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STABILIZED TOPICAL FORMULATIONS CONTAINING CORE-SHELL

MICROCAPSULES

RELATED APPLICATION INFORMATION

[0001] This application claims the benefit of U.S. Provisional Application Serial

No. 61/502,725, filed June 29, 2011, which is hereby incorporated by reference in its

entirety.

BACKGROUND

Field of the Invention

[0002] The present invention relates to compositions for topical application, and

particularly compositions of stabilized topical formulations containing core-shell

microcapsules.

Description of the Related Art

[0003] Microcapsules having a core surrounded within a metal oxide shell have

been proposed as controlled forms of topically administered compositions. It has been

shown that various active agents, such as anti-acne agents, can be encapsulated within the

metal oxide shell. For example, International Application No. PCT/IL/200 8/000 140

(published as WO 2008/093346) describes methods and compositions comprising benzoyl

peroxide (BPO) and a retinoid, at least one of which and by some embodiments both are

encapsulated by a silica-based shell. International Application No. PCT/IL20 10/001092

(published as WO 2011/080741) describes methods and compositions utilizing

microcapsules having a stabilized core with encapsulated active agents, such as benzoyl

peroxide and/or all-trans retinoic acid (ATRA). Both these International Applications are

hereby incorporated by reference in their entirety.

SUMMARY OF THE INVENTION

[0004] Various methods and compositions utilizing microcapsules having a

stabilized core with encapsulated active agents are known. Although various embodiments

of such compositions containing encapsulated BPO and encapsulated ATRA are useful for

their intended purpose, during additional research and product development involving these



and other microencapsulated BPO/retinoid compositions, it was discovered that some

formulations exhibited certain shelf life problems, e.g., physical stability, retinoid stability

and/or microbial content problems, particularly after long-term storage and/or elevated

storage temperatures. The extent and source of these problems had not been previously

recognized. For example, it was believed that compositions containing BPO would be

unlikely to have microbial content problems because BPO is a strong oxidizing agent and

effective antimicrobial. Initial attempts to address the microbial content problem by

including an antimicrobial were complicated by the discovery that some antimicrobials

resulted in retinoid degradation. Initial attempts to address the physical stability problem by

including a surface active stabilizer in the composition were likewise complicated by the

discovery that some stabilizers also resulted in retinoid degradation.

[0005] The inventors of the present invention have found that it is possible to

provide compositions comprising both benzoyl peroxide and retinoid, each in separated

encapsulated forms, having physical stability, retinoid stability and/or microbial stability.

[0006] In its first aspects the present invention provides a composition for topical

application, comprising: a plurality of first core-shell microcapsules comprising a first core

that comprises benzoyl peroxide and a first shell that comprises a first inorganic polymer;

and a plurality of second core-shell microcapsules comprising a second core that comprises a

retinoid and a second shell that comprises a second inorganic polymer; wherein said

composition is an oil in water emulsion comprising a polyoxylstearate and a glycerylstearate

wherein the ratio of said polyoxylstearate to said glycerylstearate is in the range of 0.1:10 to

10:0.1. In an embodiment, the ratio of said polyoxylstearate to said glycerylstearate is in the

range of 1:10 to 10:1. In another embodiment, the ratio of said polyoxylstearate to said

glycerylstearate is in the range of 1:5 to 5:1. In another embodiment, the ratio of said

polyoxylstearate to said glycerylstearate is in the range of 2:3 to 3:2.

[0007] In a further aspect the invention provides a composition for topical

application, comprising: a plurality of first core-shell microcapsules comprising a first core

that comprises benzoyl peroxide and a first shell that comprises a first inorganic polymer;

and a plurality of second core-shell microcapsules comprising a second core that comprises a

retinoid and a second shell that comprises a second inorganic polymer; wherein said



composition is in a gel form comprising at least one non-ionic polymeric dispersant and at

least one thickening agent.

[0008] In yet a further aspect the invnetion provides a composition for topical

application, comprising: a plurality of first core-shell microcapsules comprising a first core

that comprises benzoyl peroxide and a first shell that comprises a first inorganic polymer; a

plurality of second core-shell microcapsules comprising a second core that comprises a

retinoid and a second shell that comprises a second inorganic polymer; and an amount of a

stabilizing agent that is effective to: (i) maintain the amount of benzoyl peroxide and the

amount of retinoid in the composition at a level that is at least about 90% of the initial

amounts, as measured after storage of the composition at a storage condition of 30°C for

three months; and (ii) maintain the microbial count of the composition at a level that meets

the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET) after

storage of the composition at a storage condition of 40°C for one month.

[0009] In yet a further aspect the invention provides a composition in a gel form

for topical application, comprising: a plurality of first core-shell microcapsules comprising a

first core that comprises benzoyl peroxide and a first shell that comprises a first silica

polymer; a plurality of second core-shell microcapsules comprising a second core that

comprises all-trans retinoic acid (ATRA) and a second shell that comprises a second silica

polymer; and at least one non-ionic polymer in an amount effective to provide at least one

stabilization selected from the group consisting of (i) viscosity stabilization whereby the

viscosity of said composition is maintained such that the change in viscosity of said

composition, as measured after manufacture followed by three months storage at 25 °C, is

less than about 30%, and (ii) degradation stabilization whereby the amount of degradation of

said ATRA, as measured after manufacture followed by three months storage at 25 °C, is less

than about 10%.

[0010] In another aspect the invention provides a composition in an emulsion

form for topical application, comprising: a plurality of first core-shell microcapsules

comprising a first core that comprises benzoyl peroxide and a first shell that comprises a first

silica polymer; a plurality of second core-shell microcapsules comprising a second core that

comprises all-trans retinoic acid (ATRA) and a second shell that comprises a second silica

polymer; and a stabilizing agent comprising at least one non-ionic surfactant and at least one



antimicrobial in amounts effective to: (i) maintain the amount of benzoyl peroxide and the

amount of retinoid in the composition at a level that is at least about 90% of the initial

amounts, as measured after storage of the composition at a storage condition selected from

the group consisting of 40°C for two months, 30°C for three months, 25°C for six months and

5°C for two years; and (ii) maintain the microbial count of the composition at a level that

meets the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET)

after storage of the composition at a storage condition of 40°C for one month.

[0011] The invention also provides a composition in an emulsion form for topical

application, comprising: a plurality of first core-shell microcapsules comprising a first core

that comprises benzoyl peroxide and a first shell that comprises a first silica polymer, the

benzoyl peroxide being present in the composition in an initial amount of about 6% by

weight, based on the total weight of the composition; a plurality of second core-shell

microcapsules comprising a second core that comprises all-trans retinoic acid (ATRA) and a

second shell that comprises a second silica polymer, the ATRA being present in the

composition in an initial amount of about 0.1% by weight, based on the total weight of the

composition; and a stabilizing agent comprising (a) at least one non-ionic surfactant selected

from the group consisting of polyoxyl 100 stearate and glycerol monostearate; and (b) at least

one antimicrobial selected from the group consisting of methylparaben and imidazolidinyl

urea; wherein the stabilizing agent is present in an amount effective to: (ia) maintain the

amount of benzoyl peroxide at a level of at least about 5.4% by weight based on the total

weight of the composition, as measured after storage of the composition at a storage

condition selected from the group consisting of 40°C for two months, 30°C for three months,

25°C for six months and 5°C for two years; (ib) maintain the amount of ATRA at a level of at

least about 0.09% by weight based on the total weight of the composition, as measured after

storage of the composition at a storage condition selected from the group consisting of 40°C

for two months, 30°C for three months, 25°C for six months and 5°C for two years; (ii)

maintain the microbial count of the composition at a level that meets the criteria of USP 51,

as measured by Antimicrobial Effectiveness Testing (AET) after storage of the composition

at a storage condition of 40°C for one month; and (iii) maintain the bulk viscosity of said

composition at about one million cps or less and within a range of about 70% to about 130%



of the initial bulk viscosity, as measured after storage of the composition at 25°C for three

months.

[0012] According to another one of its aspects the invention provides a

composition in an emulsion form for topical application, comprising: a plurality of first core-

shell microcapsules comprising a first core that comprises benzoyl peroxide and a first shell

that comprises a first silica polymer, the benzoyl peroxide being present in the composition

in an initial amount of about 3% by weight, based on the total weight of the composition; a

plurality of second core-shell microcapsules comprising a second core that comprises all-

trans retinoic acid (ATRA) and a second shell that comprises a second silica polymer, the

ATRA being present in the composition in an initial amount of about 0.05% by weight, based

on the total weight of the composition; and a stabilizing agent comprising (a) at least one

non-ionic surfactant selected from the group consisting of polyoxyl 100 stearate and glycerol

monostearate; and (b) at least one antimicrobial selected from the group consisting of

methylparaben and imidazolidinyl urea; wherein the stabilizing agent is present in an amount

effective to: (ia) maintain the amount of benzoyl peroxide at a level of at least about 2.7% by

weight based on the total weight of the composition, as measured after storage of the

composition at a storage condition selected from the group consisting of 40°C for two

months, 30°C for three months, 25°C for six months and 5°C for two years; (ib) maintain the

amount of ATRA at a level of at least about 0.045% by weight based on the total weight of

the composition, as measured after storage of the composition at a storage condition selected

from the group consisting of 40°C for two months, 30°C for three months, 25°C for six

months and 5°C for two years; (ii) maintain the microbial count of the composition at a level

that meets the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET)

after storage of the composition at a storage condition of 40°C for one month; and (iii)

maintain the bulk viscosity of said composition at about one million cps or less and within a

range of about 70% to about 130% of the initial bulk viscosity, as measured after storage of

the composition at 25°C for three months.

[0013] The invention further provides a packaged product, comprising a sealable

container and a composition as described herein contained within the sealable container.

[0014] These aspects and other embodiments thereof are described in greater

detail below.



BRIEF DESCRIPTION OF THE DRAWINGS

In order to understand the disclosure and to see how it may be carried out in practice,

embodiments will now be described, by way of non-limiting example only, with reference to

the accompanying drawings, in which:

Fig. 1 illustrates the ATRA and BPO contents of a series of formulations of the

invention prepared according to Examples 15 - 33, after 4-week storage at 40C. The amount

of antimicrobials (wt. % of methylparaben (MP), propylparaben (PP), phenoxyethanol (PE),

and/or imidazolidinyl urea (GE)) and the presence (+) or absence (-) of 0.4% Carbopol in

each of the formulations are also shown.

Fig. 2 illustrates the bulk viscosity of formulations of the invention prepared

according to Examples 15 - 33, after 4-week storage at 40C. The amount of antimicrobials

(wt. % of methylparaben (MP), propylparaben (PP), phenoxyethanol (PE), and/or

imidazolidinyl urea (GE)) and the presence (+) or absence (-) of 0.4% Carbopol in each of

the formulations are also shown.

Fig. 3 illustrates the ATRA and BPO contents of a series of formulations of the

invention prepared according to Examples 15 - 33, after 4-week storage at 30C. The amount

of antimicrobials (wt. % of methylparaben (MP), propylparaben (PP), phenoxyethanol (PE),

and/or imidazolidinyl urea (GE)) and the presence (+) or absence (-) of 0.4% Carbopol in

each of the formulations are also shown.

Fig. 4 illustrates the ATRA and BPO contents of a series of formulations of the

invention prepared according to Examples 15 - 33, after 4-week storage at 25C. The amount

of antimicrobials (wt. % of methylparaben (MP), propylparaben (PP), phenoxyethanol (PE),

and/or imidazolidinyl urea (GE)) and the presence (+) or absence (-) of 0.4% Carbopol in

each of the formulations are also shown.

Fig. 5 illustrates the bulk viscosity of formulations of the invention prepared

according to Examples 15 - 33, after 4-week storage at 25C. The amount of antimicrobials

(wt. % of methylparaben (MP), propylparaben (PP), phenoxyethanol (PE), and/or

imidazolidinyl urea (GE)) and the presence (+) or absence (-) of 0.4% Carbopol in each of

the formulations are also shown.



DETAILED DESCRIPTION

[0015] Some embodiments provide a composition for topical application, where

the composition contains: microcapsules having a core that comprises BPO and a shell that

comprises an inorganic polymer, microcapsules having a core that comprises a retinoid and a

shell that comprises an inorganic polymer, and a stabilizing agent. The stabilizing agent

provides physical stabilization (e.g., bulk viscosity stabilization), chemical stabilization (e.g.,

active ingredient stabilization) and/or antimicrobial stabilization to the composition, as

described in greater detail below. The composition can be in a variety of forms, including,

but not limited to, an emulsion form, a cream form, an aqueous solution form, an oil form, an

ointment form, a paste form, a gel form, a lotion form, and a suspension form. In some

embodiments, the microcapsules having a core that comprises a retinoid or BPO can be in the

form of an emulsion prior to formation of the composition. In further embodiments, these

emulsions may be incorporated into a cream, gel, lotion, or other form providing the

composition described above.

[0016] In some embodiments, the composition is in a gel form. It has been

surprisingly discovered that a gel formulation comprising both benzoyl peroxide and retinoid

in separated encapsulated forms was found to provide retinoid stability in the presence of a

non-ionic polymeric dispersant and a thickening agent in the gel formulation. For example,

an embodiment provides a composition for topical application, comprising: a plurality of first

core-shell microcapsules comprising a first core that comprises benzoyl peroxide and a first

shell that comprises a first inorganic polymer; a plurality of second core-shell microcapsules

comprising a second core that comprises a retinoid and a second shell that comprises a

second inorganic polymer; wherein said composition is in a gel form comprising at least one

non-ionic polymeric dispersant and at least one thickening agent. As illustrated in the

Examples below, in some embodiments the stability of the retinoid in a gel that contains a

non-ionic polymeric dispersant (such as PVP) is surprisingly superior to that of the retinoid

in the gel form that does not contain a non- ionic polymeric dispersant.

