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57 ABSTRACT

Bioavailable liquid softgel fill compositions comprising a)
fexofenadine or a fexofenadine salt; b) a matrix comprising
a pharmaceutically acceptable poly(alkylene glycol),
optionally a pharmaceutically acceptable alkylene glycol,
optionally a pharmaceutically acceptable polymeric solubi-
lizing agent, and optionally a pharmaceutically acceptable
surfactant; and c) a pharmaceutically acceptable acidulant
are disclosed. Also disclosed are methods for the preparation
of'such fill compositions, and softgel capsules containing the
bioavailable liquid fill composition.
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SOFT GELATIN CAPSULES CONTAINING
FEXOFENADINE

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to U.S. Provisional
Application No. 62/255,615 filed on Nov. 16, 2015, and to
U.S. patent application Ser. No. 14/627,589, filed on Feb.
20, 2015. The contents of the applications are incorporated
herein by reference in their entireties.

FIELD OF THE DISCLOSED SUBIJECT
MATTER

[0002] The presently disclosed subject matter relates to
bioavailable fill compositions containing fexofenadine or a
fexofenadine salt, soft gelatin capsules filled with the bio-
available fexofenadine fill compositions, and methods of
making same.

BACKGROUND

[0003] Fexofenadine is an antihistamine pharmaceutical
drug used in the treatment of allergy symptoms, such as hay
fever, nasal congestion, and urticaria or hives. It is known as
a third-generation antihistamine, which means that its effect
are limited to the periphery, that is, outside the brain and
spinal cord, which is where most antihistamines mediate
their sedating effects; therefore, fexofenadine has minimal
sedation side effects. Fexofenadine is used for relief from
physical symptoms associated with seasonal allergic rhinitis
and for treatment of chronic urticaria. It does not cure, but
rather prevents the aggravation of rhinitis and urticaria, and
reduces the severity of the symptoms associated with those
conditions, thereby providing relief from repeated sneezing,
runny nose, itchy eyes and general body fatigue.

[0004] Fexofenadine is a lipophilic solid which is fre-
quently administered as the hydrochloride salt.

[0005] Both fexofenadine free base and fexofenadine salts
have poor solubility in aqueous solution, and present diffi-
cult problems in formulating for effective administration
with adequate bioavailability. A well-designed formulation
should, at a minimum, be capable of presenting a therapeu-
tically effective amount of a hydrophobic compound to its
desired absorption site, in an absorbable form. Even this
minimal functionality is difficult to achieve when delivery of
the hydrophobic therapeutic agent requires interaction with
aqueous physiological environments, such as gastric and
intestinal fluids. Furthermore, drug absorption in various
individuals might differ significantly due to differences in
gastrointestinal function and food intake. Therefore, it is
rather difficult to determine and control the dosage. An
additional challenge in the formulation of fexofenadine for
oral administration is the low solubility of the compound,
especially under the acidic aqueous gastric conditions (solu-
bility of 0.2 mg of fexofenadine HCI per ml of pH 1.2
aqueous buffer solution).

[0006] Another issue in the formulation of fexofenadine
into oral pharmaceutical compositions is its unpleasant,
strong and bitter taste as well as aftertaste, which has led to
poor compliance or even non-compliance with the treatment
and thus has a negative impact on the efficiency of treatment.
[0007] This combination of physical properties requires
careful selection of pharmaceutical formulations when for-
mulating fexofenadine for oral administration. There con-
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tinues to be a need for superior formulations which stabilize
and isolate fexofenadine, provide adequate bioabsorption,
and ultimately deliver the active ingredient to the appropri-
ate target within the human body.

SUMMARY OF THE DISCLOSED SUBJECT
MATTER

[0008] A new formulation providing desirable protection
and stabilization of the fexofenadine active ingredient is
provided herein. This formulation also provides enhanced
bioavailability.

[0009] In view of the above considerations, an overall
approach to formulating fexofenadine hydrochloride
included isolating the active ingredient (Al) within a soft
gelatin capsule (softgel) and specifically solubilizing the Al
in a suitable fill composition matrix comprising a polymeric
solubilizing agent in combination with an optional surfactant
in an alkylene glycol and poly(alkylene glycol) vehicle. The
pH of the fill composition is maintained in the acid range
with a pharmaceutically acceptable acidulant in a small
weight percentage of water.

[0010] The solubilizing matrix comprises two parts. Part A
is a hydrophilic mixture of a pharmaceutically acceptable
alkylene glycol, such as propylene glycol, a pharmaceuti-
cally acceptable poly(alkylene glycol), such as a polyethyl-
ene glycol (PEG), and a pharmaceutically acceptable solu-
bilizing polymer, such as a polyvinylpyrrolidone
(povidone). Part B is a mixture of water, a pharmaceutically
acceptable acidulant, such as citric acid, and optionally a
pharmaceutically acceptable surfactant, such as sodium lau-
ryl sulfate (SLS). The optional surfactant can be ionic or
non-ionic (e.g. a polysorbate). Parts A and B are combined
to form the solubilizing matrix, and fexofenadine hydro-
chloride is added to this solubilizing matrix to form the fill
composition.

