least about 10 days, at least about 20 days,

at least 1 month, at least 1.5 months, at least 2 months, at least 3 months, or at least 6 months.

[0118] In still other embodiments, the bilayer tablets are stored with a desiccant. In other

embodiments, the bilayer tablets are stored without a desiccant.

[0119] The storage stability and/or degree of degradation of the bilayer tablets provided
herein may be characterized by the content of the two active pharmaceutical ingredients
remaining after storage as well as the presence and content of degradation products after storage.
The contents of the acetylsalicylic acid, pseudoephedrine or a pharmaceutically acceptable salt
thereof, and their respective degradation products may be characterized in absolute quantities
(such as total milligrams present) or in relative quantities (such as by weight percentage of the
total weight of the tablet or as a molar percentage converted from the original acetylsalicylic acid

and/or pseudoephedrine contents).

[0120] The stability of the bilayer tablet may be characterized by the preservation of
acetylsalicylic acid and/or pseudoephedrine content remaining in the bilayer tablet after exposure
to the aforementioned storage conditions. In some embodiments, the stability of the bilayer tablet
may be characterized by the content of acetylsalicylic acid preserved after storage. In some
embodiments, the bilayer tablet comprises at least 75%, at least 80%, at least 85%, at least 90%,
at least 95 %, at least 97 % or at least 99% acetylsalicylic acid of the initial acetylsalicylic acid
content after storage. In other embodiments, the bilayer tablet comprises less than or equal to
100%, less than or equal to 99%, less than or equal to 97%, or less than or equal to 95%
acetylsalicylic acid of the initial acetylsalicylic acid content after storage. In still further
embodiments, the bilayer tablet comprises between 75 and 100%, between 75 and 99%, between
75 and 97 %, between 75 and 95%, between 80 and 100%, between 80 and 99%, between 80 and
97%, between 80 and 95%, between 85 and 100%, between 85 and 99%, between 85 and 97%,
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between 85 and 95%, between 90 and 100%, between 90 and 99%, between 90 and 97%,
between 90 and 95%, between 95 and 100%, between 95 and 99%, between 95 and 97%,
between 97 and 100%, between 97 and 99%, or between 99 and 100% acetylsalicylic acid of the

initial acetylsalicylic acid content after storage.

[0121] In other embodiments, the bilayer tablet may be characterized by the absolute
quantity of acetylsalicylic acid remaining after storage. For example, in some embodiments
wherein the bilayer tablet has an initial acetylsalicylic acid content of S00 mg, the bilayer tablet
comprises at least 375 mg, at least 400 mg, at least 425 mg, at least 450 mg, at least 475 mg, at
least 485 mg, or at least 495 mg acetylsalicylic acid after storage. In other embodiments wherein
the bilayer tablet has an initial acetylsalicylic acid content of 500 mg, the bilayer tablet
comprises less than or equal to 495 mg, less than or equal to 485 mg, less than or equal to 475
mg, or less than or equal to 450 mg acetylsalicylic acid after storage. In still further embodiments
wherein the bilayer tablet has an initial acetylsalicylic acid content of S00 mg, the bilayer tablet
comprises between 375 mg and 500 mg, between 375 mg and about 495 mg, between 375 mg
and 485 mg, between 375 mg and 475 mg, between 375 mg and 450 mg, between 400 mg and
500 mg, between 400 mg and about 495 mg, between 400 mg and 485 mg, between 400 mg and
475 mg, between 400 mg and 450 mg, between 425 mg and 500 mg, between 425 mg and about
495 mg, between 425 mg and 485 mg, between 425 mg and 475 mg, between 425 mg and 450
mg, between 450 mg and 500 mg, between 450 mg and about 495 mg, between 450 mg and 485
mg, between 450 mg and 475 mg, between 475 mg and 500 mg, between 475 mg and about 495
mg, between 475 mg and 485 mg, between 485 mg and 500 mg, between 485 mg and about 495

mg, or between 495 mg and 500 mg acetylsalicylic acid after storage.

[0122] In other embodiments, the stability of the bilayer tablet may be characterized by the
content of pseudoephedrine (or a pharmaceutically acceptable salt thereof) preserved after
storage. In some embodiments, the bilayer tablet comprises at least 75%, at least 80 %, at least
85%, at least 90 %, at least 95%, at least 97% or at least 99% pseudoephedrine of the initial
pseudoephedrine content after storage. In other embodiments, the bilayer tablet comprises less
than or equal to 100%, less than or equal to 99%, less than or equal to 97%, or less than or equal
to 95% pseudoephedrine of the initial pseudoephedrine content. In still further embodiments, the

bilayer tablet comprises between 75 and 100%, between 75 and 99%, between 75 and 97%,
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between 75 and 95%, between 80 and 100%, between 80 and 99%, between 80 and 97%,
between 80 and 95%, between 85 and 100%, between 85 and 99%, between 85 and 97%,
between 85 and 95%, between 90 and 100%, between 90 and 99%, between 90 and 97%,
between 90 and 95%, between 95 and 100%, between 95 and 99%, between 95 and 97%,
between 97 and 100%, between 97 and 99%, or between 99 and 100% pseudoephedrine of the

initial pseudoephedrine content after storage.

[0123] As with acetylsalicylic acid, the content of pseudoephedrine or a pharmaceutically
acceptable salt thereof may be characterized in absolute quantities after storage. In some
embodiments wherein the bilayer tablet comprises an initial pseudoephedrine content of 30 mg,
the bilayer tablet comprises at least 22 mg, at least 24 mg, at least 26 mg, at least 28 mg, or at
least 29 mg pseudoephedrine or a pharmaceutically acceptable salt thereof after storage. In other
embodiments wherein the bilayer tablet comprises an initial pseudoephedrine content of 30 mg,
the bilayer tablet comprises less than or equal to 30 mg, less than or equal to 29 mg, less than or
equal to 28 mg, or less than or equal to 26 mg pseudoephedrine or a pharmaceutically acceptable
salt thereof after storage. In still further embodiments wherein the bilayer tablet has an initial
pseudoephedrine content of 30 mg, the bilayer tablet comprises between 22 mg and 30 mg,
between 22 mg and 29 mg, between 22 mg and 28 mg, between 22 mg and 26 mg, between 22
mg and 24 mg, 24 mg and 30 mg, between 24 mg and 29 mg, between 24 mg and 28 mg,
between 24 mg and 26 mg, 26 mg and 30 mg, between 26 mg and 29 mg, between 26 mg and 28
mg, 28 mg and 30 mg, between 28 mg and 29 mg, or between 29 mg and 30 mg

pseudoephedrine or a pharmaceutically acceptable salt thereof after storage.

[0124] It should be recognized that, when alternative active pharmaceutical ingredients are
employed in lieu of acetylsalicylic acid and/pseudoephedrine or the pharmaceutically acceptable
salt thereof or further active pharmaceutical ingredients are used in combination with
acetylsalicylic acid and pseudoephedrine or a pharmaceutically acceptable salt thereof, the
alternative and/or additional active ingredients may be similarly characterized by the remaining
content present after storage. For example, in some embodiments wherein the bilayer tablet
comprises phenylephrine or a pharmaceutically acceptable salt in lieu of pseudoephedrine, the
bilayer tablet comprises at least 75%, at least 80%, at least 85%, at least 90%, at least 95%, at

least 97% or at least 99% phenylephrine of the initial phenylephrine content after storage. In
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other embodiments, the bilayer tablet comprises less than or equal to 100%, less than or equal to
99%, less than or equal to 97%, or less than or equal to 95% phenylephrine of the initial
phenylephrine content. In still further embodiments, the bilayer tablet comprises between 75 and
100%, between 75 and 99%, between 75 and 97%, between 75 and 95%, between 80 and 100%,
between 80 and 99%, between 80 and 97%, between 80 and 95%, between 85 and 100%,
between 85 and 99%, between 85 and 97%, between 85 and 95%, between 90 and 100%,
between 90 and 99%, between 90 and 97%, between 90 and 95%, between 95 and 100%,
between 95 and 99%, between 95 and 97%, between 97 and 100%, between 97 and 99%, or
between 99 and 100% phenylephrine of the initial phenylephrine content after storage.

[0125] In some embodiments wherein the bilayer tablet comprises an initial phenylephrine
content of 30 mg, the bilayer tablet comprises at least 22 mg, at least 24 mg, at least 26 mg, at
least 28 mg, or at least 29 mg phenylephrine or a pharmaceutically acceptable salt thereof after
storage. In other embodiments wherein the bilayer tablet comprises an initial phenylephrine
content of 30 mg, the bilayer tablet comprises less than or equal to 30 mg, less than or equal to
29 mg, less than or equal to 28 mg, or less than or equal to 26 mg phenylephrine or a
pharmaceutically acceptable salt thereof after storage. In still further embodiments wherein the
bilayer tablet has an initial phenylephrine content of 30 mg, the bilayer tablet comprises between
22 mg and 30 mg, between 22 mg and 29 mg, between 22 mg and 28 mg, between 22 mg and 26
mg, between 22 mg and 24 mg, 24 mg and 30 mg, between 24 mg and 29 mg, between 24 mg
and 28 mg, between 24 mg and 26 mg, 26 mg and 30 mg, between 26 mg and 29 mg, between 26
mg and 28 mg, 28 mg and 30 mg, between 28 mg and 29 mg, or between 29 mg and 30 mg

phenylephrine or a pharmaceutically acceptable salt thereof after storage.

[0126] In still further embodiments, the stability of the bilayer tablet may be characterized by
the presence and quantity of degradation products of acetylsalicylic acid and/or pseudoephedrine
(or phenylephrine if present) in the tablet after exposure to the storage conditions. As described
above, acetylsalicylic acid and pseudoephedrine may undergo various degradation processes to
produce less active or inactive chemical compounds. The degradation products of acetylsalicylic
acid and pseudoephedrine may be characterized on an individual basis as discrete chemical
byproducts (e.g., salicylic acid or acetylsalicylsalicylic acid), on a combined basis as the

byproducts of a single active pharmaceutical ingredient (e.g., total degradation products of
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acetylsalicylic acid, which may include but are not limited to salicylic acid and
acetylsalicylsalicylic acid), or on as full basis as the total degradation products of both active
pharmaceutical ingredients (e.g., the full set of degradation products observed for both
acetylsalicylic acid and pseudoephedrine or a pharmaceutically acceptable salt thereof). Methods
known in the art may be utilized to identify and quantify the degradation products present in the
bilayer tablet including, for example, high performance liquid chromatography (HPLC) and
ultraviolet (UV) absorption spectrometry. The table below shows the chemical structures of

acetylsalicylic acid and a selection of its degradation products.

___________________________________ Name of Compound ~ Structure of Compound
@) OH
Acetylsalicylic Acid (ASA) O\[(
0]
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA T —
(Free) Salicylic acid (FSA) OH
[ ;\ _OH
Acetylsalicylsalicylic acid (ASSA) Ox© ©
\n/o
O

[0127] A common hydrolytic degradation product of acetylsalicylic acid is free salicylic acid
(also referred to herein as FSA, or as salicylic acid). The quantity of salicylic acid formed after
exposure to particular storage and/or degradation conditions may be characterized as a weight or
molar percentage of acetylsalicylic acid converted to salicylic acid from the original or initial
acetylsalicylic acid (molar) content prior to being subjected to the specified degradation
conditions. For example, a bilayer tablet as-prepared may contain 500 mg acetylsalicylic acid
(initial acetylsalicylic acid content, 100 mol%) and, following a period of storage, a fraction of
the initial acetylsalicylic acid content may have been converted to one or more degradation
products. Following storage at a specified time, temperature, and/or humidity, the bilayer tablet

may be observed to contain 95 mol% acetylsalicylic acid (475 mg) and 5 mol% salicylic acid
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(19.2 mg) of the initial acetylsalicylic acid content. Alternatively, the same degradation products
may be described in terms of their weight percentage by weight of the initial acetylsalicylic acid
content. For example, the bilayer tablet may be observed to contain 95% w/w acetylsalicylic acid
(475 mg) by weight of the initial acetylsalicylic acid content and 3.8% w/w salicylic acid (19.2

mg) by weight of the initial acetylsalicylic acid content.

