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(57) Abstract: Controlled release pharmaceutical dosage forms, methods of making the same, and methods of using the same to treat
dermatological conditions are disclosed. A doxycycline formulation that is retained and released in a controlled manner in the upper
portion of the gastrointestinal tract. The formulation provides enhanced efficacy and reduced side effects and/or adverse effects when
compared to conventional immediate release dosage forms of doxycydine. Although delaying the release of doxycycline has previ-
ously been reported to decrease doxycycline's oral bioavailability, it has now been surprisingly found that when administered in a
controlled release fashion, the relative oral bioavailability when compared to immediate release formulation of doxycycline was
more than about 80% and in certain embodiments, more than about 90% orally bioavailable.
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FIELD:

This application relates to pharmacentical dosage forms.

BACKGROUND:

The tetracycline class of compounds are known in the art to be useful for the
treatment of certain dermatological conditions.  For example, MONODOX®, an
immediate release doxycycline monohydrate dosage form, can be used as an adjunctive
therapy for the treatment of severe acne.  Simtlarly, DORYX®, a doxycychine hyclate
delayed release tablet, can also be used as an adpanctive therapy for the treatment of
severe acne.  And, while the mechanism of action has not been completely clucidated,
doxycycline in the form of ORACEA® has been shown to be efficacious for the
treatment of the papules and pustules associated with rosacea.

Mivocycline dosage forms have also been shown to be suitable for treating
dermatological conditions. In particular, SOLODYN®, a controlied release minocycline
dosage form, has been shown to be efficacious for the treatroent of moderate to severe

acnge.

SUMMARY:

The present disclosure provides a doxycycline formulation that is retained and
released 1 a controlled manner in the upper portion of the gastrointestinal tract. The
formmilation provides enhanced efficacy and reduced side effects and/or adverse effects
when compared to conventional imomediate release dosage forros of doxyeycline.
Although delaying the release of doxycycline has previsusly been reported to decrease
doxyeycline’s oral bicavailability, 1t has now been surprisingly found that when
administered in a controlled release fashion, the relative oral bipavailability when
comparcd to immediate relesse formulation of doxycyeline was more than about 6% and

in certain embodiments, more than about 90% orally bioavailable.
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In certain cmbodiments, the present disclosure provides a controlled release
pharmaceutical dosage form comprising a therapeutically effective amount of
doxyeycline, one or more bioadhesive/mucoadhesive agents, one or more release
controlling agents, and pharmaccutically acceptable excipients.

In certain embodiments, the present disclosure provides a controlled release
pharmaccutical dosage form, which comprises a therapeutically effective amount of
doxyecycline, one or more release controlling agents, and one or more pharmaceutically
acceptable excipients, wherein the dosage form s formulated to increase and/or control
the residence time of the dosage form in the gastrointestinal tract.

In certain cmbodiments, the present disclosure provides a controlled release
pharmaceutical dosage form, which comprises a therapeutically effective amount of
doxyecycline, one or more bicadhesive polymers, and one or more pharmaccutically
acceptable excipients, wherein the dosage form is formulated to increase and/or control
the residence time of the dosage form in the gastrointestinal tract.

In certain crobodiruents, the present disclosure provides a controlled release
pharmaceutical dosage form in the form of a mmitilayer tablet comprising a) a first layer
comprising a therapeutically effective amount of doxyeycline and one or more
pharmaceutically acceptable excipients wherein the fivst layer provides an 1mmediate
release and/or controlied release of doxycycline; b) at least a second layer comprising
doxycychine and one or more polyroers wherein the second layer provides mcereased
residence time of the dosage form in the upper portion of the gastrointestinal tract; and,
optionally, ¢} a coating layer on the multilayer tablet.

In certain cmbodiments, the present disclosure provides a controlled release
pharmaceutical dosage form n the form of a multilayer tablet comprising a) a first layer
which comprises a first therapeutically effective amount of doxycycline and one or more
pharmaceutically acceptable excipionts wherein the first layer provides an immediate
release and/or controlled release of doxyeycline; b) at least a second layer which
comprises doxycycline and one or more polymers wherein the second layer provides
imcreased residence time of the dosage form in the upper portion of the gastrointestinal
tract; ¢} a first coating over the multilayer tablet; and d) a second coating over the first
coating, wherein the second coating contaius a sccond therapeutically effective amount of

doxycycline. In certain embodiments, the first coating is an conteric coating. In certain
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emmbeodiments, the second coating provides for an immediate release of the second
therapeutically effective amount of doxycycline.

In certain embodiments, the present disclosure provides a controlled release
pharmaceutical dosage form in the forra of a multilayer tablet comprising a) a first layer
which comprises a first therapeutically effective amount of doxycycline and one or more
pharmaccutically acceptable excipients, whercin the first layer provides a controlled
release of the first therapeutically effective amount of doxyeychne; b} a second layer
which compriscs a sccond therapeutically effective amount of doxyeyeline and one or
more pharmaceuntically acceptable excipients, wherein said second layer provides
immediate release of the scoond therapeutically effective amount of doxyeycline; and ¢y a
third layer which comprises a bioadhesive agent and optiovally one or more
pharmaceutically acceptable excipients, wherein the third layer provides mcreased
residence time of the dosage form in the gastromtestinal tract by virtue of its bicadhesive
properties.

In certain crobodiruents, the present disclosure provides a controlled release
pharmaceutical dosage form in the form of a mmitilayer tablet comprising a) a first layer
comprising a first therapcutically effective amount of doxycyeline and one or more
pharmaceutically acceptable excipients, wherein the first layer provides a controlled
release of doxycycling; and b} a second layer comprising a bicadhesive agent, wherein
said bioadhesive agent provides increased residence time of the dosage form in the upper
portion of the gastrointestinal tract. In certain embodiments, the second layer comprising
a bivadhesive layer can optionally contain a second amount of doxycychne.

in certain embodiments, the present disclosure provides a method for treating
acne, rosacea, or a corabination thereof comprising administering to g patient in need
thereof a controlled release pharmaceutical dosage form comprising doxyeycling, wherein
said controlled release pharmaceutical dosage form has g mean Chay that 1s at cast about
70% that of an immediate release dosage form of equivalent strength and has an AUC
that is at lcast about 85% of an immediate relcase dosage form of equivalent strength,

fn certaim ernbodivoents the controlled release dosage form has an AUC that s at
least about 90% that of the immediate release dosage form of cquivaient strength. In
other embodiments, the controlled release dosage form has an AUC that is at least about
95% that of the immediate release dosage form of cquivalent strength. In stili other

erabodiraents, the controlled release dosage form has an AUC that 1s at least about 97%
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that of the immediate release dosage form of cquivalent strength. In yet another
erobodiroent, the controlled release dosage forra has an AUC that is at least about 99%
that of the immediate release dosage form of equivalent strength.

In certain embodiments, the controlied release pharmaceutical dosage form has a
mean (py that 18 at least about 80% that of an immediate release dosage form of
equivalent strength.

In some embodiments, the controlled release pharmaceutical dosage form has a
mean C,,y that is at lcast about 90% that of an immediate release dosage form of
equivalent strength.

i other embodiments, the controlled release pharmaccutical dosage form has a
mean Cuax that 1s at least about 93% that of an immediate release dosage form of
cquivalent strength.

In stil] other embodivoents, the controlled release pharmaceutical dosage form has
a mean (e that is at least about 98% that of an immediate release dosage form of
equivalent strength.

In yet another embodiment, the controlled release pharmaceutical dosage form has
a mean Cy,, that is at least about 100% that of an immediate release dosage form of
equivalent strength.

i still another embodiment, the controlled release pharmaceutical dosage form
has a mean Cuex that s at least about 105% that of an immediate release dosage form of
cquivalent strength.

In another embodiments, the present disclosure provides a method for treating
acne, rosacea, or a combination thereof comprising administering to a patient in need
thereof a controlied relecase dosage form comprising doxyeychine, whercin said dosage
form has a t,., that is at least about 1.15 times greater than the tp. of an immediate
release dosage form of cquivalent strength,

in another embodiments, the dosage form has a t,,, that is at least about 1.2 times
greater than the ty,, of an immediate relcase dosage form of equivalent strength.

In yet another embodiments, the dosage form has a tyey that s at least about 1.5
times greater than the ty. of an immediate release dosage form of equivalent strength.

In still another embodiment, the dosage form has a tmax that is at least about 1.7

times greater than the t,,, of an immediate release dosage form of equivalent strength.
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The present disclosure further provides a method of treating acne, rosacea, or a
cornbination thereof compuising administering to a patient in need thereof, a controlled
release pharmaceutical dosage form comprising doxycycline, wherein the dosage form
has an in vitro dissolution profile, such that at least about 10% to 25% of the total
doxycycline present in the dosage form is released in 1 hour, or at least about 25% to 50%
of the total doxycycline 1s released i 4 hours, or at least about moore than 90% of the total
doxyeycline is released in 10 hours, wherein the release profile is measured m a USP
Basket apparatus using 0.1N HCI at 100 rpm.

In yet another embodiment, the preseut disclosure provides a mcthod of treating
acne, rosacea, of a combination thereof comprising administering to a patient in need
thereot a coutrolled release pharroaceutical dosage form comprising a controlled release
doxyecycline layer, a swellable and/or floating layer, an expandable porous coating,
optionally a seal coating, and an immediate release doxyceycline overcoat.

in certain embodiments, the controlled release doxyeycling layer can include a
first amount of doxycychine and the fromediate release doxyeycline layer can include a
second amount of doxyeycline.

In some embodiments, the first amount of doxycychine is from about 5 to about 15
weight % doxycychine based on the total weight of the dosage form.

in some embodiments, the second amount of doxycycline is from about 0.5 to
about 3.2 weight % doxycycline based on the total weight of the dosage form.

The present disclosure further provides a method of treating acne, rosacea, or a
combination thercot comprising administering to a patient in need there of a controlled
release pharmaccutical dosage form comprising a swellable controlled release drug core,
a permeable/expandable porous coating, and an irraediate release doxycycline overcoat.

In some embodiments, the swellable controlled release drug core comprises from
about 5 to about 135 weight % doxyeyeline based on the total weight of the dosage form.

In some embodiments, the immediate release doxycyciine overcoat comprises
from about 0.5 to about 3.2 weight % doxycycline based on the total weight of the dosage
form.

The present disclosure further provides a method of treating acne, rosacea, or a
combination thereof comprising adrinistering to a paticot 1o need thereof a controlled
release pharmaccutical dosage form comprising a controlled release layer, an inert

sweilable/bioadhesive layer, and an imumediate release doxycycline overcoat.
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in some embodiments, the controlled release layer comprises from about 5 to
about 15 weight % doxyceycline based ou the total weight of the dosage form.

In some ocmbodiments, the immediate release doxycycline gvercoat comprises
frorn about 0.5 to about 3.2 weight % doxycycline based on the total weight of the dosage
form.

In yet another embodiment, the present disclosure provides a method of tresting
acne, rosacea, or a combination thereof comprising administering to a patient in need
thereof, a controlled release pharmsaceutical dosage form comprising doxycyeline and
having a mean Cuex 10 the range of about 480 to about 1400 ng/ml measured after oral
administration to a patient in a fod state.

fn still another embodiment, the present disclosure provides a method of treating
acne, rosacea, or a combination thereof comprising administering to a patient in need
thereof, a controlled release pharmaceuntical dosage form covoprising doxyeychne and
having an area under the plasma concentration versus tume curve selected from the group
consisting of from about 13,000 to about 21,000 ng/mi/h (0-48 hours), from about 15,600
to about 19,000 ng/mi/h (0-48 hours), about 23,000 to about 37,000 ng/ml/h (8-96 hours},
and about 26,000 to about 33,000 ng/ml/h {0-96 hours), cach as measured after oral
administration of a single dose of the dosage form to a patient 1o a fed state.

in yet another embodiment, the present disclosure provides a controlied release
pharmaceutical dosage form comprising a controlied release doxycychue layer, a
swellable and/or floating layer, an expandable porous coating, optionally a seal coating,
and an immediate release doxycycline overcoat.

in some embodiments, the controlled release doxyeyeline layer can include a first
aroount of doxycycline and the immediate relesse doxycychine layer can include a second
amount of doxyeycline.

In some embodiments, the first amount of doxyceychine is from about 5 to about 15
weight % doxycycline based on the total weight of the dosage form.

in some embodiments, the second amount of doxycycline is from about (.5 to
about 3.2 weight % doxycycline based on the total weight of the dosage form.

in yet another embodiment, the present disclosure provides a controlied release
pharmaceutical dosage form comprising a swellable controlled release drug core, a
permeable/expandable porous coating, an optional seal coating, and an immediate release

doxycycline overcoat.
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i some embodiments, the swellable controlled release drug core comprises from
about 5 to about 15 weight % doxycycline based on the total weight of the dosage form.

In some ocmbodiments, the immediate release doxycycline gvercoat comprises
frorn about 0.5 to about 3.2 weight % doxycycline based on the total weight of the dosage
form.

In yet another cmbodiment, the present disclosure provides a controlied release
pharmaceutical dosage form comprising a controlled release layer, an inert
swellable/bioadhesive layer, and an iramediate release doxyeyeline overcoat.

In sormse embodiments, the controlled release layer comprises from about 5 io
about 15 weight % doxyeycline based on the total weight of the dosage form.

fn some embodiments, the imunediate release doxycycline overcoat comprises
from about 0.5 to about 3.2 weight % doxycycline based on the total weight of the dosage
form.

In some embodiments, the present disclosure provides a controlled release
pharmaccutical dosage form comprising doxyeychine having a mean Chs in the range of
about 400 to about 1400 ng/ml measured after oral administration to a patient in a fed
state.

In yet another embodiment, the present disclosure provides a controllied release
pharmaccutical dosage form comprising doxycycline having an arca under the plasma
concentration veruss time curve selected frovo the group consisting of from about 13,000
to about 21,000 ng/ml/h (0-4% hours), from about 15,000 to about 19,000 ng/mi/h (0-48
hours), about 23,000 to about 37,000 ng/ml/h (§-96 hours), and about 26,000 to about
33,000 ng/ml/h (0-96 hours), cach as measured after oral administration of a single dose
of the dosage form to @ paticnt in a fed state.

It should be understood that the above summary is not intended to describe every
cmbodiment or every iraplementation of the various fornulations disclosed herein. The
Detailed Description, Figures, and Examples sections further exemplify illustrative
embodiments. The various embodiments described herein are intended to be disclosed in
combinations, as if each specific combination were explicitly disclosed. The Figures and
Examples are representative only and should not be interpreted as exclusive, or limiting

the scope of the various embodiments disclosed herein.
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BRIEF DESCRIPTION OF THE DRAWINGS:

[6050] Fig. 1 represents the dissolution profile of controlled release pharmaceutical
dosage forms of doxycycline described in Examples 5, 6, and 7A in 0.1N HCL, Basket
apparatus at 100 rpm.

18051 Fig. 2 represents the dissolution profile of controlled release pharmaceutical
dosage forms of doxycycline described i Examples 78, 8, 9, and 10 mn 0.IN HCL, Basket
apparatus at 100 rpm.

[3052] Fig. 3 represents the bioadhesion racasurement with peak detachment force as a
function of hydration time for bicadhesive tablets F1, F2, F3, F4, F3, and F6.

{8053} Fig. 4 represents the comparative in vive pharmacokinetic profiles of controlled
release pharmaceutical dosage form of doxycychne described in Example 5 and the
reference product as measured in a single dose study.

10054] Fig. 5 represents the comparative in vive pharmacokinetic profiles of controlled
relcase pharmaccutical dosage form of doxycyeline described in Example ¢ and the
reference product as measured in a single dose study.

{G055] Fig. 6A represents the comparative in vive pharmacokinetic profiles of controlled
release pharmaceutical dosage forrn of doxycycline described in Example 7A and the
reference product as measured in a single dose study.

{8056} Fig. 6B represents the comparative in vive pharmacokinetic profiles of controlled
release pharmaceutical dosage form of doxyeycline described 1o Example 7B and the
reference product as measured in a single dose study.

{80587} Fig. 7 represents the comparative in vive pharmacokinetic profiles of controlled
release pharmaccutical dosage form of doxycyeline described in Example ¥ and the
reference product as measured in a single dose study.

{058} Fig. ¥ represents the comparative /n vive pharmacokinetic profiles of controlled
release pharmaceutical dosage form of doxyeycline described in Example 9 and the
reference product as measured in a single dose study.

{8059} Fig. 9 represents the comparative in vive pharmacokinetic profiles of controlled
release pharmaceutical dosage form of doxycycline described in Exarople 10 and the

reference product as measured in a single dose study.
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DETAILED BESCRIPTION:

The wdetinite articles “a” and “an” and the definite article “the” are intended to
include both the singular and the plural, unless the context in which they are used clearly
wmdicates otherwise,

The term "therapeutically effective amount” means the amount of the drug which
halts or reduces the progress of the condition being treated or which otherwise completely
or partly cures or acts palliatively on the condition. The therapeutically effective amount
will vary depending on the subject being treated, the severity of the discasce state, and the
manner of administration.

As used herein the term “doxycycling” includes doxycycline free base,
doxycychine monohydrate, and in some embodiments, pharmaceutically acceptable acid
addition salts of doxycycline {eg doxycycline hydrochloride hemicthanolate
hemihydrate), as well as all crystalline and amorphous forms of cach of the foregoing.

Despite the known efficacy of certain tetracycline dosage forms for the treatment
of dermatological disorders, stomnach voiding and intestinal peristaltic moverments limit
the time that these drugs and/or oral dosage forms comprising these drugs remain in the
upper portion of the gastrointestinal tract. For some drugs, such hmited residence time in
the upper portion of the gastrointestinal tract is unimportant because the drug’s site of
absorption may be lower in the pastrointestinal tract. However, for drugs such as
doxycychine that are believed to have a site of absorption in the upper gastroiutestinal
tract and/or be better absorbed in this portion of the gut, such rapid displacement often
vequires larger doses of the drug to arrive at the desired bioavailability or systemic PK
profile.