[0017] In other embodiments, the composition is in an emulsion form. It has

been surprisingly found that in some embodiments, the retinoid in the emulsion is

surprisingly stable. This finding is contrary to the expectations of the skilled artisan who

would have instead expected the oil and surfactants in the emulsion to increase the rate of



leaching of the retinoid out of its protective microcapsule. Surprisingly, no such increase in

leaching was observed. For example, an embodiment provides a composition for topical

application, comprising: a plurality of first core-shell microcapsules comprising a first core

that comprises benzoyl peroxide and a first shell that comprises a first inorganic polymer;

and a plurality of second core-shell microcapsules comprising a second core that comprises a

retinoid and a second shell that comprises a second inorganic polymer; wherein said

composition is an oil in water emulsion comprising a polyoxylstearate and a glycerylstearate,

wherein the ratio of said polyoxylstearate to said glycerylstearate is in the range of 0.1:10 to

10:0.1. In an embodiment, the ratio of said polyoxylstearate to said glycerylstearate is in the

range of 1:10 to 10:1. In another embodiment, the ratio of said polyoxylstearate to said

glycerylstearate is in the range of 1:5 to 5:1. In another embodiment, the ratio of said

polyoxylstearate to said glycerylstearate is in the range of 2:3 to 3:2. As illustrated in the

Examples below, in some embodiments the stability of the retinoid in the emulsion form is

surprisingly comparable to that of the retinoid in the gel form.

[0018] Various natural oils and synthetic oils (such as silicone oils) and mixtures

thereof can be used as the oil component of the oil in water emulsion. Non-limiting

examples of synthetic oils include paraffin oil, isopropyl myristate, caprylic/capric

triglyceride, silicone oil (such as dimethicone and cyclomethicone) and mixtures thereof.

Non-limiting examples of natural oils include squalane, almond oil, castor oil, olive oil,

jojoba oil, sunflower oil, soybean oil, grape seed oil and mixtures thereof. Amounts of oil in

the composition can be in the range of about 0.05% w/w to about 50% w/w. In an

embodiment, amounts of oil in the composition can be in the range of about 0.5% w/w to

about 20% w/w. In an embodiment, amounts of oil in the composition can be in the range of

about 1% w/w to about 10% w/w.

[0019] Gel and emulsion forms of the composition can optionally contain other

ingredients. For example, in an embodiment, the composition can contain at least one

humectant. Non-limiting examples of humectants include water soluble humectants selected

from the group consisting of propylene glycol, glycerin, polyethylene glycol-X, and mixtures

thereof, where X indicates the average number of ethylene glycol units and is in the range of

200 to 10,000.



Microcapsules

[0020] As used herein, the term "microcapsule" refers to any micro- or nano-

sized particle having a core-shell structure that is capable of encasing, encapsulating or

entrapping compounds, including but not limited to active ingredients such as BPO and/or a

retinoid (e.g., ATRA). In some embodiments, microcapsules are made by a sol-gel process,

e.g., as generally described in WO 03/034979 and WO 201 1/080741.

Core

[0021] As used herein, the term "core" refers to the inside part of a microcapsule

comprising at least one active ingredient surrounded by a shell of the microcapsule. In some

embodiments, the core can be solid at room temperature. In other embodiments, the core can

be in a semi-solid phase at room temperature. In some embodiments, the core can be in the

form of an emulsion, for example an oil-in-water emulsion. In some embodiments, the core

can be in the form of oil solution. In some embodiments, the core can be in the form of an

aqueous solution. In some embodiments, the core can be in the form of a dispersion.

[0022] Additional compound(s) can be present in the core. Non-limiting

examples of the additional compounds that can be present in the core include phase changing

materials (PCMs), carriers, excipients, antioxidants, pharmaceutically acceptable polymers,

and salts. In some embodiments, the core comprises at least one phase changing material. As

described elsewhere herein in greater detail, exemplary phase changing materials include, but

are not limited to, natural and synthetic paraffins; Cio-Cioo (straight, branched, and cyclic)

alkanes, alkenes and alkynes; Cio-Cioo aliphatic alcohols (e.g., fatty alcohols); fatty acids;

carnauba wax; beeswax; and mixtures thereof. In some embodiments, the core comprises at

least one antioxidant. Examples of antioxidants include, but are not limited to, butylated

hydroxytoluene (BHT), butylated hydroxyanisole (BHA), vitamin E, vitamin E acetate,

vitamin E palmitate, vitamin C, an ester of vitamin C, and one or more salts of vitamin C.

Shell

[0023] As used herein, the term "shell" refers to the part of a microcapsule that

surrounds the core of the microcapsule. In some embodiments, the shell comprises an



inorganic polymer (for example, a silica polymer). In some embodiments, the inorganic

polymer can be prepared from a sol-gel precursor.

[0024] As used herein, the term "sol-gel precursor" refers to any metal or semi-

metal organo-metallic monomer, or a prepolymer (which means several monomers

polymerized together) thereof, which provide a glass or ceramic material by in-situ

polymerization (an inorganic sol-gel polymerization process). In some embodiments, the

sol-gel precursor can be a metal or semi-metal organo-metallic monomer. Examples of sol-

gel precursor include, but are not limited to, a metal alkoxide monomer; a semi-metal

alkoxide monomer; a metal ester monomer; a semi-metal ester monomer; a silazane

monomer; a colloidal silica; a monomer of the formula M(R) (P)m, where M can be a

metallic or a semi-metallic element, R can be a hydrolyzable substituent, n can be an integer

from 2 to 6, P can be a non polymerizable substituent, and m can be an integer from 0 to 6;

and a partially hydrolyzed and partially condensed polymer thereof. Various metallic or semi

metallic elements can be used in the sol-gel precursor, for example, Si, Ti, Zr, Al, and Zn.

Examples of semi-metal alkoxide monomers include, but are not limited to,

tetramethoxysilane (also known as tetramethyl orthosilicate or TMOS), tetraethoxysilane

(also known as tetraethyl orthosilicate or TEOS), dimethyldimethoxysilane,

methyltrimethoxysilane, diethyldimethoxysilane, and sodium silicate.

[0025] In some embodiments, the sol-gel precursor can be selected from a silicon

alkoxide monomer; a silicon ester monomer; a monomer of the formula Si(R) (P)m, wherein

R can be a hydrolyzable substituent, n can be an integer from 2 to 4, P can be a non

polymerizable substituent, and m can be an integer from 0 to 4; a partially hydrolyzed and

partially condensed polymer of any of the above, and mixtures of any of the above. Non-

limiting examples of silicon alkoxide monomer include tetramethoxy silane, tetraethoxy

silane, and combinations thereof. Non-limiting examples of monomers of the formula

Si(R)n(P)m include methyl trimethoxysilane, dimethyl dimethoxysilane, and combinations

thereof.

Active ingredient

[0026] As used herein, the term "active ingredient" refers to a molecule or

substance that can be used in medicine and/or cosmetics and which provides to the final



product at least one desired property. Amounts of active ingredients in the compositions

described herein are expressed in terms of weight percentage of the active ingredients in the

composition based on the total weight of the composition, unless otherwise stated. Examples

of active ingredients include but are not limited to BPO and retinoids (e.g., ATRA). The

active ingredient can be present in the composition described herein in a variety of

concentrations. For example, in certain embodiments, the amount of active ingredient in the

composition can be about 0.001%, about 0.005%, about 0.01%, about 0.05%, about 0.1%,

about 0.5%, about 1%, about 3%, about 5%, about 6%, about 7%, about 8%, about 9%, about

10%, about 15%, about 20%, or ranges between any two of these values, by weight, based on

total weight of the composition. In some embodiments, the amount of active ingredient can

be in the range of about 0.01% to about 1% by weight, based on total weight of the

composition. In some embodiments, the amount of active ingredient can be in the range of

about 1% to about 10% by weight, based on total weight of the composition. In particular

embodiments, the amount of active ingredient can be about 3% by weight or about 6% by

weight, based on total weight of the composition. In other embodiments, the amount of

active ingredient can be about 0.1% by weight or about 0.05% by weight, based on total

weight of the composition. In embodiments where multiple active ingredients are present,

any combination of the foregoing amounts can be included.

[0027] The active ingredient can be a pharmaceutical agent, a cosmetic agent, a

dermatological agent, an agrochemical agent, or any combination of the foregoing. In

particular embodiments, the pharmaceutical agent, cosmetic agent, and/or dermatological

agent can be an anti-acne agent. Examples of active ingredients include, but are not limited

to, benzoyl peroxide (BPO) and a retinoid. Examples of retinoids include, but are not limited

to, all-trans-retinol, all-trans-retinoic acid (also known as tretinoin or ATRA), retinol, retinal,

isotretinoin, alitretinoin, etretinate (and its metabolite acitretin), tazarotene, bexarotene, and

adapalene. In some embodiments, the active ingredient can be benzoyl peroxide. In some

embodiments, the active ingredient can be a retinoid. In some embodiments, the active

ingredient can be ATRA. In some embodiments, the retinoid can be present in the

composition in an amount in the range of about 0.01% to about 1% by weight, based on total

weight of the composition. In particular embodiments, the retinoid can be present in the

composition in an amount in the range of about 0.05% by weight or about 0.1% by weight,



based on the total weight of the composition. In some embodiments, benzoyl peroxide can

be in the composition in an amount in the range of about 1% to about 10% by weight, based

on total weight of the composition. In particular embodiments, the BPO can be present in the

composition in an amount of about 6% by weight, based on the total weight of the

composition. In other embodiments, the BPO can be present in the composition in an

amount of about 3% by weight, based on the total weight of the composition.

[0028] In an embodiment, the amount of BPO can be about 6% by weight and the

amount of retinoid can be about 0.1% by weight. An exemplary embodiment can be a

composition in an emulsion form for topical application, comprising:

[0029] a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first silica polymer, the benzoyl

peroxide being present in the composition in an initial amount of about 6% by weight, based

on the total weight of the composition;

[0030] a plurality of second core-shell microcapsules comprising a second core

that comprises all-trans retinoic acid (ATRA) and a second shell that comprises a second

silica polymer, the ATRA being present in the composition in an initial amount of about

0.1% by weight, based on the total weight of the composition; and

[0031] a stabilizing agent comprising (a) at least one non-ionic surfactant selected

from the group consisting of polyoxyl 100 stearate and glycerol monostearate; and (b) at least

one antimicrobial selected from the group consisting of methylparaben and imidazolidinyl

urea;

[0032] wherein the stabilizing agent is present in an amount effective to:

[0033] (ia) maintain the amount of benzoyl peroxide at a level of at least about

5.4% by weight based on the total weight of the composition, as measured after storage of the

composition at a storage condition selected from the group consisting of 40°C for two

months, 30°C for three months, 25°C for six months and 5°C for two years;

[0034] (ib) maintain the amount of ATRA at a level of at least about 0.09% by

weight based on the total weight of the composition, as measured after storage of the

composition at a storage condition selected from the group consisting of 40°C for two

months, 30°C for three months, 25°C for six months and 5°C for two years;



[0035] (ii) maintain the microbial count of the composition at a level that meets

the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET) after

storage of the composition at a storage condition of 40°C for one month; and

[0036] (iii) maintain the bulk viscosity of said composition at about one million

cps or less and within a range of about 70% to about 130% of the initial bulk viscosity, as

measured after storage of the composition at 25°C for three months.

[0037] In another embodiment, the amount of BPO can be about 3% by weight

and the amount of retinoid can be about 0.05% by weight. An exemplary embodiment can be

a composition in an emulsion form for topical application, comprising:

[0038] a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first silica polymer, the benzoyl

peroxide being present in the composition in an initial amount of about 3% by weight, based

on the total weight of the composition;

[0039] a plurality of second core-shell microcapsules comprising a second core

that comprises all-trans retinoic acid (ATRA) and a second shell that comprises a second

silica polymer, the ATRA being present in the composition in an initial amount of about

0.05% by weight, based on the total weight of the composition; and

[0040] a stabilizing agent comprising (a) at least one non-ionic surfactant selected

from the group consisting of polyoxyl 100 stearate and glycerol monostearate; and (b) at least

one antimicrobial selected from the group consisting of methylparaben and imidazolidinyl

urea;

[0041] wherein the stabilizing agent is present in an amount effective to:

[0042] (ia) maintain the amount of benzoyl peroxide at a level of at least about

2.7% by weight based on the total weight of the composition, as measured after storage of the

composition at a storage condition selected from the group consisting of 40°C for two

months, 30°C for three months, 25°C for six months and 5°C for two years;

[0043] (ib) maintain the amount of ATRA at a level of at least about 0.045% by

weight based on the total weight of the composition, as measured after storage of the

composition at a storage condition selected from the group consisting of 40°C for two

months, 30°C for three months, 25°C for six months and 5°C for two years;



[0044] (ii) maintain the microbial count of the composition at a level that meets

the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET) after

storage of the composition at a storage condition of 40°C for one month; and

[0045] (iii) maintain the bulk viscosity of said composition at about one million

cps or less and within a range of about 70% to about 130% of the initial bulk viscosity, as

measured after storage of the composition at 25°C for three months.