[0128] In some embodiments, the bilayer tablet comprises less than or equal to 10 mol%, less
than or equal to 8 mol%, less than or equal to 6 mol%, less than or equal to 4 mol%, less than or
equal to 2 mol%, or less than or equal to 1 mol% salicylic acid of the initial acetylsalicylic acid
content after storage. In some embodiments, the bilayer tablet comprises less than or equal to 10
mol%, less than or equal to 8 mol%, less than or equal to 6 mol%, less than or equal to 4 mol%,
less than or equal to 2 mol%, or less than or equal to 1 mol% salicylic acid of the initial

acetylsalicylic acid content after storage at S0°C and 60% relative humidity for at least 20 days.

[0129] In some embodiments, the bilayer tablet comprises less than or equal to 10% w/w less
than or equal to 8% w/w, less than or equal to 6% w/w, less than or equal to 4% w/w, less than or
equal to 2% w/w, or less than or equal to 1% w/w salicylic acid of the initial acetylsalicylic acid
content after storage. In some embodiments, the bilayer tablet comprises less than or equal to
10% w/w, less than or equal to 8% w/w, less than or equal to 6% w/w, less than or equal to 4%
w/w, less than or equal to 2% w/w, or less than or equal to 1% w/w salicylic acid of the initial

acetylsalicylic acid content after storage at S0°C and 60% relative humidity for at least 20 days.

[0130] In still other embodiments, the stability of the bilayer tablet may be characterized by
the absolute quantity of free salicylic acid (FSA) present after storage. In some embodiments, the
bilayer tablet comprises less than or equal to 5 mg, less than or equal to 10 mg, less than or equal

to 15 mg, less than or equal to 20 mg, or less than or equal to 25 mg salicylic acid after storage.

[0131] Another degradation product of acetylsalicylic acid that may be observed is
acetylsalicylsalicylic acid (also referred to herein as ASSA). Acetylsalicylsalicylic acid may be
similarly characterized In some embodiments, the bilayer tablet comprises less than or equal to 1
mol%, less than or equal to 2 mol%, less than or equal to 3 mol%, less than or equal to 4 mol%,
or less than or equal to 5 mol% acetylsalicylsalicylic acid of the initial acetylsalicylic acid

content after storage. In some embodiments, the bilayer tablet comprises less than or equal to 1
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mol%, less than or equal to 2 mol%, less than or equal to 3 mol%, less than or equal to 4 mol%,
or less than or equal to 5 mol% acetylsalicylsalicylic acid of the initial acetylsalicylic acid

content after storage at 50°C and 60% relative humidity for at least 20 days.

[0132] In yet other embodiments, the bilayer tablet comprises less than or equal to 1% w/w,
less than or equal to 2% w/w, less than or equal to 3% w/w, less than or equal to 4% w/w, or less
than or equal to 5% w/w acetylsalicylsalicylic acid of the initial acetylsalicylic acid content after
storage. In some embodiments, the bilayer tablet comprises less than or equal to 1% w/w, less
than or equal to 2% w/w, less than or equal to 3 mol%, less than or equal to 4% w/w, or less than
or equal to 5 % w/w acetylsalicylsalicylic acid of the initial acetylsalicylic acid content after

storage at 50°C and 60% relative humidity for at least 20 days.

[0133] In still further embodiments wherein the bilayer tablet has an initial acetylsalicylic
acid content of 500 mg, the bilayer tablet comprises less than or equal to 5 mg, less than or equal
to 10 mg, less than or equal to 15 mg, less than or equal to 20 mg, or less than or equal to 25 mg

acetylsalicylsalicylic acid (ASSA).

[0134] Additional byproducts of acetylsalicylic acid may form including free salicylic acid
and acetylsalicylsalicylic acid as described herein and may contribute to the total amount of
acetylsalicylic acid degradation byproducts formed in the bilayer tablet after exposure to certain
storage conditions. It should be recognized that the bilayer tablets may be characterized by the
amount of total degradation products, which can include but are not limited to salicylic acid,

acetylsalicylsalicylic acid and others.

[0135] In some embodiments, the bilayer tablet comprises less than or equal to 1 mol%, less
than or equal to 2 mol%, less than or equal to 3 mol%, less than or equal to 4 mol%, less than or
equal to 5 mol%, less than or equal to 6 mol%, less than or equal to 7 mol%, less than or equal to
8 mol%, less than or equal to 9 mol%, or less than or equal to 10 mol% total degradation
byproducts of acetylsalicylic acid of the initial acetylsalicylic acid content after storage. In other
embodiments, the bilayer tablet comprises less than or equal to 1 mol%, less than or equal to 2
mol%, less than or equal to 3 mol%, less than or equal to 4 mol%, less than or equal to 5 mol%,
less than or equal to 6 mol%, less than or equal to 7 mol%, less than or equal to 8 mol%, less

than or equal to 9 mol%, or less than or equal to 10 mol% total degradation byproducts of
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acetylsalicylic acid of the initial acetylsalicylic acid content after storage at 50°C and 60%

relative humidity for at least 20 days.

[0136] In some embodiments, the bilayer tablet comprises less than or equal to 1% w/w, less
than or equal to 2% w/w, less than or equal to 3% w/w, less than or equal to 4% w/w, less than or
equal to 5% w/w, less than or equal to 6% w/w, less than or equal to 7% w/w, less than or equal
to 8% w/w, less than or equal to 9% w/w, or less than or equal to 10% w/w total degradation
byproducts of acetylsalicylic acid of the initial acetylsalicylic acid content after storage. In other
embodiments, the bilayer tablet comprises less than or equal to 1% w/w, less than or equal to 2%
w/w, less than or equal to 3% w/w, less than or equal to 4% w/w, less than or equal to 5% w/w,
less than or equal to 6% w/w, less than or equal to 7% w/w, less than or equal to 8% w/w, less
than or equal to 9% w/w, or less than or equal to 10% w/w total degradation byproducts of
acetylsalicylic acid of the initial acetylsalicylic acid content after storage at 50°C and 60%

relative humidity for at least 20 days.

[0137] The stability of the bilayer tablet to degradation may be further characterized by the
presence and/or quantity of pseudoephedrine degradation byproducts. It should also be
recognized that bilayer tablets comprising phenylephrine or a pharmaceutically acceptable salt
thereof in lieu of pseudoephedrine may also be characterized as described below but for
phenylephrine and its degradation products. Pseudoephedrine or pharmaceutically acceptable
salts thereof may undergo degradation pathways to form, for example, N-acetyl pseudoephedrine
(PSEH N-acetyl or PSEH N-ester), O-acetyl pseudoephedrine (PSEH O-acetyl or PSEH O-ester)
and N,O-diacetyl pseudoephedrine (PSEH N,O-diacetyl or PSEH diester). The table below
shows the chemical structure of pseudoephedrine hydrochloride and a selection of its degradation

products.

Name of Compound Structure of Compound

Pseudoephedrine Hydrochloride NH
(PSEH) h
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[0138] In some embodiments, the bilayer tablet comprises less than or equal to 10 mol%, less
than or equal to 8 mol%, less than or equal to 6 mol%, less than or equal to 4 mol%, less than or
equal to 2 mol%, or less than or equal to 1 mol% N-acetyl pseudoephedrine of the initial
pseudoephedrine content after storage. In some embodiments, the bilayer tablet comprises less
than or equal to 10 mol%, less than or equal to 8 mol%, less than or equal to 6 mol%, less than
or equal to 4 mol%, less than or equal to 2 mol%, or less than or equal to 1 mol% N-acetyl
pseudoephedrine of the initial pseudoephedrine content after storage at S0°C and 60% relative

humidity for at least 10 days.

[0139] In some embodiments, the bilayer tablet comprises less than or equal to 10% w/w,
less than or equal to 8% w/w, less than or equal to 6% w/w, less than or equal to 4% w/w, less
than or equal to 2% w/w, or less than or equal to 1% w/w N-acetyl pseudoephedrine of the initial
pseudoephedrine content after storage. In some embodiments, the bilayer tablet comprises less
than or equal to 10% w/w, less than or equal to 8% w/w, less than or equal to 6% w/w, less than
or equal to 4% w/w, less than or equal to 2% w/w, or less than or equal to 1% w/w N-acetyl
pseudoephedrine of the initial pseudoephedrine content after storage at S0°C and 60% relative

humidity for at least 10 days.

[0140] In other embodiments wherein the bilayer tablet has an initial pseudoephedrine

content of 30 mg, the bilayer tablet comprises less than or equal to 10 mg, less than or equal to 8
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mg, less than or equal to 6 mg, less than or equal to 4 mg, or less than or equal to 2 mg N-acetyl

pseudoephedrine after storage.

[0141] In some embodiments, the bilayer tablet comprises less than or equal to 10 mol%, less
than or equal to 8 mol%, less than or equal to 6 mol%, less than or equal to 4 mol%, less than or
equal to 2 mol%, or less than or equal to 1 mol% O-acetyl pseudoephedrine of the initial
pseudoephedrine content after storage. In some embodiments, the bilayer tablet comprises less
than or equal to 10 mol%, less than or equal to 8 mol%, less than or equal to 6 mol%, less than
or equal to 4 mol%, less than or equal to 2 mol%, or less than or equal to 1 mol% O-acetyl
pseudoephedrine of the initial pseudoephedrine content after storage at S0°C and 60% relative

humidity for at least 10 days.

[0142] In some embodiments, the bilayer tablet comprises less than or equal to 10% w/w,
less than or equal to 8% w/w, less than or equal to 6% w/w, less than or equal to 4% w/w, less
than or equal to 2% w/w, or less than or equal to 1% w/w O-acetyl pseudoephedrine of the initial
pseudoephedrine content after storage. In some embodiments, the bilayer tablet comprises less
than or equal to 10% w/w, less than or equal to 8% w/w, less than or equal to 6% w/w, less than
or equal to 4% w/w, less than or equal to 2% w/w, or less than or equal to 1% w/w O-acetyl
pseudoephedrine of the initial pseudoephedrine content after storage at S0°C and 60% relative

humidity for at least 10 days.

[0143] In other embodiments wherein the bilayer tablet has an initial pseudoephedrine
content of 30 mg, the bilayer tablet comprises less than or equal to 10 mg, less than or equal to 8
mg, less than or equal to 6 mg, less than or equal to 4 mg, or less than or equal to 2 mg O-acetyl

pseudoephedrine after storage.

[0144] In some embodiments, the bilayer tablet comprises less than or equal to 10 mol%, less
than or equal to 8 mol%, less than or equal to 6 mol%, less than or equal to 4 mol%, less than or
equal to 2 mol%, or less than or equal to 1 mol% N,O-diacetyl pseudoephedrine of the initial
pseudoephedrine content after storage. In some embodiments, the bilayer tablet comprises less
than or equal to 10 mol%, less than or equal to 8 mol%, less than or equal to 6 mol%, less than or

equal to 4 mol%, less than or equal to 2 mol%, or less than or equal to 1 mol% N,O-diacetyl
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pseudoephedrine of the initial pseudoephedrine content after storage at S0°C and 60% relative

humidity for at least 10 days.