Aspects of the disclosure provided herein address the need for formulations
capable of retaining particular drugs in the upper portion of the gastrointestinal tract.

In certain cmbodiments, the present disclosure provides a controlled release
pharmaceutical dosage form comprising a therapeutically effective amount of
doxycycline and one or more excipients and/or other formulating agents, wherein the
dosage form is formulated to increase the residence time of the dosage form and/or
doxyeycline in a desired portion of gastrointestinal tract.

In certain embodiments, the pharmaceutical dosage form is formulated to remain

in the upper portion of the gastrointestinal tract, such as the stomach and/or the



WO 2014/149674 PCT/US2014/020251

{0067}

{0068}

- 10 -

duodenum, in order to increase systemic bipavailability of drug inciuded in the dosage
form. In particular embodiments, the pharmaceutical dosage form is formulated such that
doxyecycline 1s maintained in the upper portion of the gastrointestinal tract so that the
bioavatlability of the drug is increased. Retention of the pharraceutical dosage form in
the desired portion of the (I tract can be achieved by delaying the expulsion of the
dosage form from the gastrointestinal tract using techmiques such as bioadhesion,
floatation, swelling, or a combination of any of the foregoing.

"Biocadhesion” is defined as the ability of a material to adhere to a biological tissuc
ot structure, such as a woucous roembrane. Bioadhesion is one solution to the problem of
inadequate residence time resulting from stomach emptying and intestinal peristalsis, and
from displacement by ciliary movernent. Bioadhesive properties of polymers are affected
by both the nature of the polymer and by the nature of the surrounding media. As used
herein, the term “bioadhesive” refers to those compounds that affect bicadhesion. The
term bioadhesive can be used interchangeably with the term “mucoadhesive.” Exemplary
bioadhesives include, but are not himited to, natural or synthetic materials, neluding
macromolecules, polymers, oligomers, and mixtures thereof, that can adbere to a mucous
membrane.  Numcrous biocadhesive molecules and polymers are known to those of
ordinary skill in the art. Bioadhesion can be rocasured using a tensiomwetric method
described clsewhere herein, and in particular embodiments, the peak detachment force of
a dosage form described heretn can be at least about 500 wmN within 10 roinutes of
hydration, at least about 750 mN within 10 minutes of hydration, at least about 1000 mN
within 10 witnutes of hydration, or at least about 1300 wN within 10 winutes of
hydration. In other embodiments, the peak detachment force can be at least about 1000
mMN after 60 minutes of hydration, at least about 1100 N after 60 minutes of hydration,
at least about 1250 N after 60 mimutes of hydration, or at least about 1500 N after 60
minuies of hydration,

in another embodiments, the present disclosure also provides floating drug
delivery systems. Floating drug delivery systems can be prepared by using effervescent
or non-effervescent excipients. Non-effervescent excipients can be gel-forming agents
that entrap air and confer buoyancy to a dosage form upon gelling. Effervescent
excipicuts arc gas releasing agents that gasify upon contact with gastric fluids, releasing
carbon dioxide which can be entrapped in a gelled hydrocolloid, or other material suitable

for gas cotrapment, thereby generating bouyancy.
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Swellable drug delivery systems arc dosage forms that swell upon contact with
gasiric fluid. The swelling enlarges the dosage form, slowing passage through the pyloric
sphincter thereby maintaining the dosage form in the stomach for some additional period
of time. In certain cmbodiments, the drug s released in the stomach cither by crosion of
the dosage form or by the diffusion of the drug from the dosage form or a combination of
erosion and diffusion mechanisros. In particular embodiments, the dosage forra hercin
can swell by at least about 19 to at least about 500% of its original volume, and in certain
cmbodiments can swell by at least about 1%, at least about 10%, at least about 20%, at
feast about 30%, at lcast about 40%, at icast about 50%, at least about 60%, at least about
T0%, at least about 80%, at least about 90%, at least about 100%, at least about 125%, at
least about 150%, at least about 175%, and i other erobodimaents, at least about 200% or
even 500% of its original volume. Swelling can be measured using procedures described
clsewhere herein.

In another aspect, the present disclosure provides therapeutic methods that include
administering a therapeutic amount of g dosage form described herein. The dosage forms
disclosed herein can be administered according to any suitable dosing strategy. In one
cmbodiment, the dosage form can be administered orally once daily or twice daily. In
other embodiments, the dosage forms described herein can be admirnisiered once every
other day or once every three days. In particular embodiments, the dosage forms

described herein are adrmnistered once daily.

Posage

In particular ermabodiments, the purpose of the dosage forms disclosed heren is to
grally deliver doxycyeline such that the systemic levels of doxycycline are maintained at
or above the desired therapeutic levels throughout the duration of treatment without any
drastic fluctuations during a chronic treatment regimen. This stands in stark contrast to
the systeruic levels obtaimed following treatmoent with an oral immediate release dosage
form, which typically shows peak levels of doxyeycline within 2-3 hours of
administration due to the burst release of the drug from the dosage form. In certain
embodiments, the dosage form described hercin can provide doxyeycline oral
bioavatlability at a level greater than or cqual to 80% relative to about an equal dose of an
oral tmmediate release dosage form. o other embodivents, the dosage form described

herein can provide doxyeycline oral bicavailability at a level greater than or equal fo
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0%, 95%, 99%, and in some instances 99.9% relative to about an equal dose of an oral
fomediate release dosage form.  Io each of the above cmbodiments, the relative
bioavailability is provided without the burst release observed in an immediate release oral
doxyeycline formulation.

The amount of doxyeycline included in the dosage forms described herein can
vary from about 10 to about 200 mg, mcluding all amounts there between.  In particular
embodiments, the dosage form includes about 50 to about 200 mg doxycycline. In other
cmbodiments, the dosage form can include about 60 to about 180 mg doxycycline. In
still other embodiments, the dosage form can include about 100 to about 150 mg of
doxycycline, In particular embodiments, the dosage form can include about 30, about 35,
about 40, about 45, about 3@, about 35, about 64, about 65, about 70, about 75, about 8(,
about 85, about 90, about 95, or about 100 mg of doxycyeline. For purposes of clarity, ail
amounts or weights of doxycycline referenced in this application are referenced based on
the equivalent amount of doxycycline freebase. Thus, a dosage form containing about
104 mg of doxycycline monohydrate would be understood to be a dosage form including

about 100 mg doxycycline.

Bioavailability and Dissolution

In certain embodiments, the present disclosure provides a controlled release
pharmaccutical dosage form wherein a) the dosage form s formulated to increase the
residence time of the dosage form and/or doxycycline in the upper portion of the
gastrointestinal tract; and b} the dosage form has an adhesive strength, measured as a
force of detachment, of at least about 100 N and in certain emmbodiments at least about
400 mN when measured using advanced force gauge cquipment as described clsewhere
herein,

In certain embodiments, the present disclosure provides a controlled release
pharmaceutical dosage form of doxycychne wherein the dosage form is formulated to
increase the residence time of the dosage form and/or doxyeyeline in the upper portion of
the gastrointestinal tract and to release doxycychine from the dosage form over a period of
at least about 4 to about 24 hours, and in certain embodiments, over a period of at least
about 4 hours to about 20 hours, about 4 hours to about 16 hours, about 4 hours to about

12 hours, about 4 hours to about 8 hours, and about 4 hours to about 6 hours.
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In certain cmbodiments, the present disclosure provides a controlled release
pharmaceutical dosage form comprising doxycycline, wherein the controlled release
pharmaceutical dosage form has a doxycycline release profile wherein about 10-20% of
the doxyeyeline is released in about 30 mins, about 10-40% of the doxyceycline 1s released
in about 1 hour, about 20 to about 70% of the doxycycline is released in about 2 hours,
about 50 to about 90% of the doxycychine is released in about 4 hours, and at least about
890% of the doxycycline is released in about § hours when measured using a USP Basket
apparatus in 900 mi of 0.1 N HCH at 100 rpm.

In certain embodiments, the present disclosure provides a controlled release
pharmaccutical dosage form comprising doxycycline wherein the controlled release
pharmaceutical dosage forro has a doxyeyehine release profile wherein about 153% of the
doxyeycline is released in about 30 mins, about 10 to about 25% of the doxycycline is
released in about 1 hour, about 20 to about 60% of the doxycycline 18 released 1n about 2
hours, about 50 to about 90% of the doxycycline is released in about 4 hours, and more
than about 90% of the doxyeyeline 15 released in about 6 hours when measured using a
USP Basket apparatus in 900 mi of ¢.1 N HCU at 100 rpm.

In certain cmbodiments, the present disclosure provides a controlled release
pharmaceutical dosage form comprising doxyeycline wherein the controlled release
pharmaccutical dosage form has a doxycycline release profile wherein about 5 to about
20 % of the doxycychine 18 released in about 30 wmins, about 10 to about 25% of the
doxyeycline is released in about 1 hour, about 15 to about 35% of the doxycycline is
released in about 2 hours, about 25 to about 50% of the doxyceycehine is released i about 4
hours, about 40 to about 70% of the doxyeycline is released in about 6 hours, about 70 to
about 90% of the doxyeychne is released in about 8 hours and more than about 90% of
the doxycycline is released in about 10 to about 12 hours when measured using a USP
Basket apparatus in 900 md of 6.1 N HCl at 100 rpm.

In certain embodiments, the present disclosure provides a controlled release
pharmaccutical dosage form comprising doxycycline wherein the controlled release
pharmaceutical dosage forro bas a doxyceycline release profile wherein about 18 to about
50% of the doxycycline is released in about 1 hour, about 30 to about 70% of the
doxyeycline s released n about 2 hours, at least about 60% of the doxyeychive 1s released
in about 4 hours and at lcast about 80% of the doxycycline 18 released in about 6 hours

when measured using a USP Paddle apparatus in 900 mi of 0.1 N HCl at 75 rpim.
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In certain cmbodiments, the present disclosure provides a controlled release
pharmaceutical dosage form comprising doxycycline wherein the controlled release
pharmaceutical dosage form has a doxycycline release profile wherein about 5 to about
25% of the doxycycline is released in about 1 hour, about 50 to about 70% of the
doxycycline is released in about 4 hours and about 90 to about 100% of the doxyeycline
is released in about & to about 12 hours when measured using a USP Paddle apparatus in
960 i of §.IN HCl at 75 rpmu.

In certain cmbodiments, the present disclosure provides a controlled release
pharmaceutical dosage form comprising doxyeycline wherein the controlled release
pharmacecutical dosage form has a doxycycline release profiic wherein about 10% of the
doxycychine is released in about 1 hour, about 40 to about 70% of the doxyeycline is
released in about 8 hours and about 90 to about 100% of the doxycyeline is released in
about 24 hours when measured using a USP Paddle apparatus i 900 ml of 0.1 N HCI at
75 rpm.

In certain embodiments, the present disclosure provides a method for reducing the
side effects associated with the ingestion of doxyceycline comprising administering to a
patient in need thercof a pharmaceutical dosage form comprising doxycyeline wherein the
dosage form is formulated to increase the residence fime of the dosage form and/or
doxycycline in the gastrointestinal tract such that 1) the dosage form provides therapeutic
blood concentrations of doxycycline over at least about 18 to about 24 hours; i) the
dosage form provides a peak blood plasma level (Cpay) of doxyeycline in about 3 to about
10 hours (ima), and in certain ernbodiments in about 3 to about 8 hours {im), or in about
4 to about 6 hours (fmn); and (i) the dosage form demonstrates relative oral
bioavailability when compared to an immediate release doxyeychne formulation of roore
than about 80%, and in certain embodiments, more than about 90%, more than about

5%, more than about 99%, or more than about 99.9%,

Methods of Treatment

Although doxyeyeline can be used to treat many konown bacterial infections,
doxyeycline is also known to be efficacious in treating dermal conditions such as acne
and rosacca. While the ctiology of acne 18 not completely understood, it 1s widely
recognized that the bacteria £. acmes s at least partially responsible for the formation of

comedones and microcomedones associated with the condition.  Although doxycycline
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dosage forms such as MONODOX® and DORY X®, have been prescribed as adjunctive
therapy for acne, there is preseutly no approved doxycycline dosage form for the priveary
indication of acne. Similarly, the doxycyeline dosage formn ORACEA® has been shown
to be cfticacious for the treatment of papular/pustular rosacea. As with acne, the cticlogy
of rosacea is not well understood, however, and without wishing to be bound by any
particular theory, it is surmised that the ctficacy of doxycycline for the treatment of
rosacea is derived from its anti-inflammatory properties.

Despite the common prescription of doxyeyeline and other tetracycline antibiotics
for the treatment of acne and rosacea, many physicians and regulatory bodies would
prefer to reduce the quantity of antibiotic delivered to a given patient to decrease the
meidence of antibiotic resistance and/or the side effects associated with these drugs. Such
a reduction, however, is also associated with reduced efficacy, rendering the drug less
suitable for treating the underlying disease condition.

The controlled release pharmaceutical dosage forms described herein, however,
provide a novel solution to the problem of potential drug resistance and side offects. As
described elsewhere herein, the presently described controlled release pharmaceutical
dosage forms have controlled release and/or increased residence time in the upper portion
of the gastrointestinal iract, wncreasing the bicavailabiliy of doxyeyeline, while
sinmubtancously allowing the quantity of doxycycline dosed to be reduced relative to the
aroount of ummediate release doxycychine typically required to achieve a similar result 1o
a paticnt suffering from acne or rosacca. Thus, in certain embodiments, the present
specification provides methods of treating acne comprising administering any of the
controlied release dosage forms described herein to a patient in need thercof. In other
erabodiraents, the present specification provides mcethods of treating rosacea comprising
admintstering any of the controlled release dosage forms described herein to a patient in

ced thereof.

In certain embodiments, the present disclosure provides a method for treatment of
acne and/or rosacca comprising administering to a patient in need thercof a
pharmaceutical dosage form comprising doxycycline wherein the dosage form s
formulated to increase the residence time of the dosage form and/or control release of
doxycycline in the upper portion of the gastrointestinal tract such that 1) the dosage form
provides therapeutic blood concentrations of doxycycline over at least about 18 to about

24 hours; 1) the dosage form provides a peak blood plasma fevel (Cuacd of doxyeyeline in
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about 3 to about 10 hours {(thsy) and in certain embodiments about 3 to about 8 hours
{tmax} OF 10 about 4 to about 6 hours {th.) and (111} the dosage form demonstrates relative
oral bioavailability when compared to an immediate release doxycyeline formulation of

more than about 80% and in certain embodiments, more than about 90%.

Excipients and Other Formulating Agenis

As discussed elsewhere herein, the controlled release pharmaceutical dosage forro
comprising a therapeutically effective amount of doxyceycline also includes one or more
cxcipients and/or other formulating agents.  Suttable excipients and other formulating
agents include, but are not limtted to, release rate controlling agents, bicadhesive and/or
mucoadhesive agents, swelling agents, binders, diluents, disintegrants, pore forring
agents, lubricants, stabilizing agents, swfactants, plasticizers, anti-tacking agents,
glidants, solubilizing agents, gas gencrating agents, solvents, as well as combinations
thereof. In certain embodiments, a given excipient and/or formulating agents can perform
more than one function.

Release rate controlling agents suitable for use 1o the present controlled release
pharmaceutical dosage forms include, but are not limited to, hydrophilic release
controlling agents, hydrophobic release controlling agents, and mixtures thercof.

Exemplary hydrophilic release controlling agents include, but are not Himited to

optionally-substituted cellulosic polymers having the general structure:

wherein cach R can be independently selected frova the group consisting of H, CH,
CH,CH,OH, CH,CO:;H, and CH,CH{OH)CH;.  Exemplary optionally-substituted
cellulosic polymers wnclude, but are not livuted to, hydroxypropyl methyl cellulose
{(HPMC or hypromeliose), hydroxypropyl cellulose (HPC), carboxymethyl cellulose, and
hydroxyethyl cellulose (HEC). Additional exemplary release controlling agents wnclude,
but are not limited to, ethylene glycol oligomers such as polyethylene oxide and

polycthylene glycol; vinyl polymers such as polyvinyl alcohol and polyvinyipyrrolidone
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(PVP or povidone), gums such as xanthan gum and guar gum; naturally occurring
polysaccharides such as carrageenan, sodium algimate and chitosan and its derivatives;
polyacrylic acid polymers such as carbomer.

{B089] Exemplary hydrophobic release controlling ageuts include, but are not hmited to,
polyvinyl acetate; ethyl cellulose; and cellulose esters (e.g. celiulose acetate; cellulose
propionate (lower, mediur, or higher molecular weight), cellulose acctate propionate;
cellulose acetate butyrate; cellulose acetate phthalate; and cellulose triacetate).

{6690} Other excmplary hydrophobic release controlling agents include, but are not
timited to copolymers of methyl {or ethyl) acrylate, methyl methacrylate, and a
methacrylic acid ester having a guaternary amine present {¢.g. EUDRAGIT® RL 100,
EUDRAGIT® RL PO {(Polytethyl  acrylate-co-methyl  methacrylate-co-
trimethylammontoethyl methacrylate chloride) 1:2:0.2), EUDRAGIT® RL 30 D,
EUDRAGIT® RL 12,5, EUDRAGIT® RS 100, EUDRAGIT® RS PO, EUDRAGIT®
RS 30 B, EUDRAGIT® RS 12,5, EUDRAGIT® NE 30 D, EUDRAGIT® NE 40 I, and
EUDRAGIT® NM 30 D, all manufacturcd by Evonik Industrics, Rellinghauser Strafie |-
11, 45128 Essen, Germany).

{3091} Further cxemplary hydrophobic release controlling agents include, but are not
timited to, poly methacrylates {e.g. poly (wethyl woethacrylate), poly {ethyl methacrylate),
poly (butyl methacrylate}, poly (isobutyl methacrylate}, and poly (hexyl methacrylate),
poly (isodecyl methacrylate), poly (lauryl racthacrylate), poly (phenyl methacrylate), poly
{methy! acrylate), poly (isopropyl acrylate), poly {isobutyl acrylate), poly (octadecyl
acrylate}).