[0046] In some embodiments, the microcapsule can be configured to release at

least one active ingredient encapsulated in the core by extraction. As used herein, the term

"extraction" refers to an action or mechanism that induces the active ingredient to be released

from its encapsulant upon topical application. In some embodiments, the extraction can be

induced by a rubbing or spreading action. In some embodiments, the extraction can be

induced via drying of the composition. In some embodiments, the extraction can be induced

by contacting the microcapsules with a fat, a lipid, and/or an oil. In some embodiments, the

fat, lipid, and/or oil are present in the skin. In some embodiments, the extraction can be

induced by contacting the microcapsule with water, an electrolyte, a surfactant, a buffering

agent, or any mixture thereof. In some embodiments, the water and electrolyte are present in

a bodily fluid, such as sweat, or are present on the surface of the skin. In some embodiments,

the electrolyte, the surfactant, the buffering agent, or the mixtures thereof are added to the

composition prior to the topical application.

Stabilizing agent

[0047] It has now been discovered that various compounds, referred to herein as a

"stabilizing agent(s)", when used in an effective amount in a composition as described

herein, can provide various types of stabilization, including active ingredient stabilization,

bulk viscosity stabilization and/or antimicrobial stabilization. For example, in various

embodiments an effective amount of a stabilizing agent in a composition as described herein

can at least one of the following types or degrees of stabilization:

[0048] (a) maintain the amount of active ingredients (e.g., amount of BPO and

the amount of retinoid) in the composition at a level that is at least about 90% of the initial

amounts, as measured after storage of the composition at a storage condition selected from



the group consisting of 40°C for two months, 30°C for three months, 25°C for six months and

5°C for two years;

[0049] (b) maintain the amount of the amount of active ingredients (e.g., amount

of BPO and the amount of retinoid in the composition at a level that is at least about 97% of

the initial amounts, as measured after storage of the composition at a storage condition of 5°C

for two years;

[0050] (c) maintain the microbial count of the composition at a level that meets

the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET) after

storage of the composition at a storage condition of 40°C for one month;

[0051] (d) maintain the microbial count of the composition at a level that meets

the criteria of USP 61, as measured by Microbial Limits Testing (MLT) after storage of the

composition at a storage condition of 25°C for six months;

[0052] (e) maintain the bulk viscosity of the composition at a level selected from

the group consisting of about one million cps or less, about 500,000 or less, and about

300,000 or less, as measured after storage of the composition at 25°C for three months;

[0053] (f) maintain the bulk viscosity of the composition at a level selected from

the group consisting of about 60,000 cps or more, about 80,000 or more, and about 120,000

or more, as measured after storage of the composition at 25°C for three months;

[0054] (g) maintain the bulk viscosity of the composition at a level within a range

of about 70% to about 130% of the initial bulk viscosity, as measured after storage of the

composition at 25°C for three months.

[0055] A stabilizer can be a single compound or a mixture of compounds. In

some embodiments a stabilizer can provide a single type of stability, such as active

ingredient stabilization, bulk viscosity stabilization or antimicrobial stabilization, including

but not limited to one of stabilization types (a) through (g) above. In other embodiments a

stabilizer can provide two or more types of stability, such as two or more of active ingredient

stabilization, bulk viscosity stabilization or antimicrobial stabilization, including but not

limited to a plurality of stabilization types (a) through (g) above. In some embodiments an

effective amount of a stabilizer provides a particular type or types of stability, and a different

amount provides a different type or types of stability. Routine experimentation guided by the

teachings provided herein can be used to identify compounds and mixtures thereof that



provide one or more types of stability, and thus all combinations of effective stabilizing

agents and types of stabilization are encompassed by the descriptions provided herein.

[0056] Various compounds can be used as a stabilizing agent, including non-ionic

surfactants, water-soluble non-ionic polymers (including non-ionic polymeric dispersants and

water-soluble non-ionic polymers), antimicrobials, thickening agents (including ionic and

non-ionic thickening agents) and mixtures thereof.

[0057] Non-limiting examples of non- ionic surfactants useful as stabilizing agents

include but are not limited to polyoxylstearates and glycerylstearates. Non-limiting examples

of suitable polyoxylstearates include polyoxyl-8 stearate, polyoxyl-20 stearate, polyoxyl-40

stearate, polyoxyl-100 stearate, and mixtures thereof. Non-limiting examples of suitable

glycerylstearates include glyceryl mono-stearate, glyceryl di-stearate, and mixtures thereof.

Amounts of polyoxylstearates and/or glycerylstearates in the composition (such as in an

emulsion composition), can be in the range of about 0.1% w/w to about 30% w/w. In an

embodiment, amounts of polyoxylstearates and/or glycerylstearates in the composition can

be in the range of about 0.5% w/w to about 10% w/w. In an embodiment, amounts of

polyoxylstearates and/or glycerylstearates in the composition can be in the range of about 1%

w/w to about 5% w/w.

[0058] Non-limiting examples of water-soluble non-ionic polymers include non-

ionic polymeric dispersants such as (but not limited to) polyvinyl pyrrolidone (PVP),

polyvinyl pyrrolidone-co-vinyl acetate, polyamide, polyurethane, polyurea, and mixtures

thereof. Amounts of water-soluble non-ionic polymers (such as polymeric dispersants) in the

composition can be in the range of about 0.05% w/w to about 20% w/w. In an embodiment,

amounts of water-soluble non-ionic polymers in the composition can be in the range of about

0.1% w/w to about 10% w/w. In an embodiment, amounts of water-soluble non-ionic

polymers in the composition can be in the range of about 0.5% w/w to about 5% w/w.

[0059] Non-limiting examples of thickening agents include hydroxy propyl

cellulose (HPC), hydroxyl ethyl cellulose (HEC), hydroxyl methyl cellulose (HMC),

polyacrylic acid homopolymer, polyacrylic acid copolymer, silica and its derivatives,

xanthan gum, arabic gum, polyvinyl alcohol, fatty alcohols, veegum, laponite, clay, and

mixtures thereof. Polyacrylic acid polymers and copolymers may be referred to herein as

carbomers, which are commercially available under various tradenames such as



CARBOMER 934, CARBOMER 941, CARBOMER 934P, CARBOPOL 910, CARBOPOL

934, CARBOPOL 941, etc. Amounts of thickening agents in the composition can be in the

range of about 0.01% w/w to about 10% w/w. In an embodiment, amounts of thickening

agents in the composition can be in the range of about 0.05% w/w to about 5% w/w. In an

embodiment, amounts of thickening agents in the composition can be in the range of about

0.1% w/w to about 2% w/w. In an embodiment of a composition that contains both a

polymeric dispersant and a thickening agent, the polymeric dispersant can be different from

the thickening agent.

[0060] In an embodiment, the stabilizing agent is polyvinylpyrrolidone (PVP),

polyoxyl 100 stearate, glycerol monostearate, methylparaben, propylparaben,

phenoxyethanol, imidazolidinyl urea, or a mixture thereof. Other compounds useful as

stabilizing agents can be identified by routine experimentation guided by the teachings

provided herein. With respect to compositions that contain BPO as an active ingredient, the

BPO is not considered to be a stabilizing agent even if it exhibits antimicrobial properties.

Thus, reference herein to a stabilizing agent or antimicrobial in a composition that contains

BPO as an active ingredient will be understood by those skilled in the art as a reference to a

second antimicrobial that is not BPO.

[0061] The stabilizing agent can be a single compound or a mixture of

compounds and can provide more that one type of stability, e.g., active ingredient

stabilization, bulk viscosity stabilization and/or antimicrobial stabilization. For example, in

an embodiment, the stabilizing agent can be polyoxyl 100 stearate, glycerol monostearate, or

a mixture thereof, in an amount that provides active ingredient stabilization and bulk

viscosity stabilization as described herein. In another embodiment, the stabilizing agent can

be an antimicrobial, including but not limited to methylparaben, propylparaben,

phenoxyethanol, imidazolidinyl urea, or a mixture thereof, in an amount that provides active

ingredient stabilization and antimicrobial stabilization as described herein. In another

embodiment, the stabilizing agent can include polyoxyl 100 stearate, glycerol monostearate,

or a mixture thereof, and further include methylparaben, propylparaben, phenoxyethanol,

imidazolidinyl urea, or a mixture thereof, in an amount that provides active ingredient

stabilization, bulk viscosity stabilization and antimicrobial stabilization as described herein.



[0062] In some embodiments, the stabilizing agent can be present in an amount

effective to maintain the viscosity of the composition. In some embodiments, the viscosity of

the composition can be maintained such that the change in viscosity of the composition, as

measured after manufacture followed by three months storage at about 25 °C can be less than

about 30%. In some embodiments, the viscosity of the composition can be maintained such

that the change in viscosity of the composition, as measured after manufacture followed by

three months storage at about 25 °C can be less than about 20%. In some embodiments, the

viscosity of the composition can be maintained such that the change in viscosity of the

composition, as measured after manufacture followed by three months storage at about 5 °C,

can be less than about 30%.

[0063] In some embodiments, the stabilizing agent can be present in an amount

effective to inhibit the degradation of at least one active ingredient in the composition. In

some embodiments, the active ingredient can be a retinoid. In some embodiments, the active

ingredient can be all-trans retinoic acid (ATRA). In some embodiments, the amount of

degradation of ATRA, as measured after manufacture followed by three months storage at

about 25 °C can be less than about 10%. In some embodiments, the amount of degradation of

ATRA, as measured after manufacture followed by three months storage at about 25 °C can

be less than about 5%. In some embodiments, the amount of degradation of ATRA, as

measured after manufacture followed by three months storage at about 5 °C can be less than

about 10%. In some embodiments, the amount of degradation of ATRA, as measured after

manufacture followed by three months storage at about 5 °C can be less than about 5%.

[0064] Those skilled in the art appreciate that the value obtained for a bulk

viscosity measurement depends on the instrument of measurement, spindle used, speed of the

instrument, and temperature of measurement. The bulk viscosity measurements referred to

herein are measured using a Brookfield LVDV-II + Pro viscometer equipped with a small

sample adaptor, spindle #63 (LV3) or spindle # SC4-25 at 1 rpm and at temperature of 30 °C

+ 0.5 °C. Antimicrobial stability can be measured in accordance with the criteria of USP 51,

as measured by Antimicrobial Effectiveness Testing (AET) after storage of the composition

at a storage condition of 40°C for one month, and/or antimicrobial stability can be measured

in accordance with the criteria of USP 61, as measured by Microbial Limits Testing (MLT)

after storage of the composition at a storage condition of 25°C for six months.



Phase Changing Material

[0065] As used herein, the term "phase changing material" (PCM) refers to any

substance capable of changing its state of matter (phase), or at least its viscosity, in

accordance with the temperature it is exposed to. PCMs typically have a high heat of fusion

which enables them to melt and solidify at certain temperatures, and are capable of storing

and releasing large amounts of energy. Heat is absorbed or released when the PCM material

changes from solid to liquid and vice versa. When a PCM reaches the temperature at which

it changes phase or viscosity (for example its melting temperature), it absorbs large amounts

of heat but is maintained at almost constant temperature. The PCM continues to absorb heat

without a significant rise in temperature until all the material is transformed to the liquid

phase. When the ambient temperature around the resulting liquid material falls, the PCM

solidifies, releasing its stored latent heat.

[0066] As described herein, a PCM is typically non-reactive with the active

ingredient encapsulated in the microcapsule, the emulsion formed, and the shell of the

microcapsule described herein. In some embodiments, the PCM can be an organic material.

Examples of PCMs include, but are not limited to, natural or synthetic paraffins (typically

compounds having a molecular formula of C H2n+ 2, (n=10-100)), Cio-Cioo straight, branched,

and cyclic alkanes, Cio-Cioo straight, branched, and cyclic alkenes (compounds having the

noted number of carbons and at least one double bond), straight and branched Cio-Cioo

alkynes (compounds having the noted number of carbons and at least one triple bond),

straight and branched aliphatic alcohols (typically compounds having a molecular formula of

¾ ( ¾ ) ΟΗ or branched versions thereof, wherein n=10-100) and fatty acids (typically

compounds having a molecular formula of C H 3(CH 2)2 COOH and branched versions thereof,

wherein n=10-100), or any combinations thereof.

[0067] In some embodiments, the PCM can be a natural or a synthetic paraffin. In

some embodiments, the PCM can be a Cio-Cioo aliphatic alcohol (for example, C 10 , C2o, C 30 ,

C40, C50, C6o, C70, Ceo, C90 to Cioo aliphatic alcohol). In other embodiments, the PCM can be

a Cio-Cioo aliphatic fatty acid (for example, C 10 , C20, C30, C40, C50, C60, C70 , C 0, C90 to Cioo

aliphatic fatty acids).



[0068] In an embodiment, the PCM can be at least one fatty alcohol. Non-

limiting examples of fatty alcohols include octyl alcohol, 2-ethyl hexanol, nonyl alcohol,

decyl alcohol, undecanol, dodecyl alcohol, tridecyl alcohol, tetradecyl alcohol, pentadecyl

alcohol, cetyl alcohol, palmitoleyl alcohol, heptadecyl alcohol, cetostearyl alcohol, stearyl

alcohol, isostearyl alcohol, elaidyl alcohol, oleyl alcohol, linoleyl alcohol, elaidohnolenyl

alcohol, ricinoleyl alcohol, nonadecyl alcohol, arachidyl alcohol, heneicosyl alcohol, behenyl

alcohol, erucyl alcohol, lignoceryl alcohol, ceryl alcohol, montanyl alcohol, cluytyl alcohol,

myricyl alcohol, melissyl alcohol, geddyl alcohol, cetearyl alcohol and mixtures thereof.

Amounts of fatty alcohol in the composition can be in the range of about 0.2% w/w to about

50% w/w. In an embodiment, amounts of fatty alcohol in the composition can be in the range

of about 1% w/w to about 20% w/w. In an embodiment, amounts of fatty alcohol in the

composition can be in the range of about 3% w/w to about 10% w/w.