[0145] In some embodiments, the bilayer tablet comprises less than or equal to 10% w/w,
less than or equal to 8% w/w, less than or equal to 6% w/w, less than or equal to 4 mol%, less
than or equal to 2% w/w, or less than or equal to 1% w/w N,O-diacetyl pseudoephedrine of the
initial pseudoephedrine content after storage. In some embodiments, the bilayer tablet comprises
less than or equal to 10% w/w, less than or equal to 8% w/w, less than or equal to 6 mol%, less
than or equal to 4% w/w, less than or equal to 2% w/w, or less than or equal to 1% w/w N,O-
diacetyl pseudoephedrine of the initial pseudoephedrine content after storage at 50°C and 60%
relative humidity for at least 10 days.

[0146] In other embodiments wherein the bilayer tablet has an initial pseudoephedrine
content of 30 mg, the bilayer tablet comprises less than or equal to 10 mg, less than or equal to 8
mg, less than or equal to 6 mg, less than or equal to 4 mg, or less than or equal to 2 mg N,O-

diacetyl pseudoephedrine after storage.

[0147] The various degradation byproducts of pseudoephedrine or a pharmaceutically
acceptable salt thereof may be considered in aggregate as the total degradation byproducts of
pseudoephedrine. In still further embodiments, the bilayer tablet comprises less than or equal to
10 mol%, less than or equal to 8 mol%, less than or equal to 6 mol%, less than or equal to 4
mol%, less than or equal to 2 mol%, or less than or equal to 1 mol% total degradation byproducts
of pseudoephedrine or a pharmaceutically acceptable salt thereof of the initial pseudoephedrine

content after storage.

[0148] In other embodiments wherein the bilayer tablet has an initial pseudoephedrine
content of 30 mg, the bilayer tablet comprises less than or equal to 10 mg, less than or equal to 8
mg, less than or equal to 6 mg, less than or equal to 4 mg, or less than or equal to 2 mg total
degradation byproducts of pseudoephedrine or a pharmaceutically acceptable salt thereof after

storage.
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Methods of Preparing the Bilayer Tablet

[0149] In another aspect, provided herein are methods for preparing the bilayer tablets as

described herein.

[0150] With reference to FIG. 2, process 200 is an exemplary process for preparing a bilayer
tablet as described herein. In step 202, acetylsalicylic acid is compacted and milled with sodium
carbonate and colloidal silicon dioxide to form granules. The resulting granules are further
combined with (non-granulated) acetylsalicylic acid and extragranular excipients in step 204,
thereby providing an acetylsalicylic acid blend. The acetylsalicylic acid blend corresponds to the
acetylsalicylic acid layer in the final bilayer tablet. In parallel step 206, pseudoephedrine, sodium
carbonate and additional excipients are combined to provide a pseudoephedrine blend. The
pseudoephedrine blend corresponds to the pseudoephedrine layer in the bilayer tablet. Following
preparation of the acetylsalicylic acid blend and the pseudoephedrine blend, the two blends are
passed to a tablet press to be compressed. The tablet press may optionally be treated with external
lubrication to facilitate the pressing of the tablet as provided in step 208. The acetylsalicylic acid
blend and pseudoephedrine blend are subsequently compressed to form the bilayer tablet in step

210.

[0151] It should be recognized that the exemplary process 200 may be adapted to
accommodate alternative active pharmaceutical ingredients, dissolution aids and/or excipients as
described herein. It should also be understood that, in other variations, process 200 may include

additional processing steps. In yet other variations, certain steps in process 200 may be omitted.

[0152] In one aspect, the present disclosure provides a method for preparing a bilayer tablet,
comprising: compacting and milling acetylsalicylic acid, sodium carbonate, and colloidal silicon
dioxide to provide granules; combining the granules with acetylsalicylic acid, cornstarch,
powdered cellulose, and colloidal silicon dioxide to provide an acetylsalicylic acid blend,
combining pseudoephedrine or a pharmaceutically acceptable salt thereof, cornstarch, mannitol,
sodium carbonate, microcrystalline cellulose and colloidal silicon dioxide to provide a
pseudoephedrine blend; and compressing the acetylsalicylic acid blend and pseudoephedrine

blend to form the bilayer tablet.
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[0153] In step 202, granules comprising acetylsalicylic acid, also referred to herein as an
acetylsalicylic acid composite, are prepared. As described previously, the incorporation of the
acetylsalicylic acid composite in the acetylsalicylic acid layer confers a number of advantageous
pharmacokinetic and stability properties to the resulting bilayer tablet, including for example a
fast dissolution rate that provides an enhanced onset of therapeutic action. The granules
comprising acetylsalicylic acid contain the active pharmaceutical ingredient in a micronized
form that, due to surface area effects, may contribute to the observed enhanced dissolution
profile of the bilayer tablet. The inclusion of one or more dissolution aids into the granules
further accelerates the rapid dissolution rate of the bilayer tablet. Moreover, the dissolution aids
in the granules can serve as a protective, enveloping coating around the micronized
acetylsalicylic acid, thereby protecting the acetylsalicylic acid from moisture during downstream

processing and in the final tablet.

[0154] Acetylsalicylic acid is combined with a dissolution aid and one or more intragranular
excipients in a pre-blend mixture, which is compacted and subsequently milled to provide
granules comprising acetylsalicylic acid. In some embodiments, prior to being combined with the
dissolution aid and intragranular excipients, the acetylsalicylic acid has an average particle size
of less than or equal to 50 um, less than or equal to 40 um, less than or equal to 30 um, less than
or equal to 20 pm, or less than or equal to 10 um. In certain embodiments, the acetylsalicylic
acid has an average particle size of less than or equal to 40 pm. In some embodiments, prior to
being combined with the dissolution aid and intragranular excipients, the acetylsalicylic acid has
an average particle size of greater than or equal to 1 um, greater than or equal to 2 um, greater
than or equal to 5 um, or greater than or equal to 10 pm. In other embodiments, the
acetylsalicylic acid has an average particle size of between 1 um and 50 um, between 1 um and
40 pum, between 1 um and 30 pm, between 1 pm and 20 um, between 1 um and 10 um, between
2 um and 50 um, between 2 um and 40 um, between 2 um and 30 um, between 2 pm and 20
um, between 2 pm and 10 um, between 5 um and 50 um, between 5 um and 40 pm, between 5
um and 30 um, between 5 um and 20 pm, between 5 pm and 10 um, between 10 um and 50 um,
between 10 pm and 40 um, between 10 um and 30 pm, between 10 pm and 20 um, between 20
um and 50 um, between 20 um and 40 um, between 20 pum and 30 um, between 30 um and 50
um, between 30 um and 40 um, or between 40 um and 50 pm.
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[0155] In some embodiments, the method comprises compacting and milling acetylsalicylic
acid, sodium carbonate (or other suitable dissolution aid), and colloidal silicon dioxide to provide
granules. In some embodiments, acetylsalicylic acid, sodium carbonate, and colloidal silicon
dioxide are compacted by roller compaction. In certain embodiments, acetylsalicylic acid,
sodium carbonate, and colloidal silicon dioxide are compacted by roller compaction with

variable roller size, roller speeds, roller gaps, and/or roller pressures.

[0156] In some embodiments of the foregoing, acetylsalicylic acid, sodium carbonate, and
colloidal silicon dioxide are compacted by roller compaction with a roller speed of at least 5 rpm,
at least 6 rpm, at least 7 rpm, at least 8 rpm, or at least 9 rpm. In other embodiments,
acetylsalicylic acid, sodium carbonate, and colloidal silicon dioxide are compacted by roller
compaction with a roller speed of less than or equal to 20 rpm, less than or equal to 17 rpm, less

than or equal to 15 rpm, or less than or equal to 12 rpm.

[0157] In other embodiments, which may be combined with any of the preceding
embodiments, acetylsalicylic acid, sodium carbonate, and colloidal silicon dioxide are
compacted by roller compaction with a roller gap of at least 1 mm, at least 1.2 mm, at least 1.4
mm, or at least 1.6 mm. In still other embodiments, acetylsalicylic acid, sodium carbonate, and
colloidal silicon dioxide are compacted by roller compaction with a roller gap of less than or
equal to 3 mm, less than or equal to 2.8 mm, less than or equal to 2.6 mm, or less than or equal to

2.4 mm.

[0158] In some embodiments, which may be combined with any of the foregoing
embodiments, acetylsalicylic acid, sodium carbonate, and colloidal silicon dioxide are
compacted by roller compaction with a roller pressure of at least 10 bar, at least 12 bar, at least
15 bar, at least 17 bar or at least 20 bar. In other embodiments, acetylsalicylic acid, sodium
carbonate, and colloidal silicon dioxide are compacted by roller compaction with a roller
pressure of less than or equal to 50 bar, less than or equal to 45 bar, less than or equal to 40 bar,

or less than or equal to 35 bar.

[0159] Following compaction, the resulting compacted material (acetylsalicylic acid, sodium
carbonate or other dissolution aid, and colloidal silicon dioxide) are milled to provide granules.

The milling step may include but is not limited to dry milling techniques, such as ball milling,
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air-jet milling, or techniques employing mechanical mills (such as hammer mills or conical
mills). In some embodiments, the compacted material is milled with a milling speed of at least
50 rpm, at least 75 rpm, or at least 100 rpm. In other embodiments, the compacted material is
milled with a milling speed of less than or equal to 150 rpm, less than or equal to 125 rpm, or

less than or equal to 110 rpm.

[0160] It should be recognized that the parameters of the compaction and/or milling steps
described above as well as the residence time for the milling step may be modified accordingly
to achieve suitable particle sizes of the resulting granules. Furthermore, it should be recognized
that the parameters employed for the compaction and milling steps may vary depending on the
compacting or milling equipment utilized. Accordingly, in some embodiments, after the
compacting and milling steps, the resulting acetylsalicylic acid composite, or granules, may be

characterized by their particle size distribution and/or other particle size properties.

[0161] In some embodiments, the granules have a particle size distribution wherein at least
5% wiw, at least 10% w/w, or at least 15% w/w of the granules out of the total granule weight
has a particle size of less than 150 um. In other embodiments, the granules have a particle size
distribution wherein less than or equal to 30% w/w, less than or equal to 25% w/w less than or
equal to 20% w/w of the granules out of the total granule weight has a particle size of less than

150 pum.

[0162] In some embodiments, the granules have a particle size distribution wherein at least
50% w/w, at least 55% w/w, or at least 60% w/w of the granules out of the total granule weight
has a particle size of greater than 400 um. In other embodiments, the granules have a particle
size distribution wherein less than or equal to 80% w/w, less than or equal to 75% w/w less than
or equal to 70% w/w of the granules out of the total granule weight has a particle size of greater

than 400 um.

[0163] In some embodiments, the granules have a particle size distribution wherein at least
10% w/w, at least 15% w/w, or at least 20% w/w of the granules out of the total granule weight
have a particle size between 150 pm and 400 pm. In other embodiments, the granules have a

particle size distribution wherein less than or equal to 40% w/w, less than or equal to 35% w/w,
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less than or equal to 30% w/w, or less than or equal to 25% w/w of the granules out of the total

granule weight have a particle size between 150 um and 400 um.