[0011] The fexofenadine fill composition of the invention
can be encapsulated into soft gelatin capsules of the inven-
tion.

[0012] In some embodiments of the fill formulation, the
fexofenadine Al is in the form of fexofenadine free base. In
some embodiments the fexofenadine Al is a fexofenadine
salt. In one embodiment the fexofenadine salt is fexofena-
dine hydrochloride. In some embodiments the fexofenadine
free base or fexofenadine salt is the only active ingredient.
In certain embodiments, one or more additional active
ingredients are added to the fexofenadine-containing fill
formulation.

[0013] One aspect of the invention is directed to a bio-
available liquid softgel fill composition comprising: a)
4-40% by weight of fexofenadine or a fexofenadine salt; b)
a matrix comprising: bi) 40-80% by weight of a pharma-
ceutically acceptable poly(alkylene glycol); bii) optionally,
0-30% by weight of a pharmaceutically acceptable alkylene
glycol; biii) 0-10% by weight of a pharmaceutically accept-
able polymeric solubilizing agent, preferably 1-10% by
weight; and biv) optionally, 0-6% (e.g., 0.001-6%) by
weight of a pharmaceutically acceptable surfactant; and c)
0.001-2% by weight of a pharmaceutically acceptable acidu-
lant, based on the total weight of the composition. In one
embodiment the pharmaceutically acceptable surfactant is
present in O to about 0.5% by weight. Embodiments of the
invention include compositions which have at least one of
the following features: (a) the fexofenadine or fexofenadine
salt and the matrix are present in a ratio of about 1:1.5 to
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about 1:24 by weight; or (b) the fexofenadine or fexofena-
dine salt and the pharmaceutically acceptable polymer are
present in a ratio of about 40:1 to about 2:5 by weight; or (¢)
the fexofenadine or fexofenadine salt and the pharmaceuti-
cally acceptable surfactant (if present) are present in a ratio
of about 40000:1 to about 2:3 by weight. One embodiment
of the composition has all of the features (a), (b) and (c).
Another embodiment of the composition contains on fea-
tures (a) and (b). In one embodiment the fexofenadine salt
is fexofenadine hydrochloride. In a preferred embodiment
the fexofenadine or fexofenadine salt is the only active
ingredient. Other embodiments of the composition further
comprise one or more additional active ingredients. In one
embodiment the pharmaceutically acceptable poly(alkylene
glycol) is selected from the group consisting of poly(ethyl-
ene glycol)s (PEGs); preferably the PEGs are selected from
the group consisting of PEG 200, 300, 400, 600, mixtures
thereof, and mixtures of these with PEG 800, 1000, 2000,
3000, 4000, 5000, 6000, 7000, or 8000. In one embodiment
the pharmaceutically acceptable alkylene glycol is propyl-
ene glycol. In one embodiment of the fill composition, the
pharmaceutically acceptable polymeric solubilizing agent is
a polyvinylpyrrolidone (PVP). In one embodiment the PVP
is selected from the group consisting of PVP K12, PVP K17,
PVP K30, PVP K60, and PVP K90; preferably the polyvi-
nylpyrrolidone is PVP K17. In one embodiment the phar-
maceutically acceptable surfactant is selected from the
group consisting of sodium lauryl sulfate, polysorbates, and
PEG-8 caprylic/capric glycerides. In one embodiment the
composition is surfactant-free. In another embodiment the
composition comprises 0 to about 0.5% by weight of a
pharmaceutically acceptable surfactant. In one embodiment
the acidulant is selected from the group consisting of phar-
maceutically acceptable organic acids and mixtures of two
or more thereof. In a preferred embodiment the acidulant is
selected from the group consisting of lactic acid, malic acid,
citric acid, fumaric acid, ascorbic acid, tartaric acid and
mixtures of two or more thereof. In a particularly preferred
embodiment the acidulant comprises citric acid.

[0014] Another aspect of the invention is directed to a
method of preparing the above bioavailable liquid softgel fill
composition, comprising the steps of: (a) combining the
poly(alkylene glycol) and the alkylene glycol in a stainless
steel container and heating the mixture to a temperature of
65+5° C. with stirring for a first period of time to obtain a
first mixture; (b) slowly adding the polymeric solubilizing
agent in small quantities into the first suspension with
stirring and continue stirring for a second period of time
after powder addition is complete, at the same temperature
to obtain a second mixture; (c) preparing a third mixture by
combining the surfactant (if present) and acidulant with
water in a separate stainless steel container and heating the
mixture to a temperature of 65+5° C. with stirring for a third
period of time; (d) combining the second and third mixtures
at the same temperature with mixing for a fourth period of
time to provide a fourth mixture; (e) adding the fexofenadine
or fexofenadine salt to the fourth mixture in small quantities
with stirring at the same temperature and continuing stirring
for a fifth period of time after powder addition has been
completed to obtain a fifth mixture; and (f) cooling and
deaerating the fifth mixture to ambient temperature, provid-
ing the liquid softgel fill composition.

