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grupo que consiste de goma karaya, goma ghatti y la combinacion de
cualquiera de las anteriores.

5.- La composiciéon de conformidad con la reivindicacién 2,
caracterizada ademas porque la goma de semilla es seleccionada del grupo
que consiste de goma guar, goma de algarrobo, goma de semilla psyllium y
cualquier combinacién de algunas de las anteriores.

6.- La composicion de conformidad con la reivindicacién 2,
caracterizada ademas porque el polimero hidrosoluble es seleccionado del
grupo que consiste de poliuretanos, gelatinas, hidroxipropilmetilcelulosa,
carboximetilcelulosa de sodio, metilceulosa, hidroxietilcelulosa,
hidroxipropilcelulosa, hidroxietilmetilceulosa, hidroxietiletilcelulosa,
hidroxipropiletilcelulosa, carbopol, alcohol polivinilico, dextrano, quitosana,
almidones, poliacrilamidas, poliacrilatos, agar, colageno, fibronectina, acido
alginico, pectina, acido hialurénico, y cualquier combinacién de los anteriores.

7.- La composicion de conformidad con la reivindicacion 1,
caracterizada ademas porque la capa de liberacion sostenida ademas
comprende (iii) un acido graso.

8.- La composicion de conformidad con la reivindicacién 1,
caracterizada ademas porque el acido graso es un aceite vegetal
hidrogenado.

9.- La composicién de conformidad con la reivindicacion 1,
caracterizada ademas porque el primer aceite farmacéuticamente activo es

seleccionado del grupo que consiste de un agente antifingico, un agente
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antibacteriano, un nutriente, una vitamina, un mineral, un agente de
diagnéstico, un fertilizante, un insecticida o cualquier combinacion de algunos
de los anteriores.

10.- La composicién de conformidad con la reivindicacién 1,
caracterizada ademas porque el primer agente farmacéuticamente activo es
seleccionado del grupo que consiste de metronidazol, nitrato de miconazol,
terconazol, maleato de clorfenilamina, pseudoefredrina, dextrometorfano,
diclorhidrato de meclizina, haloperidol, sulfato de albuterol, dimenhidrinato,
benzodiazepinas y cualquier combinacion de algunos de los anteriores.

11.- La composicién de conformidad con la reivindicacion 10,
caracterizada ademas porque la benzodiazepina es diazepam, lorazepam o
un congénero de los mismos.

12.- La composicion de conformidad con la reivindicacion 10,
caracterizada ademas porque el primer agente farmacéuticamente activo es
metronidazol.

13.- La composicion de conformidad con la reivindicacion 1,
caracterizada ademas porque la capa de liberacién sostenida comprende de
alrededor de 5 a aproximadamente 70% en peso de polimero hidrosoluble,
con base en el 100% del peso total de la capa de liberacién sostenida.

14.- La composicion de conformidad con la reivindicacion 13,
caracterizada ademas porque la capa de liberacion sostenida comprende de
alrededor de 10 a aproximadamente 50% en peso de polimero hidrosoluble,

en base al 100% del peso total de la capa de liberacién sostenida.
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15.- La composicién de conformidad con la reivindicacion 14,
caracterizada ademas porque la capa de liberacion sostenida comprende de
alrededor de 10 a aproximadamente 30% en peso de polimero hidrosoluble,
con base en el 100% del peso total de la capa de liberacién sostenida.

16.- La composicion de conformidad con la reivindicacion 7,
caracterizada ademas porque la capa de liberacién sostenida comprende
hasta aproximadamente 15% en peso acido graso, con base en el 100% del
peso total de la capa de liberacién sostenida.

17.- La composicion de conformidad con la reivindicacién 16,
caracterizada ademas porque la capa de liberacion sostenida comprende de
alrededor de 5 a aproximadamente 10% en peso de acido graso, con base en
el 100% del peso total de la capa de liberacion sostenida.

18.- La composicion de conformidad con la reivindicacion 7,
caracterizada ademas porque la relacién en peso de acido graso al polimero
hidrosoluble es de aproximadamente 2:5.

19.- La composiciéon de conformidad con la reivindicacion 1,
caracterizada ademas porque la capa de liberacién sostenida comprende una
cantidad terapéuticamente efectiva de un primer agente farmacéuticamente
activo, con base en el 100% del peso total de la capa de liberacion sostenida.

20.- La composicion de conformidad con la reivindicacion 1,

caracterizada ademas porque la capa de liberacion sostenida comprende de

alrededor de 15 a aproximadamente 95% en peso de un primer agente
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farmacéuticamente activo, con base en el 100% del peso total de la capa de
liberacion sostenida.

21.- La composicion de conformidad con la reivindicacion 20,
caracterizada ademas porque la capa de liberacién sostenida comprende de
alrededor de 50 a aproximadamente 85% en peso de un primer agente
farmacéuticamente activo, con base en el 100% del peso total de la capa de
liberacion sostenida.