[0164] In still other embodiments, the granules have a particle size distribution wherein at
least 5% w/w, at least 10% w/w, or at least 15% w/w of the granules out of the total granule
weight has a particle size of less than or equal to 150 um and less than or equal to 80% w/w, less
than or equal to 75% w/w less than or equal to 70% w/w of the granules out of the total granule
weight has a particle size of greater than or equal to 400 pm. In yet other embodiments, the
granules have a particle size distribution wherein less than or equal to 30% w/w, less than or
equal to 25% w/w less than or equal to 20% w/w of the granules out of the total granule weight
has a particle size of less than or equal to 150 um and at least 50% w/w, at least 55% w/w, or at
least 60% w/w of the granules out of the total granule weight has a particle size of greater than or

equal to 400 um.

[0165] In certain embodiments, the granules have a particle size distribution wherein
between 5% w/w and 30% w/w, between 10% w/w and 30% w/w, between 15% w/w and 30%
w/w, between 5% w/w and 25% w/w, between 10% w/w and 25% w/w, between 15% w/w and
25% w/w, between 5% w/w and 20% w/w, between 10% w/w and 20% w/w, or between 15%
w/w and 20% w/w of the granules out of the total granule weight have a particle size of less than
150 um; and wherein between 50% w/w and 80% w/w, between 55% w/w and 80% w/w,
between 60% w/w and 80% w/w, between 50% w/w and 75% w/w, between 55% w/w and 75%
w/w, between 60% w/w and 75% w/w, between 50% w/w and 70% w/w, between 55% w/w and
70% w/w, or between 60% w/w and 70% w/w, of the granules out of the total granule weight
have a particle size of greater than 400 um. In certain embodiments, the granules have a particle
size distribution wherein between 5% w/w and 30% w/w of the granules out of the total granule
weight have a particle size of less than 150 um and wherein between 50% w/w and 80% w/w of

the granules out of the total granule weight have a particle size of greater than 400 um.

[0166] In still further embodiments, the granules produced by the milling step may be further
sieved to provide granules having a particular particle size distribution. In some embodiments,
the method further comprises sieving the granules prior to combining the granules with

extragranular components.
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[0167] In some embodiments, the granules produced by the milling step are sieved to provide
granules having a particle size distribution wherein at least 5% w/w, at least 10% w/w, or at least
15% w/w of the total granule weight has a particle size of less than or equal to 150 um. In other
embodiments, the granules have a particle size distribution wherein less than or equal to 30%
w/w, less than or equal to 25% w/w less than or equal to 20% w/w of the total granule weight has
a particle size of less than or equal to 150 um. In some embodiments, the granules produced by
the milling step are sieved to provide granules having a particle size distribution wherein at least
50% w/w, at least 60% w/w, or at least 70% w/w of the total granule weight has a particle size of
greater than or equal to 400 um. In other embodiments, the granules produced by the milling step
are sieved to provide granules having a particle size distribution wherein less than or equal to
95% w/w, less than or equal to 90% w/w less than or equal to 85% w/w of the total granule

weight has a particle size of greater than or equal to 400 um.

[0168] In some embodiments, the granules produced by the milling step are sieved to provide
granules having a particle size distribution wherein at least 5% w/w, at least 10% w/w, or at least
15% w/w of the granules out of the total granule weight has a particle size of less than 150 pm.
In other embodiments, the granules produced by the milling step are sieved to provide granules
having a particle size distribution wherein less than or equal to 30% w/w, less than or equal to
25% w/w less than or equal to 20% w/w of the granules out of the total granule weight has a

particle size of less than 150 um.

[0169] In some embodiments, the granules produced by the milling step are sieved to provide
granules having a particle size distribution wherein at least 50% w/w, at least 55% w/w, or at
least 60% w/w of the granules out of the total granule weight has a particle size of greater than
400 um. In other embodiments, the granules produced by the milling step are sieved to provide
granules having a particle size distribution wherein less than or equal to 80% w/w, less than or
equal to 75% w/w less than or equal to 70% w/w of the granules out of the total granule weight

has a particle size of greater than 400 um.

[0170] In some embodiments, the granules produced by the milling step are sieved to provide
granules having a particle size distribution wherein at least 10% w/w, at least 15% w/w, or at

least 20% w/w of the granules out of the total granule weight have a particle size between 150
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um and 400 um. In other embodiments, the granules produced by the milling step are sieved to
provide granules having a particle size distribution wherein less than or equal to 40% w/w, less
than or equal to 35% w/w, less than or equal to 30% w/w, or less than or equal to 25% w/w of

the granules out of the total granule weight have a particle size between 150 um and 400 pm.

[0171] In still other embodiments, the granules produced by the milling step are sieved to
provide granules having a particle size distribution wherein at least 5% w/w, at least 10% w/w,
or at least 15% w/w of the granules out of the total granule weight has a particle size of less than
or equal to 150 pm and less than or equal to 80% w/w, less than or equal to 75% w/w less than or
equal to 70% w/w of the granules out of the total granule weight has a particle size of greater
than or equal to 400 pm. In yet other embodiments, the granules produced by the milling step are
sieved to provide granules having a particle size distribution wherein less than or equal to 30%
w/w, less than or equal to 25% w/w less than or equal to 20% w/w of the granules out of the total
granule weight has a particle size of less than or equal to 150 um and at least 50% w/w, at least
55% w/w, or at least 60% w/w of the granules out of the total granule weight has a particle size

of greater than or equal to 400 pum.

[0172] In certain embodiments, the granules produced by the milling step are sieved to
provide granules having a particle size distribution wherein between 5% w/w and 30% w/w,
between 10% w/w and 30% w/w, between 15% w/w and 30% w/w, between 5% w/w and 25%
w/w, between 10% w/w and 25% w/w, between 15% w/w and 25% w/w, between 5% w/w and
20% w/w, between 10% w/w and 20% w/w, or between 15% w/w and 20% w/w of the granules
out of the total granule weight have a particle size of less than 150 um; and wherein between
50% w/w and 80% w/w, between 55% w/w and 80% w/w, between 60% w/w and 80% w/w,
between 50% w/w and 75% w/w, between 55% w/w and 75% w/w, between 60% w/w and 75%
w/w, between 50% w/w and 70% w/w, between 55% w/w and 70% w/w, or between 60% w/w
and 70% w/w, of the granules out of the total granule weight have a particle size of greater than
400 um. In certain embodiments, the granules produced by the milling step are sieved to provide
granules having a particle size distribution wherein between 5% w/w and 30% w/w of the
granules out of the total granule weight have a particle size of less than 150 pm and wherein
between 50% w/w and 80% w/w of the granules out of the total granule weight have a particle

size of greater than 400 um.
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[0173] With reference to step 204, the method comprises combining the granules with
additional acetylsalicylic acid and one or more extragranular excipients. In some embodiments,
the method comprises combining the granules with acetylsalicylic acid, cornstarch, powdered
cellulose, and colloidal silicon dioxide to provide an acetylsalicylic acid blend. In some
embodiments, the additional extragranular acetylsalicylic acid may have the same or different
particle size properties as the acetylsalicylic acid used in the preparation of the granules. In some
embodiments, the acetylsalicylic acid has an average particle size of less than or equal to 50 pm,
less than or equal to 40 um, less than or equal to 30 um, less than or equal to 20 um, or less than
or equal to 10 um. In certain embodiments, the acetylsalicylic acid has an average particle size of
less than or equal to 40 um. In other embodiments, the additional acetylsalicylic acid has an
average particle size of greater than or equal to 1 um, greater than or equal to 2 um, greater than
or equal to 5 um, or greater than or equal to 10 um. In other embodiments, the acetylsalicylic
acid has an average particle size of between 1 um and 50 pm, between 1 pm and 40 um, between
1 um and 30 um, between 1 um and 20 pm, between 1 um and 10 um, between 2 pm and 50
um, between 2 pm and 40 um, between 2 um and 30 pm, between 2 um and 20 um, between 2
um and 10 um, between 5 um and 50 pm, between 5 pm and 40 um, between 5 pm and 30 um,
between 5 um and 20 um, between 5 um and 10 um, between 10 um and 50 um, between 10 um
and 40 um, between 10 pm and 30 um, between 10 um and 20 um, between 20 um and 50 pm,
between 20 pm and 40 um, between 20 um and 30 pm, between 30 pm and 50 um, between 30
um and 40 um, or between 40 pum and 50 um.

[0174] Acetylsalicylic acid is susceptible to hydrolytic degradation pathways to form various
inactive and/or less stable byproducts, such as free salicylic acid. Minimization of hydrolysis
may be achieved by drying the acetylsalicylic acid blend prior to passing the acetylsalicylic acid
blend to the tablet press for compression. In some embodiments, prior to compressing, the
method comprises drying the acetylsalicylic acid blend prior to compressing. In certain
embodiments, the method comprises drying the acetylsalicylic acid blend to a moisture content
or water activity below a certain threshold level. Water activity may be determined as described
in USP42-NF37 Chapters <922> Water Activity and <1112> Application Of Water Activity
Determination To Nonsterile Pharmaceutical Products. In some embodiments, the method
comprises drying the acetylsalicylic acid blend to a water activity of less than or equal to 0.4,

less than or equal to 0.3, less than or equal to 0.2, less than or equal to 0.1, or less than or equal
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to 0.08. In some embodiments, the method comprises drying the acetylsalicylic acid blend to a

water activity of between 0.01 and 0.3, between 0.02 and 0.2, or between 0.05 and 0.1.

[0175] With reference to step 206, the method comprises combining pseudoephedrine or a
pharmaceutically acceptable salt thereof, such as pseudoephedrine hydrochloride, with one or
more excipients, including for example, cornstarch, mannitol, sodium carbonate, microcrystalline

cellulose and colloidal silicon dioxide, to provide a pseudoephedrine blend.

[0176] With further reference to FIG. 2, in step 208, external lubricants may be added to the
tablet press or other tableting equipment prior to forming the bilayer tablet with the two blends.
The use of external lubricants may facilitate the ejection of the final tablet by reducing sticking
of material to the tablet press. In still further embodiments of the foregoing, the method
comprises optionally applying one or more external lubricants to the tablet press prior to
compressing. In some embodiments, the one or more external lubricants comprise hypromellose,

zinc stearate, carnauba wax, or any combinations thereof.

[0177] Depending upon the tablet press utilized, the compression of the two blends in step
210 to form the bilayer tablet may be carried out in a single compression step or in a two-step
process comprising first (pre-)compressing one of the blends to form one layer, subsequently
loading the remaining blend into the press with the already prepared layer, and compressing the
remaining blend and prepared layer to form the bilayer tablet. It should be recognized that, in
instances wherein the two-step process for tableting is utilized, the sequence of compression may
be ordered with either the acetylsalicylic acid blend or pseudoephedrine blend may be subjected

to the pre-compression.