[0069] Exemplary PCMs include, but are not limited to: Carnauba wax (m.p. 82-

86°C), Beeswax pure (m.p. 61-65°C), Beeswax white pure, (m.p. 61-65°C), Beeswax

bleached technical (m.p. 61-65°C), Montan wax bleached (m.p. 80-86°C), Montan wax

bleached, partially saponified (m.p. 99-105°C), Montanic acid (m.p. 81-87°C), Hydrocarbon

wax synthetic (m.p. 106-1 14°C), Microcrystalline wax (m.p. 89-95°C), Microcrystalline wax

(m.p. 76-82°C), Hardwax partially saponified (m.p. 104-109°C), Beeswax yellow (m.p. 61-

66°C), Polishing Wax (m.p. 78-84°C), Castor wax (m.p. 83-89°C), Microwax (m.p. 89-

95°C), Microwax (m.p. 80-86°C), Microwax (m.p. 76-82°C), Ozokerite (m.p. 72-79°C),

Microcrystalline wax, plastic (m.p. 76-82°C), Microcrystalline wax, soft (m.p. 74-80°C),

Wax blend (m.p. 62-68°C), Polyolefin wax (m.p. 65-75°C), Lanolin, Shellac, Bayberry wax

(m.p. 45°C), Candelilla wax (m.p. 67-79°C), Ouricury wax, Rice bran wax (m.p. 77 - 86°C),

Soy candle (wax), Paraffin (m.p. 47 - 64°C), Chinese wax, and any combinations thereof.

[0070] In some embodiments, the core comprises at least one PCM. In some

embodiments, the PCM can be a natural paraffin, a synthetic paraffin, an aliphatic alcohol, a

fatty acid, an ester of an aliphatic alcohol, an ester of a fatty acid, or combinations thereof. In

some embodiments, the ester of a fatty acid comprises natural or synthetic beeswax.

[0071] In some embodiments, the PCM can be in the core of obtained

microcapsules and not incorporated in any part of the shell of the microcapsules described

herein.



Compositions for Topical Application

[0072] As used herein, the term "topical" application refers to an application onto

the skin, hair, ears, and/or mucous membranes.

[0073] Some embodiments disclosed herein provide a composition for topical

application, wherein the composition comprises: a plurality of first microcapsules having a

core that comprises benzoyl peroxide and a shell that comprises an inorganic polymer, a

plurality of second microcapsules having a core that comprises a retinoid and a shell that

comprises an inorganic polymer, and a stabilizing agent.

[0074] Some embodiments disclosed herein provide a composition in a gel form

for topical application, where the composition comprises: a plurality of first microcapsules

having a core that comprises benzoyl peroxide and a shell that comprises a first silica

polymer; a plurality of second microcapsules having a core that comprises all-trans retinoic

acid (ATRA) and a shell that comprises a second silica polymer; and at least one non-ionic

polymer in an amount effective to provide viscosity stabilization and/or degradation

stabilization. In some embodiments, the viscosity stabilization means that the viscosity of

the composition can be maintained such that the change in viscosity of the composition, as

measured after manufacture followed by three months storage at about 25 °C can be less than

about 30%. In some embodiments, the degradation stabilization means that the amount of

degradation of the ATRA, as measured after manufacture followed by three months storage

at about 25 °C can be less than about 10%.

[0075] In some embodiments, the non-ionic polymer can be present in an amount

effective to provide viscosity stabilization. In some embodiments, the viscosity stabilization

can be effective to maintain the viscosity of the composition at more than about 20,000 cps,

about 25,000 cps, about 30,000 cps, about 35,000 cps, about 40,000 cps, about 45,000 cps, or

about 50,000 cps as measured after manufacture followed by 3 months storage at a storage

temperature. The storage temperature can be about 5 °C or about 25 °C. In some

embodiments, the non-ionic polymer can be present in an amount effective to provide

degradation stabilization. In some embodiments, the non- ionic polymer can be present in an

amount such that the amount of degradation of ATRA can be less than about 10%, 8%, or

5%. In some embodiments, the non-ionic polymer can be polyvinylpyrrolidnone.



[0076] In certain embodiments, the non-ionic polymer can be present in an

amount effective to provide the viscosity stabilization and degradation stabilization. Other

non-ionic polymers and effective amounts thereof that provide the viscosity stabilization

and/or the degradation stabilization may be identified by those skilled in the art using routine

experimentation guided by the teachings provided herein. Non-limiting examples of suitable

non-ionic polymers include polyvinyl pyrrolidone (PVP), polyvinyl pyrrolidone-co-vinyl

acetate, polyamide, polyurethane, polyurea, and mixtures thereof.

[0077] Some embodiments provide a composition in an emulsion form for topical

application, where the composition comprises: a plurality of first microcapsules having a

core that comprises benzoyl peroxide and a shell that comprises a silica polymer; a plurality

of second microcapsules having a core that comprises all-trans retinoic acid (ATRA) and a

shell that comprises a silica polymer; and at least one non-ionic surfactant in an amount

effective to provide viscosity stabilization and/or degradation stabilization.

[0078] In some embodiments, the non-ionic surfactant can be present in an

amount effective to provide viscosity stabilization. In some embodiments, the viscosity

stabilization can be effective to maintain the viscosity of the composition at more than about

60,000 cps, 70,000 cps, 80,000 cps, 90,000 cps, 100,000 cps, 110,000 cps, 120,000 cps,

130,000 cps, 140,000 cps, 150,000 cps, 160,000 cps, or 170,000 cps as measured after

manufacture followed by three months storage at a storage temperature. The storage

temperature can be about 5 °C or about 25 °C. In some embodiments, the non-ionic

surfactant can be present in an amount effective to provide degradation stabilization. In

some embodiments, the non-ionic surfactant can be present in an amount such that the

amount of degradation of ATRA can be less than about 10%, 8%, or 5%.

[0079] In some embodiments, the non-ionic surfactant can be present in an

amount effective to provide the viscosity stabilization and the degradation stabilization.

Non-limiting examples of non-ionic surfactants include polyoxylstearates and

glycerylstearates. Non-limiting examples of polyoxylstearates include Polyoxyl-8 stearate,

Polyoxyl-20 stearate, Polyoxyl-40 stearate, and Polyoxyl-100 stearate. Non- limiting

examples of glycerylstearates include glyceryl mono-stearate, glyceryl di-stearate, and

mixtures thereof. Other non-ionic surfactants and effective amounts thereof that provide the

viscosity stabilization and/or the degradation stabilization may be identified by those skilled



in the art using routine experimentation guided by the teachings provided herein. In some

embodiments, the non- ionic surfactant comprises a combination of polyoxyl 100 stearate and

glycerol monostearate.

[0080] Various stabilizations described herein, for example, the viscosity

stabilization and/or the degradation stabilization, may be effective for a storage time beyond

3 months at a storage temperature. For example, in some embodiments, the various viscosity

stabilizations and/or the degradation stabilizations described herein are effective for a storage

time of about 6 months, about 9 months, about 12 months, about 15 months, about 18

months, or about 24 months. In some embodiments, the storage temperature can be about 5

°C, or about 25 °C.

[0081] In another aspect, the present disclosure provides methods of preparing a

composition comprising microcapsules disclosed herein. Those skilled in the art will

appreciate the manner in which the working examples set forth below provide a specific

description of how to make particular compositions and components thereof. Those skilled

in the art will also appreciate the manner in which the specific working examples can be

generalized and adapted to produce the other compositions described herein and components

thereof.

[0082] In yet another aspect, the present disclosure provides a method for treating

a surface condition (e.g., a skin disease or disorder) in a subject in need thereof, comprising

topically administering to the subject an effective amount of a composition as described

herein. Non-limiting examples of surface conditions that can be treated by topical

application of effective amounts of the compositions described herein include acne, rosecea,

psoriasis, photoaged skin, hyperpigmented skin, mucosal infected areas, inflamed dermatitis,

and combinations thereof. In this context, terms such as "treat," "treating," "treatment," etc.

include inhibiting the surface condition (e.g., by arresting its development), relieving the

surface condition (e.g., causing regression) and/or relieving one or more conditions caused

by the surface condition (e.g., reducing one or more symptoms). Effective amounts of the

compositions described herein for treating various surface conditions can be determined by

those skilled in the art in the usual manner, e.g., by clinical trials, with appropriate

adjustments by skilled clinicians in individual cases.



[0083] In yet another aspect, the present disclosure provides a packaged product,

comprising a sealable container and a composition as described herein that is contained

within the sealable container. The sealable container can have many different configurations,

e.g., including but not limited to the various types of containers that are used for packaging

cream, gel and ointment products for consumer use. Non-limiting examples of suitable

sealable containers include pump-type bottles, nozzle-type bottles, tubes, sachets, packets,

and various other configurations known to those skilled in the art.

[0084] An embodiment provides a composition for topical application,

comprising:

[0085] a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first inorganic polymer; and

[0086] a plurality of second core-shell microcapsules comprising a second core

that comprises a retinoid and a second shell that comprises a second inorganic polymer;

[0087] wherein the composition is an oil in water emulsion comprising a

polyoxylstearate and a glycerylstearate wherein the ratio of the polyoxylstearate to the

glycerylstearate is in the range of 0.1:10 to 10:0.1.

[0088] In various embodiments, the polyoxylstearate is selected from the group

consisting of Polyoxyl-8 stearate, Polyoxyl-20 stearate, Polyoxyl-40 stearate, and Polyoxyl-

100 stearate.

[0089] In various embodiments, the glycerylstearate is selected from the group

consisting of glyceryl mono-stearate, glyceryl di-stearate and mixtures thereof.

[0090] In various embodiments, the amount of the polyoxylstearate in the

composition is in the range of about 0.1% w/w to about 30% w/w.

[0091] In various embodiments, the amount of the glycerylstearate in the

composition is in the range of about 0.1% w/w to about 30% w/w.

[0092] In various embodiments, the composition further comprises at least one

fatty alcohol.

[0093] In various embodiments, the at least one fatty alcohol is selected from the

group consisting of octyl alcohol, 2-ethyl hexanol, nonyl alcohol, decyl alcohol, undecanol,

dodecyl alcohol, tridecyl alcohol, tetradecyl alcohol, pentadecyl alcohol, cetyl alcohol,

palmitoleyl alcohol, heptadecyl alcohol, cetostearyl alcohol, stearyl alcohol, isostearyl



alcohol, elaidyl alcohol, oleyl alcohol, linoleyl alcohol, elaidolinolenyl alcohol, ricinoleyl

alcohol, nonadecyl alcohol, arachidyl alcohol, heneicosyl alcohol, behenyl alcohol, erucyl

alcohol, lignoceryl alcohol, ceryl alcohol, montanyl alcohol, cluytyl alcohol, myricyl alcohol,

melissyl alcohol, geddyl alcohol, cetearyl alcohol and mixtures thereof.

[0094] In various embodiments, the amount of the at least one fatty alcohol in the

composition is in the range of about 0.2% w/w to about 50% w/w.

[0095] In various embodiments, the composition further comprises a polyacrylic

acid homopolymer or copolymer.

[0096] In various embodiments, the oil in the oil in water emulsion is selected

from the group consisting of paraffin oil, isopropyl myristate, caprylic/capric triglyceride,

squalane, squalene, almond oil, castor oil, olive oil, jojoba oil, sunflower oil, soybean oil,

grape seed oil, dimethicone, cyclomethicone and mixtures thereof.

[0097] In various embodiments, the oil in present in the composition in an

amount in the range of about 0.05% w/w to about 50% w/w.

[0098] In various embodiments, the water in the oil in water emulsion further

comprises at least one water soluble humectant.

[0099] In various embodiments, the at least one water soluble humectant is

selected from the group consisting of propylene glycol, glycerin, and polyethylene glycol-X,

where X is in the range of 200 to 10,000.

[0100] Another embodiment provides a composition for topical application,

comprising:

[0101] a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first inorganic polymer; and

[0102] a plurality of second core-shell microcapsules comprising a second core

that comprises a retinoid and a second shell that comprises a second inorganic polymer;

[0103] wherein the composition is in a gel form comprising at least one non-ionic

polymeric dispersant and at least one thickening agent.

[0104] In various embodiments, the at least one non-ionic polymeric dispersant is

selected from the group consisting of poly vinyl pyrrolidone (PVP), poly vinyl pyrrolidone-

co-vinyl acetate, polyamide, polyurethane, polyurea and mixtures thereof.



[0105] In various embodiments, the at least one thickening agent is selected from

the group consisting of hydroxy propyl cellulose (HPC), hydroxyl ethyl cellulose (HEC),

hydroxyl methyl cellulose (HMC), polyacrylic acid homopolymer, polyacrylic acid

copolymer, fatty alcohol, silica and its derivatives, xanthan gum, arabic gum, poly vinyl

alcohol, veegum, laponite, clay, and mixtures thereof.

[0106] In various embodiments, the at least one thickening agent is a non-ionic

agent.

[0107] In various embodiments, the at least one thickening agent is an ionic

agent.

[0108] In various embodiments, the at least one thickening agent is present in the

composition in an amount in the range of about 0.01% w/w to about 10% w/w.

[0109] In various embodiments, the composition further comprises glycerin.

[0110] In various embodiments, the non- ionic polymeric dispersant is present in

the composition in an amount in the range of about 0.05% w/w to about 20% w/w.

[0111] In various embodiments, the composition further comprises at least one

antimicrobial agent.

[0112] In various embodiments, the at least one antimicrobial agent is selected

from the group consisting of methylparaben, propylparaben, phenoxyethanol, imidazolidinyl

urea and mixtures thereof.