22.- La composicion de conformidad con la reivindicacion 1,
caracterizada ademas porque la capa de liberacién sostenida ademas
comprende (iv) un conservador; (v) un saborizante; (vi) un antioxidante; (vii)
un agente tensioactivo; (viii) un edulcorante; (ix) un incrementador de
viscosidad; (x) un colorante; (xi) una fragancia; (xii) un plastificante; (xiii) un
lubricante; (xiv) un rellenador; (xv) un aglutinante; (xvi) un agente humectante;
(xvii) un agente de penetracion; (xviii) un ajustador de pH; (xix) un
desintegrante; (xx) y excipiente, o (xxi) cualquier combinacién de cualquiera
de los anteriores.

23.- La composicion de conformidad con la reivindicaciéon 1,
caracterizada ademas porque la capa de liberacion sostenida tiene una
gravedad especifica que varia de alrededor de 1.0 a aproximadamente 1.2
g/mL.

24.- La composiciéon de conformidad con la reivindicaciéon 1,
caracterizada ademas porque la capa de liberacion sostenida provee una

liberacion sostenida del primer agente farmacéuticamente activo.
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25.- La composicion de conformidad con la reivindicaciéon 1,
caracterizada ademas porque la capa de liberacion sostenida provee una
liberacion sostenida del primer agente farmacéuticamente activo por lo menos
durante 6 horas.

26.- La composicion de conformidad con la reivindicacién 25,
caracterizada ademas porque la capa de liberacidn sostenida provee una
liberacién sostenida del primer agente farmacéuticamente activo por lo menos
durante 3 dias.

27.- La composicion de conformidad con la reivindicacion 1,
caracterizada ademas porque el agente formador de matriz es seleccionado
del grupo que consiste de derivados de proteina animal y vegetal, gomas,
polisacéridos; alginatos, carboximetilcelulosas, carragenanos, dextranos,
pectinas, polivinilpirrolidona, acido poliacrilico, complejos de
polipéptidos/proteinas, complejos de polipéptidos/polisacaridos, azucares,
sales inorganicas, aminoacidos con 2 a aproximadamente 12 atomos de
carbono, y cualquier combinacién de algunos de los anteriores.

28.- La composicion de conformidad con la reivindicacion 27,
caracterizada ademas porque el derivado de proteina animal o vegetal es
seleccionado del grupo que consiste de gelatinas, dextrinas, soya, trigo
proteina de semilla psyllium, y cualquier combinacion de algunos de los
anteriores.

29.- La composicion de conformidad con la reivindicacion 27,

caracterizada ademas porque la goma es seleccionada del grupo que consiste



del grupo que consiste de gelatina, pectina, proteina de fibra de soya y
cualquier combinacion de algunas de las anteriores.

36.- La composicion de conformidad con la reivindicacion 35,
caracterizada ademas porque el agente formador de matriz es seleccionado
del grupo que consiste de gelatina, pectina y cualquier combinacién de
algunas de las anteriores.

37.- La composicion de conformidad con la reivindicacion 1,
caracterizada ademas porque el segundo agente farmacéuticamente activo es
seleccionado del grupo que consiste de un agente antifingico, un agente
antibacteriano, un nutriente, una vitamina, un mineral, un agente de
diagnostico, un fertilizador, un insecticida o cualquier combinacion de algunos
de los anteriores.

38.- La composicion de conformidad con la reivindicacion 1,
caracterizada ademas porque el segundo agente farmacéuticamente activo
seleccionado del grupo que consiste de metronidazol, terconazol, nitrato de
miconazol, maleato de clorfenilamina, pseudoefredrina, dextrometorfano,
diclorhidrato de meclizina, haloperidol, sulfato de albuterol, dimenhidrinato,
benzodiazepinas y cualquier combinacion de algunos de los anteriores.

39.- La composicidn de conformidad con la reivindicacién 38,
caracterizada ademas porque la benzodiazepina es diazepam, lorazepam, o

un congénero de los mismos.



40.- La composicion de conformidad con la reivindicacion 38,
caracterizada ademas porque el agente farmacéuticamente activo es
metronidazol.

41.- La composicion de conformidad con la reivindicacion 1,
caracterizada ademas porque la capa de liberacién rapida comprende de
alrededor de 0.5 a aproximadamente 15% en peso de un agente formador de
matriz, con base en el 100% del peso total de la capa de liberacion rapida.

42.- La composicion de conformidad con la reivindicacion 41,
caracterizada ademas porque la capa de liberacién rapida comprende de
alrededor de 0.5 a aproximadamente 10% en peso de un agente formador de
matriz, con base en el 100% del peso total de la capa de liberacion rapida.

43.- La composicion de conformidad con la reivindicacion 42,
caracterizada ademas porque la capa de liberacién rapida comprende de
alrededor de 4 a aproximadamente 10% en peso de un agente formador de
matriz, con base en el 100% del peso total de la capa de liberacion rapida.