[0178] In some embodiments wherein the acetylsalicylic acid blend and pseudoephedrine
blend are compressed in a single compression step, the acetylsalicylic acid blend and
pseudoephedrine blend are compressed at a compression force of at least 1 kN, at least 2 kN, at
least 3 kN, at least 4 kN, at least 5 kN, at least 10 kN, at least 15 kN, at least 20 kN, or at least 25
kN. In other embodiments, the acetylsalicylic acid blend and pseudoephedrine blend are
compressed at a compression force of less than or equal to 45 kN, less than or equal to 40 kN,
less than or equal to 35 kN, less than or equal to 30 kN, less than or equal to 25 kN, or less than

or equal to 20 kN. In certain embodiments, the acetylsalicylic acid blend and the
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pseudoephedrine blend are compressed at a compression force of between 5 kN and 45 kN,
between 5 kN and 40 kN, between 5 kN and 35 kN, between 5 kN and 30 kN, between 5 kN and
25 kN, between 5 kN and 20 kN, between 5 kN and 15 kN, between 5 kN and 10 kN, between
10 kN and 45 kN, between 10 kN and 40 kN, between 10 kN and 35 kN, between 10 kN and 30
kN, between 10 kN and 25 kN, between 10 kN and 20 kN, between 10 kN and 15 kN, between
15 kN and 45 kN, between 15 kN and 40 kN, between 15 kN and 35 kN, between 15 kN and 30
kN, between 15 kN and 25 kN, between 15 kN and 20 kN, between 20 kN and 45 kN, between
20 kN and 40 kN, between 20 kN and 35 kN, between 20 kN and 30 kN, between 20 kN and 25
kN, between 25 kN and 45 kN, between 25 kN and 40 kN, between 25 kN and 35 kN, between
25 kN and 30 kN, between 30 kN and 45 kN, between 30 kN and 40 kN, between 30 kN and 35
kN, between 35 kN and 45 kN, between 35 kN and 40 kN, or between 40 kN and 45 kN.

[0179] In some embodiments wherein the acetylsalicylic acid blend and the pseudoephedrine
blend are compressed in a two-step process, the acetylsalicylic acid blend or pseudoephedrine
blend may be compressed at a first compression force to form a first layer, followed by
compression of the pseudoephedrine blend or acetylsalicylic acid blend on top of the first layer at

a second compression force to form the bilayer tablet.

[0180] In some embodiments, the method comprises compressing the acetylsalicylic acid
blend to provide an acetylsalicylic acid layer; and compressing the pseudoephedrine blend on top
of the acetylsalicylic acid layer to provide the bilayer tablet. In certain embodiments, the method
comprises compressing the acetylsalicylic acid blend to provide an acetylsalicylic acid layer at a
first compression force; and compressing the pseudoephedrine blend on top of the acetylsalicylic
acid layer at a second compression force to provide the bilayer tablet. In other embodiments, the
method comprises compressing the pseudoephedrine blend to provide a pseudoephedrine layer;
and compressing the acetylsalicylic acid blend on top of the pseudoephedrine layer to provide the
bilayer tablet. In certain other embodiments, the method comprises compressing the
pseudoephedrine blend at a first compression force to provide a pseudoephedrine layer; and
compressing the acetylsalicylic acid blend on top of the pseudoephedrine layer at a second

compression force to provide the bilayer tablet.
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[0181] In some embodiments, the first compression force is at least 1 kN, at least 2 kN, at
least 3 kN, at least 4 kN, at least 5 kN, at least 10 kN, at least 15 kN, at least 20 kN, or at least 25
kN. In other embodiments, the first compression force is less than or equal to 45 kN, less than or
equal to 40 kN, less than or equal to 35 kN, less than or equal to 30 kN, less than or equal to 25
kN, or less than or equal to 20 kN. In some embodiments, the second compression force is at
least 5 kN, at least 10 kN, at least 15 kN, at least 20 kN, or at least 25 kN. In other embodiments,
the second compression force is less than or equal to 45 kN, less than or equal to 40 kN, less than
or equal to 35 kN, less than or equal to 30 kN, less than or equal to 25 kN, or less than or equal
to 20 kN.

[0182] In some embodiments, the first compression force and the second compression force
are the same. In other embodiments, the first compression force and the second compression
force are different. In still further embodiments, the first compression force is less than or equal

to the second compression force.
Methods of Use and Articles of Manufacture

[0183] The bilayer tablets as described herein may be suitable for use in the treatment of or
provision of relief from symptoms associated with the common cold and/or flu, including nasal

congestion experienced in conjunction with fever and/or pain.

[0184] In one aspect, the present disclosure provides methods for using the bilayer tablets of

the present disclosure.

[0185] In some embodiments, provided herein is a method for treating nasal/sinus congestion
(rhinosinusitis) with pain and fever associated with the common cold and/or flu-like symptoms
in a subject in need thereof, comprising administering a bilayer tablet as described herein to the

subject.

[0186] As described herein a subject may include but is not limited to a mammal, or more
particularly a human. In certain embodiments, provided herein is a method for treating
nasal/sinus congestion (rhinosinusitis) with pain and fever associated with the common cold
and/or flu-like symptoms in a human in need thereof, comprising administering a bilayer tablet

as described herein to the human.
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[0187] In certain embodiments of the foregoing methods, the bilayer tablet is administered

orally. In still other embodiments, the bilayer tablet is formulated for oral administration.

[0188] In other aspects, provided is an article of manufacture, such as a container comprising
a bilayer tablet as described herein, and a label containing instructions for use of the bilayer
tablet. In some embodiments, provided herein is a package comprising a bilayer tablet as
described herein. In certain embodiments, the package further comprises a desiccant. In still
further embodiments, the package further comprises a package insert or a package label

containing instructions for use of the bilayer tablet.

[0189] In yet other aspects, provided is a kit comprising a bilayer tablet as described herein;

and instructions for use of such a bilayer tablet.

[0190] In certain embodiments of the foregoing aspects, the instructions for use are
instructions for use of the bilayer tablet in treatment of nasal/sinus congestion with pain and

fever associated with the common cold and/or flu-like symptoms.
EXAMPLES

[0191] The presently disclosed subject matter will be better understood by reference to the
following Examples, which are provided as exemplary of the invention, and not by way of

limitation.

Example 1: Preparation of a Bilayer Tablet Comprising Acetylsalicylic acid and
Pseudoephedrine HCI

[0192] The present example describes a method for preparing a bilayer tablet as described
herein. FIG. 1 depicts a schematic of the bilayer tablet produced in this example. Table 1 below
details the ingredient list for the separate layers of the bilayer tablet.

Table 1
Ingredient
ACETYLSALICYLIC ACID - LAYER I . % w/w mg/tablet
Function
1 | Acetylsalicylic acid Granulation 32.16 200.4
la | Acetylsalicylic acid , Active 1 2407 1500
1b | Sodium Carbonate - Diluent : 794 - 495 |

53



WO 2022/103620 PCT/US2021/057702

Ic | Colloidal Silicon Dioxide ' Flow did 1 0.14 0.9
2 | Acetylsalicylic acid (0-180), USP Active 56.17 350.0
3 | Powdered Cellulose, NF Binder 5.62 35.0
4 | Cornstarch, NF Disintegrant 5.62 35.0
5 | Colloidal Silicon Dioxide, NF Flow Aid 0.43 2.7
Acetylsalicylic acid Layer Sub-total 100.00 623.1
PSEUDOEPHEDRINE HCL - LAYER I1 % w/w mg/tablet
6 | Pseudoephedrine HCI, USP Active 8.21 30.0
7 | Mannitol, USP Filler/Diluent 32.50 118.8
8 | Sodium Carbonate anhydrous, USP Diluent 31.60 1155
9 | Microcrystalline Cellulose, NF Binder 13.68 50.0
10 | Cornstarch, NF Disintegrant 13.68 50.0
11 | Colloidal Silicon Dioxide, NF Flow Aid 0.33 12
Pseudoephedrine Layer Sub-total 100.00 365.5
Bilayer Tablet % w/w mg/tablet
Acetylsalicylic acid Layer (Layer I) 63.03 623.1
Pseudoephedrine HCI Layer (Layer II) 36.97 365.5
Dry Coating Powder Blend External
12 | (Hypromellose/Zinc Stearate/Carnauba Lubrication Trace Trace
Wax Blend, 50%/40%/10% w/w)* Blend
Bilayer Tablet Total 100.00 988.6

[0193]  Acetylsalicylic acid Layer. As provided in the present disclosure, the bilayer tablet
comprising an acetylsalicylic acid layer contains acetylsalicylic acid in granulated and non-
granulated forms. Granulated acetylsalicylic acid was prepared by combining acetylsalicylic acid
with sodium carbonate and colloidal silicon dioxide. Acetylsalicylic acid, sodium and colloidal
silicon dioxide were combined in the mass proportions shown in Table 1 above for ingredients
la, 1b and 1c¢, passed through roller compactors (at roller speed of 9 rpm, a roller pressure of 20-
35 bar, and a roller gap of 1.4-3.0mm) to provide compressed material in the form of rectangular

ribbons, and the resulting compacted ribbons milled (at a mill speed of 107 rpm).

[0194] The acetylsalicylic acid granules were then combined with additional powdered
acetylsalicylic acid and extragranular excipients (powdered cellulose, cornstarch and colloidal
silicon dioxide) at the mass proportions shown in Table 1 for ingredients 2-5. The resulting

acetylsalicylic acid blend containing the granulated acetylsalicylic acid and powdered
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acetylsalicylic acid was dried to a moisture content of 8% wt. and held in storage until the

pseudoephedrine blend was prepared.

[0195]  Pseudoephedrine Layer. Pseudoephedrine hydrochloride was combined with
mannitol, anhydrous sodium carbonate, microcrystalline cellulose, cornstarch and colloidal
silicon dioxide in the mass proportions indicated in Table 1 above to provide a pseudoephedrine

blend.

[0196] Tableting. Following preparation of the acetylsalicylic acid and pseudoephedrine
blends, the two blends were fed into a bilayer tablet press sequentially for compression. The
tablet press was pre-treated with an application of external lubrication (hypromellose/zinc
stearate/carnauba wax blend, 50%/40%/10% w/w) to reduce material sticking and aid ejection of
the tablets from the press. The acetylsalicylic acid blend was fed into the tablet first and
compressed at a compression force of 3 kN to provide the acetylsalicylic acid layer. The
pseudoephedrine blend was then added to the acetylsalicylic acid layer and the pseudoephedrine
blend was compressed at a compression force of 26 kN to provide the pseudoephedrine layer and

acetylsalicylic acid layer in the final bilayer tablet form.

Example 2: Ratio of Granulated to Non-Granulated Acetylsalicylic acid in Acetylsalicylic
acid Layer

[0197] In the present example, the effect of varying ratios of granulated acetylsalicylic acid
(roller-compacted, RC) to non-granulated acetylsalicylic acid (powdered, direct compression,
DC) on the stability of the acetylsalicylic acid layer to degradation was evaluated. Six separate
acetylsalicylic acid monolayer tablet formulations having one of six ratios of granulated to non-
granulated (0:100, 10:90, 20:80, 30:70, 40:60 and 50:50) were prepared largely in accordance

with the protocol described in Example 1 above.

[0198] In each sample formulation, the ratio of total acetylsalicylic acid to total sodium
carbonate in the bilayer tablet was maintained at 3:1; the ratio of acetylsalicylic acid present in
the granules (if present) to the sodium carbonate present in the granules was also maintained at

3:1, with the remainder of sodium carbonate included in the second layer of pseudoephedrine.
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[0199] Approximately 10 individual tablets of each formulation ratio were subjected to
accelerated stability conditions (storage at 50°C at a 65% relative humidity for 20 days) in order
to evaluate the stability of each tablet to degradation of acetylsalicylic acid into salicylic acid (or
“free salicylic acid”, FSA) and other degradation products. Following storage, the quantity of
free salicylic acid formed and total acetylsalicylic acid-derived degradation products (including

salicylic acid) were determined by HPLC analysis.