[0015] Another aspect of the invention is directed to a
softgel capsule comprising a soft gelatin capsule filled with
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the bioavailable liquid softgel fill composition disclosed
above. In one embodiment the gelatin of said soft gelatin
(softgel) capsule comprises bovine-, avian-, porcine-,
marine- or vegetable-based gelatin, or a mixture of two or
more thereof. In one embodiment, the softgel capsule further
comprises an enteric coating. The enteric coating preferably
comprises a controlled release polymer. In one embodiment
the controlled release polymer is an acid-resistant polymer.

[0016] Another aspect of the invention is directed to a
bioavailable liquid softgel fill composition consisting essen-
tially of: a) 4-40% by weight of fexofenadine hydrochloride;
b) a matrix comprising: bi) 40-80% by weight of PEG 400;
bii) optionally, 0-30% by weight of propylene glycol; biii)
0-10% by weight of polyvinylpyrrolidone, preferably 1-10%
by weight; and biv) optionally 0.001-6% by weight of
sodium lauryl sulfate; ¢) 0.001-2% by weight of citric acid;
and d) 1-10% of water, based on the total weight of the
composition. In one embodiment the pharmaceutically
acceptable surfactant is present in 0 to about 0.5% by
weight. In one embodiment the bioavailable liquid softgel
fill composition consists essentially of: a) about 13.9% by
weight of fexofenadine hydrochloride; b) a matrix compris-
ing: bi) about 64.2% by weight of PEG 400; bii) about
15.2% by weight of propylene glycol; biii) about 3.4% by
weight of polyvinylpyrrolidone; and biv) about 0.3% by
weight of sodium lauryl sulfate; ¢) about 0.5% by weight of
citric acid; and d) about 2.5% of water, based on the total

weight of the composition.

[0017] Still another aspect of the invention is directed to a
bioavailable liquid softgel fill composition consisting of: a)
4-40% by weight of fexofenadine or a fexofenadine salt; b)
a matrix consisting of: i) 40-80% by weight of a pharma-
ceutically acceptable poly(alkylene glycol); ii) 0-30% by
weight of a pharmaceutically acceptable alkylene glycol;
and 1ii) 0-10% by weight of a pharmaceutically acceptable
polymeric solubilizing agent, preferably 1-10% by weight;
¢) 0.001-2% by weight of a pharmaceutically acceptable
acidulant; and d) 1-10% of water; based on the total weight
of the composition. In one embodiment the bioavailable
liquid softgel fill composition consists of: a) about 13.9% by
weight of fexofenadine hydrochloride; b) a matrix consisting
of: 1) about 64.5% by weight of PEG 400; ii) about 15.2%
by weight of propylene glycol; and iii) about 3.4% by weight
of polyvinylpyrrolidone; ¢) about 0.5% by weight of citric
acid; and d) about 2.5% of water; based on the total weight
of the composition.

[0018] One embodiment of the above compositions is
directed to a softgel capsule comprising a soft gelatin
capsule filled with the above bioavailable liquid softgel fill
composition. Preferably the polyvinylpyrrolidone is PVP
K17.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 shows a picture of a fill solution without
sodium lauryl sulfate after storage at ambient temperature
for 4 months.
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DETAILED DESCRIPTION OF PREFERRED

EMBODIMENTS
[0020] Fexofenadine free base has the structure of For-
mula (I):
Formula (I)
O
OH

OH

A pharmaceutically acceptable salt, such as the hydrochlo-
ride salt, rather than the free base is frequently used as the
active ingredient in pharmaceutical compositions.