44.- La composicion de conformidad con la reivindicacion 1,
caracterizada ademas porque la capa de liberacion rapida comprende (A) de
alrededor de 4 a aproximadamente 8% en peso de un agente formador de
matriz y (B) de alrededor de 1 a aproximadamente 20% en peso de un
aminoacido con 2 a aproximadamente 12 atomos de carbono, con base en el
100% del peso total de la capa de liberacion rapida.

45.- La composicion de conformidad con la reivindicacion 1,

caracterizada ademas porque la capa de liberacién rapida comprende una



cantidad terapéuticamente efectiva del segundo agente farmacéuticamente
activo.

46.- La composicion de conformidad con la reivindicacién 1,
caracterizada ademas porque comprende de alrededor de 15 a
aproximadamente 95% en peso de un segundo agente farmacéuticamente
activo con base en el 100% del peso total de la capa de liberacion rapida.

47.- La composicion de conformidad con la reivindicacién 46,
caracterizada ademas porque comprende de alrededor de 60 a
aproximadamente 90% en peso de un segundo agente farmacéuticamente
activo con base en el 100% del peso total de la capa de liberacion rapida.

48.- La composiciéon de conformidad con la reivindicacion 1,
caracterizada ademas porque comprende de alrededor de 4 a
aproximadamente 8% en peso de un agente formador de matriz, de alrededor
de 3 a aproximadamente 5% de peso de por lo menos un aminoacido, y de 2
a aproximadamente 5% en peso de manitol, con base en el 100% del peso
total de la capa de liberacién rapida.

49.- La composicion de conformidad con la reivindicacion 1,
caracterizada ademas porque la capa de liberacidn sostenida ademas
comprende (iii) un conservador; (iv) un saborizante; (v) un antioxidante; (vi) un
agente tensioactivo; (vii) un edulcorante; (viii) un incrementador de viscosidad;
(ix) un colorante; (x) una fragancia; (xi) un plastificante; (xii) un lubricante; (xiii)

un rellenador; (xiv) un aglutinante; (xv) un agente humectante; (xvi) un agente
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de penetracion; (xvii) un ajustador de pH; (xvii) un desintegrante; (xix) y
excipiente, o (xx) cualquier combinacion de cualquiera de los anteriores.

50.- La composicion de conformidad con la reivindicacién 1,
caracterizada ademas porque la capa de liberacién rapida provee una
liberacién rapida del agente farmacéuticamente activo.

51.- La composicion de conformidad con la reivindicacién 1,
caracterizada ademas porque la densidad de la composicion varia de
alrededor de 1.0 a aproximadamente 1.5 g/cc.

52.- La composicion de conformidad con la reivindicacion 1,
caracterizada ademas porque la velocidad de disoluciéon de la composicién
varia de alrededor de 1 a aproximadamente 30 por ciento en peso por hora,
con base en el 100% del peso total de la composicién.

53.- Una forma unitaria de dosificacion que comprende una
composicion conforme se definié en la reivindicacion 1.

54.- Un método para preparar una composicién que comprende
(a) preparar una primera solucion acuosa que contiene (i) un polimero
hidrosoluble y (ii) un primer agente farmacéuticamente activo; (b) preparar una
segunda solucién acuosa que contiene (i) un agente formador de matriz y (ii)
un segundo agente farmacéuticamente activo; (c) vertir la primer y segunda
soluciones acuosas dentro de un recipiente; (d) secar por congelamiento la
solucion en el recipiente para producir la composicion.

55.- La composicion preparada por un método como se define en

la reivindicacién 54.
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in multi-layered dosage forms. To avoid both cracking and meltback during freeze-drying,
small amounts of material of limited thickness are typically dried at one time or, altcmatively,
at very low temperatures. Sublimation at very low temperatures, however, usually requires a
relatively long period of time.

Freeze-drying methods generally yield products which disintegrate easily and
are often sticky and crumbly when handled. Various freeze-drying and packaging methods
have been employed in attempts to circumvent this problem. However, tablcts produced by
such methods usually are still susceptible to sticking and crumbling if transfcrred to other
packaging. .

Conventional freeze-drying methods also do not produce products which have
uniform porosity. Uniform porosity in a freeze-dried product is important for controlling the
release of active agents from the freeze-dried dosage form. .

In the area of pharmaceuticals, dosage forms which can providc a fast and
sustained treatment are often of critical importance for patient’s compliance, especially for
patients using over-the-counter medicines. A dosage form with a fast release layer requires
less time to reach the effective drug concentration in the target area than a conventional
sustained release dosage form. A dosage form with a sustained release layer is designed to
maintain a therapeutic drug concentration in the target area for relatively long periods of time.
Presently, patients often have to be treated with two or more different dosage forms in order to
obtain a fast and sustained therapeutic effect. Therefore, a single dosage form which provides
a fast and sustained therapeutic cffect would significantly improve patients’ compliance.