[0200] HPLC Analysis. The concentrations of acetylsalicylic acid (ASA) and
pseudoephedrine hydrochloride (PSEH) present in the tablets after storage were determined by
HPLC analysis, as calibrated an HPLC chromatogram of a known sample of acetylsalicylic acid
and pseudoephedrine hydrochloride as a standard solution. After storage, HPLC injection
samples were prepared by dissolving the tablets in a solution of 0.01N sulfuric acid : acetonitrile
80:20, v/v. Aliquots of the sample solutions were injected into an HPLC column under the
following parameters and conditions: injection volume 15 pL; column: Waters XSelect®, HSS
PFP 2.5 um, 100 A, length: 100 mm, ID: 4.6 mm; column temperature 40+2°C; Mobile Phase A:
50 mM NaClOs, pH 2.5, Mobile Phase B: ACN:MeOH, 60:40 v/v; UV detection wavelengths:
257 nm for acetylsalicylic acid and 214 nm for pseudoephedrine hydrochloride.

[0201] The determination of the concentrations of two major acetylsalicylic acid degradation
products—free salicylic acid (FSA) and acetylsalicylsalicylic acid (ASSA)—were carried out as
measured against the response of a known sample of acetylsalicylsalicylic acid (ASSA)
(detection wavelength 257 nm). The quantitation of acetylsalicylic acid-derived degradation
products were measured as calibrated against the response of the known sample of
acetylsalicylsalicylic acid, with the application of relative response factors for each degradation
product [relative response factor as compared to ASSA, for: free salicylic acid (FSA) 0.329x
factor]. All pseudoephedrine-derived degradation products were measured as calibrated against
the response known sample of pseudoephedrine hydrochloride, with the application of relative
response factors for each degradation product [relative response factor as compared to PSEH,
for: N-acetyl pseudoephedrine (PSEH-N ester) 2.207x; O-acetyl pseudoephedrine (PSEH-O
ester) 0.883x; and N,O-acetyl pseudoephedrine (PSEH diester) 1.834x].
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[0202] As shown in FIG. 3, increased quantities of granulated acetylsalicylic acid resulted in

increasing quantities of free salicylic acid and other degradation products.

Example 3: Bilayer Tablet Dissolution Profile Testing

[0203] The present example describes experiments to evaluate the dissolution profile of
bilayer tablets formed with varying ratios of granulated acetylsalicylic acid to non-granulated
acetylsalicylic acid within the acetylsalicylic acid layer as well as differing distributions of

sodium carbonate throughout the acetylsalicylic acid and pseudoephedrine layers.

[0204] Six separate bilayer tablet formulations were prepared as described Example 1 above
with the distributions of sodium carbonate and ratios of granulated acetylsalicylic acid
(intragranular, “INTRA”) to non-granulated acetylsalicylic acid (extragranular, “EXTRA”) as
shown in Table 2 below. All six formulations contained a fixed quantity of 500 mg
acetylsalicylic acid (ASA), 30 mg pseudoephedrine hydrochloride (PSEH), and 165 mg sodium
carbonate (Na2CO3), in which all sodium carbonate in the acetylsalicylic acid layer (Layer I) was

contained within the granulated acetylsalicylic acid.

Table 2
Acetylsalicylic acid Na;COs
Intra: ASA Layer PSEH Layer I:
Sample# | [NTRA | EXTRA
Extra @ Layer (IT) Layer 11
(mg) (mg) , :

Ratio (mg) (mg) Ratio
1 150 350 30:70 165 0 100:0
2 150 350 30:70 165 0 100:0
3 50 450 10:90 165 0 100:0
4 150 350 30:70 49.5 115.5 30:70
5 50 450 10:90 82.5 82.5 50:50
6 150 350 30:70 82.5 82.5 50:50

[0205] The dissolution profiles of each active ingredient in the bilayer tablet—the

acetylsalicylic acid and pseudoephedrine hydrochloride—were evaluated in a dual dissolution
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test performed as described below. In brief, a single bilayer tablet is placed in a basket apparatus
(Apparatus 1) containing 50 mM sodium acetate buffer of pH 4.5 (500 mL, equilibrated to
37+0.5°C), at rotation speed of 50 rpm. Aliquots of the dissolution medium were taken at 2
minutes, 8 minutes, 15 minutes and 30 minutes. The quantities of each of the acetylsalicylic acid
and pseudoephedrine hydrochloride dissolved in the dissolution medium were determined by UV
absorption spectrometry at 257 nm and 214 nm, respectively. The dissolution measurements

were taken for three bilayer tablets (n=3) for each bilayer tablet formulation.

[0206] Table 3 and Table 4 below respectively show the observed average percentages of

acetylsalicylic acid dissolved and pseudoephedrine hydrochloride dissolved at each time point.

Table 3
Sample # % Acetylsalicylic acid Dissolved at Time Point
2 min 8 min 15 min 30 min
1 73% 93% 96% 95%
2 35% 92% 98% 98%
3 67% 95% 97% 97%
4 38% 89% 96% 97%
5 55% 92% 98% 98%
6 35% 94% 99% 100%
Table 4
Sample # % Pseudoephedrine HCI Dissolved at Time Point
2 min 8 min 15 min 30 min
1 104% 109% 110% 110%
2 102% 102% 102% 102%
3 100% 105% 105% 105%
4 16% 66% 97% 112%
5 15% 54% 92% 104%
6 13% 55% 87% 100%

[0207] In further studies, the acetylsalicylic acid and pseudoephedrine hydrochloride

dissolution profiles of bilayer tablets (Sample #4 formulation) prepared under different tableting
compression forces were evaluated. The observed average percentage dissolution of
acetylsalicylic acid and pseudoephedrine hydrochloride are shown in Table 8 after 60 minutes.

The dissolution profiles for each active ingredient at time points 10 minutes, 20 minutes, 30
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minutes, 40 minutes, 50 minutes and 60 minutes are depicted in FIGS. 4A and 4B. Table 5
below shows the percentages of acetylsalicylic acid and pseudoephedrine hydrochloride
dissolved at 60 minutes. As shown in FIGS. 4A and 4B and Table S, the dissolution profile of
acetylsalicylic acid was similar across all compression forces but pseudoephedrine hydrochloride

showed slightly slower dissolution rates in the first 30 minutes with increasing compression

force.
Table 5
C ion F
°mpre(::1;‘;“ oree % ASA Dissolved at 60 min | % PSEH Dissolved at 60 min
15 97.00 100.70
20 97.96 101.23
25 93.08 100.96
30 93.03 103.15
35 97.65 102.83
Average 97.93 101.77
% RSD 07 1.1

Example 4: Short-Term and Long-Term Storage Stability and Dissolution Studies

[0208] The present examples describes stability and dissolution studies of various bilayer

tablet formulations after short-term and long-term storage.

[0209] Each of the six formulations in Table 2 were subjected to accelerated stability test
conditions, kept at 50°C and 65% relative humidity for twenty (20) days, with the quantities of
acetylsalicylic acid (ASA), pseudoephedrine hydrochloride (PSEH), and their respective major
degradation products measured at specific time points (days O [initial], 5, 10 and 20). The
amounts of acetylsalicylic acid, pseudoephedrine hydrochloride, and their respective major

degradation products were determined by HPLC analysis as described in Example 2 above.

[0210] Degradation products observed in the accelerated stability tests include free salicylic
acid (FSA), acetylsalicylsalicylic acid (ASSA), N-acetyl pseudoephedrine (PSEH-N ester), O-
acetyl pseudoephedrine (PSEH-O ester), and N,O-acetyl pseudoephedrine (PSEH diester).

Table 6 below shows the average percentages of acetylsalicylic acid, pseudoephedrine
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hydrochloride, and a selection of degradation products observed at each time point for three

individual tablets for each bilayer formulation sample.

Table 6
% wiw
o | o 5 | o
Sample as! <« > E . g 2 .
Time = = = % = -2 | B A S
# g < = < < 0 3 o =8
E g | g|¢<
= % a
Initial | 110.5 972 084 | 0.14 1.0 0.15 0.02 0.2
Day 5 | 1087 93.6 300 | 0.53 3.9 0.67 0.49 1.2
Day
1 0 114.0 92.7 380 | 0.53 438 0.95 0.94 1.9
Day
109.5 90.4 471 0.53 5.7 1.21 1.81 3.0
20
Initial | 100.9 98.4 0.76 | 0.10 0.9 0.11 ND 0.1
Day 5 | 1057 92.7 207 | 036 2.6 0.70 0.43 1.1
Day
2 0 104.4 945 249 | 037 32 0.90 0.86 1.8
Day
108.7 90.3 3.14 | 036 3.8 1.45 1.67 3.1
20
Initial | 104.0 99.8 0.76 | 0.08 0.9 0.17 ND 0.2
Day 5 | 103.7 96.6 286 | 049 3.7 0.73 0.54 1.3
Day
3 0 106.3 95.9 355 | 048 4.4 0.91 1.17 2.1
Day
103.2 923 456 | 047 55 1.10 2.02 3.1
20
Initial | 111.1 97.1 0.78 | 0.09 0.9 0.17 0.02 0.2
4
Day 5 | 1099 96.2 185 | 024 23 1.56 0.81 2.4
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Day
0 107.7 943 210 | 0.24 2.5 1.88 1.34 3.2
Day
110.6 93.7 2.65 0.29 3.2 2.39 2.43 4.8
20
Initial | 108.1 100.4 0.72 | 0.07 0.9 0.19 ND 0.2
Day 5 | 102.6 98.1 207 | 0.29 2.5 1.89 0.95 2.8
Day
5 0 100.3 98.0 251 0.33 3.1 2.16 1.89 4.0
Day
1023 95.6 3.31 0.36 4.0 2.68 3.05 5.7
20
Initial | 102.6 | 101.2 0.56 | 0.10 0.7 0.05 ND 0.1
Day 5 | 100.7 994 212 | 036 2.7 1.54 0.75 23
Day
6 0 98.0 99.5 275 0.36 3.4 2.11 1.68 3.8
Day
0 98.0 959 3.69 | 0.39 4.4 2.77 2.95 5.7

[0211] As compared to the samples #1-3, in which sodium carbonate was localized in the
acetylsalicylic acid layer, a distribution of sodium carbonate across both layers of the bilayer
tablet in samples # 4-6 resulted in higher quantities of remaining acetylsalicylic acid in the tablet

after storage for 20 days.

[0212] In a series of further experiments, the same six formulations of Table 2 were
subjected to additional long-term stability studies (either at 40°C and 75% relative humidity or
25°C and 60% relative humidity) with and without desiccant. Following storage for a fixed
period of time, the bilayer tablets tested were evaluated for the amounts of acetylsalicylic acid
and pseudoephedrine hydrochloride remaining and for the presence of degradation products in

accordance with the protocol described in Example 4 above.