[0113] In various embodiments, at least one of the first core-shell microcapsules

and the second core-shell microcapsules further comprise at least one phase changing

material selected from the group consisting of a natural paraffin, a synthetic paraffin, an

aliphatic alcohol, and a fatty acid.

[0114] In various embodiments, the first inorganic polymer is different from the

second inorganic polymer.

[0115] In various embodiments, the first inorganic polymer and the second

inorganic polymer are the same.

[0116] In various embodiments, the first inorganic polymer and the second

inorganic polymer are each independently prepared from a sol-gel precursor selected from

the group consisting of a metal alkoxide monomer, a semi-metal alkoxide monomer, a metal

ester monomer, a semi-metal ester monomer, a silazane monomer, a colloidal silica, a



monomer of the formula M(R)n(P)m, wherein M is a metallic or a semi-metallic element, R

is a hydrolyzable substituent, n is an integer from 2 to 6, P is a non polymerizable substituent

and m is an integer from 0 to 6, and a partially hydrolyzed and partially condensed polymer

thereof.

[0117] In various embodiments, the semi-metal alkoxide monomer is selected

from the group consisting of tetramethoxysilane, tetraethoxysilane, dimethyl

dimethoxysilane, methyl trimethoxysilane, dimethyl dimethoxysilane, and sodium silicate.

[0118] In various embodiments, the amount of the benzoyl peroxide is in the

range of about 1% to about 10% by weight, based on total weight of the composition.

[0119] In various embodiments, the amount of the retinoid is in the range of about

0.01% to about 1% by weight, based on total weight of the composition.

[0120] In various embodiments, the composition further comprises at least one

antioxidant.

[0121] In various embodiments, the at least one antioxidant is selected from the

group consisting of butylated hydroxytoluene (BHT), butylated hydroxyanisole, vitamin E,

vitamin E acetate, vitamin E palmitate, vitamin C, an ester of vitamin C, and a salt of vitamin

C or any combinations thereof.

[0122] In various embodiments, the at least one antioxidant is incorporated into

the core of the second core-shell microcapsule.

[0123] An embodiment provides a composition for topical application,

comprising:

[0124] a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first inorganic polymer;

[0125] a plurality of second core-shell microcapsules comprising a second core

that comprises a retinoid and a second shell that comprises a second inorganic polymer; and

[0126] an amount of a stabilizing agent that is effective to:

[0127] (i) maintain the amount of benzoyl peroxide and the amount of retinoid in

the composition at a level that is at least about 90% of the initial amounts, as measured after

storage of the composition at a storage condition of 30°C for three months; and



[0128] (ii) maintain the microbial count of the composition at a level that meets

the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET) after

storage of the composition at a storage condition of 40°C for one month.

[0129] In various embodiments, the stabilizing agent is selected from the group

consisting of polyvinylpyrrolidone, polyoxyl 100 stearate, glycerol monostearate,

methylparaben, propylparaben, phenoxyethanol, imidazolidinyl urea and mixtures thereof.

[0130] In various embodiments, the stabilizing agent is further effective to (iii)

maintain the bulk viscosity of the composition at about one million cps or less and within a

range of about 70% to about 130% of the initial bulk viscosity, as measured after storage of

the composition at 25°C for three months.

[0131] In various embodiments, the bulk viscosity of the composition is

maintained at about 500,000 cps or less.

[0132] In various embodiments, the stabilizing agent is further effective to (iv)

maintain the microbial count of the composition at a level that meets the criteria of USP 61,

as measured by Microbial Limits Testing (MLT) after storage of the composition at a storage

condition of 25°C for six months.

[0133] In various embodiments, the stabilizing agent is present in an amount

effective to maintain the amount of benzoyl peroxide and the amount of retinoid in the

composition at a level of at least about 90% of the initial amounts, as measured after storage

of the composition at a storage condition selected from the group consisting of 40°C for two

months, 25°C for six months and 5°C for two years.

[0134] In various embodiments, the stabilizing agent is present in an amount

effective to maintain the amount of benzoyl peroxide and the amount of retinoid in the

composition at a level of at least about 97% of the initial amounts, as measured after storage

of the composition at a storage condition of 5°C for two years.

[0135] In various embodiments, the stabilizing agent is a mixture comprising at

least two selected from the group consisting of polyvinylpyrrolidone, polyoxyl 100 stearate,

glycerol monostearate, methylparaben, propylparaben, phenoxyethanol, and imidazolidinyl

urea.



[0136] In various embodiments, the second core further comprises at least one

phase changing material selected from the group consisting of a natural paraffin, a synthetic

paraffin, an aliphatic alcohol, and a fatty acid.

[0137] In various embodiments, the first inorganic polymer is different from the

second inorganic polymer.

[0138] In various embodiments, the first inorganic polymer and the second

inorganic polymer are the same.

[0139] In various embodiments, the first inorganic polymer and the second

inorganic polymer are each independently prepared from a sol-gel precursor selected from

the group consisting of a metal alkoxide monomer, a semi-metal alkoxide monomer, a metal

ester monomer, a semi-metal ester monomer, a silazane monomer, a colloidal silica, a

monomer of the formula M(R) (P)m, wherein M is a metallic or a semi-metallic element, R is

a hydrolyzable substituent, n is an integer from 2 to 6, P is a non polymerizable substituent

and m is an integer from 0 to 6, and a partially hydrolyzed and partially condensed polymer

thereof.

[0140] In various embodiments, the semi-metal alkoxide monomer is selected

from the group consisting of tetramethoxysilane, tetraethoxysilane, dimethyl

dimethoxysilane, methyl trimethoxysilane, dimethyl dimethoxysilane, and sodium silicate.

[0141] In various embodiments, the amount of the benzoyl peroxide is in the

range of about 1% to about 10% by weight, based on total weight of the composition.

[0142] In various embodiments, the amount of the retinoid is in the range of about

0.01% to about 1% by weight, based on total weight of the composition.

[0143] In various embodiments, the composition is in a form selected from the

group consisting of an emulsion, a cream, an aqueous solution, an oil, an ointment, a paste, a

gel, a lotion, and a suspension.

[0144] In various embodiments, the microcapsules are configured to release at

least one of the benzoyl peroxide and the retinoid by extraction.

[0145] In various embodiments, the second core further comprises an antioxidant.

[0146] In various embodiments, the antioxidant is selected from the group

consisting of butylated hydroxytoluene (BHT), butylated hydroxyanisole, vitamin E, vitamin

E acetate, vitamin E palmitate, vitamin C, an ester of vitamin C, and a salt of vitamin C.



[0147] Another embodiment provides a composition in a gel form for topical

application, comprising:

[0148] a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first silica polymer;

[0149] a plurality of second core-shell microcapsules comprising a second core

that comprises all-trans retinoic acid (ATRA) and a second shell that comprises a second

silica polymer; and

[0150] at least one non-ionic polymer in an amount effective to provide at least

one stabilization selected from the group consisting of

[0151] (i) viscosity stabilization whereby the viscosity of the composition is

maintained such that the change in viscosity of the composition, as measured after

manufacture followed by three months storage at 25 °C, is less than about 30%, and

[0152] (ii) degradation stabilization whereby the amount of degradation of the

ATRA, as measured after manufacture followed by three months storage at 25 °C, is less

than about 10%.

[0153] In various embodiments, the non-ionic polymer is present in an amount

effective to provide the viscosity stabilization.

[0154] In various embodiments, the viscosity stabilization is effective to maintain

the viscosity of the composition at more than about 25,000 cps as measured after

manufacture followed by three months storage at 25 °C.

[0155] In various embodiments, the non-ionic polymer is present in an amount

effective to provide the degradation stabilization.

[0156] In various embodiments, the amount of degradation of the ATRA is less

than about 5%.

[0157] In various embodiments, the non-ionic polymer is present in an amount

effective to provide the viscosity stabilization and the degradation stabilization.

[0158] In various embodiments, the non-ionic polymer is polyvinylpyrrolidone.

[0159] In various embodiments, the second core further comprises at least one

phase changing material selected from the group consisting of a natural paraffin, a synthetic

paraffin, an aliphatic alcohol, a fatty acid, an ester of an aliphatic alcohol, and an ester of a

fatty acid .



[0160] In various embodiments, the ester of a fatty acid comprises a beeswax.

[0161] In various embodiments, the second core further comprises an antioxidant.

[0162] In various embodiments, the antioxidant is selected from the group

consisting of butylated hydroxytoluene (BHT), butylated hydroxyanisole, vitamin E, vitamin

E acetate, vitamin E palmitate, vitamin C, an ester of vitamin C, and a salt of vitamin C.

[0163] In various embodiments, the first inorganic polymer is different from the

second inorganic polymer.

[0164] In various embodiments, the first inorganic polymer and the second

inorganic polymer are the same.

[0165] In various embodiments, the first silica polymer and the second silica

polymer are each independently prepared from a sol-gel precursor selected from the group

consisting of tetramethoxysilane, tetraethoxysilane, and sodium silicate.

[0166] In various embodiments, the initial amount of the benzoyl peroxide is in

the range of about 1% to about 10% by weight, based on the total weight of the composition.

[0167] In various embodiments, the initial amount of the benzoyl peroxide is

about 6% by weight, based on the total weight of the composition.

[0168] In various embodiments, the initial amount of the benzoyl peroxide is

about 3% by weight, based on the total weight of the composition.

[0169] In various embodiments, the initial amount of the ATRA is in the range of

about 0.01% to about 1% by weight, based on the total weight of the composition.

[0170] In various embodiments, the initial amount of the ATRA is about 0.1% by

weight, based on the total weight of the composition.

[0171] In various embodiments, the initial amount of the ATRA is about 0.05%

by weight, based on the total weight of the composition.

[0172] Another embodiment provides a composition in an emulsion form for

topical application, comprising:

[0173] a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first silica polymer;

[0174] a plurality of second core-shell microcapsules comprising a second core

that comprises all-trans retinoic acid (ATRA) and a second shell that comprises a second

silica polymer; and



[0175] a stabilizing agent comprising at least one non-ionic surfactant and at least

one antimicrobial in amounts effective to:

[0176] (i) maintain the amount of benzoyl peroxide and the amount of retinoid in

the composition at a level that is at least about 90% of the initial amounts, as measured after

storage of the composition at a storage condition selected from the group consisting of 40°C

for two months, 30°C for three months, 25°C for six months and 5°C for two years; and

[0177] (ii) maintain the microbial count of the composition at a level that meets

the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET) after

storage of the composition at a storage condition of 40°C for one month.

[0178] In various embodiments, the stabilizing agent is further effective to (iii)

maintain the bulk viscosity of the composition at about three million cps or less and within a

range of about 70% to about 130% of the initial bulk viscosity, as measured after storage of

the composition at 25°C for three months.

[0179] In various embodiments, the stabilizing agent is effective to maintain the

bulk viscosity of the composition in the range of about 80000 cps to about one million cps as

measured after storage of the composition at 25 °C for three months.

[0180] In various embodiments, the stabilizing agent is further effective to (iv)

maintain the microbial count of the composition at a level that meets the criteria of USP 61,

as measured by Microbial Limits Testing (MLT) after storage of the composition at a storage

condition of 25°C for six months.

[0181] In various embodiments, the stabilizing agent is present in an amount

effective to maintain the amount of benzoyl peroxide and the amount of retinoid in the

composition at a level of at least about 97% of the initial amounts, as measured after storage

of the composition at a storage condition of 5°C for two years.

[0182] In various embodiments, the non-ionic surfactant comprises polyoxyl 100

stearate, glycerol monostearate or a combination thereof.

[0183] In various embodiments, the second core further comprises at least one

phase changing material selected from the group consisting of a natural paraffin, a synthetic

paraffin, an aliphatic alcohol, a fatty acid, an ester of an aliphatic alcohol, and an ester of a

fatty acid .

[0184] In various embodiments, the ester of a fatty acid comprises a beeswax.



[0185] In various embodiments, the second core further comprises an antioxidant.

[0186] In various embodiments, the antioxidant is selected from the group

consisting of butylated hydroxytoluene (BHT), butylated hydroxyanisole, vitamin E, vitamin

E acetate, vitamin E palmitate, vitamin C, an ester of vitamin C, and a salt of vitamin C.

[0187] In various embodiments, the first inorganic polymer is different from the

second inorganic polymer.

[0188] In various embodiments, the first inorganic polymer and the second

inorganic polymer are the same.

[0189] In various embodiments, the first inorganic polymer and the second

inorganic polymer are each independently prepared from a sol-gel precursor selected from

the group consisting of tetramethoxysilane, tetraethoxysilane, and sodium silicate.

[0190] In various embodiments, the initial amount of the benzoyl peroxide is in

the range of about 1% to about 10% by weight, based on the total weight of the composition.

[0191] In various embodiments, the initial amount of the benzoyl peroxide is

about 6% by weight, based on the total weight of the composition.

[0192] In various embodiments, the initial amount of the benzoyl peroxide is

about 3% by weight, based on the total weight of the composition.

[0193] In various embodiments, the initial amount of the ATRA is in the range of

about 0.01% to about 1% by weight, based on the total weight of the composition.

[0194] In various embodiments, the initial amount of the ATRA is about 0.1% by

weight, based on the total weight of the composition.

[0195] In various embodiments, the initial amount of the ATRA is about 0.05%

by weight, based on the total weight of the composition.