Vaginal dosage forms such as creams, gels, suppositories, and ovules are well
known in the art. These dosage forms, however, tend to spread out readily and often
inadvertently discharge from the cavity, making such products inconvenient and messy to use.
Thus, there is a need for a dosage form which provides both a fast and sustained therapeutic
effect in target areas, more particularly, in areas such as vaginal cavity, where multi-dosing is

inconvenient and messy.
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ARY HE INVENTION

The present invention provides a composition comprising a sustained release
layer and a fast release layer. The sustained release layer comprises a water-soluble polymer
and a first pharmaceutically active agent. The fast release layer comprises a matrix forming
agent and a second pharmaceutically active agent. Generally, the composition provides fast
and sustained (or controlled) release of a pharmaceutically active agent for at least 6 hours and
preferably for at least 1 to 3 days. The composition may be incorporated into a dosage unit
form, such as a vaginal insert.

Another embodiment of the present invention is a method of preparing the
aforementioned composition.~The method comprises (a) preparing a first aqueous solution
containing a water-soluble polymer-and a first pharmaceutically active agent; (b) preparing a
second aqueous solution containing a matrix forming agent and a second pharmaceutically
active agent; (c) pouring the first and second aqueous solutions into a container; and (d)

freeze-drying the solution in the container to produce the composition.

DETAILED DESCRIPTION OF THE INVENTION

The composition of the present invention comprises a sustained release layer
and a fast relcasc layer. Generally, the composition provides fast and sustained (or controlied)
release of a pharmaceutically active agent for at least 6 hours and preferably for at least 1 to 3
days. Thc composition is particularly useful as a vaginal insert for treatment of vaginal
diseases without multi-dosing.

The sustained release layer comprises a water-soluble polymer and a first
pharmaceutically active agent. Suitable water soluble polymers include, but are not limited
to, celluloses, cellulose ethers, or derivatives thereof, such as those disclosed in U.S. Patent
No. 4,615,697 and polycarbophils; polycarboxylated vinyl polymers, such as polyacrylic acid
polymers optionally crosslinked with polyalkenyl polyethers, such as, for example, Carbopol
434, Carbopol 934P, Carbopol 940, and Carbopol 941, all of which are available from B. F.
Goodrich of Cincinnati, OH; polyurethanes; gelatins; polysaccharide gums, such as natural
plant exudates, including, but not limited to, karaya gum and ghatti gum; seed gum, such as

guar gum, locust bean gum, and psyllium seed gum; crosslinked alginate gum gel, such as
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those disclosed in U.S. Patent No. 3,640,741; and any combination of any of thc forcgoing.
Preferred water-soluble polymers include, but are not limited to, polyurcthancs, gelatins,
hydroxypropylmethylcellulose, sodium carboxymethylcellulose, methylcellulose,
hydroxyethylcellulose, hydroxypropylcellulose, hydroxyethylmethylcellulose,
hydroxyethylethylcellulose, hydroxypropylethylcellulose, carbopol, polyvinyl alcohol and
derivatives thereof, dextran, chitosan and derivatives thereof, starches and derivatives thereof,
polyacrylamides, polyacrylates, agar, collagen, fibronectin, alginic acid, pectin, hyaluronic
acid, and any combination of any of the foregoing. The matrix forming agent forms a matrix
and aids in dispersing the pharmaceutically active agent in the layer. |

The sustained release layer preferablyincludes a fatty acid or a mixture of fatty
acids, such as a hydrogenated vegetable oil. The fatty acidagcelerates disintegration of the
layer and release of the pharmaceutically active agent. Preferred fatty acids melt at about
body temperature. Two preferred hydrogenated vegetable oils arc Wecobee FS™ and
Wecobee M™ available from Stepan Company of Northfield, IL.

Suitable pharmaceutically active agents include, but are not limited to, anti-
fungal agents, anti-bacterial agents, nutrients, vitamins, minerals, diagnostics, fertilizers,
insecticides, and any combination of any of the foregoing. Other suitable pharmaceutically
active agents include, but are not limited to, those which have a prophylactic purpose, such as
prevention of pregnancy and sexually transmitted diseases. Preferred pharmaceutically active
agents include, but are not limiled to, metronidazole; terconazole; miconazole nitrate;
chlorpheniramine maleate; pseudophedrine; detromethorphan; meclizine dihydrochloride;
haloperidol; albuterol sulfate; dimenhydrinate; benzodiazepines, such as diazepam,
lorazepam, and congeners thereof;, and any combination of any of the foregoing. A more
preferred pharmaceutically active agent is metronidazole. The pharmaceutically active agent
may be coated with any coating agent known in the art. Preferably the pharmaceutically
active agent is coated with a coating agent which protects it from solvents and other chemicals
and environmental conditions which could dissolve or deteriorate the pharmaceutically active
agent before reaching its intended target. The coating agent may also mask the flavor and/or

odor of the pharmaceutically active agent. Suitable coating agents include, but are not limited

(,é'O"
6



Colt N T 12 M VY 14 4

10

15

20

25

30

-5-
to, fatty acids; glycerides, including, but not limited to, triglycerides; and any combination of
any of the foregoing.