Table 7 shows the variable stability conditions and the corresponding table(s) (Tables 8, 10-14,

and 16) of degradation results. Dissolution profiles were recorded for the six formulations after
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storage at one month and 3 months at 40°C and 75% relative humidity, without desiccant. The

dissolution test results observed after 1 month and 3 months in storage are shown in

[0213] Table 9 and Table 15, respectively.
Table 7
Table # | Storage Duration | Storage Desiccant Dissolution Profile
Conditions (with-yes;
without-no)
Table 8 1 month 40°C, 75% RH without
Table 9
Table 10 | 1 month, 3 weeks | 40°C, 75% RH with and without | n/a
Table 11 | 1 month, 3 weeks | 25°C, 60% RH with and without | n/a
3 months 40°C, 75% RH with and without | n/a
Table 12
Table 13 | 3 months 25°C, 60% RH with and without | n/a
Table 14 | 3 months 40°C, 75% RH without Table 15
Table 16 | 3 months 25°C, 60% RH without n/a
Table 8
% wiw
g g g | =
Sample E P P % i 'c% . z =
# 72 z v 7)) <z Z 'z 2 ~ g
A < = < = < 8 T =R
E 13 |z |F
= R
1 114.6 944 2.90 0.36 34 0.67 0.52 1.2
2 100.5 96.3 1.86 0.18 2.1 0.73 0.51 1.2
3 105.8 96.2 2.49 0.29 29 0.73 0.58 1.3
4 110.4 958 1.72 0.16 1.9 1.16 0.73 1.9
5 103.6 99.2 2.04 0.21 2.3 1.49 1.03 2.5
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6 952 100.8 2.11 0.23 2.4 1.34 0.87 2.2
Table 9
% ASA Dissolution at Time Point % PSEH Dissolution at Time Point
(average) (average)
S 1
an#lép ¢ 2 min 8 min 15 min | 30 min 2 min 8 min 15 min | 30 min
1 65 89 92 92 99 113 114 114
2 50 91 94 93 99 105 105 105
3 73 91 94 93 89 106 107 107
4 41 86 92 92 9 38 85 107
5 50 92 96 96 10 44 87 107
6 34 92 97 97 11 38 70 95

[0214] As shown in Table 8, the sodium carbonate distribution of 30:70 in sample #4 as
compared to 50:50 in samples # 5 and 6 resulted in less formation of free salicylic acid and other
major acetylsalicylic acid-derived degradation products after storage. The dissolution profiles of
the bilayer tablets after storage in Table 9 were comparable to the dissolution profiles observed

in Table 3 and Table 4, which recorded for tablets that were not subjected to storage conditions.

Table 10
% w/w

2 | PSEH-ester . &b
- 8 = =
Sample # g2 g ==
- - R - T - R B 2 | &
z o % < = < < o 6
U A <, —_ N 0O =
= g 7 =
: £ | B
N 113.1 | 945 {333 | 036 | 39 0.36 041 0.66 14

1
Y 1114 | 976 | 165 065 | 2.6 0.20 0.40 0.35 1.0
N 1033 | 962 | 220 | 0.18 | 2.5 041 0.47 0.69 1.6

2
Y 1051 | 979 | 127 | 0.29 1.7 0.11 0.41 0.31 0.8

63



WO 2022/103620 PCT/US2021/057702
N 1079 | 948 | 290 | 028 | 33 | 035 | 034 0.78 1.5
3 Y 1033 | 986 | 137 | 059 | 22 | 024 | 041 0.37 1.0
N 1095 | 951 | 198 | 0.16 | 22 | 1.31 [<LOQ | 1.04 2.4
) Y 1117 | 969 | 124 | 025 | 16 | 097 | <LOQ | 0.33 1.3
N 1022 | 99.0 | 239|021 | 27 | 1.55 [ <LOQ | 1.39 29
> Y 1047 | 1008 | 1.35]| 036 | 19 | 1.35 [<LOQ | 047 1.8
N 997 | 999 | 248|023 | 29 | 144 | <LOQ | 122 2.7
¢ Y 101.1 | 1022|146 | 039 | 20 | 1.19 [<LOQ | 0.33 L5
*LOQ = Limit of quantification
Table 11
% wiw
Sample # S % E « « é = PSEH-ester é; g
S | N 0] A E
N 113.1 | 969 | 1.57 | 0.21 1.8 1023 0.11 0.14 0.5
! Y 1129 | 96.7 | 1.07 | 0.19 1.3 10.10| 0.12 0.08 03
N 1003 | 984 | 1.14 | 0.13 1.3 1014 | 0.11 0.11 0.4
? Y 1046 | 98.2 | 0.86 | 0.12 1.0 10.05] 0.12 0.05 0.2
N 107.6 | 98.8 | 1.25 | 0.17 1.4 1024 | 0.10 0.16 0.5
3 Y 104.8 | 100.7 | 0.83 | 0.15 1.0 1014 | 0.13 0.08 0.4
N 1124 | 97.7 | 1.03 | 0.12 1.2 (044 |<LOQ | 0.11 0.6
) Y 1132 | 96.0 | 0.85| O.11 1.0 036 |<LOQ | 0.09 0.5
N 103.2 | 1004 | 1.07 | 0.11 1.2 1061 |<LOQ| 0.17 0.8
> Y 1040 | 99.6 | 0.83 | 0.10 09 [050|<LOQ| 0.12 0.6
N 100.0 | 1019 | 1.17 | O.15 1.3 057 |<LOQ| 0.14 0.7
¢ Y 102.7 | 100.8 | 0.91 | 0.14 1.1 044 |<LOQ| 0.09 0.5

*LOQ = Limit of quantification
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Table 12

% wiw

. En PSEH-ester % E‘)

Sample # § z E % % % % E E

2| £ <= 2| 2| Nn|o | E &

= = 7 =

< £ 2

N 111.6 | 93.1 | 383 | 0.34 44 1032 053 | 0.62 1.5

! Y 1113 | 93.7 | 1.75 | 0.86 3.1 [022] 057 | 0.30 1.1

N 1045 | 950 [ 253 | 0.18 28 |042| 062 | 0.65 1.7

? Y 988 | 969 | 1.24 | 0.36 1.8 {020 064 | 024 1.1

N 103.3 | 954 329 | 0.29 38 [033] 051 | 0.69 1.5

3 Y 1020 | 966 | 146 | 0.78 26 |027| 047 | 031 1.0

N 106.8 | 955 [ 243 | 0.17 27 | 157 004 | 1.03 2.6

) Y 1124 | 959 | 1.32 | 031 1.8 | 1.19] 0.04 | 032 1.5

N 101.8 | 976 | 289 | 0.22 33 | 1.72] 0.06 | 123 3.0

> Y 1022 | 984 | 1.44 | 049 22 | 147 | 0.06 | 0.40 1.9

N 98.6 | 985 297 | 024 34 [ 1.67] 006 | 1.06 2.8

¢ Y 1009 | 984 | 1.42 | 047 22 | 121 0.06 | 0.28 1.5
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Table 13
% wiw
.. En PSEH-ester % E"
Sample # g % ; i; 2) § i} 5 %
e RN -
= ~ S
N 113.6 | 966 | 1.75| 0.25 20 1030 0.13 0.06 0.5
! Y 1145 | 965 | 1.02 | 023 1.3 10.15| 0.14 0.00 0.3
N 1047 | 954 | 1.17 | 0.14 1.3 {026 0.15 0.03 04
? Y 1098 | 962 | 0.78 | 0.14 09 [0.13| 0.14 0.02 0.3
N 103.8 | 989 | 147 | 0.19 1.7 1030 | 0.11 0.06 0.5
3 Y 1056 | 994 | 081 | 0.20 1.0 |0.16 | 0.14 0.01 0.3
N 1112 | 964 | 1.12 | 0.13 1.3 066 ND 0.06 0.7
) Y 1147 | 975 | 083 | 0.13 1.0 [0.53 | 0.01 0.01 0.5
N 983 (1005|124 | 0.14 1.4 1086 | ND 0.10 1.0
> Y 103.6 | 101.2 ] 079 | 0.13 09 (052 0.01 0.01 0.5
N 1027 | 101.6 | 1.32 | 0.17 1.5 1075 | ND 0.07 0.8
¢ Y 102.7 | 100.8 | 084 | 0.17 1.0 {0.17| ND 0.01 0.2

*ND = not detected

Table 10, Table 11,

[0215] Table 12, and Table 13 show the observed amounts of degradation products after
storage with or without desiccant. As shown in the Tables, the inclusion of desiccant during
storage appeared to reduce the formation of several major degradation products, including free
salicylic acid, total acetylsalicylic acid degradation products, N-acetyl pseudoephedrine, N,O-

acetyl pseudoephedrine diester, and total pseudoephedrine degradation products. Desiccant did
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not appear to affect the formation of acetylsalicylsalicylic acid under storage conditions of 25°C

and 60% RH.

Table 14
% w/w
% PSEH-ester - gn
5 & e
Sample # am < R =
5 02 2 | A =
— m —
S 7 =
g .
1 109.3 92.0 446 0.33 52 0.87 0.08 4.69 5.6
2 102.5 91.1 322 0.18 3.7 1.03 0.14 4.84 6.0
3 102.4 937 4.04 0.27 4.70 0.81 0.08 5.03 59
4 109.5 91.6 3.03 0.20 3.52 0.05 2.13 6.33 85
5 98.9 96.2 351 0.24 4.13 0.06 2.06 7.43 9.5
6 953 96.6 3.57 0.25 42 0.06 1.89 6.86 8.8
Table 15
% ASA Dissolution at Time Point % PSEH Dissolution at Time Point
(average) (average)
S 1
an#lép ¢ 2 min 8 min 15 min 30 min 2 min 8 min 15 min | 30 min
1 57 75 80 84 88 107 109 111
2 45 76 81 84 73 93 97 99
3 46 74 78 81 77 101 102 102
4 28 80 87 88 10 27 54 98
5 24 72 76 77 8 39 82 93
6 23 80 85 87 7 31 66 89
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[0216] Table 14 shows that the acetylsalicylic acid-derived degradation products formed
after 3 months of storage at 40°C and 75% RH, were present at nearly similar weight percentages
as observed under accelerated storage conditions on Day 20 (in Table 6). However, the
pseudoephedrine diester and total pseudoephedrine degradation products were present in
significantly higher quantities as compared to amounts observed the accelerated storage
conditions on Day 20 (in Table 6). As shown in Table 15, the total dissolution of acetylsalicylic
acid at 30 minutes was on average reduced as compared to the dissolution at the same time point
in Table 3 (not subjected to storage conditions) and in Table 9 (subjected to 1 month at same
storage conditions, 40°C, 75% RH, without desiccant). Table 16 shows observed degradation
products after 3 months of storage at storage conditions of 25°C and 60% RH. After storage at
conditions of 25°C and 60% RH, the quantities of free salicylic acid, pseudoephedrine diester,
and total pseudoephedrine degradation products were increased relative to the same amounts

present in tablets not subjected to storage (in Table 6, initial time point).

Table 16
% w/w
g0 PSEH-ester = §°
a2 2 o
Sample # E % < 5; §) é’ E
72 < z 75 < - 72
& < -~ N 0] =
s 7 e
=) & -
= g
1 978 102.3 1.59 0.20 1.9 ND 0.15 0.64 0.8
2 106.4 992 1.51 0.16 1.8 ND 0.10 0.47 0.6
3 109.1 98.2 1.34 0.14 1.6 ND 0.13 0.64 0.8
4 103.6 96.7 1.78 0.22 2.1 0.05 0.76 0.79 1.6
5 104.8 96 .4 1.42 0.16 1.7 0.04 0.97 0.99 2.0
6 115.0 93.8 2.12 0.27 2.6 0.05 0.77 0.88 1.7

*ND = not detected

Example S: Dissolution Profile Comparison of Various Acetylsalicylic acid Formulations
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[0217] In this example, various commercial acetylsalicylic acid formulations were assessed
for their acetylsalicylic acid dissolution profiles as compared to the bilayer tablets provided
herein to evaluate the effects of various physical formulation parameters (granulated vs non-

granulated; single layer vs bilayer) on dissolution rate.