[0021] One aspect of the invention is directed to a bio-
available liquid softgel fill composition comprising: a)
4-40% (e.g. 5-35%, 5-20%, 10-30%, 15-25%, about 13%
about 14%, about 15% or about 20%) by weight of fex-
ofenadine or a fexofenadine salt; b) a matrix comprising: bi)
40-80% (e.g. 45-75%, 50-70%, 55-65%, about 60%, about
64%, 64-65% or about 65%) by weight of a pharmaceuti-
cally acceptable poly(alkylene glycol); bii) optionally,
0-30% (e.g. 5-30%, 5-25%, 10-25%, 15-16%, 15-20%, up to
about 14%, up to about 15% or up to about 16%) by weight
of a pharmaceutically acceptable alkylene glycol; biii)
optionally 0-10% (e.g. 1-10%, 1-9%, 2-8%, 3-7%, 4-6%,
3-4%, up to about 1%, up to about 2%, up to about 3%, up
to about 4%, up to about 5%, up to about 6%, up to about
7%, up to about 8%, up to about 9%, or up to about 10%)
by weight of a pharmaceutically acceptable polymeric solu-
bilizing agent; and biv) optionally, 0-6% (e.g., 0.001-6%,
0.001-0.8%, 0.001-0.9%, 0.01-2%, 0.1-1%, 0.2-0.5%, up to
about 0.1%, up to about 0.2%, up to about 0.3%, up to about
0.4%, up to about 0.5%, up to about 0.6%, up to about 0.7%,
up to about 0.8%, or up to about 0.9%) by weight of a
pharmaceutically acceptable surfactant; alternatively the
pharmaceutically acceptable surfactant is present in O to
about 0.5% by weight; and c¢) 0.001-2% (e.g. 0.01-1%,
0.1-0.8%, 0.4-0.6%, about 0.4%, about 0.5% or about 0.6%)
by weight of a pharmaceutically acceptable acidulant, based
on the total weight of the composition. Embodiments of the
invention include compositions which have at least one of
the following features: (a) the fexofenadine or fexofenadine
salt and the matrix are present in a ratio of about 1:1.5 to
about 1:24 by weight (e.g., about 1:20, about 1:15, about
1:10, about 1:6, about 1:5.7, about 1:5 or about 1:4); or (b)
the fexofenadine or fexofenadine salt and the pharmaceuti-
cally acceptable polymer are present in a ratio of about 40:1
to about 2:5 by weight (e.g., about 30:1, about 20:1, about
10:1, about 5:1, about 4.1:1, about 4:1 or about 3:1); or (c)
the fexofenadine or fexofenadine salt and the pharmaceuti-
cally acceptable surfactant (if present) are present in a ratio
of'about 40000:1 to about 2:3 by weight (e.g., about 10000:
1, about 5000:1, about 2500:1, about 1000:1, about 500:1,
about 100:1, about 50:1, about 46:1, about 40:1, about 30:1,
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about 20:1 or about 10:1). One embodiment of the compo-
sition has all of the features (a), (b) and (c). In one embodi-
ment the composition has all of the features (a), (b) and (c),
and the surfactant is present in O to about 0.5% by weight.
Other embodiments of the composition are surfactant-free
and therefore contains only features (a) and (b). In one
embodiment the fexofenadine salt is fexofenadine hydro-
chloride. In a preferred embodiment the fexofenadine or
fexofenadine salt is the only active ingredient. Other
embodiments of the composition further comprise one or
more additional active ingredients. In one embodiment the
pharmaceutically acceptable poly(alkylene glycol) is
selected from the group consisting of poly(ethylene glycol)s
(PEGs); preferably the PEGs are selected from the group
consisting of PEG 200, 300, 400, 600, mixtures thereof, and
mixtures of these with PEG 800, 1000, 2000, 3000, 4000,
5000, 6000, 7000, or 8000. In one embodiment the phar-
maceutically acceptable alkylene glycol is propylene glycol.
In one embodiment of the fill composition, the pharmaceu-
tically acceptable polymeric solubilizing agent is a polyvi-
nylpyrrolidone (PVP). In one embodiment the PVP is
selected from the group consisting of PVP K12, PVP K17,
PVP K30, PVP K60, and PVP K90, covering a molecular
weight range of about 2,000 to about 1,500,000; preferably
the polyvinylpyrrolidone is PVP K17. In one embodiment
the pharmaceutically acceptable surfactant is selected from
the group consisting of sodium lauryl sulfate, polysorbates
(e.g. TWEEN® 20, 40, 60, 80, etc.), and PEG-8 caprylic/
capric glycerides (e.g LABRASOL®, also known as capry-
locaproyl polyoxyl-8 glycerides). In one embodiment the
acidulant is selected from the group consisting of pharma-
ceutically acceptable organic acids and mixtures of two or
more thereof. In a preferred embodiment the acidulant is
selected from the group consisting of lactic acid, malic acid,
citric acid, fumaric acid, ascorbic acid, tartaric acid and
mixtures of two or more thereof. In a particularly preferred
embodiment the acidulant comprises citric acid.

[0022] Another aspect of the invention is directed to a
method of preparing the above bioavailable liquid softgel fill
composition, comprising the steps of: (a) combining the
poly(alkylene glycol) and the alkylene glycol in a stainless
steel container and heating the mixture to a temperature of
65+5° C. with stirring (preferably with high shear mixing)
for a first period of time (preferably 25-35 minutes, or until
homogenized) to obtain a first mixture; (b) slowly adding the
polymeric solubilizing agent in small quantities into the first
suspension with stirring and continue stirring for a second
period of time (preferably 25-35 minutes) after powder
addition is complete, at the same temperature to obtain a
second mixture; (c) preparing a third mixture by combining
the optional surfactant and acidulant with water in a separate
stainless steel container and heating the mixture to a tem-
perature of 65+5° C. with stirring for a third period of time
(preferably 12-18 minutes, or until homogenized); (d) com-
bining the second and third mixtures at the same temperature
with mixing for a fourth period of time (preferably 13-17
minutes) to provide a fourth mixture; (e) adding the fex-
ofenadine or fexofenadine salt to the fourth mixture in small
quantities with stirring at the same temperature and continu-
ing stirring for a fifth period of time (preferably 40-50
minutes) after powder addition has been completed to obtain
a fifth mixture; and (f) cooling and deaerating the fifth
mixture to ambient temperature, providing the liquid softgel
fill composition.
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[0023] Another aspect of the invention is directed to a
softgel capsule comprising a soft gelatin capsule filled with
the bioavailable liquid softgel fill composition disclosed
above. In one embodiment the gelatin of said soft gelatin
(softgel) capsule comprises bovine-, avian-, porcine-,
marine- or vegetable-based gelatin, or a mixture of two or
more thereof. In one embodiment, the softgel capsule further
comprises an enteric coating. The enteric coating preferably
comprises a controlled release polymer. In one embodiment
the controlled release polymer is an acid-resistant polymer.