The sustained release layer generally comprises from about 5 to about 70% by
weight, preferably from about 10 to about 50% by weight, and more preferably from about 10
to about 30% by weight of water-soluble polymer, based upon 100% total weight of sustained
release layer.

The sustained release layer preferably comprises up to about 15% by weight
and more preferably from about 5 to about 10% by weight of fatty acid, based upon 100%
total weight of sustained release layer. |

The weight ratio of fatty acid to water-soluble polymer preferably ranges from
about 1:10 to about 3:5 and is more preferably about 2:5.

The sustained release layer generally comprises a therapeutic effective amount
of pharmaceutically active agent. The sustained release layer preferably contains from about
15 to about 95% by weight and more preferably from about 50 to about 85% by weight of
pharmaceutically active agent, based upon 100% total weight of sustained relcase layer.

The sustained release layer may include other adjuvants, such as preservatives,
flavorants, antioxidants, surfactants, sweeteners, viscosity enhancers, colorants, fragrances,
plasticizers, lubricants, fillers, binders, wetting agents, penetration agents, pH adjusters,
disintegrants, excipients, or any combination of any of the foregoing. Since the water uptake
of the sustained release layer is typically not significant, preservatives arc generally not
required to enhance the stability of the composition.

The sustained release layer is typically flexible and muco-adherent.

Generally, the sustaincd release layer provides a sustained release of a
therapeutically effective amount of the first pharmaceutically active agent. Preferably, the
sustained release layer provides a sustained release of the first pharmaceutically active agent
for at least 6 hours and more preferably for at least about 1 to 3 days.

The fast release layer comprises a matrix forming agent and a second
pharmaceutically active agent. Suitable matrix forming agents include, but are not limited to,
animal and vegetable protein derivatives, such as gelatins, dextrins, soy, and wheat end

psyllium seed proteins; gums, such as acacia, guar, agar, and xantham; polysaccharides;
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alginates; carboxymethylcelluloses; carrageenans; dextrans; pectins; polyvinylpyrrolidoncs;
polyacrylic acids; polypeptide/protein complexes, such as gelatin-acacia complexes;
polypeptide/polysaccharide complexes; sugars, such as mannitol, dextrose, lactose, galactose,
and cyclodextrin; inorganic salts, such as sodium phosphate, sodium chloride, and aluminum
silicates; and amino acids having from about 2 to about 12 carbon atoms, such as glycine, L-
alanine, L-aspartic acid, L-glutamic acid, L-hydroxyproline, L-isoleucine, and L-leucine, L-
phenylalanine; and any combination of any of the foregoing. A preferred amino acid is
glycine.

Preferably, the fast release layer comprises a gelatin, pectin, soy fiber pfotcin,
or a mixture thereof and an amino acid having from about 2 to about 12 carbon atoms. More
preferably, the fast release layer comprises a gelatin, pectin, or a mixture thereof and an amino
acid having from about 2 to about 12 carbon atoms. .

The pharmaceutically active agent may be any of the aforementioned
phammaceutically active agents. The pharmaceutically active agent in the fast release layer
may be the same or different than the pharmaceutically active agent in the sustained release
layer.

The fast release layer generally compriscs from about 0.5 to about 15% by
weight, preferably from about 0.5 to about 10% by weight, and more preferably from about 4
to about 10% by weight of matrix forming agents, based upon 100% total weight of fast
release layer. According to one preferred embodiment, the fast release layer comprises (A)
from about 4 to about 8% by weight of a matrix forming agent and (B) from about | to about
20% by weight of an amino acid having from about 2 to about 12 carbon atoms, based upon
100% total weight of fast rclease layer.

The fast release layer generally comprises a therapeutic effective amount of
pharmaceutically active agent. The fast release layer preferably contains from about 15 to
about 95% by weight and more preferably from about 60 to about 90% by weight of
pharmaceutically active agent, based upon 100% total weight of fast release layer.

According to a preferred embodiment, the fast release layer contains from

about 4 to about 8% by weight of a matrix forming agent, from about 3 to about 5% by weight

¢
L5

o



GEESAT " SE0T 2 G0

10

15

20

25

63

of at least one amino acid, and from about 2 to about 5% by weight of mannitol, based upon
100% total weight of fast release layer.

The fast release layer may include any of the aforementioned adjuvants.

Generally, the fast release layer provides fast release of the second
pharmaceutically active agent. Preferably, the fast release layer releases a therapeutically
effective amount of the second pharmaceutically active agent within about 4 minutes and
more preferably within about 2 minutes.

The fast release layer may surround the sustained release layer. Also, both the
fast release layer and the sustained release layer may be on the surface of the composifion.

The density of the composition typically ranges from about 0.1 to about 0.5
g/cc. The dissolution rate of the composition generally ranges from about 1 to about 30
weight percent per hour, based upon 100% weight of composition . .