{8092} Wazxes are also suitable for use as hydrophobic release controlling agents.
Exernplary waxes include, but are not lirntted to, beeswax, carnauba wax, paratfin wax,
microcrystaliine wax, and ozokerite.

{6693} Fatty alcohols may also be used as hydrophobic release countrolling agents.
Exemplary fatty alcohols include, but are not himited to, cetostearyl alcohol, stearyl
alcohol, cetyl alcohol and myristyl alcohol.

[6094] Hydrophobic release controlling agents can also be fatty acid esters such as, but
not limited to, glyceryl monostearate, glycerol monooleate, acetylated monoglycerides,
tristearin, fripalmitin, cetyl esters wax, glyceryl pabvutostearate, glyceryl behenate,

hydrogenated vegetable otls.
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A given formulation can include one or more than one hydrophobic release
controlling agent and can thus include a mixture of any of the foregoing hydrophobic
release controlling agents.

The amount of the release rate controlling agent can be any suitable amount and in
certain embodiments can range from about 3% to about 70% w/w, and in certain
ermbodiments, from about 5% to about 50% w/w, or from about 5 % to about 35% w/w
based on the total weight of the controlled release pharmaceutical dosage form.

Mucoadhesive and/or biocadhesive agents suitable for use in the present invention
wclude, but are not limited to, natural polyroers such as pectin, zewn, roodified zeiu,
cascin, gelatin, gluten, serum albumin, collagen, chitosan, oligosaccharides and
polysaccharides such as cellulose, dextraus, tamarind seed polysacchanide, gellan,
carrageenan, xanthan gum, gum Arabic, hyaluronic acid, polyhyalurenic acid, alginic
acid, and sodiom alginate; synthetic polymers such as polyawides, polycarbonates,
polyalkylenes, polyalkylene glvcols, polyalkylene oxides, polyalkylene terephthalates,
polyvinyl  alcochols, polyvinyl cthers, polyvinyl  csters, polyvinyl  halides,
polyvinylpyrrolidone, polyglycolides, polysiloxanes, polvlactides, poly(butyric acid},
poly(valeric  acid), poly(lactide-co-glycolide), polyanhydrides, polyorthoesters,
poly(fumaric acid), poly{maleic acid); and blends and copolymers or mixtures of any of
the foregoing. The release rate controlling agents can also be used as mucoadhesive
and/or bivadhesive agents, depeunding upon the nherent properties of the release rate
controlling agent. As noted elsewhere herein, the level of mucoadhesion can be measured
and can be within the ranges specified herein.

in addition to the release rate controlling agents that can also serve as
mucoadhesive and/or bioadhesive agents, further exemplary mucoadhesive and/or
bioadhesive agenis can also include polymers having a hydrophobic backbone with at
least one hydrophobic group pendant from the backbone. Suitable hydrophobic groups
inchade, but are not himited to, groups that are generally non-polar, such as alkyl, alkenyl,
and alkynyl groups. Preferably, the hydrophobic groups are sclected to enhance
bioadhesion and/or mucoadhesion.

A further group of polymers suitable for use as bicadhesive and/or mucoadhesive
agents 1oclades polymers having a hydrophobic backbone with at least one hydrophilic
group pendant from the backbone. Suitable hydrophilic groups include groups that are

capable of hydrogen bonding or electrostatically bonding to another functional group.
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Examples of such hydrophilic groups include negatively charged groups such as
carboxylates, sulfonates, and phosphonates; positively charged groups suach as protonated
amines; and neutral, polar groups, such as amides and imines. In certain embodiments,
the hydrophilic groups are selected to enhance bioadhesion and/or muccadhesion.

Swelling agents suitable for use in the present dosage forms include, but are not
himited to, crosshinked polyfacrylic acid) {e.g., Carbomers 934, 940, 941, and 974P),
poly{alkylene oxide) {e.g., polyethylencoxide}, polyvinyl alcohol, polyvinyl pyrrolidone,
hydrogel, maleic anhydride polymers, cellulose polymers, polysaccharides, starches,
starch based polymers, and mixtures thereof. Swelling ageuts can themselves swell or,
alternatively, can be swelling aids. Swelling aids arc agents that do not swell {or only
sweil romimally) but aid another swelling ageot 1u swelling.

The amount of the mucoadhesive and/or bicadhesive polymer in the
pharmaceutical dosage form described herein can be any acceptable arnount and 1n certain
embodiments may range from about $.1% to about 75% w/w, from about 5% to about
50% w/w, and in still other cmbodiments, from about 5 % to about 35% w/w based on the
total weight of the controlled release pharmaceutical dosage form.

In certain embodiments, the controlled release pharmaccutical dosage form can
also coraprise one or more coatings. The one or more coatings may be applied with a
tablet coater using coating solutions prepared from agquecus or non-aqueous solvent
systems or the combinations thereof. The controlled release pharmaceutical dosage forms
can also be coated by compression coating and coating in a fluidized bed. Such methods
are well known to those skilled in the art.

Agents suitable for usc as coating materials for the controlled release
pharmaccutical dosage form described here include, but arc not limited to, alkyl
celluloses  such  as methyl  or  cthyl  cellnlose, hydroxyalkylcelluloses,
polyvinylpyrrolidone, polysaccharides, acacia, sucrose, gelatin, shellac, cellulose acetate
pthalate, lipids, acrylic polymers, polyvinyl alcobol, copolymers of vinylpyrrolidone and
vinyl acetate, and mixtures of any of the foregoing.

fn particular embodiments, the coating material can be a controlled release il
coating material that can form a semipermeable membrane or coating, which can be
porous or non-porous, and which is permeable to external fluid, and substantially
impermesable to unsolubilized drug contained within a core. Typically, external fluids are

aqueous fluids or biological fluids 1o the coviromrnent of use, such as gastric fluid present
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in the upper gastrointestinal tract. Materials uscful as controlled release film coating
material that can form a semipermeable merobrave or coating can be substantially
insoluble in an external fluid. In other cmbodiments, the materials useful for forming the
sernipermeablec mernbrane or coating can erode after a predetermined period of time.
Exemplary materials useful in forming the semipermeable membrane or coating include,
but arc not himited to, acetaldehyde dimethyl acetate; acetaldehyde dimethyleeliulose
acetate; agar acetate; alkylene oxide and alkyl glycidyl ether copolymers; amylose
trigcctate; beta glucan acctate; beta glucan triacetate; cellulosic materials such as cellulose
esters, cellulose ethers, cellulose ester-ether polymers, mono-, di- and triceliulose
acrylates, mono-, di- and tricellnlose alkenylates; hydroxylated ethylene-viny! acetate;
selectively permeable aromatic nitrogen containing polymeric membranes; polyamides;
polyalkylene oxides; polycther and polyamide copolymers; polyglyecolic acid and
polylactic acid and derivatives thereofl polymerie epoxides; poly(rocthacrylate)
copolymer salts; cross-linked poly{sodivm styrene sulfonate); crossiinked polystyrenes;
polvurcthanes; polyvinyl aleohol; crosshinked poly(vinylbenzyltrimethyl  amyooniurg
chloride); polv{vinylmethy! ether) copolymers; polyvinylpyrrolidone; propylearbamate;
sulfonated polystyrenes; triacctate of locust gum bean; and combinations of any of the
foregoing.

in other embodiments, the coating material can be a mapturable coating system that
uses osmaotic force o rupture an enteric merobrane to reveal an underlying dosage form.
In other embodiments, non-permeable coatings of insoluble polymers, such as cellulose
acetate and ethylcellulose, can be used as enteric coatings providing delayed/moditied
release by inclusion of soluble pore forming agents in the coating. Exemplary pore
forming agents include, but are not limited to, sodiurn chloride, potassium chloride, low
viscosity hypromellose, polyethylene glyeol, sodium lauryl suiphate, and combinations of
the foregoing.

The coating materials can constitute any acceptable amount of the dosage form,
and in particular embodiments from about 1 % to about 20 % w/w, from about 1.5 % to
about 15% w/w, or from about 2 % to about 10 % w/w, based on total weight of the
controlled release pharmaceutical dosage form.

In certain embodiments, the coating material can be mixed with one or more
plasticizers or thermoplastic polymers. Plasticizers and thermoplastic polymers typically

mercase the strength and/or reduce the brttleness of the polyrceric coatings. Exemplary
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plasticizers include, but are not limited to, dibutyl scbacate, polyethylene glycol, tricthyl
citrate, dibutyl adipate, dibutyl fumarate, diethyl phthalate, ethylene oxide-propylene
oxide block copolymers, di(sec-butyl) fumarate, and mixtures thereof. In embodiments
where a plasticizer 18 used, the amount of the plasticizer can be any acceptable amount,
and in particular embodiments may range from about 8.05 % to about 5 % w/w, from
about 0.1 % to about 2% w/w, and in other cmbodiments, from about 8.2 % to about 1 %
wi/w based on the total weight of the controlled release pharmaceutical dosage form.

Pharmaceutically acceptable binders suitable for use in the controlled release
pharmaceutical dosage form may wchude, but are not limited to, starches, gums,
polyvinylpyrrolidone, syrmp, polyethylene oxide, polyacrylamide, poly-N-viny! amide,
sodiumn  carboxymcthyleellulose,  methyleellulose, polyethylene  glycol,  gelatin,
polyethylene oxide, polypropylene glycol, and mixtures thercof. The amount of binder
may range frorn about 0.5 % to about 20 % w/w, from about 1 % to about 15 % w/w, and
in other embodiments, from abowut 2.0 % to about 10.0 % w/w based on the weight of the
controlled release pharmaceutical dosage form.

Pharmaceutically acceptable diluents suitable for use in the controlied release
pharmaceutical dosage forma described herein may include, but are not limited to,
carbohydrates, polyols, sugar alcohols {e.g. manunitol), carbonate, sulphate or phosphate
salts of inorganic metals, and mixtures of any of the foregoing. The amount of diluent
may be any acceptable amount, and in certain embodiments ranges from about 5 % to
about 95 % w/w, from about 10 % to about 90% w/w, and in other embodiments, from
about 15 % to about 75 % w/w based on the weight of the controlled release
pharmacecutical dosage form.

Pharmaccutically acceptable disintegrants suitable for use in the controlled release
pharmaceutical dosage form may include, but are not limited to, starches {¢.g., sodium
starch g¢lycolate, partially pregelatinized starch, cte), clays, celluloses, algmates, gums,
cross-linked polymers {e.g., cross-linked polyvinyl pyrrolidone or crospovidone, cross-
linked sodium carboxymethylcellulose or croscarmellose sodium, cross-linked calcium
carboxymethyiceliulose, soy polysaccharides), and mixtures of any of the foregoing. The
amount of disintegrant may be any acceptable amount, and in certain embodiments can
range froma about 0 % to about 30 % w/w, from about 1 % to about 20 % w/w, and in
other embodiments from about 2 % to about 15 % w/w based on the weight of the

controlled release pharmaceutical dosage form.



WO 2014/149674 PCT/US2014/020251

0111

[0112]

10113

R E!

Pharmaccutically acceptable lubricants suitable for use in the controlied release
pharmaceutical dosage form may include, but are not himited to, metal salts of stearic acid
{c.g., magnesium stearate, aluminium stearate, zinc stearate, and calcium stearate),
polycthylene glycol, mineral oil, sodium stearyl fumarate, stearic acid, hydrogenated
vegetable oil, glyceryl behenate, glyceryl palmitostearate, glyceryl stearate, cornstarch,
tale, calcium silicate, magnesium silicate, colloidal silicon dioxide, silicon hydrogel, and
mixtures thereof. The amount of lubricant can be any acceptable amount, and in certain
cmbodiments may range from about 8.1 % to about 10 % w/w, from about 0.2 % to about
7 % w/w, and in other embodiments, from about 0.5 % to about 5 % w/w based on the
weight of the controlled relcase pharmaceutical dosage form.

Pharmaceutically acceptable stabilizing ageuts suitable for use 1n the controlled
release pharmaceutical dosage form may include, but are not limited to, antioxidants,
adsorbents, absorbents, buffers, chelating agents, sequestering agents, and mixtures
thereof. The amount of stabilizing agent can be any acceptable amount and in certain
erabodirnents may range from about 0.1 % to about 10 % w/w, from about 8.2 % to about
7 % wiw, and in other embodiments from about 0.5 % to about 5 % w/w based on the
weight of the controlied release pharmaceutical dosage form.

Pharmaceutically acceptable surfactants suitable for use in the controlled release
pharmacecutical dosage form may inchide, but arc not limited to, poloxamer, dioctyl
sodium sulfosuccinate, tricthanolamune, sodiom lauryl sulphate, polyoxyethylene sorbitan
and poloxalkel derivatives, quaterpary amumonium salts, and mixtures thereof. The
surfactant may be sclected from ionic or non-ionic or zwitterionic surfactants.  The
amount of surfactant can be any acceptable amount and in certain embodiments may
range from about 0.1 % to about 10 % w/w, from about 0.2 % to about 7 % w/w, and in
other embodiments, from about 8.5 % to about 5 % w/w based on the weight of the
controlled release pharmaceutical dosage form.

Pharmaceutically acceptable anti-tacking agents suitable for use in the controlled
release pharmaccutical dosage form may include, but are not limited to, tale, stearic acid,
magnesiur stearate, colloidal silicon dioxide, and mixtures thereof. The amount of anti-
tacking agent can be any acceptable amount and in certain embodiments may range from
about 9.1 % to about 10 % w/w, from about 8.2 % to about 7 % w/w, and in other
embodiments, from about 0.3 % to about 5 % w/w based on the weight of the controlled

release pharmaceutical dosage form.
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Pharmaccutically acceptable glidants suitable for use in the controlled release
pharmaceutical dosage form may include, but are not himited to, silicon dioxide, colloidal
sitica, powdered cellulose, tale, tribasic calcium phosphate, and mixtures thercof. The
amount of glidant can be any acceptable arnount and in certain cmbodiments may range
from about 0.1 % to about 10 % w/w, from about (.2 % to about 7 % w/w, and in other
ernbodiments, from about 0.5 % to about 3 % w/w based on the weight of the controlled
release pharmaceutical dosage form.

Pharmaceutically acceptable solubilizing agents suttable for use in the controlled
release pharmaceutical dosage form may nchude, but are vot himited to, cyclodextrins,
vitamin E and tts derivatives such as vitamin E TPGS; monohydric alcohol esters such as
trialkyl citrates; lactones and lower alcohol fatty acid esters; mirogen-containing solvents;
phospholipids; glycerol acetates such as acetin, diacetin, and triacetin ghycerol fatty acid
csters such as moono, di-, and triglyeerides and acetylated mouno- and diglycerides;
propylene glycol esters; ethylene glycol esters; and mixtures of any of the foregoing. The
arooustt of solubilizing agents can be any acceptable amount and in certain erabodirncnts
may range from about 0.1 % to about 10 % w/w, from about .2 % to about 7 % w/w, and
i other embodiments, from about 0.5 % to about 5 % w/w based on the weight of the
controlled release pharmaceutical dosage form.

Pharmaccutically acceptable gas generating agents suitable for use in the
controlied release pharmaceutical dosage formn may include, but are not livotted o,
sodium bicarbonate, citric acid, tartaric acid, and mixtures thereof. The amount of gas
generating agents caun be any acceptable amount and in certain embodiments may range
from about 0.5 % to about 20 % w/w, from about 1 % to about 15 % w/w, and in certain
ernbodirents frorn about 1.5 % to about 10 % w/w based on the weight of the controlled
release pharmaceutical dosage form.

Pharmaceutically acceptable solvents suitable for use in the preparation of the
controlled release pharmaceutical dosage form may include, but are not limited to,
aqueous solvents such as water and aqueous buffer solutions, non-agueous solvents such
as acetonirile, chloroform, cyclohexane, 1,2-dichloroethene, 1,2-dimethoxyethane, N,N-
dimethylacetamide, N, N-dimethyHformamide, 1,4-dioxane, 2-cthoxyethanol, ethylene
glycol, formamide, hexane, methanol, wethylene chloride, N-methylpyrrohidoue,

tetrahydrofuran, trichlorocthylene, xylene, acctone, anisole, 1-butanol, 2-butanol, ethanol,
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ethyl acetate, cthyl ether, heptane, isobutyl acetate, isopropyl acetate, 1,1-
dimethoxymethane, isopropy! ether, vocthylictrahydrofuran, and wixtures thereof.
Pharmaceutically acceptable solubilizing agents suitable for use in the controlled

release pharmacentical dosage form may include, but are not himited to, sab

medium and long chain glycerides, bile salts such as sodium
taurocholate, sodium taurodeoxycholate, taurodihydrofusidate, surfactants such as sodiura

dodecyl sulphate, sodiom dodecyl sulfosuccinate, chelating agents such as EDTA, EGTA,

chitosan salts, N-trimethyl chitosan chioride, poly (acrylic acid) dertvatives, vita

Exemplary Controlied Release Pharmaceutical Dosage Forms

The controlied release pharmaceutical dosage forms described hercin are
tormulated to provide a gradual release of the drug over a given period of time and/or
control the location of release so that the concentration of the released drug s maintained
in the blood for a longer time at a2 more uniform concentration than a corresponding
fomediate release dosage forms corprising the same drug in the same amount.