[0218] Five separate samples were subjected to the dissolution test protocol described in
Example 3 above. The samples included: (A) the bilayer tablet formulation described in Table 1
(Example 1) including both acetylsalicylic acid and pseudoephedrine HCI layers; (B) a single
layer tablet formulated identically to the acetylsalicylic acid sub-layer described in Table 1
(Example 1); (C) a single layer tablet comprising only granulated acetylsalicylic acid (74.85%
w/w acetylsalicylic acid, 24.7% w/w sodium carbonate, 0.45% w/w colloidal silicon dioxide,
trace coating); (D) granules comprising acetylsalicylic acid and pseudoephedrine HCI (500 mg
acetylsalicylic acid; 30 mg pseudoephedrine HCI; citric acid anhydrous, sucrose, hypromellose,
saccharin, flavor, maltodextrin); and (E) acetylsalicylic acid, corn starch, hypromellose,

powdered cellulose, triacetin.

[0219] FIG. 5 shows the dissolution profiles of acetylsalicylic acid prepared in various

formulations.

Example 6: Phenylephrine Substitution for Pseudoephedrine

[0220] In additional experiments, phenylephrine hydrochloride was employed as a substitute
for pseudoedphedrine hydrochloride as a decongestant in Layer II. Four sample bilayer tablet
formulations were prepared using phenylephrine hydrochloride in accordance with the
preparation protocol of Example 1, with the ratios of granulated acetylsalicylic acid
(intragranular, “INTRA”) to non-granulated acetylsalicylic acid (extragranular, “EXTRA”)
within the acetylsalicylic acid layer and distributions of sodium carbonate throughout the
acetylsalicylic acid and phenylephrine layers as described in Table 17 below. All four
formulations contained a fixed quantity of 500 mg acetylsalicylic acid (ASA), 30 mg
phenylephrine hydrochloride (PEH), and 165 mg sodium carbonate (Na2COs3). In sample #9, all
sodium carbonate in the acetylsalicylic acid layer (Layer I) was contained within the granulated

acetylsalicylic acid.
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Table 17
Acetylsalicylic acid Na;COs
Sample Intra: ASA Layer Layer I:
” INTRA | EXTRA PEH Layer
Extra @ Layer 11
(mg) (mg) , (IT) (mg) ,

Ratio (mg) Ratio

7 0 500 0:100 82.5 82.50 50:50

8 0 500 0:100 0 165 0:100

9 150 350 30:70 49.5 115.5 30:70

10 0 500 0:100 49.5 115.5 30:70

The same dissolution test parameters as described in Example 2 were utilized to evaluate the
bilayer tablets comprising phenylephrine. Aliquots were taken at time points of 5 minutes, 15
minutes, 30 minutes and 45 minutes. Three bilayer tablet trials were carried out for each sample
formulation (n=3). Table 18 and

[0221] Table 19 respectively show the observed average dissolution of acetylsalicylic acid

and phenylephrine hydrochloride at each time point. The quantity of acetylsalicylic acid
dissolved at each time point was determined by UV absorption spectrometry at detection
wavelength 257 nm. The quantity of phenylephrine hydrochloride dissolved at each time point

was determined by UV absorption spectrometry at detection wavelength 214 nm.

Table 18
% Acetylsalicylic acid Dissolved at Time Point
Sample # 5 min 15 min 30 min 45 min
7 89% 96% 96% 95%
8 53% 85% 97% 99%
9 84% 94% 94% 93%
10 84% 92% 91% 91%
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Table 19
% Phenylephrine HCI Dissolved at Time Point
Sample # 5 min 15 min 30 min 45 min
7 71% 107% 108% 108%
8 41% 85% 98% 98%
9 55% 102% 108% 107%
10 54% 102% 108% 108%
[0222] Further to the dissolution assays, the four phenylephrine-containing bilayer tablets

(Samples #7-10) and four additional samples (Samples #11-14), the compositions of which are

detailed in Table 20, were subjected to accelerated stability test conditions at (storage at 50°C at

a 65% relative humidity for 20 days) to gauge susceptibility to degradation. The formation of

degradation products was determined using the protocol described in Examples 2 and 4 above.

Table 20
Acetylsalicylic acid Na;COs
Sample Intra: ASA Layer Layer I:
” INTRA | EXTRA PEH Layer
Extra @ Layer 11
(mg) (mg) , (II) (mg) ,
Ratio (mg) Ratio
11 150 350 30:70 495 115.5 30:70
12 150 350 30:70 0 165 0:100
13 150 350 30:70 495 115.5 30:70
14 150 350 30:70 0 165 0:100

Error! Not a valid bookmark self-reference. presents the observed quantity of free salicylic
acid for each tablet formulation after storage under accelerated stability test conditions. As
shown in Table 18,
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[0223] Table 19, andTable 20 Table 21, sample #8, prepared with no intragranular
acetylsalicylic acid and all sodium carbonate localized in the phenylephrine layer, resulted in the
lowest formation of free salicylic acid but also gave the slowest dissolution profile relative to
samples #7 and 9-10. Similarly, in samples #11-14, the samples with sodium carbonate localized

to the phenylephrine layer resulted in less free salicylic acid formation.

Table 21
Sample # % w/w free salicylic acid
7 1.26
8 0.35
9 1.10
10 1.00
11 2.62
12 1.67
13 1.86
14 1.02
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CLAIMS
What is claimed is:

1. A bilayer tablet, comprising:
an acetylsalicylic acid layer, comprising:
granules, wherein the granules comprise intragranular acetylsalicylic
acid, intragranular sodium carbonate, and one or more intragranular
excipients;
extragranular acetylsalicylic acid; and
one or more extragranular excipients; and
a pseudoephedrine layer, comprising:

pseudoephedrine or a pharmaceutically acceptable salt thereof;

sodium carbonate; and

one or more excipients;
wherein 10-50% w/w of the total acetylsalicylic acid present in the tablet is intragranular
acetylsalicylic acid, and
wherein the tablet has a weight ratio of the acetylsalicylic acid to sodium carbonate of between
1:1and 5:1.
2. The tablet of claim 1, wherein the tablet has a weight ratio of acetylsalicylic acid to
sodium carbonate between 2:1 and 4:1.
3. The tablet of claim 1 or claim 2, wherein 10-50% w/w of the total sodium carbonate
present in the tablet is intragranular sodium carbonate.
4. The tablet of any one of claims 1 to 3, wherein 20-40% w/w of the total acetylsalicylic
acid present is intragranular acetylsalicylic acid.
5. The tablet of any one of claims 1 to 4, wherein 20-40% w/w of the total sodium carbonate
present in the tablet is present in the acetylsalicylic acid layer.
6. The tablet of any one of claims 1 to 5, wherein the weight percentage of intragranular
acetylsalicylic acid out of the total acetylsalicylic acid present is equal to the weight percentage
of the intragranular sodium carbonate out of the total sodium carbonate present in the tablet.
7. The tablet of any one of claims 1 to 6, comprising between 250 mg and 1000 mg

acetylsalicylic acid.
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8. The tablet of any one of claims 1 to 7, comprising between 15 mg and 60 mg
pseudoephedrine or a pharmaceutically acceptable salt thereof.
9. The tablet of any one of claims 1 to 8, wherein the pseudoephedrine or a
pharmaceutically acceptable salt thereof is pseudoephedrine hydrochloride.
10.  The tablet of any one of claims 1 to 9, wherein the one or more intragranular excipients in
the granules comprises colloidal silicon dioxide.
11.  The tablet of any one of claims 1 to 10, wherein the one or more extragranular excipients
in the acetylsalicylic acid layer comprises colloidal silicon dioxide, cornstarch, and cellulose.
12.  The tablet of any one of claims 1 to 11, wherein the one or more excipients in the
pseudoephedrine layer comprises mannitol, microcrystalline cellulose, cornstarch, and colloidal
silicon dioxide.
13. The tablet of any one of claims 1 to 12, further comprising a coating.
14. The tablet of any one of claims 1 to 13, wherein the tablet comprises less than or equal to
4% w/w salicylic acid of the initial acetylsalicylic acid content after storage at S0°C and 65%
relative humidity for at least 10 days.
15. The tablet of any one of claims 1 to 14, wherein the tablet comprises less than or equal to
4% w/w salicylic acid of the initial acetylsalicylic acid content after storage at 40°C and 75%
relative humidity for at least 1 month.
16.  The tablet of any one of claims 1 to 15, wherein the tablet comprises at least 95%
acetylsalicylic acid of the initial acetylsalicylic acid content after storage at 40°C and 75%
relative humidity for at least 1 month.
17.  The tablet of any one of claims 1 to 16, wherein the tablet has a dissolution profile
wherein at least 85% acetylsalicylic acid and at least 85% pseudoephedrine are dissolved at 10
minutes as determined by USP Dissolution Test (Apparatus 1) in 50 mM sodium acetate buffer
at pH 4.5 at 37+0.5°C.
18. A method for preparing a bilayer tablet according to any one of claims 1 to 17,
comprising:

compacting and milling acetylsalicylic acid, sodium carbonate, and colloidal silicon
dioxide to provide granules;

combining the granules with acetylsalicylic acid, cornstarch, powdered cellulose, and

colloidal silicon dioxide to provide an acetylsalicylic acid blend,
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combining pseudoephedrine or a pharmaceutically acceptable salt thereof, cornstarch,
mannitol, sodium carbonate, microcrystalline cellulose and colloidal silicon dioxide to provide a
pseudoephedrine blend; and
compressing the acetylsalicylic acid blend and pseudoephedrine blend to form the bilayer

tablet.
19. The method of claim 18, comprising compacting the acetylsalicylic acid, sodium
carbonate, and colloidal silicon dioxide by roller compaction.
20. The method of claim 18 or 19, wherein the granules have a particle size distribution
wherein between 5% w/w and 30% w/w of the granules out of the total granule weight have a
particle size of less than 150 um, and wherein between 50% w/w and 80% w/w of the granules
out of the total granule weight have a particle size of greater than 400 um.
21. The method of any one of claims 18 to 20, further comprising drying the acetylsalicylic
acid blend prior to compressing.
22. The method of claim 21, comprising drying the acetylsalicylic acid blend to a water
activity of less than or equal to 0.2.
23. The method of any one of claims 18 to 22, wherein the pseudoephedrine or a
pharmaceutically acceptable salt thereof is pseudoephedrine hydrochloride.
24, The method of any one of claims 18 to 23, comprising compressing the acetylsalicylic
acid blend and pseudoephedrine blend at a compression force between 1 kN and 30 kN.
25. The method of any one of claims 18 to 24, comprising compressing the acetylsalicylic
acid blend and pseudoephedrine blend at a compression force between 10 kN and 20 kN.
26. The method of any one of claims 18 to 23, wherein compressing the acetylsalicylic acid
blend and pseudoephedrine blend to form the bilayer tablet comprises:

compressing the acetylsalicylic acid blend at a first compression force to provide an
acetylsalicylic acid layer; and

compressing the pseudoephedrine blend on top of the acetylsalicylic acid layer at a second
compression force to form the bilayer tablet.
27. The method of any one of claims 18 to 23, wherein compressing the compressing the
acetylsalicylic acid blend and pseudoephedrine blend to form the bilayer tablet comprises:

compressing the pseudoephedrine blend at a first compression force to provide a

pseudoephedrine layer; and
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compressing the acetylsalicylic acid blend on top of the pseudoephedrine layer at a second
compression force to form the bilayer tablet.
28. The method of claim 26 or claim 27, wherein the first compression force is between 1 kN
and 30 kN and the second compression force is between 5 kN and 30 kN.
29. The method of any one of claims 18 to 28, further comprising coating the tablet.
30. A method for treating nasal congestion and pain or fever a in a human in need thereof,
comprising administering a bilayer tablet according to any one of claims 1 to 17 to the human.
31 A package comprising a bilayer tablet according to any one of claims 1 to 17.

32.  The package according to claim 31, further comprising a desiccant.
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