[0196] Another embodiment provides a composition in an emulsion form for

topical application, comprising:

[0197] a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first silica polymer, the benzoyl

peroxide being present in the composition in an initial amount of about 6% by weight, based

on the total weight of the composition;

[0198] a plurality of second core-shell microcapsules comprising a second core

that comprises all-trans retinoic acid (ATRA) and a second shell that comprises a second



silica polymer, the ATRA being present in the composition in an initial amount of about

0.1% by weight, based on the total weight of the composition; and

[0199] a stabilizing agent comprising (a) at least one non-ionic surfactant selected

from the group consisting of polyoxyl 100 stearate and glycerol monostearate; and (b) at least

one antimicrobial selected from the group consisting of methylparaben and imidazolidinyl

urea;

[0200] wherein the stabilizing agent is present in an amount effective to:

[0201] (ia) maintain the amount of benzoyl peroxide at a level of at least about

5.4% by weight based on the total weight of the composition, as measured after storage of the

composition at a storage condition selected from the group consisting of 40°C for two

months, 30°C for three months, 25°C for six months and 5°C for two years;

[0202] (ib) maintain the amount of ATRA at a level of at least about 0.09% by

weight based on the total weight of the composition, as measured after storage of the

composition at a storage condition selected from the group consisting of 40°C for two

months, 30°C for three months, 25°C for six months and 5°C for two years;

[0203] (ii) maintain the microbial count of the composition at a level that meets

the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET) after

storage of the composition at a storage condition of 40°C for one month; and

[0204] (iii) maintain the bulk viscosity of the composition at about one million

cps or less and within a range of about 70% to about 130% of the initial bulk viscosity, as

measured after storage of the composition at 25°C for three months.

[0205] In various embodiments, the stabilizing agent is further effective to (iv)

maintain the microbial count of the composition at a level that meets the criteria of USP 61,

as measured by Microbial Limits Testing (MLT) after storage of the composition at a storage

condition of 25°C for six months.

[0206] Another embodiment provides a composition in an emulsion form for

topical application, comprising:

[0207] a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first silica polymer, the benzoyl

peroxide being present in the composition in an initial amount of about 3% by weight, based

on the total weight of the composition;



[0208] a plurality of second core-shell microcapsules comprising a second core

that comprises all-trans retinoic acid (ATRA) and a second shell that comprises a second

silica polymer, the ATRA being present in the composition in an initial amount of about

0.05% by weight, based on the total weight of the composition; and

[0209] a stabilizing agent comprising (a) at least one non-ionic surfactant selected

from the group consisting of polyoxyl 100 stearate and glycerol monostearate; and (b) at least

one antimicrobial selected from the group consisting of methylparaben and imidazolidinyl

urea;

[0210] wherein the stabilizing agent is present in an amount effective to:

[0211] (ia) maintain the amount of benzoyl peroxide at a level of at least about

2.7% by weight based on the total weight of the composition, as measured after storage of the

composition at a storage condition selected from the group consisting of 40°C for two

months, 30°C for three months, 25°C for six months and 5°C for two years;

[0212] (ib) maintain the amount of ATRA at a level of at least about 0.045% by

weight based on the total weight of the composition, as measured after storage of the

composition at a storage condition selected from the group consisting of 40°C for two

months, 30°C for three months, 25°C for six months and 5°C for two years;

[0213] (ii) maintain the microbial count of the composition at a level that meets

the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET) after

storage of the composition at a storage condition of 40°C for one month; and

[0214] (iii) maintain the bulk viscosity of the composition at about one million

cps or less and within a range of about 70% to about 130% of the initial bulk viscosity, as

measured after storage of the composition at 25°C for three months.

[0215] In various embodiments, the stabilizing agent is further effective to (iv)

maintain the microbial count of the composition at a level that meets the criteria of USP 61,

as measured by Microbial Limits Testing (MLT) after storage of the composition at a storage

condition of 25°C for six months.

[0216] Another embodiment provides a packaged product, comprising a sealable

container and the composition as described herein contained within the sealable container.



EXAMPLES

[0217] Additional embodiments are disclosed in further detail in the following

examples, which are not in any way intended to limit the scope of the claims.

Example 1 : Preparation of Encapsulated ATRA (3.06% E-ATRA water suspension)

a ) Oil Phase

[0218] 8.62 grams of Butylated hydroxyl toluene (BHT) and 45.9 grams of all-

trans retinoic acid (ATRA) were mixed in 129.3 grams of Squalane. 86.16 grams of

Tetroethoxysilane (TEOS) were added, and the resulted mixture was milled at 5000 rpm in a

ball mill for 10 minutes with an upper propeller mixer at a speed of 250 rpm for 7 minutes,

followed by 400 rpm for 3 minutes. 140.4 grams of milled tretinoin in oil was aliquoted out

and then heated to 60 °C. 9.0 grams of Beeswax were added and melted in the oil phase.

b) Waterphase

[0219] 3.3 grams CTAC (Cetrimonium Chloride) were dissolved in 490.0 g water

at 60 °C. Unless indicated otherwise, in all examples described herein, the term "water"

refers to sterile water for irrigation (USP).

c ) Core-shell step

[0220] 124.5 grams of the oil phase prepared in step (a) was added to the water

phase and homogenized at 4000 rpm for 1 minute. 17.9 grams of sodium silicate extra pure

solution (28%) were added to the emulsion. The pH of the emulsion was adjusted to 4.0

using HC1 5N solution. Water was added to complete the total weight of the mixture to 650

grams. The suspension was then stirred for 17 hours at 25 °C for the TEOS hydrolysis to be

completed. The composition of the final encapsulated ATRA water suspension product is

shown in Table 1.

Table 1: Composition of the encapsulated ATRA 3.06% water suspension

Ingredient % of pure ingredient in the
suspension

Beeswax 1.15
Squalane 8.62
TEOS 5.74
ATRA 3.06
Cetrimonium Chloride 0.15
Sodium hydroxide 0.74
Hydrochloric acid 0.40



Butylated hydroxytoluene 0.57
Sterile Water for Irrigation 79.56

Example 2

Preparation of Encapsulated BPO (15% E-BPO water suspension)

a) Preparation of benzoyl peroxide solution and acid cocktail

[0221] A benzoyl peroxide (BPO) solution was prepared by mixing 125.67 grams

of CTAC CT-429 (Cetrimonium Chloride 30%), 3008 grams of hydrous benzoyl peroxide,

and 5200 grams water under high shear. The solution was homogenized for 60 minutes at 33

°C (no more than 45 °C), and then the pH of the solution was adjusted to 7.0 using sodium

hydroxide solution (20%).

[0222] An acid cocktail was prepared using 493 grams Hydrochloric acid (37%),

98 grams anhydrous Citric Acid, 147 grams Lactic Acid (90%), and 794 grams water.

b) Coating cycle

[0223] The coating cycle was started by adding 38 grams sodium silicate solution

extra pure (28%) to the benzoyl peroxide solution prepared in step a) under high shear,

followed by adding the acid cocktail prepared in step (a) to adjust the pH to be lower than

6.8, and followed by adding 57 grams PDAC (3%) solution to the mixture. The cycle was

repeated 50 times while the mixture was stirred under high shear for 17 hours. After the 50

cycles, the pH of the mixture was adjusted to 5.0 using the acid cocktail, and water was

added to complete the total weight of the mixture to 15 kilograms. The composition of the

final BPO water suspension product is shown in Table 2.

Table 2: Composition of the encapsulated BPO 15% water suspension

Ingredient % of ingredient in the suspension
Polyquarternium-7 0.53
Hydrochloric Acid 0.87
Citric Acid, Anhydrous 0.46
Lactic Acid 0.63
Silicon Dioxide 3.42
Sodium hydroxide 0.01
Cetrimonium Chloride 0.25
Hydrous Benzoyl Peroxide 15.00
Sterile Water for Irrigation 78.83



Example 3

Preparation of Formulation of Encapsulated ATRA (0.1%) and Encapsulated BPO (6%) in

Emulsion (Formulation I)

[0224] Oil Phase: 720.0 of grams Cyclomethicone 5-N, 540.0 of grams Cetyl

Alcohol, 360.0 grams Polyoxyl 100 Stearate, and 540.0 grams of Glyceryl Monosterate were

mixed at 70 °C.

[0225] Water phase: 18.0 grams of Ethylendiaminetetraacetate Disodium salt

were dissolved in 6500 grams of water. 720.0 grams of glycerin (99.5%) were added to the

solution. After the solution was heated to 70 °C, 72.0 grams of Carbopol 980 NF were added

and the resulting mixture was homogenized at 3300 rpm for 10 minutes to ensure that all

materials completely melted and dissolved. 76.5 grams if sodium hydroxide (20%) were then

added and the mixture was stirred under high shear for 10 minutes at no less than 70 °C.

[0226] The oil phase was added to the water phase under high shear at 78 °C, and

the resulting emulsion was homogenized at 3300 rpm for 10 minutes. 72.0 grams of Citric

Acid and 7152 grams of encapsulated BPO 15% water suspension made as described in

Example 2 were mixed. The resulting mixture was added to the emulsion at 65 °C and mixed

at 1400 rpm for 10 minutes. The emulsion was cooled to 35 °C and the pH of the emulsion

was adjusted to 3.5 using HC1 5N solution. After 588.2 grams of encapsulated ATRA 3.06%

water suspension made as described in Example 1 were added, the emulsion was stirred at

1400 rpm for 10 minutes. HC1 5N was added to adjust the pH to 3.6, and then water was

added until the total weight of the emulsion reached 18 kilograms. The composition of the

formulation prepared in this example is shown in Table 3.

Table 3: Composition of Formulation I

% of pure ingredient in the
Ingredient

composition
Polyquarternium-7 0.21
Hydrochloric Acid 0.51
Citric Acid, Anhydrous 0.58
Lactic Acid 0.25
Silicon Dioxide 1.44
Sodium hydroxide 0.09
Cetrimonium Chloride 0.11
Hydrous Benzoyl Peroxide 6.00
Beeswax 0.04
Squalane 0.28



Ethanol (Alcohol) 0.14
ATRA 0.10
Butylated hydroxytoluene 0.02
Glycerin 4.00
Polyoxyl 100 stearate 2.00
Cetyl alcohol 3.00
Cyclomethicone 4.00
Glyceryl monostearate 3.00
Edetate Disodium 0.10
Carbopol 980 0.40
Sterile Water for Irrigation 73.72

Example 4

Preparation of Formulation of Encapsulated ATRA (0.1%) and

Encapsulated BPO (6%) in Gel (Formulation II)

[0227] 20.0 grams of PVP (Plasdone K-29/30) and 80 grams of water were mixed

to prepare 100 grams of 20% poly vinylpyrrolidone (PVP) solution. 850.0 grams of Glycerin

(99.5%) and 7900 grams of water were mixed and stirred for 10 minutes at 2800 rpm. 212.5

grams of Natrosol (250HHX) and 42.5 grams of Klucel (HF Pharm) were added, and the

resulted gel was homogenized at 8400 rpm for at least 70 minutes until it was free of lumps.

After 17.0 grams of PVP (20%) and 6755 grams of encapsulated BPO 15% water suspension

prepared as described in Example 2 were mixed and stirred for 10 minutes, the mixture was

added to the gel under high shear. The pH of the gel was then adjusted to 3.5 using HC1 5N.

After 6.9 grams of PVP (20%) and 555.55 grams of encapsulated ATRA 3.06% water

suspension prepared as described in Example 1 were mixed and stirred for 10 minutes, the

mixture was added to the gel and the pH of the gel was then adjusted to 3.5 using HC1 5N.

Water was added to complete the total weight of the mixture to 17 kilograms, and the

mixture was finally mixed until homogeneity. The composition of the formulation prepared

in this example is shown in Table 4.

Table 4: Composition of Formulation II

% of pure ingredient in the
Ingredient

composition
Polyquarternium-7 0.21
Hydrochloric Acid 0.59
Citric Acid, Anhydrous 0.18
Lactic Acid 0.25



Silicon Dioxide 1.44
Cetrimonium Chloride 0.11
Hydrous Benzoyl Peroxide 6.00
Beeswax 0.04
Squalane 0.28
Ethanol (Alcohol) 0.14
ATRA 0.10
Butylated hydroxytoluene 0.02
Glycerin 5.00
Hydroxypropyl cellulose 0.25
Hydroxyethyl cellulose 1.25
Povidone K-30 (PVP) 0.03
Sterile Water for Irrigation 84.32

Example 5

Preparation of Encapsulated ATRA (0.635% E-ATRA water suspension)

a ) Oil Phase

[0228] 8.62 grams of Butylated hydroxyl toluene (BHT) and 29.7 grams of all-

trans retinoic acid (ATRA) were mixed in 145.51 grams of Squalane. 86.17 grams of

Tetroethoxysilane (TEOS) were added, and the resulted mixture was milled in a ball mill at

5000 rpm for 10 minutes at 25 °C with an upper propeller mixer at a speed of 250 rpm for 10

minutes. 196.56 grams of milled tretinoin in oil was aliquoted out and then heated to 60 °C.

12.6 grams Beeswax were added and melted in the oil phase.

b) Waterphase

[0229] 5.28 grams of CTAC (Cetrimonium Chloride) were dissolved in 792.0 g

ofwater at 60 °C.

c) Core-shell step

[0230] [199.2 grams of the oil phase prepared in step (a) was added to the water

phase and homogenized at 4000 rpm for 1 minute. 28.64 grams of Sodium Silicate extra

pure solution (28%) were added to the emulsion. The pH of the emulsion was adjusted to 4.1

using HCl 5N solution. The emulsion was stirred for 17 hours at 25 °C, and the pH of the

emulsion was at 4.2.

d ) Coating step

[0231] 960.0 grams of encapsulated ATRA made in step (c) were added to 945.0

grams of water under high shear. 7.68 grams of Sodium Silicate extra pure solution (28%)



were added, the pH of the mixture was then adjusted to 2.3 using HC1 5N solution. The

coating cycle was repeated for 10 times. After a total of 76.8 grams of Sodium Silicate

(25%) was added, 947.2 grams of PDAC-7 (3%) was added and the mixture was

homogenized for 10 minutes. The pH of the mixture was adjusted to 4.3 using Sodium

Hydroxide 10% solution, and water was added to complete the total weight of the mixture to

2992 grams. The composition of the final ATRA water suspension product is shown in Table

5.