The controlled release pharmaceutical dosage form described herein can use one
or more forms of controlled release systems or mechanisms, ¢.g., matrix type controlled
release, reservoir type controlled release, membrane diffusion controlied release, site
targeted release, osmotically controlled release, pH dependent delayed release, timed
release, and combinations thereof. The controlled release pharmaceutical dosage form
can also include one or more immediate release components. The controlled release
aspects of the controlled release pharmaceutical dosage form can also act to extend
release, sustain release, delay relcase, and/or cause a pulsed-type release.

fn some embodiments, the controlled release pharmaceutical dosage form can be
in the form of a tablet. Tablets can include, but are not limited to, single layer tablets,
muliifayer tablets, mini tablets, bioadhesive tablets, caplets, matrix tablets, tablets within
a tablet, tablets within capsules, and mucoadhesive tablets. In one embodiment, the
controlled release pharmaccutical dosage form comprises a tablet having at least one
controlied release layer and one bioadhesive layer, wherein the controlled release layer
and the bicadhesive layer comprise one or more cxeipients and/or other formulating
agents suitable to affect delivery of an active ingredient (e.g. doxycycline} at a desired

location within the gastrointestinal tract. In certain embodiments, the active ingredient 18
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present in at least one of the controlled release layer or the bicadhesive layer. In
particular embodiments, the active ingredient 1s present i the controlied release layer, In
other embodiments, the controlied release pharmaceutical dosage form can include one or
more fmmediate release layers i addition to the controlied release layer and the
bicadbesive layer. o certain embodiments, the relative proportion of the active
mgredicnt in the immediate release layer to that of the controlled release layer can be in
the range of from about 5 to about 95%, from about 5 to about R0%, from about 5 to
about 70%, from about 5 to about 60%, from about 10 to about 30%, and in certain
embodiments from about 10 to about 30%.

in another embodiment, the controlled release pharmaceutical dosage form
comaprises a tablet having at least a) a controlled release doxycycline layer comprising a
first therapeutically effective amount of doxycycline and one or more pharmaccutically
acceptable excipients; b) an immediate release doxyeyclhine layer, wherein said immediate
release doxyeyeline laver comprises a second therapeutically effective amount of
doxycychine and one or more pharmaceutically acceptable excipients; and ¢} a
bioadhesive and/or mucoadhesive layer which comprises at least one bivadhesive and/or
mucoadhesive agent and optionally onc or more pharmaceutically acceptablc excipicents.
v certain embodiments, the controlled release doxyeycline layer can optionally juclade
immediate release or controlled release granules of doxyceycline,

fn another embodiment, the controlled release pharmaceutical dosage form
compriscs a tablet having a} a controlled release layer comprising a therapeutically
effective amount of doxyeycline and one or more pharmacentically acceptable excipients
wherein said controlled release layer provides a controlled release of doxycycline; b) an
immediate release doxycycline layer comprising a therapeutically effective amount of
doxyeycline and one or more pharmaceutically acceptable excipients effective to provide
an immediate release of the doxyeycline in the tromediste release layer; and ¢) a
bioadhbesive layer, wherein said bioadhesive layer comprises one or more bicadhesive
and/or nucoadhesive agents and optionally one or more pharmaceutically acceptable
excipients. In certain embodiments, the doxycycline in the controlled release layer can be
in the form of particles coated with an enteric polymer. In other embodiments, the
doxyeycline o the controlled release layer can be a mixture of enterically coated and

uncoated particles
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in another embodiment, the controlled release pharmaceutical dosage form
comaprises a tablet having a) a countrolled release doxycychne layer comprising a first
therapeutically effective amount of doxycycline and one or more pharmaceutically
acceptable  oxcipients whercin the controlled release doxycychine layer provides
tmmediate release and controlled release of the first therapeutically effective amount of
doxycyching; b) a sccond laver comprising a second therapeutically effective amount of
doxyeycline and one or more polymers wherein the second layer provides increased
residence time of the controlled release pharmaceutical dosage form i the upper portion
of the gastrointestinal tract; and ¢} optionally, a coating layer on the controlied release
pharmaccutical dosage form. In certain embodiments, the optional coating layer can be
an imomediate release doxycychine overcoat. In other embodiments, the optioval coating
layer can be a bioadhesive and/or mucoadhesive coating.

In another cmbodiment, the controlled relcasc pharmaceutical dosage form
comprises a tablet having a) a first layer comprising a first therapeutically effective
aroount of doxycycline and one or more pharmaceutically acceptable excipients wherein
the first layer provides an immediate release and controlled release of the first
therapeutically effective arnount of doxycycline; by a second layer comprising a second
therapeutically effective amount of doxyeyeline and one or more polymers wherein the
second layer provides increased residence time of the controlled release pharmaceutical
dosage form in the upper portion of the gastrointestinal tract; ¢) an enferic coating; and d)
an immediate release doxycycline overcoat.

In another embodimeunt, the coutrolled release pharmaceutical dosage form
comprises a core and a core coating, wherein the core coating provides for increased
residence time of the controlled release pharmaceutical dosage form in the upper portion
of the gastrointestinal tract. In this embodiment, the core can comprise doxyeycline in a
swellable polymer matrix. In some cmbodiments, the core costing can itself be coated
with an immediate release doxyceycline gvercoat,

in another embodiment, the controlled release pharmaceutical dosage form
comprises a fablet having a) a controlled release doxycycline layer which comprises a
first therapeutically effective amount of doxycycline and one or more pharmaccutically
acceptable excipients; b} a swellable gas generating layer which comprises a second
therapeutically acceptable amount of doxycycline, one or more swellable polymers, and

One or more gas gencrating agents wherein said layer provides mercased residence of the



WO 2014/149674 PCT/US2014/020251

10129

{6130}

10131

10132}

_97 -

controlled release pharmaccutical dosage form in the upper portion of the gastrointestinal
tract; ¢} a permeable and/or expandable porous coating; and d) an fromediate release

doxyeycline overcoat.

Floating Gastroretentive Formulations

in one embodiment, the controlled release pharmaceutical dosage form described
herein can be a fleating gastroretentive formulation and can inchide a controlled release
doxyeycline layer, a swellable and/or floating layer, an expandable porous coating, an
optional scal coating, and an immediate release doxycycline overcoat. The controlled
release doxycyeline layer can include from about S to about 15 weight % doxyeycline
bascd on the total weight of the dosage form, from about 6 to about 13 weight %
doxycycline based on the total weight of the dosage form, from about 7 to about 12%
doxyeycline based on the total weight of the dosage form, and from sbout 8 to about 10
weight % doxycycline based on the total weight of the dosage form. In particular
ernbediments, the controlled release doxycychine layer can include from about 8.5 to
about 9.5 weight % doxycyceline based on the total weight of the dosage form, and in
certain embodiments about 9 to about 9.3 weight % doxycyeline based on the total weight
of the dosage form, and 1 still further embodiments, about 9.1 weight % doxveyeline
based on the total weight of the dosage form.

The controlled release doxyeycline layer can further include one or more
excipients and/or other formulating agents, such as one or more diluents, a binder, a pore
forming agent, optionally one or more hydrophilic release controlling agents, and one or
more pharmaceutically acceptable lubricants.

i certain embodiments, the controlled release doxyeyeline layer can include from
about 15 weight % to about 25 weight % of a fivst dituent based ou the total weight of the
dosage form. In certain embodiments, the controlled release doxycycline layer can
wclude from about 17 weight % fo about 23 weight % of the dilucut based on the total
weight of the dosage form. In certain embodiments, the controlled release doxyeycline
layer can inchude about 17.7 weight % or about 22.6 weight % of the diluent based on the
total weight of the dosage form. In certain embodiments, the diluent can be lactose
monohydrate.

In certain embodiments, the controlled release doxycycline layer can include from

about 5 weight % to about 235 weight % of a second diluent based on the total weight of
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the dosage form. In certain cmbodiments, the controlied release doxycycline layer can
melude from about 7 weight % to about 22 weight % of the second diluent based on the
total weight of the dosage form. In certain embodiments, the controlled release
doxyeychine layer can inchude about 10 weight % to about 20 weight % of the second
diluent based on the total weight of the dosage form. In certain embodiments, the
controlled release doxyeyeline layer can include about 10.7 weight % or about 188
weight % of the second diluent based on the total weight of the dosage form. In certain
embodiments, the second diluent can be mannitol.

{3133] In certain ewbodiments, the controlled release doxycycline layer can mclude from
about 1 weight % to about 10 weight % of the pore forming agent based on the total
weight of the dosage form.  In certain embodiments, the controlled release doxycycline
layer can include from about 2 weight % to about 7 weight % of the pore forming agent
based on the total weight of the dosage form. In certain crabodiments, the controlled
release doxyeycling layer can include about 3 weight % to about 5 weight % of the pore
forming agent based on the total weight of the dosage form. In certain erobodirnents, the
controlied release doxycyeline layer can inchude about 4 weight % or about 4.3 weight %
of the pore forming agent based on the total weight of the dosage form. In certain
embodiments, the pore forming agent can be sodiuom chloride.

8134} i certain embodiments, the controlled release doxycycline layer can optionally
melude from about 5 weight % to about 10 weight % of the hydrophilic release
controlling agent based on the total weight of the dosage form. In certain embodiments,
the controlled release doxycycline layer can optionally include from about 6 weight % to
about @ weight % of the hydrophilic release controlling agent based on the total weight of
the dosage formn.  In certain cmbodiments, the controlled release doxyceycline layer can
optionally include from about 7 weight % to about 8 weight % of the hydrophilic release
controliing agent based on the total weight of the dosage form. In certain crbodiments,
the controlled release doxycycline layer can optionally include about 7.5 weight % of the
hydrophilic release controlling agent based on the total weight of the dosage form. In
certain embodiments, the hydrophilic release controlling agent can be hypromelilose.

{G135] In certain embodiments, the controlled release doxycyeline layer can optionally
wclude frorn about 1 weight % to about § weight % of the binder based on the total
weight of the dosage form. In certain embodiments, the controlled release doxycycline

layer can optionally include from about 2 weight % to about 4 weight % of the binder
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based on the total weight of the dosage form. In certain embodiments, the controlled
release doxyeychine layer can optionally melude from about 3 weight % of the binder
based on the total weight of the dosage form. In certain embodiments, the controlled
release doxycychine layer can optionally include about 3.2 weight % of the binder based
on the total weight of the dosage form. In certain embodiments, the binder can be
Povidone K30.

In certain embodiments, the controtled release doxyeycline layer can inchude from
about 0.25 to about 1.5 weight % of the one or more pharmaceutically acceptable
tubricants based on the total weight of the dosage forma. o certain embodiments, the
controlied release doxycycline layer can include from about 0.5 to about 1 weight % of
the one or more pharmaceutically acceptable lubricants based on the total weight of the
dosage form. In certain embodiments, the one or more pharmaceutically acceptable
lubricants can be sclected from magnesiumn stearste and colloidal silicon dioxide. In
certain embodiments, the controlled release doxyeyceline layer can include from about 8.5
weight % colloidal silicon dioxide and about 0.5 weight % magnesium stearate, based on
the total weight of the dosage form.

The swellable and/or floating layer can include one or more hydrophilic release
controlling agents, one or more diluenis, one or wore binders, ove or more
pharmacecutically acceptable gas generating agents, and one or more pharmaceutically
acceptable lubricants.

in certain embodiments, the swellable and/or floating layer can include from about
3 weight % to about 7 weight % of a first hydrophilic release controlling agent based on
the total weight of the dosage form. In certain embodiments, the swellable and/or floating
layer can include from about 4 weight % to about & weight % of the first hydrophilic
release controlling agent based on the total weight of the dosage form. In certain
cmbodiments, the swellable and/or floating layer can include from about 4.5 weight % to
about 5.5 weight % of the first hydrophilic release controlling agent based on the total
weight of the dosage form. In certain embodiments, the swellable and/or floating layer
can include about 4.6 weight % or about 5.4 weight % of the first hydrophilic release
controlling agent based on the total weight of the dosage form. In certain embodiments,
the first hydrophilic release controlling agent 1s polyethylene oxide.

i certain embodiments, the swellable and/or floating layer can include from about

7 weight % to about 12 weight % of a sccond hydrophilic release controlhing agent based
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on the total weight of the dosage form. In certain cmbodiments, the swellable and/or
floating layer can include frovo about 8 weight % to about 11 weight % of the second
hydrophilic release controlling agent based on the total weight of the dosage form. In
certain embodiments, the swellable and/or floating layer can include from about 9 weight
% to about 11 weight % of the second hydrophilic release controlling agent based on the
total weight of the dosage form. In certain embodiments, the swellable and/or floating
layver can include about 9.2 weight % or about 10.7 weight % of the second hydrophilic
release controlling agent based on the total weight of the dosage form. In certain
embodiments, the second hydrophilic release controlling agent can be hypromellose.
i certain embodiments, the swellable and/or floating layer can include from about
8 weight Y% to about 15 weight % of a diluent based on the total weight of the dosage
form. In certain embodiments, the swellable and/or floating layer can include from about
9 weight % to about 13 weight % of the dilucnt based on the total weight of the dosage
form. In certain embodiments, the swellable and/or floating layer can include from about
10 weight % to about 12 weight % of the dilucnt based on the total weight of the dosage
form. In certain embodiments, the swellable and/or floating layer can include about 103
weight % or about 12,1 weight % of the dilucnt based on the total weight of the dosage
form. In certain embodiments, the diluent can be lactose monohydrate.
i certain embodiments, the swellable and/or floating layer can include from about
5 weight % to about 7 weight % of the one or more pharmaceutically acceptable gas
generating agents based on the total weight of the dosage form. In some embodiments,
the swellable and/or floating layer can include from about 5.5 weight % to about 6.5
weight % of the one or more pharmaceutically acceptable gas gencerating agents based on
the total weight of the dosage form. In certaim embodiments, the swellable and/or flosting
layer can include from about 5.6 weight % to about 6.4 weight % of the one or more
pharmaceutically acceptable gas generating agents based on the total weight of the dosage
form. In certain embodiments, the swellable and/or floating layer can include from about
4 weight % to about 5 weight % of a first pharmaceutically acceptable gas pgenerating
ageut based oun the total weight of the dosage form. In certain embodiments, the
swellable and/or floating layer can include from about 4.2 weight % to about 4.8 weight
o of a first pharmaceutically acceptable gas generating agent based on the total weight of
the dosage form. In certain embodiments, the first pharmaceutically acceptable gas

generating agent can be about 4.2 weight % of the total dosage form. In other
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emmbediments, the first pharmaceutically acceptable gas generating agent can be about 4.¥8
weight % of the total dosage form. In certain embodiments, the swellable and/or floating
layer can include from about 1.2 weight % to about 1.8 weight % of a second
pharmaceutically acceptable gas gencrating ageunt based on the total weight of the dosage
form. In certain embodiments, the second pharmaceutically acceptable gas generating
agent can be about 1.4 weight % of the total dosage form. In other embodiments, the
second pharmaceutically acceptable gas generating agent can be about 1.6 weight % of
the total dosage form.  In certaimn embodiments, the one or more pharmaccutically
acceptable gas generating ageuts are sodiurmn bicarbonate and citric acid.  In some
emmbediments, the first pharmaceutically acceptable gas generating agent is sodium
bicarbonate and the second pharmaccutically acceptable gas generating agent 18 cibric
acid.

In certain cmbodiments, the swellable and/or tloating layer can include from about
1.6 weight % to about 2.3 weight % of a binder based on the total weight of the dosage
form. In certain crabodiments, the swellable and/or floating layer can include from about
1.8 weight % to about 2.1 weight % of the binder based on the total weight of the dosage
forrn. In certain cmbodiments, the swellable and/or floating layer can include about 1.8
weight % of the binder based on the total weight of the dosage forra.  In certain
emmbediments, the sweilable and/or floating layer can include about 2.1 weight % of the
binder based on the total weight of the dosage form. In certain ernbodiroents, the binder
can be Povidone K30,

In certain embodiments, the swellable and/or floating layer can include from about
(0.3 to about 1.3 weight % of the one or more pharmaccutically acceptable lubricants
bascd on the total weight of the dosage forra. In certain crobodiments, the swellable
and/or floating layer can include from about 0.4 to about 1.2 weight % of the one or more
pharmaceutically acceptable lubricants based on the total weight of the dosage form. In
certain embodiments, the swellable and/or floating laver can include from about 0.7 to
about 0.9 weight % of the onc or more pharmaceutically acceptable lubricants based on
the total weight of the dosage form. In certain conbodiments, the one or pharmaceutically
acceptable lubricants can be selected from magnesium stearate, colloidal silicon dioxide,
and combinations thereof. In certain embodiments, the controlled release doxyeyeline
layer can include from about 0.4 weight % colloidal silicon dioxide and about 0.4 weight

% magnesium stearate, based on the total weight of the dosage form.
- k foe foe)
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The cxpandable porous coating can include one or more hydrophobic release
controlling agents, optionally hydrophilic release controliing agents, one or wore
plasticizers, and one or more pharmaceutically acceptable lubricants. In one embodiment,
the hydrophobic release controlling agent can be present in an amount of from about 1
weight % to about 3 weight % based on the total weight of the dosage form. In another
erabodiraent, the hydrophobic relecase controlling agent can be present in an amount of
from about 1.3 weight % to about 2.5 weight % based on the fotal weight of the dosage
torme. In another embodiment, the hydrophobic release controlling agent can be present
w an amount of from about 1.3 weight % fo about 2.5 weight % based on the total weight
of the dosage form. In another embodiment, the hydrophobic release controlling agent
can be present in an amount of from about 1.6 weight % to about 2.3 weight % based on
the total weight of the dosage form. In another embodiment, the hydrophobic release
controlling agent can be present in about 1.6 weight % basced on the total weight of the
dosage form. In another embodiment, the hydrophobic release controlling agent can be
present in about 2.3 weight % based on the total weight of the dosage form. In certain
embodiments, the hydrophobic release controlling agent can be a copolymer of methyl or
cthyl acrylate, methyl methacrylate, and a methacrylic acid cster having a quaternary
amine preseut.  In particular embodiments, the copolymer of methyl or ethyl acrylate,
methyl methacrylate, and a methacrylic acid ester having a quaternary amine present can
be EUDRAGIT® RL PO wanufactured by Evonik.

in certain embodiments, the ¢xpandable porous coating can optionally include
frorn about 0.3 weight % to about 0.7 weight % of a hydrophilic release controlling agent
based on the total weight of the dosage form. [In certain embodiments, the expandable
porous coating can optionally include from about 0.4 weight % to about 0.6 weight % of
the hydrophilic release controlling agent based on the total weight of the dosage form. In
certain embodiments, the cxpandable porous coating can optionally include about 0.5
weight % of the hydrophilic release controlling agent based on the total weight of the
dosage form. In certain embodiments, the hydrophilic release controlling agent can be
hypromelose.