Generally, the amount of pharmaceutically active agent in the composition is
an amount effective to accomplish the purpose for which it is being used. The amount of
pharmaceutically active agent is typically a pharmacologically or biologically effcctive
amount. However, the amount can be less than a pharmaceutically or biologically effective
amount when the composition is used in a dosage unit form because the dosage unit form may
contain a multiplicity of compositions of the present invention or may contain a divided
pharmacologically or biologically effective amount. The total effective amount can then be
determined in cumulative units containing, in total, a pharmacologically or biologically
effective amount of the pharmaceutically active agent. The total amount of pharmaceutically
active agent can be determined by those skilled in the art.

The composition may be incorporated into a dosage unit form, such as a
vaginal insert. The vaginal insert may be administered digitally or with an applicator inside
the vagina, preferably proximate to the cervix. The vaginal insert is typically completely and
naturally soluble in the vagina. Since the vaginal insert is typically flexible and muco-
adherent, the insert is comfortable to wear and generally does not prematurely discharge from
the vagina. Furthermore, the muco-adherent properties of the composition enhance the drug-

vaginal contact area and intravaginal retention. This results in increased delivery of the
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pharmaceutically active agent. The dosage unit form may be a non-aqueous cream, non-
aqueous gel, suppository, or ovule.

The composition of the present invention may be prepared as follows. A
water-soluble polymer and a first pharmaceutically active agent are added to water and mixed
to form a first aqueous solution. The solution may also contain other water-miscible solvents.
The solution generally contains from about 1 to about 20% by weight, preferably from about 2
to about 16% by weight, and more preferably from about 2 to about 7% by weight of a water-
soluble polymer, based upon 100% weight of total solution. The solution also generally
contains from about 1 to about 35% by weight and preferably from about 5 to about 25% by
weight of a pharmaceutically active agent, based upon 100% weight of total solution. At
<gncentrations below about 1% by weight of water-soluble polymer, the viscosity of the
solution is typically very low, resulting in poor muco-adherent properties and uncontrolled
release of the pharmaceutically active agent. A fatty acid and other adjuvants as described
above may be added to the first aqueous solution. The solution preferably contains up to
about 5% by weight and more preferably from about 1 to about 3% by weight of fatty acid,
based upon 100% weight of total solution. Preferably, the solution is mixed to form a
homogeneous mixture. The pH of the mixture may be adjusted with a pH adjuster to optimize
solubility and stability of the final composition. The solution prefcrably has a specific gravity
rangtng from about 1.0 to about 1.2 g/mL.

In a separate container, a matrix forming agent and a second pharmaceutically
active agent are added to water and mixed to form a second aqueous solution. The solution
may also contain other water-miscible solvents. The matrix forming agent typically aids in
dispersing the pharmaceutically active agent, especially when the pharmaceutically active
agent is not water soluble. The second solution generally contains from about 0.1 to about 5%
by weight, preferably from about 0.1 to about 3% by weight, and more preferably from about
1.5 to about 3% by weight of a matrix forming agent, based upon 100% weight of total
solution. The second solution preferably contains from about 1 to about 35% by weight and
more preferably from about 5 to about 25% by weight of a pharmaccutically active agent,
based upon 100% weight of total solution.
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According to one preferred embodiment, the second solution contains at least
about 0.1% by weight of matrix forming agent, and an amino acid having from about 2 to
about 12 carbon atoms, based upon 100% weight of total second solution. Preferably, the
matrix forming agent is gelatin, pectin, soy fiber protein, or 2 mixture thereof. The amino
acid is preferably glycine.

According to another preferred embodiment, the second solution contains from
about 1.5 to about 2.5% by weight of a matrix forming agent and from about 0.5 to about 10%
by weight of an amino acid having from about 2 to about 12 carbon atoms, based upon 100%
weight of total second solution. -

According to yet another preferred embodiment, the second solution contains
from about 0.1 to about 3% by weight of matrix forming agent, from ;bout 0.5t about 10%
by weight of one or more amino acids, and from about 0.5 to about 10% by weight of
mannitol, based upon 100% weight of total second solution. More preferably, the second
solution contains from about 1.5 to about 2.5% by weight of matrix forming agent, from about
1.4 to about 1.7% by weight of one or more amino acids, and from about 1.0 to about 1.5% by
weight of mannitol, based upon 100% weight of total second solution.

The first and second aqueous solutions are poured into a container, such as a
pre-shaped plastic cavity. According to one preferred embodiment, the first aqueous solution
is poured into the container before the second aqueous solution is pourcd. According to
another preferred embodiment, the weight ratio of the first solution to the second solution is
about 1:1.

The solution in the container is then freeze-dried to form the composition. The
solution may be freeze-dried by any method of freeze-drying known in the art. A preferred
method of freeze-drying the solution comprises freezing the solution and lyophilizing the
frozen solution. Freezing is preferably performed rapidly, such as with a cold gas freezing

tunnel. The water in the frozen solution is then removed by Iyophilization.