Table 5: Composition of the encapsulated ATRA 0.635% water suspension

Example 6

Preparation of Formulations of Encapsulated ATRA (0.1%) and Encapsulated BPO

(6%) in Gel (Formulation III)

[0232] 850.0 grams of Glycerin (99.5%) and 4600 grams of water were mixed

and stirred for 10 minutes at 2800 rpm. After 212.5 grams of Natrosol (250HHX) and 42.5

grams of Klucel (HF Pharm) were added sequentially, the resulted gel was homogenized at

8400 rpm for at least 70 minutes until it was free of lumps. 750.0 grams Polyquarternium-7

(10%) were added to 1750.0 grams water to prepare 3% PDAC solution. After 1133.9 grams

of 3% PDAC solution and 6666.7 grams of encapsulated BPO 15% water suspension were

mixed, the mixture was added to the gel under high shear. The pH of the gel was then

adjusted to 3.5 using HC1 5N solution. After 2672.9 grams of encapsulated ATRA 0.635%

water suspension prepared according to the procedure described in Example 5 were added,

the gel was stirred at 1400 rpm for 15 minutes, and the pH of the gel was then adjusted to 3.6

using HC1 5N solution. After water was added to complete the total weight to 17 kilograms,



the mixture was finally mixed until homogeneity. The composition of the formulation

prepared in this example is shown in Table 6.

Table 6: Composition of Formulation III

Example 7

Preparation of Formulations of Encapsulated ATRA (0.1%) and Encapsulated BPO (6%) in

Gel (Formulations IV - VII)

[0233] Four additional formulations of encapsulated ATRA and encapsulated

BPO were prepared following the procedures as described in the Example section of the

International Patent Application PCT/IL20 10/001092. The compositions of each of the four

formulations prepared in this example are shown in Tables 7-10.

Table 7: Composition of Formulation IV

% of pure ingredient in the
Ingredient

composition
Polyquarternium-7 0.22
Hydrochloric Acid 0.40
Citric Acid, Anhydrous 0.18
Lactic Acid 0.25
Silicon Dioxide 1.61
Sodium hydroxide 0.16
Cetrimonium Chloride 0.11



Hydrous Benzoyl Peroxide 6.00
Beeswax 0.06
Squalane 0.49
Ethanol (Alcohol) 0.19
ATRA 0.10
Butylated hydroxytoluene 0.03
Carbomer 980 1.00
Hydroxyethyl cellulose 0.70
Sterile Water for Irrigation 88.39

Composition of Formulation V

% of pure ingredient in the
Ingredient

composition
Polyquarternium-7 0.22
Hydrochloric Acid 0.40
Citric Acid, Anhydrous 0.18
Lactic Acid 0.25
Silicon Dioxide 1.61
Sodium hydroxide 0.28
Cetrimonium Chloride 0.11
Hydrous Benzoyl Peroxide 6.00
Beeswax 0.06
Squalane 0.49
Ethanol (Alcohol) 0.19
ATRA 0.10
Butylated hydroxytoluene 0.03
Carbomer 980 1.20
Carbomer 1342 0.30
Sterile Water for Irrigation 88.47

Composition of Formulation VI

% of pure ingredient in the
Ingredient

composition
Polyquarternium-7 0.22
Hydrochloric Acid 0.56
Citric Acid, Anhydrous 0.18
Lactic Acid 0.25
Silicon Dioxide 1.61
Sodium hydroxide 0.01
Cetrimonium Chloride 0.11
Hydrous Benzoyl Peroxide 6.00
Beeswax 0.06
Squalane 0.49
Ethanol (Alcohol) 0.19



ATRA 0.10
Butylated hydroxytoluene 0.03
Glycerin 15.00
Hydroxypropyl cellulose 0.50
Hydroxyethyl cellulose 1.25
Sterile Water for Irrigation 73.34

) : Composition of Formulation VII

% of pure ingredient in the
Ingredient

composition
Polyquarternium-7 0.56
Hydrochloric Acid 0.56
Citric Acid, Anhydrous 0.18
Lactic Acid 0.25
Silicon Dioxide 1.61
Sodium hydroxide 0.01
Cetrimonium Chloride 0.11
Hydrous Benzoyl Peroxide 6.00
Beeswax 0.06
Squalane 0.49
Ethanol (Alcohol) 0.19
ATRA 0.10
Butylated hydroxytoluene 0.03
Glycerin 5.00
Hydroxypropyl cellulose 0.25
Hydroxyethyl cellulose 1.25
Sterile Water for Irrigation 83.25

Example 8

Stability of Formulations of Encapsulated ATRA and Encapsulated BPO

[0234] In this example, formulations that were prepared according to the

procedures described in Examples 3, 4, 6 and 7 were stored at 5 °C and 25 °C/60 RH,

respectively, for three months to evaluate the stability of ATRA and BPO.

ATRA stability analysis

[0235] Diluent was prepared by dissolving l g of BHT in 1000 ml of acetonitrile.

ATRA and its degradation products were extracted from each of the formulations with the

diluent. The content of ATRA and its unknown degradation products were determined in

comparison with an external standard by HPLC method using Agilent 1200 HPLC system or

equivalent. The HPLC conditions used are shown in Table 11.



Table 11: HPLC Conditions for ATRA Content Analysis

[0236] The ATRA content in the sample was calculated using the formula:

%ATRA = A sa m l P

Rf *Wsample
where:
Asampie = ATRA peak area arising from the Sample Preparation;
Rf = averaged response factor (area/concentration) (average of five injections of first
standard and one injection of second standard);

Sampie = sample weight in mg;
V = sample solution volume (50ml);
P = ATRA standard purity in percentage.

[0237] The content of individual degradation product (e.g., RRT 0.248, 0.538,

0.560) in the sample as percentage from labeled amount of ATRA (0.1%) was calculated

using the formula:

Adp *V *P *1
% degradation product =

Rf * sample *0.1
where:
A dp = degradation product peak area arising from the Sample Preparation;
Rf = averaged response factor (area/concentration) (average of five injections of first
standard and one injection of second standard);

Sampie = sample weight in mg;
V = sample solution volume (50ml);
P = ATRA standard purity in percentage.

[0238] The sum of other unknown degradation products in the sample as

percentage from labeled amount of ATRA (0.1%) was calculated using the formula:



∑ Adp *P *l
% Sum of other degradation product

Rf *Wsample *0.1
where:

Adp = sum of area of other unknown degradation product arising from the Sample
Preparation;
Rf = averaged response factor (area/concentration) (average of five injections of first
standard and one injection of second standard);

Sampie = sample weight in mg;
V = sample solution volume (50ml);
P = ATRA standard purity in percentage.

[0239] A summary of the ATRA content of the formulations tested during the

three-month storage is shown in Table 12, and a summary of ATRA-related impurities of the

formulations tested during the three-month storage is shown in Table 13.

[0240] As shown in Tables 12 and 13, the ATRA content is more stable during

the three months storage for formulations prepared according to the procedures described in

Example 3 and 4 (that is, Formulations I and II) as compared to the formulations prepared

according to the procedures described in Examples 6 and 7 (that is, Formulations III-VI).

The ATRA contents in Formulations I and II were surprisingly stable during the three months

storage at 25 °C. The unexpected stability of Formulations I and II indicates that these

formulations may be stored at room temperature rather than 5 °C during the product shelf

life.

Table 12: Stability results based on ATRA content

Formulation

Freeze/ 5 25 <

TO
Thaw

Position 1 Month 2 Months 3 Months 1 Month 2 Months 3 Months

ATRA (% ATRA (% ATRA (% ATRA (% ATRA (% ATRA (% ATRA (% ATRA (%
w/w) w/w) w/w) w/w) w/w) w/w) w/w) w/w)

Beginning (3 tubes) 0.1 0 1 0.1 0 1 0.1 02 0.098 0.1 0 1 0.1 0 1 0.1 0 1 0.1 00

Middle (3 tubes) 0.099 0.1 02 0.099 0.098 0.1 0 1 0.1 00 0.1 00 0.099





Table 13: Stability results based on ATRA-related impurities:



BPO stability analysis

[0241] BPO was extracted from each of the formulations into THF and

acetonitrile. The BPO content was determined in comparison with an external standard by

HPLC method using Agilent 1200 HPLC system or equivalent. The HPLC conditions used

are shown in Table 14.

Table 14: HPLC conditions for BPO content analysis

[0242] The BPO content in the sample was calculated using the formula:

Asample *Dsample *%Pstd
P( =

Rf sample
where:
Asampie = BPO peak area arising from the Sample Preparation;
Dsample = Sample dilution factor (4)
Wsam Pi = sample weight in mg;
Rf = averaged response factor (area/concentration) (average of five injections of first
standard and one injection of second standard);



V = sample solution volume (50ml);
P = purity of the standard (portion of BPO in the Standard)*(%) (* hydrous BPO Standard
contains about 75% BPO)

[0243] The changes in BPO content during the three-month storage is

summarized in Table 15.

Table 15: Summary of stability results based on BPO Content:



Formulation VI

Freeze/ 5°C 25 C
T O Thaw 1 Month 2 Months 3 Months 1 Month 2 Months 3 Months

BPO (% BPO (% BPO (% BPO (% BPO (% BPO (% BPO (% BPO (%
w/w) w/w) w/w) w/w) w/w) w/w) w/w) w/w)

Average (2) 5.76 - 6.06 - 6.05 5.91 5.91 5.9 4

%Difference < 0.1 - 0.3 - 1.7 0.2 0.5 0.5

% Initial Content 100.0 - 105.2 - 105.0 102.5 102.5 103.0

:-:-:-Ir r m u-vi c fti vi i :- li i - -

Freeze/ 5°C 25 C
T O Thaw 1 Month 2 Months 3 Months 1 Month 2 Months 3 Months

BPO (% BPO (% BPO (% BPO (% BPO (% BPO (% BPO (% BPO (%
w/w) w/w) w/w) w/w) w/w) w/w) w/w) w/w)

Average (2) 5.82 - 6.0 4 - 6.02 6.07 6.02 6.06

%Difference 0.7 - 0.5 - 0.8 0.8 < 0.1 0.2

% Initial Content 100.0 - 103.7 - 103. 4 10 4 .2 103. 4 10 4 .0

Example 9

Viscosity of Formulations of Encapsulated ATRA and Encapsulated BPO

[0244] Formulations prepared according to the procedures described in Examples

3, 4, 6 and 7 were stored at 5 °C and 25 °C/60% RH, respectively, for three months to study

their changes in viscosity over time.

[0245] For the six formulations prepared according to the procedures described in

Examples 4, 6 and 7 (Formulation II-VII), viscosity of each formulation was measured using

Brookfield LVDV-II+Pro viscometer under the following conditions: spindle speed 1 rpm,

total measuring time: 10 minutes, and temperature 30°C +0.5 °C. For Formulations II and III,

spindle # 63 (LV3) was used. For Formulations IV-VII, spindle # SC4-25 was used.

[0246] For the formulation prepared according to the procedures described in

Example 3 (Formulation I), viscosity was measured using Brookfield LVDV-II+Pro

viscometer equipped with helipath stand under the following conditions: spindle speed 2

rpm, measuring time interval: 30 seconds, total measuring time: 4 minutes, at room

temperature (20°C - 25 °C).

[0247] The viscosities of the formulations tested during the three months storage

are summarized in Table 16.



Table 16: Summary of viscosities during three-month storage

Example 10

Microbial Growth in Formulations of Encapsulated ATRA and Encapsulated BPO

[0248] Formulations prepared according to the procedures described in Examples

3 and 4 (Formulations I and II) were stored at 25 °C/60% RH for three months to study the

microbial growth over time. The results of microbial growth are summarized in Table 17. It

was surprising to find that no significant yeast or mold growth in Formulation I (that is, the

formulation prepared according to the procedures described in Example 3), which further

indicates that this formulation may be stored at room temperature rather than 5 °C during the

product shelf life.



Table 17: Microbial growth at 25 °C in E-ATRA and E-BPO formulations

Example 11

Antimicrobial Effectiveness Testing of Formulation (I)

[0249] Antimicrobial Effectiveness Testing (AET) of Formulation (I) was

conducted in accordance with USP 5 1 at a storage condition of 40°C for one month. The

results are summarized in Table 18 and show that Formulation (I) meets criteria of USP 51.

Table 18: AET of Formulation (I) at 40°C

14
Tog reduction from initial 28 day Tog reduction from the

Bacteria day
calculated count at 14 day cfu 14 day's count at 28 days

cfu
S. aureus <10 >4.9 <10 0
E. Coli <10 >4.6 <10 0
P. aeruginosa <10 >4.9 <10 0

easL an v o s

C. albicans <10 >5.0 <10 0
A. niger <10 >4.1 <10 0



Example 12

Microbial Limits Testing of Formulation (I) and Formulation (II)

[0250] Microbial Limits Testing (MLT) of Formulation (I) and Formulation (II)

was conducted in accordance with USP 6 1 at a storage condition of 25°C for six months.