in certain embodiments, the expandable porous coating can include one or more
plasticizers 1u an aroount from about 0.1 weight % to about 0.7 weight % based on the
total weight of the dosage form. In certain embodiments, the expandable porous coating

can include one or more plasticizers in an amount from about 0.2 weight % to about 0.6
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weight % based on the total weight of the dosage form. In certain embodiments, the
expandable porous coating can include one or more plasticizers 1o an amount from about
0.3 weight % to about 0.5 weight % based on the total weight of the dosage form. In
certain embodiments, the expandable porous coating can include one or more plasticizers
at about 0.3 weight % or about 0.5 weight % based on the total weight of the dosage
form. In certain embodiments, the plasticizer can be tricthyl citrate or polyethylene
ghycol 6000,

In certain embodiments, the cxpandable porous coating can include the
pharmaceutically acceptable lubricant in an amount from about 0.1 weight % to about 0.3
weight % based on the total weight of the dosage form. In certain embodiments, the
expandable porous coating can inchude the pharmaceutically acceptable lubricant in an
amount from about 0.2 weight % to about 0.4 weight % based on the total weight of the
dosage form. In certain cmbodiments, the cxpandable porous coating can inchude the
pharmaceutically acceptable lubricant in an amount from about §.2 weight % to about 0.3
weight % based on the total weight of the dosage form. In certain embodiments, the
expandable porous coating can include the pharmaceutically acceptable hubricant at about
0.3 weight % or about 0.2 weight % based on the total weight of the dosage form. In
certatn embodirments, the lubricant is tale.

in certain cmbodiments, the seal coating can include a hydrophilic release
controlling agent and a plasticizer. In certain ewbodiments, the seal coating can include
from about 1.3 weight % to about 2.1 weight % of the hydrophilic release controlling
agent based on the total weight of the dosage form. o certain embodiments, the seal
coating can include from about 1.5 weight % to about 1.9 weight % of the hydrophilic
release controlling agent based on the total weight of the dosage form. In certain
embodiments, the seal coating can include about 1.7 weight % of the hydrophilic release
controliing agent based on the total weight of the dosage form. In certain crbodiments,
the hydrophilic release controlling agent can be hypromellose HS5.  In certain
emmbeodiments, the seal coating can include a plasticizer in an amount from about (.01
weight % to about 0.5 weight % based oun the total weight of the dosage form. v certain
cembodiments, the seal coating can include a plasticizer in an amount from about 0.05
weight % to about 0.4 weight % based on the total weight of the dosage form. In certain
emmbeodiments, the scal coating can include a plasticizer in an amount from about 0.1

weight % to about 0.3 weight % based on the total weight of the dosage form. In certain
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ernbediments, the seal coating can include onc or more plasticizers at about 0.2 weight %
based on the total weight of the dosage form. Tn certain embodiments, the plasticizer can
be tricthyl citrate or polyethylene glycol 6000,

In certain embodiments, the immediate release doxycychne overcoat can include
from about 0.5 to about 3.2 weight % doxycycline based on the total weight of the dosage
form, from about 1 to about 2.7 weight % doxycycline based on the total weight of the
dosage form, from about 1.5 to about 2.2% doxycycline based on the total weight of the
dosage form, or about 1.6 weight % doxycychine based on the total weight of the dosage
form.

i certain embodiments, the immediate release doxycycline overcoat can include
from about 0.1 weight % to about 4 weight % of a hydrophilic release coutroliing agent
based on the total weight of the dosage form, from about 1 weight % to about 3 weight %
of the hydrophilic release controlling agent based oun the total weight of the dosage forra,
or about 2 weight % of the hydrophilic release controlling agent based on the total weight
of the dosage forra. In certain embodiments, the immediate release doxyeychine overcoat
can include about 2.1 or 2.2 weight % hydrophilic release controliing agent based on the
total weight of the dosage forra.  In certain ombodiments, the hydrophilic release
controlling agent can be hypromellose.

in certain embodiments, the immediate release doxycycline overcoat can include a
plasticizer 1n an amount from about 0.01 weight % to about 8.5 weight % based on the
total weight of the dosage form. In certain embodiments, the immediate release
doxycycline overcoat can wnclude a plasticizer in an amount from about 8.05 weight % to
about 0.4 weight % based on the total weight of the dosage form. In certain
erabodiraents, the immediate relcase doxycycline overcoat can include a plasticizer in an
amount from about 0.1 weight % to about 0.3 weight % based on the total weight of the
dosage form. In certain embodiments, the immediate release doxyceycline overcoat can
inchade one or more plasticizers at about 0.2 weight % based on the total weight of the
dosage form. In certain embodiments, the plasticizer can be tricthyl citrate or

polyethylene glycol 60060,

Swellable/Semi-permeable Dosage Form

In some embodiments, the controlied release pharmaceutical dosage form can be a

sweilable/semi-permeable dosage form having a swellabic controlied release drug core, a
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permeable/expandable porous coating, an optional seal coating, and an immediate release
doxycychine overcoat,

in certain embodiments, the swellable controlled release drug core can comprise
frormn about 5 to about 15 weight % doxycychine based on the total weight of the dosage
form, from about 6 to about 13 weight % doxycycline based on the total weight of the
dosage form, from about 7 to about 12% doxyeychine based on the total weight of the
dosage form, and from about 8 to about 10 weight % doxycycline based on the total
weight of the dosage form. In particular embodiments, the swellable controled release
drug core can include frown about 9 to about 10 weight % doxyeycline based ou the total
weight of the dosage form, and in certain embodiments about 9 to about 9.8 weight %
doxycychine based on the total weight of the dosage form, and in still further
cembodiments, about 9.7 or about 9.1 weight % doxycycline based on the total weight of
the dosage form.

In some embodiments, the swellable conirelled release core can further include
one or more excipients and/or other formulating agents, such as one or more diluents, one
or more pore forming agents, one or more hydrophilic release controlling agents, one or
more binders, and one or more lubricants. For example, the swellable controlled release
drug core can include from about 40 to about 60 weight % of a first diluent based ouv the
total weight of the dosage form, from about 45 to about 55 weight %, or from about 47 to
about 51 weight % based on the total weight of the dosage form. In certain embodiments,
the first diluent can comprise about 46 to about 47 weight % based on the total weight of
the dosage form. In other embodiments, the first diluent can comprise about 53.5 to about
51.5 weight % based on the total weight of the dosage form.

In some embodiments, the swellable controiled release drug core can include from
about 10 to about 20 weight % of a second diluent based on the total weight of the dosage
torm, from about 12 to about 18 weight %, or from about 15 to about 17 weight % based
on the total weight of the dosage form. lIn certain embodiments, the first diluent can
comprise about 16 weight % based on the total weight of the dosage form. In particular
erabodiments, the first difuent 1s lactose monohydrate.

in certain cmbodiments, the swellable controlled release drug core can include
frorn about 2 to about 6 weight % of the pore forming agent based oun the total weight of
the dosage form. In other embodiments, the swellable controlled release drug core can

mclude fromn about 3 to about 5 weight % of the pore forming agent based on the total
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weight of the dosage form. In other embodiments, the pore forming agent can comprise
about 4 weight % of the conirolled release drug core, based on the total weight of the
dosage form.

{31587} In certain embodiments, the swellable controlled release drug core can include
from about 1 to about 15 weight % of a binder based on the total weight of the dosage
form. In other embodiments, the swellable controlled release drug core can include from
about 7 to about 11 weight % of the binder based on the total weight of the dosage form.
In other embodiments, the swellable controlled release drug core can include from about
9 to about 10 weight % of the binder based ou the total weight of the dosage form. In
other embodiments, the swellable controlled release dmg core can include 9.7 weight %
of the binder based on the total weight of the dosage form. In other embodiments, the
swellable controlled release drug core can include from about 3 to about 5 weight % of
the binder based on the total weight of the dosage form. In other embodiments, the
swellable controlied release drug core can include about 4 weight % of the binder based
on the total weight of the dosage form. In certamm ernbodirents, the binder is povidone
K340.

{B158] In certain embodiments, the swellable controlled release drug core can mclude
frorn about 1 to about 7 weight % of a hydrophilic release countrolling agent based ou the
total weight of the dosage form. In other embodiments, the swellable controlled release
drug core can include from about 3 to about 5 weight % of the bydrophilic release
controlling agent based on the total weight of the dosage form. In other embodiments, the
swellable controlled release drug core can include about 4 weight % of the hydrophilic
release controlling agent based on the total weight of the dosage form. In certain
erabodiraents, the hydrophilic release controlling agent 18 hypromcellose.

{$159] In certain embodiments, the swellable controlled release drug core can inchude
tfrorn about 1 to about 5 weight % of a first and second lubricant based on the total weight
of the dosage form. In other embodiments, the swellable controlled release drug core can
inchade from about 1 to about 3 weight % of the first and second lubricants based on the
total weight of the dosage form. In other embodiments, the swellable controlled release
drug core can inchude from about 1 to about 2 weight % of the first and second lubricants
based on the total weight of the dosage formn.  In other cwobodiments, the swellable
controlled release drug core can include from about 1 to about 1.5 weight % of the first

and sccond lubricants based on the total weight of the dosage form. In some
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embodiments, the first lubricant can be colloidal silicon dioxide. In some embodiments
the second lubricant can be magnesium stearate.

{#160] The permeable/expandable porous coating can comprise one or more hydrophobic
release controlling agents, at least one plasticizers, and at least one lubricant. In certain
embodiments, the one or more hydrophobic release controlling agents can comprise from
about 0.1 to about 5 weight % of the permeable/expandable porous coating based on the
total weight of the dosage form. In other embodiments, the one or more hydrophobic
release controlling agents can comprise from about 2 to about 4 woeight % of the
permeable/expandable porous coating based on the total weight of the dosage form. In
other embodiments, the one or more hydrophobic release controlling agents can comprise
from about 2 to about 3 weight % of the permeable/expandable porous coating based on
the total weight of the dosage form. In other embodiments, the one or more hydrophobic
release controlling agenis can comprise from about 2.5 to about 3 weight % of the
permeable/expandable porous coating based on the total weight of the dosage form. In
some embodirnents the one or more hvdrophobic release controlling agents can comprise
a first hydrophobic release controlling agent and a second hydrophobic release controlling
agent.  In some cmbodiments, the first hydrophobic release controlling agent can
comprise from about 2 to about 4 weight % of the permeable/expandable porous coating
based on the total weight of the dosage form. In other embodiments the first hydrophobic
release controlling ageot can comprise about 2.1 or about 2.3 weight % of the
permeable/expandable porous coating based on the total weight of the dosage form. In
some embodiments, the second hydrophobic release controliing agent can comprise from
about 0.1 to about 0.8 weight % of the permeable/expandable porous coating based on the
total weight of the dosage form.  In other embodiments the sccond hydrophobic release
controlling agent can comprise about (.5 or about 04 weight % of the
permeable/expandable porous coating based on the total weight of the dosage form. In
some embodiments, the one or more hydrophobic release controlling agents can be a
copolymer of methyl or ethyl acrylate, methyl methacrylate, and a methacrylic acid ester
having a quaternary amine present.  In particular embodiments, the copolymer of
copolymer of methyl or cthyl acrylate, methyi methacrylate, and a methacrylic acid ester
having a quaternary amine present can be EUDRAGIT ®. In particular embodiments, the
EUDRAGIT® can be EUDRAGIT ® RL PO, EUDRAGIT® RS PO, or any combination

thercot.  In some crabodiments, the first hydrophobic release controlling agent can be
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EUDRAGIT® RL PO.  In some ecmbodiments, the sccond hydrophobic release
controlling agent can be EUDRAGIT® RS PO.

{B161] In certain embodiments, the seal coating can include a hydrophilic release
controlling agent and a plasticizer. In certain embodiments, the seal coating can nclade
from about 1.3 weight % to about 2.1 weight % of the hydrophilic release controlling
agent based on the total weight of the dosage form. In certain embodiments, the seal
coating can inchade from about 1.5 weight % to about 1.9 weight % of the hydrophilic
release controlling agent based on the total weight of the dosage form. In certain
embodiments, the seal coating can include about 1.6 or about 1.7 weight % of the
hydrophilic release controlling agent based on the total weight of the dosage form. In
certain erabodiments, the hydrophilic release countrolling agent can be hypromellose. Tn
certain embodiments, the seal coating can include a plasticizer in an amount from about
(.01 weight % to about 0.5 weight % based on the total weight of the dosage form. In
certain embodiments, the seal coating can include a plasticizer in an amount from about
(.05 weight % to about 0.4 weight % based oun the total weight of the dosage forrm. In
certain embodiments, the seal coating can include a plasticizer in an amount from about
0.1 weight % to about 0.3 weight % based on the total weight of the dosage form. In
certain cmbodiments, the secal coating can nclude one or more plasticizers at about 0.2
weight % based on the total weight of the dosage form. In certain embodiments, the
plasticizer can be tricthyl citrate or polyethylene glyeol 6000,

{#162] in certain embodiments, the immediate release doxycyeline overcoat can include
frorn about 0.5 to about 3.2 weight % doxycycline based on the total weight of the dosage
form, from about 1 to about 2.7 weight % doxycycline based on the total weight of the
dosage form, from about 1 to about 2 % doxycycline based on the total weight of the
dosage form, and in certain embodiments about 1.1 or about 1.6 weight % doxycyeline
based on the total weight of the dosage form.

{3163} in certain embodiments, the immediate release doxycycline overcoat can include
from about 0.1 weight % to about 4 weight % of a hydrophilic release controliing agent
based on the total weight of the dosage form, from about 1 weight % to about 3 weight %
of the hydrophilic release controlling agent based on the total weight of the dosage form,
ot from about 1.5 weight % to about 2.3 weight % of the hydrophilic release controlling
agent based on the total weight of the dosage form. In certain cmbodiments, the

immediate release doxycychine overcoat can include about 1.7 or 2.1 weight %
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hydrophilic release controlling agent based on the total weight of the dosage form. In
certain embodiments, the hydrophilic release controlling agent can be hypromeilose.

in certain embodiments, the immediate release doxycyeline overcoat can include a
plasticizer in an amount from about .01 weight % to about 0.5 weight % based on the
total weight of the dosage form. In certain embodiments, the immediate release
doxycychine overcoat can include g plasticizer in an amount from about 0.05 weight % to
about 0.4 weight % based on the total weight of the dosage form. In certain
cmbodiments, the imracdiate release doxyeyehine overcoat can include a plasticizer n an
amount from about 0.2 weight % to about §.4 weight % based on the total weight of the
dosage form. In certain embodiments, the immediate release doxycycline overcoat can
melude one or wore plasticizers at about 0.2 or about 0.4 weight % based on the total
weight of the dosage form. In certain embodiments, the plasticizer is tricthyl citrate or

polyethylene glycol 6000,

Gastroretentive/ Bioadhesive Matrix Dosage Form

fn certain erobodiments, the controlled release pharmaceuntical dosage form can
comprisc a controlled reicase layer, an inert swellable/bioadhesive layer, and an
mmmediate release doxycycling overcoat.

In certain embodiments, the controlled release layer can comprise doxyeycling,
one or more dilucunts, one or more hydrophilic release controlling agents, and one or rmore
hubricants.

In certain ernbodiracnts, the controlled release layer can comprise from about 5 to
about 15 weight % doxycycline based on the total weight of the dosage form, from about
6 to about 13 weight % doxycycline based on the total weight of the dosage form, from
about 7 to about 12% doxyeychioe based on the total weight of the dosage form, and 1o
certain embodiments from about 8 to about 10 weight % doxycycline based on the total
weight of the dosage form. In particular embodiments, the swellable controlled release
drug core can include from about 9 to about 10 weight % doxyceycline based on the total
weight of the dosage form, and in certain embodiments shout 10.2 weight % doxyeycline
based on the total weight of the dosage form.

In certain embodiments, the controlled release layer can comprise a first and a
second diluent. In certain embodiments, the first diluent can comprise from about 10 to

about 20 weight % of the controlled release layer based on the total weight of the dosage
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form. In other embodiments, the first diluent can comprise about 15 to about 16 weight
%% of the controlled release layer based on the total weight of the dosage form. In other
cembodiments, the first diluent can comprise about 15.5 weight % of the controlled release
layer based on the total weight of the dosage form. In some cmbodiments, the first
diluent can be microcrystalline cellulose. In certain embodiments, the second diluent can
comprise from about 10 to about 20 weight % of the controlled release layer based on the
total weight of the dosage form. In other embodiments, the second diluent can comprise
about 14 to about 15 weight % of the controlled relcase layer based on the total weight of
the dosage form. In other embodiments, the second diluent can corprise about 14.6
weight % of the controlied release layer based on the total weight of the dosage form. In
some embodiments, the second diluent can be mannitol,

{6169} in certain embodiments, the controlled release layer can comprise from about | to
about 15 weight % of the hydrophilic release controlling agent based oun the total weight
of the dosage form. In other embodiments, the controlled release layer can include from
about 5 to about 10 weight % of the hydrophilic release controlling agent based on the
total weight of the dosage form. In other embodiments, the the controlied release layer
can include frora about 7 to about 8 weight % of the first hydrophilic release controlling
agent based on the total weight of the dosage form. In other embodiments, the countrolled
release layer can include 7.3 weight % of the hydrophilic release controlling agent based
on the total weight of the dosage form. In particular embodiments the hydrophilic release
controlling agent is hypromellose.