[0024] Another aspect of the invention is directed to a
bioavailable liquid softgel fill composition consisting essen-
tially of: a) 4-40% (e.g. 5-35%, 5-20%, 10-30%, 15-25%,
about 13% about 14%, about 15% or about 20%) by weight
of fexofenadine hydrochloride; b) a matrix comprising: bi)
40-80% (e.g. 45-75%, 50-70%, 55-65%, about 60%, about
64%, 64-65% or about 65%) by weight of PEG 400; bii)
optionally, 0-30% (e.g. 5-30%, 5-25%, 10-25%, 15-16%,
15-20%, up to about 14%, up to about 15%, or up to about
16%) by weight of propylene glycol; biii) optionally 0-10%
(e.g. 1-10%, 1-9%, 2-8%, 3-7%, 4-6%, 3-4%, up to about
3%, up to about 4%, or up to about 5%) by weight of
polyvinylpyrrolidone; and biv) optionally, 0-6% (e.g.,
0.001-6%, 0-0.5%, 0.01-2%, 0.1-1%, 0.2-0.5%, up to about
0.2%, up to about 0.3%, or up to about 0.4%) by weight of
sodium lauryl sulfate; ¢) 0.001-2% (e.g. 0.01-1%, 0.1-0.8%,
0.4-0.6%, about 0.4%, about 0.5% or about 0.6%) by weight
of citric acid; and d) 1-10% (e.g. 1-8%, 2-5%, 2-3%, about
2%, about 2.5% or about 3%) of water, based on the total
weight of the composition. In an alternative embodiment the
composition contains 0 to about 0.5 wt % of surfactant. In
one embodiment of the fill composition the surfactant con-
centration is 0%, providing a surfactant-free composition.

[0025] One embodiment is directed to a bioavailable lig-
uid softgel fill composition consisting essentially of: a)
about 13.9% by weight of fexofenadine hydrochloride; b) a
matrix comprising: bi) about 64.2% by weight of PEG 400;
bii) about 15.2% by weight of propylene glycol; biii) about
3.4% by weight of polyvinylpyrrolidone; and biv) about
0.3% by weight of sodium lauryl sulfate; ¢) about 0.5% by
weight of citric acid; and d) about 2.5% of water, based on
the total weight of the composition.

[0026] Still another aspect of the invention is directed to a
bioavailable liquid softgel fill composition consisting of: a)
4-40% by weight of fexofenadine or a fexofenadine salt; b)
a matrix consisting of: i) 40-80% by weight of a pharma-
ceutically acceptable poly(alkylene glycol); ii) 0-30% by
weight of a pharmaceutically acceptable alkylene glycol;
and 1ii) 0-10% by weight of a pharmaceutically acceptable
polymeric solubilizing agent, preferably 1-10% by weight;
c) 0.001-2% by weight of a pharmaceutically acceptable
acidulant; and d) 1-10% of water; based on the total weight
of the composition. In one embodiment the bioavailable
liquid softgel fill composition consists of: a) about 13.9% by
weight of fexofenadine hydrochloride; b) a matrix consisting
of: 1) about 64.5% by weight of PEG 400; ii) about 15.2%
by weight of propylene glycol; and iii) about 3.4% by weight
of polyvinylpyrrolidone; ¢) about 0.5% by weight of citric
acid; and d) about 2.5% of water; based on the total weight
of the composition.

[0027] One embodiment of the above compositions is
directed to a softgel capsule comprising a soft gelatin
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capsule filled with the above bioavailable liquid softgel fill
composition. Preferably the polyvinylpyrrolidone is PVP
K17.

[0028] The liquid softgel fill formulation can be encapsu-
lated in soft gelatin shells to form softgel capsules using a
conventional rotary die process. Suitable soft gelatin shells
may include (i) gelatin, 35-60% by weight; (ii) glycerin,
10-15% by weight; (iii) sorbitol, 11-20% by weight; (iv)
purified water, 20-40% by weight; and (v) artificial color,
0.0001-0.002% by weight.

[0029] The softgel capsules of the invention can also be
prepared by other methods well known in the art. See e.g.,
P. K. Wilkinson et al., “Softgels: Manufacturing Consider-
ations,” Drugs and the Pharmaceutical Sciences, 41 (Spe-
cialized Drug Delivery Systems); P, Tyle, Ed. (Marcel
Dekker, Inc., New York, 1990) 409-449; F. S. Horn et at,
“Capsules, Soft” Encyclopedia of Pharmaceutical Technol-
ogy, vol. 2; J. Swarbrick and J. C, Boylan, eds. (Marcel
Dekker, Inc., New York, 1990) pp, 269-284; M. S. Patel et
al., “Advances in Softgel Formulation Technology,” Manu-
facturing Chemist, vol. 60, no. 7, pp. 26-28 (July 1989); M.
S. Patel et al., “Softgel Technology,” Manufacturing Chem-
ist, vol. 60, no. 8, pp. 47-49 (August 1989); R. F. Emerson,
“Softgel (Soft Gelatin Capsule) Update,” Drug Develop-
ment and Industrial Pharmacy (Interphex *86 Conference),
vol. 12, no. 8 & 9, pp. 1133-1144 (1986); and W, R. Ebert,
“Soft Elastic Gelatin Capsules: A Unique Dosage Form,”
Pharmaceutical Technology, vol. 1, no. 5, pp. 44-50 (1977).