The following examples are intended to describe the present invention without

limitation.
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stiming. In some cases, the pH of solution was adjusted with lactic acid. The resulting

solution was cooled to room temperature and carefully transferred into molds of various sizes.

The pH, viscosity, and specific gravity (at room temperature) of the solution was determined

and are shown in Tables 2 and 3. The solutions in the molds were frozen rapidly in a cold gas

freezing tunnel. The water in the ice state was removed by lyophilization.

Table 2
Example
(weight in grams)
Component 4 5 6 7 8’
Hydroxypropylmethyl cellulose? 5 5 5 s 7
Metronidazole 12.5 12,5 12.5 12.5 12.5
Lactic Acid (pH adjuster) - 0.1 - 0.1 -
Wecobee FS™ 3 - - 1.4 1.4 -
Wecobee M™ * - - 0.6 0.6 -
Water 82.5 824 80.5 824 80.5
Viscosity (cPs) 2000 2800 2500 2600 11000
Specific Gravity (g/mL) 1.07 1.04 1.04 1.04 1.07
pH - 3.72 - 3.74 -
Percentage of Metronidazole in 1% 1% 64% 64% 64%
Sustained Release Layer

? . The hydroxypropylmethyl cellulosc was HPMC ESOLV™ available from Dow Chemical

Co. of Midland, MI.

3 . Wecobee FS™ is available from Stepan Company of Northfield, TL.
* - Wecobee M™ is available from Stepan Company of Northfield, IL.

3 - The solution in Example 8 was not lyophilized since its viscosity was so high.
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Table3
Example
(weight in grams)
Component 9 10 11 12
Hydroxypropylmethyl cellulose® 5 5 S 5
Metronidazole 25.0 25.0 25.0 25.0
Lactic Acid (pH adjuster) - 0.1 - 01
Wecobee FS™ 7 - - 1.4 14
Wecobee M™ 3 - - 0.6 0.6
Water 70.0 69.9 68.0 -167.9
Viscosity (cPs) 8300 6500 7400 8400
Specific Gravity (g/mL) 1.10 1.09 1.08 1.08
pH - 3.73 - 3.70
Percentage of Metronidazole in 83% 83% 78% 78%
Sustained Release Layer

¢ . The hydroxypropylmethyl cellulose was HPMC ESOLV™ available from Dow Chemical
Co. of Midland, MI.

7 - Wecobee FS™ is available from Stepan Company of Northfield, IL.

¥ . Wecobee M™ is available from Stepan Company of Northfield, IL.

Example 13
A multi-layer composition was prepared as follows. The solution of Example

9 (before freeze-drying) was dispensed, cooled to room temperature, and carefully transferred
into a 1.0 mL mold. The solution of Example 1 (before freeze-drying) was then dispensed,

cooled to room temperature, and carefully transferred into the mold. The weight ratio of the

solution of Example 9 to the solution of Example 1 was about 1:1. The mold and its contents
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were frozen rapidly in a cold gas freezing tunnel. The water in the ice state was removed by

lyophilization to produce the multi-layer composition.

Example 14
A multi-layer composition was prepared as described in Example 13, except

the solution of Example 2 was substituted for the solution of Example 1.

Example
A.multi-layer composition was prepared as described in Example 13, except

the solution of Example 3 was substituted for the solution of Example 1.
~

Example 16
The fast release layers, sustained relcase layers, and the multi-layer

compositions prepared in Examples 1-7 and 9-15 were tested as follows.

The dissolution rate was detcrmined for each release layer and composition by
a modified USP type I dissolution method (United States Phamacopeia <711>). A dialysis
membrane with known molecular weight cut-off and diameter was used instead of a mesh
basket for holding the test samples. The membrane limited the amount of dissolution medium
which contacted the release layer or composition. This modified dissolution procedure was
designed to mimic a vaginal environment where only limited amounts of 2 medium are
typically in contact with the composition. Each release layer and composition was tested in
an aqueous medium and in a buffered aqueous medium, which was maintained at a pH of
about 4. The normal vaginal pH range is from about 3 to about 5. Metrogel™ available from
3M Pharmaceuticals of Northridge, CA, was also tested as described above. The results are
shown in Table 4 below.

The moisture absorption of each release layer and composition was determined
by measuring the percentage weight gain after storing the rclease layer or composition for one
month at 25° C and a relative humidity of 60% and at 40° C and a relative humidity of 75%.

The results are shown in Table 5 below.

'

|
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1° _ The hydroxypropylmethyl cellulose was HPMC ESOLV™ available from Dow Chemical
Co. of Midland, MI.