13178} In certain embodiments, the controlled release layer can comprise one or more
lubricants. In particular embodiments, the controlled release layer can comprise a first
tubricant and a second hubricant. In some embodiments, the first lubricant can comprise
from about .01 to about 1 weight % of the controlied release layer based on the total
weight of the dosage form. In other embodiments, the first lubricant can comprise from
about 0.1 to about 1 weight % of the controlled release layer based on the total weight of
the dosage form. In other embodiments, the first flubricant can comprise from about 0.3 to
about 0.7 weight % of the controlled release layer based on the total weight of the dosage
form. In still other embodiments, the first fubricant can comprise about 0.5 weight % of
the controlled release layer based on the total weight of the dosage form.  In particular
embodiments, the first lubricant can be colloidal silicon dioxide. In some cembodiments,

the sccond lubricant can comprise from about 0.01 to about 1 weight % of the controlled
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release layer based on the total weight of the dosage form. In other embodiments, the
second hubricant can comprise from about 0.1 fo about 1 weight % of the controlled
release layer based on the total weight of the dosage form. In other embodiments, the
sccond lubricant can cornprise from about 0.2 to about 8.6 weight % of the controlled
release layer based on the total weight of the dosage form. Iu still other embodiments, the
sccond lubricant can comuprise about 0.4 weight % of the controlled release layer based on
the total weight of the dosage form. In particular embodiments, the second hubricant can
be magnesium stearate,

In certain ewbodiments, the mert swellable/broadhesive layer can comprise one or
more hydrophilic release controlling agents, one or more swelling agents, one or more
dilucnts, and one or more hubricants.

in particular embodiments, the inert swellable/bicadhesive layer can comprise a
first and a sccond hydrophilic release controlling agent. In certain ecmbodiments, the
swellable/bivadhesive layer can comprise from about 5 to about 25 weight % of the first
hydrophilic release controlling agent based on the total weight of the dosage form. In
other embodiments, the swellable/bicadhesive layer can include from about 5 to about 15
weight % of the first hydrophilic release controlling agent based on the total weight of the
dosage form. In other embodiments, the swellable/bivadhesive layer can include from
about 9 to about 13 weight % of the first hydrophilic release controlling agent based on
the total weight of the dosage form. In other embodiments, the swellable/bicadhesive
layer can include about 11 weight % of the first hydrophilic release controlling agent
based ou the total weight of the dosage form. In certain erobodivoents, the first
hydrophilic release controlling agent can be hypromellose.

In certain embodiments, the swellable/bicadhesive layer can comprise from about
5 to about 25 weight % of the second hydrophilic release controlling agent based on the
total weight of the dosage form. In other embodiments, the swellable/bioadhesive layer
can inchade from about 5 to about 15 weight % of the second hydrophilic release
controlling agent based on the total weight of the dosage form. In other embodiments, the
sweilable/bioadhesive layer can include from about 9 to about 13 weight % of the second
hydrophilic release controlling agent based on the total weight of the dosage form. In
other erabodiraents, the swellable/bioadhesive layer can include about 11 weight % of the

sccond hydrophilic release controlling agent based on the total weight of the dosage form.
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In certain cmbodiments, the second hydrophilic release controlling agent can be
polyethylene oxide.

in certain embodiments, the swellable/bicadhesive layer can include about 1 to
about 10 weight % of a third hydrophilic release controlling agent based on the total
weight of the dosage form. In other embodiments, the swellable/bioadhesive layer can
mclude about 2 to about 6 weight % of the third hydrophilic release controlling agent
based on the total weight of the dosage form. In other embodiments, the
swellable/bioadhesive layer can include sbout 4 to about S weight % of the third
hydrophilic release controlling agent based on the total weight of the dosage form. In
other embodiments, the swellable/bicadhesive layer can include about 4.3 weight % of
the third bydrophilic release controlling agent based on the total weight of the dosage
form. In certain embodiments, the third hydrophilic release controlling agent is a
carbomer.  In particular embodiments, the carbomer can be Carbopol 974P.In some
embodiments, the third hydrophilic release controlling agent can also act as a swelling
agent,

In certain embodiments, the one or more swelling agents can comprise a first and
second swelling agent.  In certain cmbodiments, the swellable/bioadhesive layer can
comprise about 1 to about 10 weight % of the first swelling agent based on the total
weight of the dosage form. In other embodiments, the swellable/bioadhesive layer can
melude about 4 to about 6 weight % of the first swelling agent based on the total weight
of the dosage form. In other embodiments, the sweliable/bioadhesive layer can include
about 5 to about & weight % of the swelling agent based on the total weight of the dosage
form. In other embodiments, the swellable/biocadhesive layer can include about 5.4
weight % of the first swelling agent based on the total weight of the dosage form. 1o
certain embodiments, the first swelling agent can be partially pregelatinized starch. In
certain cmbodiments, the swellable/bivadhesive layer can comprise about 1 to about 10
weight % of the second swelling agent based oun the total weight of the dosage form. In
other embodiments, the swellable/bicadhesive layer can include about 4 to about 6 weight
¥ of the second swelling agent based on the total weight of the dosage form. lu other
cmbodiments, the swellable/bicadhesive layer can include about 5 to about 6 weight % of
the second swelling agent based on the total weight of the dosage form. In other

emmbediments, the swellable/bicadhesive layer can include about 5.4 weight % of the
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sccond swelling agent based on the total weight of the dosage form. In certain
erobodiroents, the second swelling agent can be sodium starch glycolate.

in certain cmbodiments, the one or more lubricants can comprise a first and
second lubricant. In certain exobodivoents, the swellable/bioadhesive layer can comprise
about 8.01 to about 1 weight % of the first lubricant based on the total weight of the
dosage form.  In other embodiments, the swellable/bioadhesive layer can include about
0.1 to about 1 weight % of the first lubricant based on the total weight of the dosage form.
In other erubodiments, the swellable/bioadhesive layer can inchude about 0.4 to about 0.6
weight % of the first lobricant based oun the total weight of the dosage form. In other
emmbeodiments, the swellable/bioadhesive layer can include about (.5 weight % of the first
lubricant based on the total weight of the dosage forma. In certain erobodiments, the first
lubricant can be partially colloidal silicon dioxide. In certain embodiments, the
swellable/bioadhesive layer can comprise about 0.01 to about 1 weight % of the second
fubricant based on the total weight of the dosage form. In other embodiments, the
swellable/bivadhesive layer can include about 0.1 to about 1 weight % of the sccond
hubricant based on the total weight of the dosage form. In other embodiments, the
swellable/bioadhesive layer can include about 0.5 to gbout 0.7 weight % of the sccond
tubricant based on the total weight of the dosage forra.  In other embodiments, the
sweilable/bioadhesive layer can include about 0.6 weight % of the second labricant based
on the total weight of the dosage form. In certain embodiments, the second lubricant can
be magnesium stearate.

In certain embodiments, the swellable/bivadhesive layer can include about 1 io
about 20 weight % of the diluent based on the total weight of the dosage form. In other
erabodiraents, the swellable/bicadhesive layer can include about 5 to about 15 weight %
of the diluent based on the total weight of the dosage form. In other embodiments, the
swellable/bioadhesive layer can include about § to about 12 weight % of the diluent based
on the total weight of the dosage form. In other embodiments, the swellable/bicadhesive
layer can include about 10 weight % of the diluent based on the total weight of the dosage
form. In particular erobodiments, the dilueot can be wanntiol.

in certain embodiments, the immediate release doxycycline overcoat can comprise
doxycycline, one or wmore hydrophilic release conirolling agents, and one or more

plasticizers.
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i certain embodiments, the immediate release doxycycline overcoat can include
from about 0.5 to about 3.2 weight % doxyeycline based on the total weight of the dosage
form, from about 1 to about 2.7 weight % doxycycline based on the total weight of the
dosage form, from about 1 to about 2 % doxycycline based on the total weight of the
dosage form, and in certain embodiments about 1.1 weight % doxycycline based on the
total weight of the dosage form.

In certain embodiments, the immediate release doxyeycline overcoat can inchude
trorn about 0.1 weight % to about 4 weight % of a hydrophilic relesse controlling agent
based on the total weight of the dosage form, from about 1 weight % to about 3 weight %
of the hydrophilic release controlling agent based on the total weight of the dosage form,
or from about 1.3 weight % to about 1.9 weight % of the hydrophilic release conirolling
agent based on the total weight of the dosage form. In certain embodiments, the
mmmediate release doxycycline overcoat can include about 1.6 weight % hydrophilic
release controlling agent based on the total weight of the dosage form. In certain
erabodiraents, the hydrophilic release controlling agent can be hypromcellose.

In certain embodiments, the immediate release doxycycline overcoat can include a
plasticizer in an amount from about 0.01 weight % to about 0.5 weight % based on the
total weight of the dosage forro. In certain embodiments, the immediate release
doxycycline overcoat can include a plasticizer in an amount from about .05 weight % to
about 0.4 weight % based on the total weight of the dosage form. In certain
cembodiments, the immediate release doxycyciine overcoat can include a plasticizer in an
amount from about 0.2 weight % to about §.4 weight % based on the total weight of the
dosage form. In certain embodiments, the immediate release doxycycline overcoat can
mclude one or more plasticizers at about 0.3 weight % based on the total weight of the
dosage form. In certain embodiments, the plasticizer can be triethyl citrate or
polycthylene glycol 6000,

The present controlled release pharmaceutical dosage form can be formulated into
a tablet prepared using methods known in the art, including wet granulation and direct
COMpPression.

in particular embodiments, the controlled release pharmaceutical dosage forms
described herein show greater than 90% relative bicavailability when compared with
conventional immediate release dosage forms of doxyeycline such as MONODOX® 100

mg capsules.
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13184 The controlled release pharmaceutical dosage forms described herein can exhibit a
mean Crax 10 the range of about 400 to about 1400 ng/ral, and in other embodiments, 1o
the range of about 600 to about 1200 ng/mi, and in certain embodiments, in the range of
about 800 to about 1000 vg/mi, measured upon oral administration of a single dose of the
dosage form to patients in a fed state. The controlled release pharmaceutical dosage
forms can exhibit an arca under the plasma concentration versus time curve (CAUC”) (0-
4%h} in the range of about 13000 to about 21000 ng/ml/h, and in other embodiments, in
the range of about 15000 to about 19000 ng/mb/h 1n as mcasured upon oral administration
of a single dose of the dosage form to patients in a fod state. In still other embodiments,
the controlled release pharmaceutical dosage forms can exhibit an AUC (0-96h) n the
range of about 23000 to about 37000 ng/mi/h, or 1o the range of about 26000 to about
33000 np/ml/h measured after administration of a single dose of the dosage form to
patients in a fed state.

13185] The foregoing examples are illustrative embodiments of the invention and are
merely exemplary. A person skilled in the art may make variations and modifications
without deviating from the spirit and scope of the mvention. All such medifications and

variations arc intended to be included within the scope of the invention.

EXAMPLES
Example 1: Trilayer Tablets:
Ingredients Yo wiw
Immediate release layer
i Doxyecycline monohydrate 3-12
2 Lactose roonohydrate 5-45
3 Microerystalline cellulose 1-40
4 Croscarmcilose sodium 1-20
5 Povidone 1-10
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Maguesiur stearate
q.5

Water

Controlled release layer

Doxyeyceline monohydrate
1-5

Povidone

b2

Hypromellose
0-20

0y
L

Polyethylene oxide
5-3¢

Microcrystalline cellulose
1-5

L

6 Magnesium stearate
g.5.

Water -+ Isopropy] alcohol

Bioadhesive layer

Polyoxyethylene oxide
(-25

Hypromellose
0-15

3

0.5-2

actose

Silicon dioxide
(.2

Magnesium stearate

Manufacturing procedure:
Immediate release laver
Doxycycline monohydrate was sifted through #30 mesh stainless steel (SS”)

16186]
sieve along with lactose monohydrate, microcrystalline cellulose, and 50% of the total

amount of croscarmellose sodium. The sifted material was then dry mixed in a high shear

gramiator The above raixture was then granulated with povidone dissolved in water in a
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high shear rapid mixer granulator. The resulting wet granules were then dried on
fluidized bed dryer and sifted through #16 mesh S8 sieve. The remaning croscarmellose
sodium was then sifted through # 30 mesh S8 sieve and mixed well with the previously
dricd and sifted granules. The granules obtained were then lubricated with sifted
magnesium stearate that had previcusly been passed through # 40 mesh S8 sieve in a

Conta blender for 5 mins.

Controlled release layer

Doxveyeline mounohydrate (optionally enteric coated) was sifted through #20
mesh 88 sieve with hypromellose and 10 % of the total amount of microcrystalline
cellulose. The resulting mixture was then granulated with a povidone solution (water-
isopropyl alcohol mixture) in a high shear rapid mixer granulator. The wet granules were
then dried in fluidized bed dryer and sifted through #16 mesh S8 sieve. The dried and
sieved granules were then mixed with polyethylene oxide, the remaining quantity of

microcrystalline cellulose, and lubricated with magnesium stearate in a Conta blender.

Bicadhesive layer

Polyethylene oxide and hypromecliose were sifted through #30 mesh 8S seive.
The blend was theo lubricated with silicon dioxide and magnesium stearate 1o a Coota

blender.

Final Dosage Form

The lubricated blends of the immediate release layer, the controlled release layer,
and the bioadhesive layer were compressed nto trilayer tablets of 13.3 mm diameter on a

nulti-layer tablet compression machine.

Example 2: Enteric coated bi-layer system with IR overcoat

Ingredients Yo wiw

Controlied release layer

i Boxycycline monohydrate 3-12
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2 Povidone 1-5
3 Hypromeliose 5-50
4 Polyethylene oxide §-20
5 Microcrystalline cellulose 5-30
6 Magnesium stearate 1-5
7 Water q.s.
Bioadhesive layer
1 Polyoxyethylene oxide 0-25
2 Hypromeliose (-25
3 Lactose §-15
4 Silicon dioxide 0.5-2
5 Magnesium stearate 0-2
Enteric coating
1 Eudragit L100-55 5-7%
2 Tricthyl citrate 0.5
3 Isopropy! alcoho! + Dichloromethane q.S.
Immediate release ounter shell coating (2-15 % wi. gain)
1 Boxycycline monchydrate 2-3
2 Povidone 1-40
3 Hypromeliose .5-35
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4 Tricthyl citrate 0.5-10
5 Titantum dioxide (.5-25
6 Water + Isopropyl alcohol q.S.
Manufacturing procedure:
Ceontrolled release layer
{3196} Doxyeyeline monohydrate, hypromeliose, and 10% of the total amount of

microcrystalline cellulose were sifted through # 20 mesh S8 sieve. The resulting mixture
was theo granulated in an aqueous povidoue solution. The resulting wet granoles were
then dried on a fluidized bed dryer and sifted through # 16 mesh SS sieve. The dried
sieved granules were then wixed 1o a Conta blender with polyethylene oxide, the
remaining portion of microcrystalline cellulose, and lubricated with magnesium stearate

for 5 mins.

Bicadhesive laver

13191} Polycthylene oxide and hypromellose were mixed and sifted through # 20 mesh
88 steve. The resulting blend was the fubricated on a Conta blender with silicon dioxide
and magnesium stearate. The hubricated blends of the controlled release layer and the
bioadhesive layer were compressed info bilayer tablets of 12.5 mum or 13.3 mm diameter

on a double rotary tablet compression machine.

Enteric coating of bilavered fablet

[G192] Eudragit L100-55 was dissolved in an isopropyl alcohol and dichloromethanc
mixture. Tricthyl citrate was added to the solution and the resulting mixture was stirred
for 15 minutes. Subsequently, the compressed tablets previously prepared were coated
with the above solution on a tablet coater until a 3-5% dry weight gain was observed.

This produced enteric coated bi-layer tablets.

immediate release outer shell coating

{6193} A uniform dispersion of povidone and hypromellose was prepared in a water-

wsopropyl alcohol mixture. Triethyl citrate was added to the dispersion and stirred to mix
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well. Doxyeycline and titanium dioxide were then added to the dispersion and mixed
well, The dispersion was then used to coat the enteric coated bi~layer tablets on a tablet

coater to obtain a 3-7 % dry weight gain.

Example 3: Bioadhesive bilaver tablet

Ingredienis Yo wiw

Controlied release layer

1 Doxyeyeline monohydrate 4.3
2 Microcrystalline cellulose 12.8
3 Mannitol 250
4 Hypromellose K100 LVCR 7.0
5 Povidone K30 4.3
6 Water q.5.
7 Isopropyt alcohol q.8.
8 Colloidal silicon dipxade 8.5
g Magnestum stearate 8.3

Bioadhesive layer

I Microcrystalline cellulose 15.4
2 Hypromellose K4MCR 6.5
3 FD&C Blue #1 0.1
4 Povidone K30 1.1
5 Polyethylene oxide 9.1
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Z5% -
6 Croscarmellose sodium 3.2
7 Colloidal silicon dioxide 0.2
8 Magnesium stearate 0.2
9 Isopropyl alcohol q.8.
10 Water q.5.

Manufacturing procedure:
Controlled release layer:

Doxycycline moneohydrate, hypromellose, wanniol, and microcrystalline
cellulose were sifted through #20 mesh SS sieve. Subsequently, the sifted material was
dry mixed in a high shear rapid mixer granulator. The resulting mixture was then wet
gramilated using a povidone solution in an isopropyl alcohol/water mixture.  The
resulting wet granules were then dried on a fluidized bed dryer and sifted through #18
mesh S8 sieve. The dried sifted granules were then lubricated on a Conta blender with

colloidal silicon dioxide and magnesium stearate.

Bisadhesive layer:

Microcrystalline cellulose and hypromellose were sifted through #30 resh 5S
sieve and subsequently dry mixed in a high shear rapid mixer granudator. The resulting
dry mixture was then wet granulated with a povidone solution {water-isopropyl alcchol
mixture). The resulting wet granules were theo dried on a fhuidized bed deyer and steved
through #16 mesh 5SS sieve. The dried, sicved material was then mixed with polyethylene
oxide, croscarmellose sodium, FDR&C Blue #1, and silicon dioxide. The muxture was

lubricated on a Conta blender with magnesium stearate.

Final dosage form:

The lubricated blends of the controlled release layer and the biocadhesive layer
were then compressed into bilayer tablets of 13.3 mim diameter on a double rotary tablet

compression machine.
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Ingredients

o Wiw

Controlled release layer

Doxyeycline mounohydrate

115

Microcrystalline cellulose

17

Mannitol

Polyethylene oxide

0.8

Hypromelose K100 LVCR

6.8

6

Povidone K30

Water

Isopropyl alcohol

q.8.