[0030] As disclosed herein, a number of ranges of values
are provided. It is understood that each intervening value, to
the tenth of the unit of the lower limit, unless the context
clearly dictates otherwise, between the upper and lower
limits of that range is also specifically disclosed. Each
smaller range between any stated value or intervening value
in a stated range and any other stated or intervening value in
that stated range is encompassed within the invention. The
upper and lower limits of these smaller ranges may inde-
pendently be included or excluded in the range, and each
range where either, neither, or both limits are included in the
smaller ranges is also encompassed within the invention,
subject to any specifically excluded limit in the stated range.
Where the stated range includes one or both of the limits,
ranges excluding either or both of those included limits are
also included in the invention. The term “about” generally
refers to plus or minus 10% of the indicated number. For
example, “about 10%” may indicate a range of 9% to 11%,
and “about 20” may mean from 18-22. Other meanings of
“about” may be apparent from the context, such as rounding
off, so, for example “about 1” may also mean from 0.5 to
14.

EXAMPLES

Example 1. Bioavailable Fill Composition with
Fexofenadine Hydrochloride as Active Ingredient

[0031]
Ingredient Function Range (wt %)
PEG 200 to PEG 8000, or Matrix 40-80
mixtures (part A)



US 2018/0042857 Al

-continued
Ingredient Function Range (wt %)
Propylene Glycol 0-30
Polyvinylpyrrolidone: PVP Solubilizing 1-10
K17, PVP K12 PVP K30, PVP  Agent
K60, PVP K90, or mixtures (Matrix, part B)
Sodium Lauryl Sulfate 0.001-6
Water 1-10
Citric Acid Acidulant 0.001-2
Fexofenadine Hydrochloride Active Ingredient 4-40

All ingredients were mixed according to the procedure of
Example 2.

Example 2. Process for Preparation of Fill
Composition of Examples 1 and 3

[0032] a) Add Propylene Glycol into PEG 400, PEG
600, or other liquid PEG or liquid PEG mixture in a
suitable stainless steel container. Heat the solution to
65° C.£5° C. Use a Stainless Steel Propeller/High
Shear Mixer to mix all ingredients for 30+5 minutes or
until homogenized.

[0033] b) Slowly add PVP K17 (or PVP K12, or PVP
K30, or PVP K60, or PVP K90, or mixtures) in small
quantities to solution a) while continuously mixing at
65° C.£5° C. Mix thoroughly for additional 30x5
minutes after powder addition has been completed.

[0034] c¢) Add Water, Sodium Laryl Sulfate and Citric
Acid into a separate suitable stainless steel container.
Mix at 65° C.+£5° C. for 15£3 minutes or until homog-
enized.

[0035] d) Add Solution ¢) to Solution b). Continue to
mix for additional 15+2 minutes at 65° C.=5° C.

[0036] e) Add Fexofenadine HCI into solution d) in
small quantities while continuing to mix at 65° C.£5°
C. Mix for an additional 45+5 minutes after powder
addition has been completed.

[0037] ) Cool solution to room temperature and deaer-
ate.

Encapsulate the above suspension into a soft gelatin capsule
(softgel). Optionally, the softgel capsules are then provided
with an enteric coating consisting of hydroxypropyl methyl
cellulose stearate and castor oil as plasticizer, in the cus-
tomary manner.

Example 3. Bioavailable Fill Composition with
Fexofenadine Hydrochloride as Active Ingredient

[0038]

Ingredient Function wt %
PEG 400 Matrix 64.2
Propylene Glycol (part A) 15.2
Polyvinylpyrrolidone, PVP Solubilizing 34

K17 Agent

Sodium Lauryl Sulfate (Matrix, part B) 0.3
Water 2.5
Citric Acid Acidulant 0.5
Fexofenadine Hydrochloride Active Ingredient 13.9

All ingredients were mixed according to the procedure of
Example 2.
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[0039] Samples of the softgel capsules prepared in the
manner described above were then examined for stability.
More specifically, sample capsules were incubated at 40° C.,
30° C., or 25° C. under relative humidity (RH) of 75%, 65%
or 60% for 1 month, 2, months, 3 months, or 9 months. It
was found that during the periods of time, the sample
capsules remained clear and the fill compositions also
remained clear and odorless solution.

[0040] At the beginning and the end of each period of the
time, stability of the sample capsules was determined using
high performance liquid chromatography (HPLC). The
active ingredient in each was measured as percentage of that
at beginning of the test after the sample capsules were
dissolved in 0.01N HCl in 45 minutes. It was found that at
least 97% of the active ingredient remained intact at the end
of the periods of the time, and that compounds which are
related to or derived from the active ingredient, such as
impurities in the starting material and degradation products
produced during processing, were less than 0.36%.