Example 19

A multi-layer composition was prepared as follows. The solution of Example
18 (before freeze-drying) was dispensed, cooled to room temperature, and carefully
transferred into a 1.0 mL mold. The solution of Example 17 (before freeze-drying) was then
dispensed, cooled to room temperature, and carefully transferred into the mold. The weight
ratio of the solution of Example 18 to the solution of Example 17 was about 1:1. The mold
and its contents were frozen rapidly in a cold gas freezing tunnel. The watcr in the ice state
was removed by lyophilization to produce the multi-layer composition. ’

The dissolution rate of the multi-layer composition in a medium having a pH
of about 4 was determined by the membrane dissolution method described in Example 16.

The dissolution rate was determined to be about 50% by weight per 12 hours.

Example 20

A micro-multi-layer composition was prepared as follows. The solutions of
Examples 17 and 18 (before freeze-drying) were slowly mixed at a weight ratio of about 1:1
and at a temperature of 20-45° C. The mixture was carefully transferred into 1.0 mL molds.
The mold and its contents were frozen rapidly in a cold gas freezing tunnel. The water in the
ice state was removed by lyophilization to produce the micro-multi-layer composition.

The dissolution rate of the micro-multi-layer composition in a medium having
a pH of about 4 was determined by the membrane dissolution method described in Example

16. The dissolution rate was determined to be about 50% by weight per 10 hours.

All patents, publications, applications, and test methods mentioned above are
hereby incorporated by reference. Many variations of the present matter will suggest
themselves to those skilled in the art in light of the above detailed description. All such

obvious variations are within the patented scope of the appended claims.

ERd
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6. A composition as defined in claim 2, wherein the water-soluble
polymer is selected from the group consisting of polyurethanes, gelatins,
hydroxypropylmethylcellulose, sodium carboxymethylcellulose, methylcellulose,
hydroxyethylcellulose, hydroxypropylcellulose, hydroxyethylmethylcellulose,
hydroxyethylethylcellulose, hydroxypropylethylcellulose, carbopol, polyvinyl alcohol,
dextran, chitosan, starches, polyacrylamides, polyacrylates, agar, collagen, fibronectin, alginic

acid, pectin, hyaluronic acid, and any combination of any of the foregoing.

7. A composition as.defined in claim 1, wherein the sustained release
layer further comprises (iii) a fatty acid. -
~

8. A composition as defined in claim 1, wherein the fatty acid is a

hydrogenated vegetable oil.

9. A composition as defined in claim 1, wherein the first pharmaceutically
active agent is selected from the group consisting of an anti-fungal agent, an anti-bacterial
agent, a nutrient, a vitamin, a mineral, a diagnostic, a fertilizer, an insecticidc, or any

combination of any of the foregoing.

10. A composition as defined in claim 1, wherein the first pharmaceutically
active agent is selected from the group consisting of metronidazole, miconazole nitrate,
terconazole, chlorpheniramine maleate, pseudophedrine, detromethorphan, meclizine
dihydrochloride, haloperidol, albuterol suli'ate, dimenhydrinate, benzodiazepines, and any

combination of any of the foregoing.

11. A composition as defined in claim 10, wherein the benzodiazepine is

diazepam, lorazepam, or a congener thereof.
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As a below named inventor, I hereby declare that:
My residence, post office address and citizenship are as stated below next to my name,

I believe I am the original, first and sole inventor (if only one name is listed below) or an original,
first and joint inventor (if plural names are listed below) of the subject matter which is claimed

‘and for which a patent is sought on the invention entitted CONTROLLED RELEASE

COMPOSITION, the specification of which

-
~

(check one) _/ is attached hereto.
_ was filed
Application Serial No.
and was amended on (if applicable)

I hereby state that I have reviewed and understand the contents of the above-identified
specification, including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose information which is material to the examination of this
application in accordance with Title 37, Code of Federal Regulations, §1.56(a).

I hereby claim foreign priority benefits under Title 35, United States Code, §119 (a)-(d) or
§365(b) of any foreign application(s) for patent or inventor's certificate, or §365(a) of any PCT
international application which designated at least one country other than the United States of
America, listed below and have also identified below, by checking the box, any foreign
application for patent or inventor's certificate, or of any PCT international application having a
filing date before that of the application on which priority is claimed.
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(#27,464), Beverly B. Goodwin (#28,417), Adda C Gorgoris (#29,714), Martin E. Goldstein
(#20,869), Bert J. Lewen (#19,407), Henry Sternberg (#22,408), Robert A. Green (#28,301),
Peter C., Schechter (#31,662), Robert Schaffer (#31,194), Robert C. Sullivan (#30,499), Ira J.
Levy (#35,587), Joseph R. Robinson (#33,448), Jay P. Lessler (#41,151),

Send Correspondences to Direct Telephone Calls To:
DARBY & DARBY P.C. Joseph R. Robinson
805 Third Avenue (212) 527-7700

New York, NY 10022

I hereby declare that all statements made herein of my own knowledge are true and that all
statements made on information and belief are believed to be true; and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful false statements may jeopardize the validity of the application or any
patent issued thereon.
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Full Name of Sole Shun Y. Lin
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Citizenship: U.S.A.
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