Colloidal silicon digxide

0.4

16

Magnesium stearate

Immediate release layer

Doxyeyeline monohydrate

3

Microcrystaitine cellulose

Mannitol

13.9

Sunset Yellow

0.1

Povidone K30

2.0

Water

q.8.
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7 Croscarmellose sodium 1.7
8 Colloidal silicon dioxide 0.3
9 Magnestum stearate 0.3

Manufacturing procedure:
Ceontrolled release layer:

Doxyeyeline monohydrate, hypromellose, polyethylene oxide, mannitol, and
microcrystalline cellulose were sieved through #30 mesh S8 sieve. The sieved material
was then dry wixed in a high shear rapid mixer granulator. The resulting mixture was
then wet granulated with a povidone solution {water-isopropyl alcohol mixture). The
resulting wet granules were then dried on a fluidized bed dryer and sifted through #16
mesh SN sieve. The dried, sicved material was then lubricated with colloidal silicon

dioxide and magnesiurm stearate on a Conta blender.,

Immediate release layer:

Doxyeyeline monohydrate, mannitol, and microcrystalline cellulose were sifted
through #30 mesh 8S sieve. The sieved material was dry mixed in a high shear rapid
mixer gramulator and then wet granulated with an aquecous povidone solution.  The
resulting wet material was then dried on fluidized bed dryer and sifted through #16 mesh
S5 sieve. The dried, sieved material was then mixed with croscarmelose sodium, sunsct
yellow, and colloidal silicon dioxide and subsequently lubricated on a Conta blender with

magnesium stearate.

Final dosage form:

The lubricated blends of the controlled relcase layer and the immediate release
layer were compressed into bilayer tablets of 13.3 rom diamcter on a double rotary tablet

compression machine.
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Example 5: Extended release gastroretentive/bioadhesive matrix technology

Ingredients % wiw
A} Controlled release layer

Doxycycline roonochydrate  equivalent to 100 wmg of
1 Doxycycline H
2 Microcrystalline cellulose 16.8
3 Mannitol 15.9
4 Hypromellose 7.9
3 Water q.s.
6 Colloidal silicon dioxide 0.5
7 Magnesium stearate 0.4
Proportion of drug CR Layer (% w/w) 52.6

B) Inert layer

i Hypromeliose 18.7
2 Polycthylene oxide 10.7
3 Carbopol 4.2
4 Partially pregelatinized starch 5.3
5 Sodium starch glycolate 53
6 Manmnitol 10.1
7 Colloidal silicon dioxide 0.5
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8 Magnesiur stearate 0.6
Proportion of Inert Layer (% w/w) 47.4
Total (A+B} 100.0
Final tablets coated with Opadry Yellow for 2-3% weight gain

Manufacturing procedure:
Controlled release layer:

Doxycyciine monohydrate, microcrystalline cellulose, hypromellose, and
mannito] were sifted through #40 wesh SS sieve and dry mixed for 10 mun in a high shear
granulator. The resulting mixture was then wet granulated with water in high shear
granulator. The wet granoles were dried m fluidized bed dricr and sifted through # 18
mesh S8 sieve. Subsequently, colloidal silicon dioxide presifted through a #40 mesh 88
sicve was mixed with the dried granules for 10 mins in a Conta blender. The resulting

)

prefubricated mix was then lubricated for 3 minutes with magnesium stearate that had

been sitted through a #40 mesh 5S steve to give a controlled release layer blend.

Inert laver:

Hypromellose, polycthylene oxide, carbopol, partially pregelatinized starch,
sodium starch glycolate, mannitol, and colloidal silicon dioxide were weighed and sifted
through #40 mesh 5SS sieve and mixed for 15 nunutes. The resulting blend was then
compressed into slugs with 22 mwm diameter round punches.  The shugs were then
destugged in oscillator granulator and the resultant granules were sifted through a #20 88
sieve. The deslugged and sifted granules were then lubricated for 3 mins in a Conta
blender with magnesium stearate that had been previously sifted through a #40 mesh S8

sieve to give an mert layer blend.

Final dosage form:

The controlled release layer blend and the nert layer blend were compressed into

bilayer tablets having a diameter of 13.3 mm on a double rotary tablet compression
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machine. The bilayer tablets were then film coated on a tablet coater using an Opadry

dispersion until a 2-3% dry weight gain was observed.

Example 6: Extended release polymer coated floating reservoir technology

Engredients (% wiw)

Swelable conirelled release drug core

Doxyceycline monohydrate  equivalent to|
: Doxyeycline e
2 Lactose 43.6
3 Mannitol 17.1
4 Sodium chioride 4.5
5 Povidone K30 9.1
6 Hypromellose 9.1
7 Colloidal silicon dioxide 0.9
8 Magnesium stearate 0.9

Semi-permeable/ Expandable Porous Coating

i EUDRAGIT® RL PO 2.8
2 Triethyl citrate or Polyethylene glycol 6800 3.6
3 {sopropyl alcohol q.8.
4 Acctone Qq.8.
Total weight 180.8
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Manufacturing procedure:
Swellable controlled release drug core

LLPAIRY Doxyceycline monohydrate, lactose, mannitol, sodium chloride, povidone K30 and
hypromellose were weighed, sifted through #30 mesh 8S sieve, and dry mixed in a
blender for 10 min. The resulting mixture was then blended for 3 roin with 50% of the
total quantity of a mixture of colloidal silicon dioxide and magnesium stearate (cach
presifted through #40 S8 sieve). The resulting blend was then compressed into slugs with
22 vow diamecter round punches. The slugs were then deslugged wm an oscillator
granulator and the resultant granules were sifted through a #20 stainless steel sieve. The
deslugged and sifted granules were then maxed with the rewainung quantity of colloidal
siticon dioxide, previously sifted through a #40 mesh 88 sieve, for 5 mins on a Conta
blender. The blend was further lubricated with remaining quantity of magocesiurg
stearate, previously sifted through a #40 mesh S8 sieve, for 3 mins on a Conta blender.
The lubricated blend was then compressed into tablets having a 13.3 nmun diaracter on a

single rotary tablet compression machine.

Semi-permeable/ Expandable Porous Coating

{6284] EUDRAGIT® RL PO was dissolved in a 1:1 mixture of isopropyl alcohol and
acetone. Triethyl citrate or polyethylene glycol 60060 was added to the EUDRAGIT ®
solution and the resultant was stirred for 15 manutes to give a clear sohution. The
previously prepared tablets were then coated with the EUDRAGIT ® solution on a tablet

coater until a 3 to 4 % weight gain on dry weight basis was observed.

Examples 7A and 7B: Extended release polymer coated floating reserveir
technology with loading dose

Example Exarple
TA (Y 78 (%
Ingredients wW/w) wiw}
Swellable controlled release drug core
Doxycycline  wounohydrate  equivalent o
i - 9.7 8.1
Doxycycline
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2 Lactose monohydrate 46.7 512
3 Manmnitol 6.2 16.0
4 Sodium chioride 4.3 4.3
5 Povidone K30 8.7 4.3
6 Hypromellose 4.3 4.3
7 Colloidal silicon dioxide 1.0 1.0
& Magnesium stearate 1.O 8.5

Permeable/ Expandable Porous Coating

1 EUDRAGIT® RL PO 2.3 2.1
2 EUDRAGIT® RS PO 0.5 0.4
3 Triethyl citrate or Polyethylene glyeol 6000 (.5 0.4
4 Talc - 0.3
5 Isopropyl alcohol q.8. q.8.
6 Acetone q.8. q.8.
Seal coating

i Hypromellose K 1.7
2 Tricthyl citrate or Polyethylene glycol 6000 8.2 0.2
3 Dichloromethane q.S. q.8.
4 Methanol Q.8. q.8.

Immediate release overcoating
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Doxyeycline  monohydrate  equivalent  to ,
1 Doxycycline H H
2 Hypromellose 17 2.1
3 Triethyl citrate or Polyethylene glycol 6000 8.2 .4
4 Dichloromethane q.8. q.5.
5 Methanol q.s. q.5.
Total weight 180.0 166.6

Manufacturing procedure:
Sweliable controlled release drug core

Doxycycline monohydrate, lactose, mannitol, sodium chloride, povidone K30, and
hypromellose were weighed, sifted through a #40 mesh S8 sieve and dry mixed in a
blender for 10 minutes. The resulting mixture was then hubricated for 3 roinutes with
50% of the total quantity of 2 mixture of colloidal silicon dioxide and magnesium stearate
that had been previously weighed and sifted through #40 mesh 88 sieve. The resulting
blend was then corpressed into shugs with 24 vym diameter round punches. The slugs
were then deslugged in oscillator granulator and the resultant granules were sifted through
a #20 stainless steel sieve. The deslugged and sifted granules were then muxed for 5 mins
on a Conta blender with remaining quantity of colleidal silicon dioxide previously sifted
through a #40 mesh S8 sieve. The blend was further lubricated for an additional 3 mins
on a Conta blender with the remaining quantity of magnesinm stearate previcusly sifted
through a #40 mesh S8 sieve. The lubricated blend was then compressed into tablets

having a 13.3 mm diameter using a single rotary tablet compression machine.

Permeable / Expandable Porous Coating:

EUDRAGIT® RE PO and RS PO were added to a 1:1 mixture of isopropyl
alcohol and acetone and stitred until a clear solution was obtained. Triethyl citrate or
polyethylene glycol 60060 was added to the clear solution and the resultant mixture was

stirred for 15 minutes to give a clear sofution. Talc was added to the solution and stirred
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well to mix. The previously prepared tablets were then coated with the above solution on

a tablet coater until a 3 to 4 % weight gain ou dry weight basis was observed.

Seal coating:

Hypromellose was added to L1 muxture of dichioromethane and methavol and
stirred until a clear solution was obtained. Tricthyl citrate or polyethylene glycol 6000
was added to the hypromellose solution and the resultant roixture was stirred for 15 mins
to give a scal coat solution. The tablets previcusly coated with EUDRAGIT® RL PO and
RS PO were then coated with the scal coat solution on a tablet coater until a 1.5t0 2 %
weight gain on dry weight basis was observed. This process resulted in seal copated

tablcts.

Immediate release overcoating:

Doxyeyeline monohydrate was dissolved i 111 mixture of dichlororacthane and
methanol and stirred until a clear solution was obtained. HypromeHose was subsequently
added to the solution and the resultant dispersion was stirred until the solution was once
again clear. Finally, triethyl citrate or polyethylene glycol 6000 was added to the sohution
and the resultant was stirred for 30 mimtes to give an immediate release overcoat
solution. The seal coated tablets were then coated with the tmmediate release overcoat
solution on a tablet coater until 40 mg (= 7.5% w/w) weight gain on dry weight basis was

observed.,

Example 8: Gastroretentive/bioadhesive matrix technology with immediate release
over coat

Ingredients Yo wiw

A} Controlled release layer

Doxyeyeline wmouohydrate equivalent to 90 mg of

i Doxyeycline 18.2
2 Microcrystalline cellulose 155

Mannitol 14.6

0y
L
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4 Hypromeilose 7.3
5 Water q.s.
6 Collowdal silicon dioxide 0.5
7 Maguesium stearate 0.4
Proportion of controlled release layer (%% wiw) 48.5
B} Inert swellable/bioadhesive layer

i Hypromellose 110
2 Polyethylene oxide 11.0
3 Carbopol 974 P 4.3
4 Partially pregelatinized starch 5.4
5 Sedium starch glycolate 5.4
6 Manunitol 103
7 Collotdal silicon dioxide (.5
8 Magnesium stearate 0.6
Proportion of Inert Layer (% w/w) 48.5
Total (A+B) 97.6
Immediate release drug overcoating

Doxyeyceline monohydrate eguivalent to 10 mg of

1 Doxyeycline 11
2 Hypromellose 1.6
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3 Triethyl citrate or Polyethylene glycol 6000 0.3
4 Dichloromethane qs
5 Methanol qs
Proportion of immediate release overcoat (9% w/w} 3.0
Total 160.0
Manufacturing Procedure:
Controlled release layer blend:
{6289} Doxycycline moneohydrate, wicrocrystallive  cellulose, hypromellose, and

mannitol were sifted through #40 mesh S8 sieve and dry mixed for 10 min i a high shear
granulator. The resulting rmxture was then wet granulated with water in high shear
gramilator. The wet granules were dried in a fluidized bed drier and sifted through # 1%
mesh S8 sieve. Subscguently, colloidal silicon dioxide presifted through a #40 mesh 85
sieve was mixed with the dried granules for 10 mins in a Conta blender. The resulting
prelubricated mix was then lubricated for 3 minutes in a Conta blender with magnesium

stearate that had been previously sified through a #40 wesh S8 sieve.

Enert layer blend:

{6218] Hypromellose, polyethylene oxide, carbopol 974 P, partially pregelatinized starch,
sodium starch glycolate, mannitol, and colloidal silicon dioxide were weighed, sifted
through #40 mesh 8S sieve, and subsequently maixed for 15 minutes. The resulting blend
was then compressed inte shags with 22 mm diameter round punches. The slugs were
then deslugged 1o oscillator gravulator and the resultant granules were sifted through a
#20 mesh S8 sieve. The deslugged and sifted granules was then lubricated for 3 mins on

a Conta blender with magnesium stearate previously sifted through a #40 mesh S8 sieve,.

Bilayer core:

{6214} The controlled release layer blend and inert layer blend were then compressed mto

bilayer tablets of 13.3 mm diameter using a double rotary tablet compression machine.
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Immediate release drug over coating:

Hypromellose and triethyl citrate or polyethylene glycol 6000 were weighed and
dissolved 1o a 111 mixture of dichloromethane and methavol with continuous stirring until
a clear solution was obtained. Subscquently, doxycycline monohydrate was weighed and
added to the dichloromethane/methanol solation. The bilayer cores obtained previously
were then coated with the above solution on a tablet coater untit 29 mg (+ 7.5% w/w)

weight gain on dry weight basis was observed.

Examples 9 & 16 Floating Gastroretentive extended release reservoir technology
using gas generating agents

Ingredients Composition Yew/w
Example ® [Example 18
CR drug layer
Doxyeycline monohydrateequivalent to 85 mg g.1
1 Doxyeyciine 8.1
2 Lactose monohydrate 17.7 224
3 Mannitol 10.7 18.7
4 Sodium chloride 43 4.3
5 Hypromellose 7.3 -
6 Povidone K30 32 32
8 Isopropyl alcohol q.8. q.S.
9 Water q.5. q.8.
18 | Colloidal silicon dioxide 0.5 8.5
It | Magnesium stearate 0.5 0.5
Swellable Gas-generating / Floating Layer
1 Polyethylene oxide 54 4.6
2 Hypromellose 10.7 9.2
3 Lactose monchydrate 12.1 10.3
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4 Sodium bicarbonate 4.8 4.2
5 Citric acid L6 14
6 Povidone k30 2.1 1.8
7 Colloidal silicon dioxide 0.4 8.3
& Magnesium stearate 8.4 8.3
Permeable / Expandable Porous Coating
i Eudragit REPO 2.4 2.4
2 Hypromellose - 8.5
3 Triethyl citrate or polyethylene glycol 8.5 0.4
3 Talc 4.3 0.4
4 Isopropyl alcohol q.8 q.8
5 Acetone q.8 q.8.
Seal coating
1 Hypromellose 1.7 b3
2 Triethyl citrate or polyethylene glycol 8.2 g.1
3 Dichlgromethane q.8 q.s.
4 Methanol q.5. q.8.
IR drug over-coating

Doxycycline monchydrateequivalent to 15 mg
1 Doxycycline K+ L6
2 Hypromellose 2.1 2.1
3 Triethyl citrate or polyethylene glycol 6000 0.2 0.4
4 Dichloromethane q.5. q.5.
S Methanol q.s. q.s.

Total 166 166
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Manufacturing Procedure:
Controlled release doxyeyeline layer blend:

{8213} Doxycycline monchydrate, lactose monohydrate, manunitol, sodium chloride, and
hypromellose were weighed and sifted through # 20 mesh 8S sieve. The sifted materials
were then dry mixed 1o g high shear granulator for 10 nunutes. The resultant mixture was
then wet granulated with a povidone solution prepared in 60:40% w/w mixture of
isopropyl alcohol and water. The resuiting granules were dried in a fluidized bed drier
and sifted through #20 mesh S8 sieve. The resulting dry granules were then muixed for 5
min on a Conta blender with colloidal silicon dioxide that had been previously sifted
through a #40 mesh 8S sieve. The blend was further lubricated for 3 min oun a Conta
blender with magnesium stearate that had been previously sifted through a #40 mesh S8

sieve.

Floating layer blend:

10214} Hypromellose, lactose monohydrate, sodmurn bicarbonate, citric acid, povidoune,
polyethylene oxide, and colloidal silicon dioxide were weighed, sifted through #30 mesh
S8 sieve. All the ingredients were dry mixed in a Conta blender for 10 munutes. The

?

resulting mixture was then lubricated for 3 minutes with magnestum stearate that had

cen previously sifted through a #40 mesh SS sieve.

Bilayer tablets:

{8215] The controlled release doxyeychine layer blend and floating layer blend were then
compressed into bilayer tablets of 133 mm diameter on a double rotary tablet

compression machine.

Permeable / Expandable Porous Coating:

{0216} EUDRAGIT® RL PO was added to a 1:1 muxture of isopropyl alcohol and
acetone and stirred until a clear solution was obtained. Triethyl citrate or polyethylene
glycol 6000 was added to the clear solution and the resultant was stirred for 15 minutes to
give a clear solution. Subsequently talc was added to the sohution forming a talc
dispersion. The previously prepared bilayer tablets were then coated with the tale
dispersion using a tablet coater until a2 3 to 4 % weight gain on dry weight basis was

observed.
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Seal coating:

{02171 Hypromellose was added to 111 muxture of dichloromethane and methanol and
stirred until a clear solution was obtained. Trethyl citrate or polyethylene glycol 60600
was added to the hypromeilose sohution and the resultant was stirred for 15 minutes. The
tablets previously coated with EUDRAGIT® REL PO were then coated with the above

solution on a tablet coater until 1.5 to 2 % weight gain on dry weight basis was observed.