[0041] The above results indicate that the formulations
were superior in solubilizing and stabilizing fexofenadine in
softgel capsules after an extended period time.

Example 4. Bioavailable Surfactant-Free Fill
Composition with Fexofenadine Hydrochloride as
Active Ingredient

[0042]

Ingredient Function wt %
PEG 400 Matrix 64.5
Propylene Glycol (part A) 15.2
Polyvinylpyrrolidone, PVP Solubilizing Agent 34
K17 (Matrix, part B)
Water 2.5
Citric Acid Acidulant 0.5
Fexofenadine Hydrochloride Active Ingredient 13.9
USP

Example 5. Process for Preparation of
Surfactant-Free Fill Composition of Example 4

[0043] a) Add Propylene Glycol into PEG 400, PEG
600, or other liquid PEG or liquid PEG mixture in a
suitable stainless steel container. Heat the solution to
65° C.+£5° C. Use a Stainless Steel Propeller/High
Shear Mixer to mix all ingredients for 30+5 minutes or
until homogenized.

[0044] D) Slowly add PVP K17 (or PVP K12, or PVP
K30, or PVP K60, or PVP K90, or mixtures) in small
quantities to solution a) while continuously mixing at
65° C.£5° C. Mix thoroughly for additional 30x5
minutes after powder addition has been completed.

[0045] c¢) Add Water and Citric Acid into a separate
suitable stainless steel container. Mix at 65° C.+5° C.
for 15+£3 minutes or until homogenized.

[0046] d) Add Solution c¢) to Solution b). Continue to
mix for additional 15+2 minutes at 65° C.=5° C.

[0047] e) Add Fexofenadine HCI into solution d) in
small quantities while continuing to mix at 65° C.£5°
C. Mix for an additional 45+5 minutes after powder
addition has been completed.

[0048] 1) Cool solution to room temperature and deaer-
ate.
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Example 6. Stability Testing

[0049] Samples of the fill compositions were incubated at
40° C. and 75% relative humidity (RH) for the indicated
periods of time. Stability of the samples was determined
using high performance liquid chromatography (HPLC).
Standard and sample solutions were prepared and stored at
room temperature protected from light, and were injected
into an HPLC within 72 hours of preparation. Stability
results are presented in the table below:

40° C.J 40° C./ 40° C./ 40° C./
75% RH  75% RH  75% RH 75% RH
Test Initial 2 Weeks 1 month 2 months 3 months
Description Clear, Clear, Clear, Clear, Clear,
odorless  odorless odorless odorless odorless
Solution  Solution  Solution  Solution  Solution
Assay 98.0 96.9 99.0 99.9 98.1
Related 0.00 0.06 0.17 0.24 0.36
Compounds’

Related compounds are compounds which are related to or derived from the active
ingredient, such as impurities in the starting material and degradation products produced
during processing.

Example 7. Bioavailability Testing

[0050] Inthis example, the rate and extent of absorption of
fexofenadine from soft gel capsules containing 180 mg
fexofenadine HCI prepared in the manner described above
were examined as compared to the reference product, i.e.,
ALLEGRA® Allergy (fexofenadine HCI) 180 mg Tablets.
The rate and extent were determined under both fed and
fasting conditions.

[0051] Briefly, the study consisted of two 3-day periods
separated by at least a 14-day washout period between
treatments. Each of fourteen normal, healthy, non-smoking
male and female subjects received 1 unit of fexofenadine
tablet or capsule at 0 hour on Day 1 of each study period. A
total of 21 PK blood sample were drawn for analysis of
fexofenadine over the course of 36 hours.

[0052] It was found that under both fed and fasting con-
ditions, fexofenadine mean plasma concentration reached a
peak much faster in the subjects taking the soft gel capsules
as compared to those taking the tablets. Also, the mean
plasma concentration peaks were much higher in those
taking the soft gel capsules as compared to those taking the
tablets. The results indicate that the fexofenadine-containing
soft gel capsules disclosed herein provide enhanced bio-
availability.

[0053] The specific examples disclosed above are to be
construed as merely illustrative, and not limitative of the
remainder of the disclosure in any way whatsoever. Without
further elaboration, it is believed that one skilled in the art
can, based on the description herein, utilize the present
invention to its fullest extent.

Other Embodiments

[0054] All of the features disclosed in this specification
may be combined in any combination. Each feature dis-
closed in this specification may be replaced by an alternative
feature serving the same, equivalent, or similar purpose.
Thus, unless expressly stated otherwise, each feature dis-
closed is only an example of a generic series of equivalent
or similar features.
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[0055] From the above description, one skilled in the art
can easily ascertain the essential characteristics of the pres-
ent invention, and without departing from the spirit and
scope thereof, can make various changes and modifications
of the invention to adapt it to various usages and conditions.
Thus, other embodiments are also within the scope of the
present claims.

[0056] All publications cited herein are hereby incorpo-
rated by reference in their entirety.