Immediate release drug svercoating:

{0218} Doxyeycline monchydrate was dissolved in 1:1 mixture of dichloromethane and
methanol and stivved until a clear solution was obtaived. Hypromellose was subsequently
added to the solution and the resulbtant dispersion was stirred until the sohution was once
again clear. Finally, tricthyl citrate or polyethylene ghycol 6000 was added to the solution
and the resultant was stirred for 30 minutes. The previously obtained seal coated tablets
were then coated with the above solution on a tablet coater until 40 mg (£ 7.5% w/w)

weight gain on dry weight basis was observed.

Example 11: #» vive comparative pharmacokinetic study

{8219} A randomized, open label, balanced, single center, singie dose, parallel, fed-state
relative bioavailability study was performed 1o 8 healthy adult male human volunteers
who met all inclusion criterta under standard fed conditions.

{6228} This study was carried out to compare the rate and extent of absorption of a single
oral dose of the controlled release pharmaceutical dosage forms described in Examples 5,
6, and 7A to the rate and extent of absorption of a single oral dose of commercially
available MONODOX® 100 mg capsules. Both test articles were adrotnistered under fed
conditions.

10221} The results of the study are reported in Table 1 and show that Examples 5, 6, and
7A showed comparable Chuy fo the MONODOX® and more than 90% relative
bioavailability as compared to MONODOX® for Examples 5 & 7A. The relative

bioavatlability was just above 80% as compared to MONOCDOX® for Example 6.
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Table 1: Results of in vive comparative pharmacokinetic study of Examples 5, 6,

and TA

Treatment Comparison of Cg Comparison of AUC 4.
Mean Coax T/R (%) AUC sy T/R (Yo}
{ng/ml} {ng /ml.h}

Reference BRO.6 - 169742 ~

{(MONODOX®)

Example § 912.5 103.6 15799 4 93.1

Example 6 %64.6 98.2 140292 2.7

Example 7TA 84572 107.3 163659 36.4

Crnax = Maximum plasma concentration

hours

T/R= Ratio of test and reference expressed as a %

Example 12: #» vive comparative pharmacokinetic cross-over sindy

{6222} A randomized, open label, balanced, single center, single dose, cross-over, fed
statc relative bioavailability study was performed i 8 heslthy adolt male human
volunteers who meet all inclusion under standard fed conditions.

{0223} This study was carried out to corapare the rate and extent of absorption of a single
oral dose of the coutrolled release pharmaceutical dosage forms described in Examples
7B, 8, 9, and 10 against orally administered commercially available MONODOX® 100
mg capsules. Al test articles were adwmnistered ouce daily and dosing was performed
under fed conditions. As shown in Table 2 (Examples 7B and 8}, Table 3 (Example 9),
and Table 4 (Example 10), the results indicate that all four test articles had lower Cra
values than MONOGDOX®, but had AUC wvalues that were at least about 93% in
comparison to MONODOX®. In the case of Exaraples 8 and 10, the AUC values were

about 97% and 99.9% that of MONODOX®, respectively, Thus, the controlled release
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pharmaccutical dosage forms described herein were able to provide nearly equivalent

AUC values to MONODOX® while maintaining 8 lower Chax than MONODOX®.

Table 2: Results of in vive comparative pharmacokinetic study of Exampie 7B and 8

Treatment Comparison of Cha Comparisen of AUC 4.
Mean Cmi\ T/R ( 0/0) AUC (5-968) T/R (‘Vo)
{ng/ral} {ng /mbh)

Reference 1167.9 - 29466.9 -

Example 7B 11313 86.9 287533 97.6

Example 8 G989.7 84.7 286481 972

Table 3: Resulls of in vive comparative pharmacokinetic study of Example 9

Treatment Comparison of Cyun Comparison of
AUC g
Mean Thax
Mean Cmax T/R (‘%) AUC (0-96h) T,’iR, (%) {E’i}
{ng/mi} {ng /ml.h}
Reference 10485 - 26578.9 - 3.9
Example 9 822 5 7R .4 24625 8 92.7 7.0
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Table 4: Results of in vive comparative pharmacokinetic study of Example 18

Treatment Comparison of Chuy Comparison of
AUC g
Mean'T s
Mean Chax | T/R (%) AUC oy | T/R (%) {h}
{ng/ml} {ng /mih}
Reference 1042.0 - 267419 - 39
Example 10 9772 4 9312 207279 8999 5.1

Chax = Maxinmum plasma concentration
AUC .y = Area under the plasma concentration vs time curve from =0 hours to =96
hours

T/R= Ratio of test and reference expressed i %

Example 13: Swelling study

Swelling studics were carried out i USP Type I (Basket method) at 75 RPM 1n
900 mL 0.1N HCL The % swelling was calculated based on volume of a cylindrical
tablet using the cquation:

‘ [(Volume at any time ) — (Initial volume)]
% swelling = Initial volume X 100

and the mutial volume of cach of Exaraples 5 through 10 was calculated using the

formula:
dr\?
Volume = m X (E) X A

where, ‘d” was the maximum diameter of the tablet and ‘h’ was the height of the tablet.
The calculations used for this example assume that a standard biconvex tablet can be
assumed to have about the same volume as a cylinder of the same diameter. For cach of
Examples S through 10, the frutial diameter of the tablets was measured to be about
13.3mm.

The results of the swelling study are reported in Table 5 below
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Table 5: Results of swelling study

Time | % Swelling
(min)
Example | Example | Example | Example | Example | Example | Example
8 6 TA 8 8 $ 18
0 0 0 0 0 0 0 0
30 65 ti2 R7 83 33 B9 196
68 90 183 80 &0 60 132 291
90 160 193 ND ND 58 183 487
128 122 ND N ND ND N NB
ND: Not determined
{0226} The results shown in Table § show that compositions described in Examples S to

10 all swelled to more than 50% of their original volume within 30 minutes, and in cach
el

case to a diameter greater than that of the human pyloric sphincter.

Example 15: Determination of Bioadhesion:

{6227} Six representative formulations of bicadhesive tablets were prepared for

cvaluation of bicadhesion strength. The formulations used in the study were as follows:

Formula- Fi

5. No | Ingredients Yo wiw
i Polycthylene oxide 48.9

2 Microcrystaitine cellulose 48.9

3 Colloidal silicon dioxide 1.3

4 Maguesiurn stearate 0.9
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S. No | Ingredients B wiw
1 Hypromellose 48.9

2 Microcrystalline cellulose 48.9

3 Colloidal silicon digxide 1.3

4 Magnesium stcarate 0.9

Formula- F3

5. No | Ingredients Yo wiw
i Polyethylene oxide 48.9

2 Xanthan gum 489

3 Colloidal silicon dioxide 1.3

4 Magnesium stearate (.9

Formuia-~ F4

S. Mo | Ingredients Y wiw
i Xanthan gum 489

2 Microcrystalline cellulose 48.9

3 Colloidal silicou dioxide 1.3

4 Magnesium stearate 8.9
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Formaula- F5

S. No | Ingredients B wiw

1 Polyethylene oxide 48.9

2 Sodium CMC 48.9

3 Colloidal silicon digxide 1.3

4 Magnesium stcarate 0.9
Formula- F6

5. No | Ingredients Yo wiw

1 Sodium CMC 48.9

2 Microcrystaitine cellulose 48.9

3 Colloidal silicon dioxide 1.3

4 Magnesium stearate (.9

Tablet mapufacturing procedure:

Each of Tablets F1 through F6 were prepared according to the following general
procedure.  Microcrystalline cellulose and polyethylene oxide were sifted through #40
mesh SS sieve and blended n a Conta blender.  The blend was lubricated with the
mixture of colloidal silicon dioxide and magnestum stearate previously sifted through #40
mesh 88 sieve. The lubricated blend was compressed ioto tablets of 13.3 mm diamecter

on a single rotary tablet compression machine.

Bicadhesion Testing:

Bioadhesion was determined by a tensiometric method. Advanced force gauge
equipment {rofg. by Mecmesin, West Sussex, England) was used. Freshly excised sheep
intestinal tissue was harvested and stored in Tyrode solution at 4°C until it was used for

the experiment. The tissue was cut mto picces {3 x 4 ¢cm), mounied on a glass slide and
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tightened in place with a thread. A 0.5 ml volume of phosphate buffered saline (PBS)
was placed on the tissue.  Subsequently, one of tablets Fl1 through F6, was placed oun
tissue and another 0.5 mi PBS was placed on the tablet. A glass shide with a 10 g weight
was placed on the tablet and it was allowed to hydrate tor 10, 30, 60, 840 or 960 minutes.
At the specified time interval, the hydrated tablet along with the slide was mounted on the
stage of the bioadhesion apparatus. The probe was then lowered at a fixed speed of 0.2
mm/sec and the upper slide was attached to the hook of the probe by means of a thread.
The peak detachiment force was considered as the bicadhesive force and was measured as
the force required to separate the tablet from the biological substrate. The peak
detachment force is expressed in milliNewton (mN) and is presented in accompanying
FIG 3.

{4230] The peak detachment force was found to be above 1300 mN for formulations F1
to FS and above 750 mN for F6 within the initial 10 muns of hydration. For cach of F1
through FS, the peak detachment force was found to further increase beyond 15060 mN
upon 60 minutes of hydration. For F6, the bicadhesive force increased to above 1100 mN
after 60 minntes of hydration and was maintained at that level up to 960 mimites of
hydration. For formulations F1, F2 & F5 the peak detachment force was maintained
above 1500 wN at 960 mins. For F3 and F4, the peak detachment force decreased
beyond 60 minutes of hydration but was still maintained above 500 mN at 960 mins.

16231} Although this application has been described in detail above, 1t will be understood
by one of ordinary skill in the art that various modifications can be made without

departing from the spirit of the juvention.
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CLAIMS

What is clalmed is:

A method for treating acne, rosacea, or a combination thereof comprising administering
to a patient in need thereof a controlled release pharmaceutical dosage form comprising
doxycycline, wherein said controlled release pharmaceutical dosage form has a mean
Ciax that is at least about 70% that of an immediate release dosage form of equavalent
strength and has an AUC that 13 at least about 85% of an immediate release dosage form

of equivalent strength.

The method of claim 1, wherein the controlled release dosage form has an AUC that is at

least about 90% that of the imamediate release dosage form of equivalent strength.

The method of claim 1, wherein the controlled release dosage form has an AUC that is at

least about 95% that of the imamediate release dosage form of equivalent strength.

The method of claim 1, wherein the controlled release dosage form has an AUC that is at

least about 97% that of the immediate release dosage form of equivalent strength.

The method of claim 1, wherein the controlled release dosage forma has an AUC that is at

least about 99% that of the immediate release dosage form of equivalent strength.

The wethod of claim 1, wherein the controlled release pharmaceutical dosage form has a
mean C,, that is at lcast about 80% that of an immediate release dosage form of

cquivalent strength.

The method of claim 1, wherein the controlled release pharmaceutical dosage form has a
mean Chay that is at lcast about 90% that of an immediate release dosage form of

equivalent strength.
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The method of claim 1, wherein the controlled release pharmaceutical dosage form has a
mean Cuax that 1s at least about 93% that of an immediate release dosage form of

cquivalent strength.

The wethod of claim 1, wherein the controlled release pharmaceutical dosage form has a
mean Cuuy that is at least about 98% that of an immediate release dosage form of

cquivalent strength.

The method of claim 1, wherein the controlled release pharmaceutical dosage form has a
mean Cy, that 18 at least about 100% that of an immediate release dosage form of

equivalent strength.

The method of claim 1, wherein the controlied release pharmaceutical dosage form has a
mean Chae that 1s at least about 105% that of an nomediate release dosage form of

equivalent strength.

A method for treating acne, rosacea, or a combination thereof comprising administering
to a patient in need thereof a controlled release dosage form comprising doxyeyeline,
wherein said dosage form has a ty that 1s at least about 1.15 times greater than the tyex of

an immediate release dosage form of equivalent strength.

The method of claim 12, wherein said dosage form has a tp., that 18 at lcast about 1.2

timies greater than the ty,, of an immediate release dosage form of equivalent strength.

The method of claim 12, wherein said dosage form has a t,,, that is at least about 1.5

times greater than the th. of an immediate release dosage form of equivalent strength.

The method of claim 12, wherein said dosage form has a t,., that is at least about 1.7

times greater than the th. of an immediate release dosage form of equivalent strength.
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A method of treating acne, rosacea, or a combination thereof comprising administering to
a paticot in veed thereof, a controlled release pharmaceutical dosage form comprising
doxycycline, wherein the dosage form has an in vitro dissolution profile, such that at least
about 10% to 25% of the total doxycycline present in the dosage form is released in 1
hour, or at least about 25% to 50% of the total doxycycline is released in 4 hours, or at
lcast about more than 90% of the total doxycycling is relcased in 10 hours, wherein the

release profile 1s measured in a USP Basket apparatus using 0.1N HCI at 100 rpm.

A method of treating acne, rosacea, or 4 combination thereof coruprising administering to
a patient in need there of a controlled release pharmaceutical dosage form comprising a
controlied release doxycycline layer, a swellable and/or floating layer, an cxpandable

porous coating, optionally a seal coating, and an immediate release doxycycline overcoat.

The method of claim 17, wherein the controlied release doxycychine layer can include a
first amount of doxycycline and the immediate release doxyceycline layer can inclade a

second amount of doxycycline.

The method of claim 18, wherein the first amount of doxyeyceline is from about 5 to about
3 ~ o~

15 weight % doxycycline based on the total weight of the dosage form.

The method of clairn 19, whercin the second amount of doxyeychne is from about 0.5 to

about 3.2 weight % doxyeycline based on the total weight of the dosage form.

A method of treating acnge, rosacea, or a combination thereot comprising admunistering to
a paticot n veed there of a controlled release pharmaceutical dosage form comprising a
sweilable controlied release drug core, a permeable/expandable porous coating, and an

fomediate release doxyeychine overcoat,

The method of claim 21, wherein the swellable controlled release drug core comprises
from about 5 to about 15 weight % doxycycline based oun the total weight of the dosage

form.
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The method of claim 22, wherein the immediate release doxycycline overcoat comprises
from about 0.5 to about 3.2 weight % doxyeycline based on the total weight of the dosage

form.

A method of treating acne, rosaces, or a combination thereof coraprising administering to
a patient in need there of a controlled release pharmacentical dosage form comprising a
controlied release layer, an et swellable/bioadhestve layer, and an frormaediate release

doxycycline overcoat.

The method of claim 24, wherein the controlled release layer coruprises from about 5 to

about 15 weight %% doxveveline based on the total weight of the dosage form.
= PV = =

The method of claim 25, wherein the immediate release doxycycline overcoat comprises
frorn about 0.5 to about 3.2 weight % doxycycline based on the total weight of the dosage

form.

A wocthod of treating acne, rosacea, or a combination thereof comprising administering to
a patient in need thereof, a controlled release pharmaceutical dosage form comprising
doxycycline and having a mean Chp 10 the range of about 400 to about 1400 ng/mi

measured after oral administration to a patient in a fed state.

A method of treating acne, rosaces, or 4 combination thereof coraprising administering to
a patient in need thereof, a controlled release pharmaceutical dosage form comprising
doxyeycline and having an arca under the plasma concentration versus time curve
selected from the group cousisting of from about 13,000 to about 21,000 ng/mi/h (0-48
hours), from about 15,000 to about 19,000 ng/mi/h {0-48 hours), about 23,000 to about
37,000 ng/rol/h (8-96 hours), and about 26,000 to about 33,000 ng/ml/h (0-96 hours),
cach as measured after oral administration of a single dose of the dosage form to a patient

1n a fed state.
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A controlled release pharmaceutical dosage form comprising a controlled release
doxycycline layer, a swellable and/or floating layer, an expandable porous coating,

optionally a seal coating, and an immediate release doxycycline overcoat.

The composition of claimn 29, wherem the controlied release doxycycline layer can
include a first amount of doxyeycline and the immediate release doxyceycline layer can

nclude a second amount of doxyceyeline.

The composition of claim 30, wherein the first amount of doxycycline is from about § to

about 15 weight % doxyeycline based on the total weight of the dosage form.
& } y & g

The coraposition of claim 30, wherein the second amount of doxycycline is from about

0.5 to about 3.2 weight % doxyecycline based on the total weight of the dosage form.

A controlied release pharmaceutical dosage form comprising a swellable controlled
release drug core, a permeable/cxpandable porous coating, an optional scal coating, and
an irnmediate release doxyeychine overcoat,

The composition of claim 33, wherein the swellable controlled release drug core
comprises from about 5 to about 15 weight % doxycycline based on the total weight of

the dosage form.

The composition of claim 34, wherein the imamediate release doxyeycline overcoat
comprises from about 0.5 to about 3.2 weight % doxycycline based on the total weight of

the dosage form.

A controlled release pharmaceutical dosage form comprising a coutrolled release layer, an

inert swellable/bioadhesive layer, and an immediate release doxycycline overcoat.

The coraposition of ¢laim 34, wherein the controlied release laver comprises from about 3
s i

to about 15 weight % doxycycline based on the total weight of the dosage form.
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38. The composition of claim 35, wherein the immediate release doxyceycline overcoat
coraprises from about 0.5 to about 3.2 weight % doxycycline based on the total weight of

the dosage form.

39. A controlled release pharmaceutical dosage form comprising doxycycline baving a mean
Cax In the range of about 400 to about 1400 ng/m! measured after oral administration to

a patient in a fed state.

44 A controlled release pharmaceutical dosage form comprising doxycyeline having an area
under the plasma concentration versus time curve selected from the group consisting of
fromn about 13,000 to about 21,000 ng/mb/h (0-48 bours), frora about 15,000 to about
19,000 ng/mb/h (0-48 hours), about 23,000 to about 37,000 ng/mi/h (0-96 hours), and
about 26,000 to about 33,000 ng/mb/h (0-96 hours), ecach as measured after oral

administration of a single dose of the dosage form to a patient in a fed state.
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