1. A bioavailable liquid softgel fill composition compris-
ing:

a) 4-40% by weight of fexofenadine or a fexofenadine

salt;

b) a matrix comprising:

1) 40-80% by weight of a pharmaceutically acceptable
poly(alkylene glycol);

ii) optionally, 0-30% by weight of a pharmaceutically
acceptable alkylene glycol;

iii) optionally, 0-10% by weight of a pharmaceutically
acceptable polymeric solubilizing agent; and

iv) optionally, 0-6% by weight of a pharmaceutically
acceptable surfactant; and

¢) 0.001-2% by weight of a pharmaceutically acceptable
acidulant;

based on the total weight of the composition.

2. The composition of claim 1 which has at least one of
the following features:

(a) said fexofenadine or fexofenadine salt and said matrix
are present in a ratio of about 1:1.5 to about 1:24 by
weight; or

(b) said fexofenadine or fexofenadine salt and said phar-
maceutically acceptable polymer are present in a ratio
of about 40:1 to about 2:5 by weight or

(c) said fexofenadine or fexofenadine salt and said phar-
maceutically acceptable surfactant are present in a ratio
of about 40000:1 to about 2:3 by weight.

3. The composition of claim 2, which has two or more of

the features (a), (b) and (c).

4. The composition of claim 1, wherein said fexofenadine
salt is fexofenadine hydrochloride.

5. The composition of claim 1, wherein said fexofenadine
or fexofenadine salt is the only active ingredient.

6. (canceled)

7. The composition of claim 1, wherein said pharmaceu-
tically acceptable poly(alkylene glycol) is selected from the
group consisting of PEG 200 to PEG 8000, and mixtures
thereof.

8. The composition of claim 1, wherein said pharmaceu-
tically acceptable alkylene glycol is present and is propylene
glycol.

9. The composition of claim 1, wherein said pharmaceu-
tically acceptable polymeric solubilizing agent is present
and is a polyvinylpyrrolidone (PVP).

10. (canceled)

11. The composition of claim 9, wherein said polyvi-
nylpyrrolidone is PVP K17, and is present in 1-10% by
weight.

12. (canceled)

13. The composition of claim 1, wherein said acidulant is
selected from the group consisting of lactic acid, malic acid,
citric acid, fumaric acid, ascorbic acid, tartaric acid and
mixtures of two or more thereof.

14. The composition of claim 12, wherein said acidulant
includes citric acid.
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15. A method of preparing a bioavailable liquid softgel fill
composition of claim 1, comprising:

(a) combining the poly(alkylene glycol) and the alkylene
glycol in a stainless steel container and heating the
mixture to a temperature of 65+5° C. with stirring for
a first period of time to obtain a first mixture;

(b) slowly adding the polymeric solubilizing agent in
small quantities into the first suspension with stirring
for a second period of time at the same temperature to
obtain a second mixture;

(c) preparing a third mixture by combining the surfactant
or acidulant or both with water in a separate stainless
steel container and heating the mixture to a temperature
of 65+5° C. with stirring for a third period of time;

(d) combining said second and third mixtures at the same
temperature with mixing for a fourth period of time to
provide a fourth mixture;

(e) adding the fexofenadine or fexofenadine salt to the
fourth mixture in small quantities with stirring at the
same temperature for a fifth period of time to obtain a
fifth mixture; and

(®) cooling and deaerating the fifth mixture to ambient
temperature, providing the liquid softgel fill composi-
tion.

16. A softgel capsule comprising a soft gelatin capsule
filled with the bioavailable liquid softgel fill composition of
claim 1.

17. The softgel capsule of claim 16, wherein the gelatin of
said soft gelatin capsule comprises bovine-, avian-, porcine-,
marine- or vegetable-based gelatin, or a mixture of two or
more thereof.

18. The softgel capsule of claim 16, further comprising an
enteric coating.

19. The softgel capsule of claim 18, wherein said enteric
coating comprises a controlled release polymer.
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20-21. (canceled)

22. The bioavailable liquid softgel fill composition of
claim 25, consisting of:

a) about 13.9% by weight of fexofenadine hydrochloride;

b) a matrix consisting of:

i) about 64.5% by weight of PEG 400;
i) about 15.2% by weight of propylene glycol; and
iii) about 3.4% by weight of polyvinylpyrrolidone;

¢) about 0.5% by weight of citric acid; and

d) about 2.5% of water;
based on the total weight of the composition.

23. A softgel capsule comprising a soft gelatin capsule
filled with the bioavailable liquid softgel fill composition of
claim 22.

24. The fill composition of claim 22, wherein said poly-
vinylpyrrolidone is PVP K17.

25. A bioavailable liquid softgel fill composition consist-
ing of:

a) 4-40% by weight of fexofenadine or a fexofenadine

salt;

b) a matrix consisting of:

1) 40-80% by weight of a pharmaceutically acceptable
poly(alkylene glycol);

ii) 0-30% by weight of a pharmaceutically acceptable
alkylene glycol; and

iii) 0-10% by weight of a pharmaceutically acceptable
polymeric solubilizing agent;

¢) 0.001-2% by weight of a pharmaceutically acceptable

acidulant; and

d) 1-10% of water;

based on the total weight of the composition.

26. (canceled)