Briefly, a formulation is considered to meet the criteria of USP 6 1 when testing under these

conditions results in a total bacteria count of not more than 200 cfu and a total yeast and

mold count of no more than 20 cfu. Both Formulation (I) and Formulation (II) met this

criteria; however the total yeast and mold count for Formulation (II) was 20 cfu. This result

indicates a potential for other samples or variants of Formulation (I) and Formulation (II) to

not meet the criteria of USP 61, as measured by Microbial Limits Testing (MLT) after

storage of the composition at a storage condition of 25°C for six months, and/or a potential to

not meet the criteria of USP 51, as measured by Antimicrobial Effectiveness Testing (AET)

after storage of the composition at a storage condition of 40°C for one month.

Example 13

Preparation of Formulation of Encapsulated ATRA (0.1%) and Encapsulated BPO (6%) in

Emulsion with Antimicrobial Stabilizing Agent (Formulation VIII)

[0251] Formulation (VIII) was made in a manner similar to that described above

in Example 3 for Formulation (I) except that antimicrobials (methyl paraben and

imidazolidinyl urea) were included, as follows:

Preparation of Encapsulated ATRA (3.06% E-ATRA water suspension)

a) Oil Phase

[0252] 8.62 grams of Butylated hydroxyl toluene (BHT) and 45.9 grams of all-

trans retinoic acid (ATRA) were mixed in 129.3 grams of Squalane. 86.16 grams of

Tetroethoxysilane (TEOS) were added, and the resulted mixture was milled at 5000 rpm in a

ball mill for 10 minutes with an upper propeller mixer at a speed of 250 rpm for 7 minutes,

followed by 400 rpm for 3 minutes. 140.4 grams of milled tretinoin in oil was aliquoted out

and then heated to 60 °C. 9.0 grams of Beeswax were added and melted in the oil phase.

b ) Waterphase



[0253] 3.3 grams CTAC (Cetrimonium Chloride) were dissolved in 490.0 g water

at 60 °C. Unless indicated otherwise, in all examples described herein, the term "water"

refers to sterile water for irrigation (USP).

c ) Core-shell step

[0254] 124.5 grams of the oil phase prepared in step (a) was added to the water

phase and homogenized at 4000 rpm for 1 minute. 17.9 grams of sodium silicate extra pure

solution (28%) were added to the emulsion. The pH of the emulsion was adjusted to 4.0

using HC1 5N solution. Water was added to complete the total weight of the mixture to 650

grams. The suspension was then stirred for 17 hours at 25 °C for the TEOS hydrolysis to be

completed. The composition of the final encapsulated ATRA water suspension product is

shown in Table 19.

Table 19: Composition of the encapsulated ATRA 3.06% water suspension

Preparation of Encapsulated BPO (15% E-BPO water suspension)

(a) Preparation of benzoyl peroxide solution and acid cocktail

[0255] A benzoyl peroxide (BPO) solution was prepared by mixing 125.67 grams

of CTAC CT-429 (Cetrimonium Chloride 30%), 3008 grams of hydrous benzoyl peroxide,

and 5200 grams water under high shear. The solution was homogenized for 60 minutes at 33

°C (no more than 45 °C), and then the pH of the solution was adjusted to 7.0 using sodium

hydroxide solution (20%).

[0256] An acid cocktail was prepared using 493 grams Hydrochloric acid (37%),

98 grams anhydrous Citric Acid, 147 grams Lactic Acid (90%), and 794 grams water.

(b) Coating cycle



[0257] The coating cycle was started by adding 38 grams sodium silicate solution

extra pure (28%) to the benzoyl peroxide solution prepared in step (a) under high shear,

followed by adding the acid cocktail prepared in step (a) to adjust the pH to be lower than

6.8, and followed by adding 57 grams PDAC (3%) solution to the mixture. The cycle was

repeated 50 times while the mixture was stirred under high shear for 17 hours. After the 50

cycles, the pH of the mixture was adjusted to 5.0 using the acid cocktail, and water was

added to complete the total weight of the mixture to 15 kilograms. The composition of the

final BPO water suspension product is shown in Table 20.

Table 20: Composition of the encapsulated BPO 15% water suspension

Preparation of Formulation (VIII): Encapsulated ATRA (0.1%) and Encapsulated BPO (6%)

in Emulsion with Antimicrobials

[0258] Oil Phase: 720.0 grams of Cyclomethicone 5-N, 540.0 grams of Cetyl

Alcohol, 360.0 grams of Polyoxyl 100 Stearate, and 540.0 grams of Mono- and Di-glycerides

were mixed at 70 °C.

[0259] Water phase: 18.0 grams of Ethylendiaminetetraacetate Disodium salt

were dissolved in 6500 grams of water. 720.0 grams of glycerin (99.5%), 45.0 grams of

methyl paraben, and 45.0 grams of imidazolidinyl urea were added to the solution. After the

solution was, mixed at 2800 rpm for 10 minutes, 72.0 grams of Carbopol 980 NF were added

and the resulting mixture was homogenized at 3300 rpm for 10 minutes to ensure that all

materials completely melted and dissolved. The solution was heated to 70 °C with continuous

mixing, 76.5 grams of sodium hydroxide (20%) were then added and the mixture was stirred

under high shear for 10 minutes at no less than 70 °C.



[0260] The oil phase was added to the water phase under high shear at 70 °C, and

the resulting emulsion was homogenized at 3300 rpm for 10 minutes. 72.0 grams of Citric

Acid and 7152 grams of encapsulated BPO 15% water suspension made as described in

Example 2 were mixed. The resulting mixture was added to the emulsion at 65 °C and mixed

at 1400 rpm for 10 minutes. The emulsion was cooled to 35 °C and the pH of the emulsion

was adjusted to 3.5 using HC1 5N solution. After 588.2 grams of encapsulated ATRA 3.06%

water suspension made as described in Example 1 were added, the emulsion was stirred at

1400 rpm for 10 minutes. HC1 5N was added to adjust the pH to 3.4-3.7, and then water was

added until the total weight of the emulsion reached 18 kilograms. The composition of the

formulation prepared in this example is shown in Table 21.

Table 21: Composition of Formulation VIII

% of pure ingredient in the
Ingredient

composition
Polyquarternium-7 0.21
Hydrochloric Acid 0.51
Citric Acid, Anhydrous 0.60
Lactic Acid 0.25
Silicon Dioxide 1.44
Sodium hydroxide 0.09
Cetrimonium Chloride 0.11
Hydrous Benzoyl Peroxide 6.00
Beeswax 0.04
Squalane 0.28
Ethanol (Alcohol) 0.14
ATRA 0.10
Butylated hydroxytoluene 0.02
Glycerin 4.00
Polyoxyl 100 stearate 2.00
Cetyl alcohol 3.00
Cyclomethicone 4.00
Mono- and Di-Glycerides 3.00
Edetate Disodium 0.10
Carbopol 980 0.40
Methyl Paraben (antimicrobial) 0.25
Imidazolidinyl urea (antimicrobial) 0.25
Sterile Water for Irrigation 73.21



Example 14

Stability of Formulation (VIII) under various storage conditions

[0261] Bulk viscosity, ATRA level and BPO level were measured for samples of

compositions prepared as described above in Example 13 for Formulation (VIII) after storage

under the indicated conditions. The results are shown in Tables 22-24, respectively.

Table 22: Bulk Viscosity Stability of Formulation (VIII)

Table 24: BPO Stability of Formulation (VIII)



5°C Storage
Initial 1 Month 2 Months 3 Months

BPO (% w/w) - Average (2) 5.80 - - 6.00

BPO (% Initial Content) - Average (2) 100.0 - - 103.4

Initial 1 Month 2 Months 3 Months

BPO (% w/w) - Average (2) 5.80 5.96 - 5.82

BPO (% Initial Content) - Average (2) 100.0 102.8 - 100.3

Initial 1 Month 2 Months 3 Months

BPO (% w/w) - Average (2) 5.80 5.90 6.02 5.81

BPO (% Initial Content) - Average (2) 100.0 101 .7 103.8 100.2

Examples 15-33

Effect of antimicrobial selection on ATRA level for variants of Formulation (VIII)

[0262] A series of ATRA/BPO formulations (shown in Figures 1 through 5) were

prepared in a manner similar to that described above in Example 13 for Formulation (VIII)

except that the Carbopol content and type and amount of antimicrobial were varied.

Measurements of initial bulk viscosity, initial ATRA content and initial BPO content were

made. Samples of the ATRA/BPO formulations were then stored for four weeks at 40°C,

30°C or 25°C. Measurements of bulk viscosity, ATRA content and BPO content were made

after storage, and are illustrated in FIGS. 1-5 in terms of the percentage of the initial values.

The amount of antimicrobials (wt. % of methylparaben (MP), propylparaben (PP),

phenoxyethanol (PE), and/or imidazolidinyl urea (GE)) and the presence (+) or absence (-) of

0.4% Carbopol in each of the formulations are also shown in FIGS. 1-5.

[0263] While various aspects and embodiments have been disclosed herein, other

aspects and embodiments will be apparent to those skilled in the art. The various aspects and

embodiments disclosed herein are for purposes of illustration and are not intended to be

limiting, with the true scope and spirit being indicated by the following claims.



WHAT IS CLAIMED IS:

1. A composition for topical application, comprising:

a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first inorganic polymer; and

a plurality of second core-shell microcapsules comprising a second core that

comprises a retinoid and a second shell that comprises a second inorganic polymer;

wherein said composition is an oil in water emulsion comprising a

polyoxylstearate and a glycerylstearate wherein the ratio of said polyoxylstearate to said

glycerylstearate is in the range of 0.1:10 to 10:0.1.

2. The composition of claim 1, wherein said polyoxylstearate is selected from

the group consisting of Polyoxyl-8 stearate, Polyoxyl-20 stearate, Polyoxyl-40 stearate, and

Polyoxyl-100 stearate.

3. The composition of claim 1, wherein said glycerylstearate is selected from the

group consisting of glyceryl mono-stearate, glyceryl di-stearate and mixtures thereof.

4. The composition of claim 1, wherein the amount of said polyoxylstearate in

said composition is in the range of about 0.1% w/w to about 30% w/w.

5. The composition of claim 1, wherein the amount of said glycerylstearate in

said composition is in the range of about 0.1% w/w to about 30% w/w.

6. The composition of claim 1, wherein said composition further comprises at

least one fatty alcohol.

7. The composition of claim 6, wherein said at least one fatty alcohol is selected

from the group consisting of octyl alcohol, 2-ethyl hexanol, nonyl alcohol, decyl alcohol,

undecanol, dodecyl alcohol, tridecyl alcohol, tetradecyl alcohol, pentadecyl alcohol, cetyl

alcohol, palmitoleyl alcohol, heptadecyl alcohol, cetostearyl alcohol, stearyl alcohol,

isostearyl alcohol, elaidyl alcohol, oleyl alcohol, linoleyl alcohol, elaidolinolenyl alcohol,

ricinoleyl alcohol, nonadecyl alcohol, arachidyl alcohol, heneicosyl alcohol, behenyl alcohol,

erucyl alcohol, lignoceryl alcohol, ceryl alcohol, montanyl alcohol, cluytyl alcohol, myricyl

alcohol, melissyl alcohol, geddyl alcohol, cetearyl alcohol and mixtures thereof.

8. The composition of claim 7, wherein the amount of said at least one fatty

alcohol in said composition is in the range of about 0.2% w/w to about 50% w/w.



9. The composition of claim 1, wherein said composition further comprises a

polyacrylic acid homopolymer or copolymer.

10. The composition of claim 1, wherein said oil in said oil in water emulsion is

selected from the group consisting of paraffin oil, isopropyl myristate, caprylic/capric

triglyceride, squalane, squalene, almond oil, castor oil, olive oil, jojoba oil, sunflower oil,

soybean oil, grape seed oil, dimethicone, cyclomethicone and mixtures thereof.

11. The composition of claim 10, wherein said oil in present in the composition in

an amount in the range of about 0.05% w/w to about 50% w/w.

12. The composition of claim 1, wherein said water in said oil in water emulsion

further comprises at least one water soluble humectant.

13. The composition of claim 12, wherein said at least one water soluble

humectant is selected from the group consisting of propylene glycol, glycerin, and

polyethylene glycol-X, where X is in the range of 200 to 10,000.

14. A composition for topical application, comprising:

a plurality of first core-shell microcapsules comprising a first core that

comprises benzoyl peroxide and a first shell that comprises a first inorganic polymer; and

a plurality of second core-shell microcapsules comprising a second core that

comprises a retinoid and a second shell that comprises a second inorganic polymer;

wherein said composition is in a gel form comprising at least one non-ionic

polymeric dispersant and at least one thickening agent.

15. The composition of claim 14, wherein said at least one non- ionic polymeric

dispersant is selected from the group consisting of poly vinyl pyrrolidone (PVP), poly vinyl

pyrrolidone-co-vinyl acetate, polyamide, polyurethane, polyurea and mixtures thereof.

16. The composition of claim 14, wherein said at least one thickening agent is

selected from the group consisting of hydroxy propyl cellulose (HPC), hydroxyl ethyl

cellulose (HEC), hydroxyl methyl cellulose (HMC), polyacrylic acid homopolymer,

polyacrylic acid copolymer, fatty alcohol, silica and its derivatives, xanthan gum, arabic

gum, poly vinyl alcohol, veegum, laponite, clay, and mixtures thereof.

17. The composition of claim 14, wherein said at least one thickening agent is a

non-ionic agent.



18. The composition of claim 14, wherein said at least one thickening agent is an

ionic agent.

19. The composition of claim 14, wherein said at least one thickening agent is

present in the composition in an amount in the range of about 0.01% w/w to about 10% w/w.

20. The composition of claim 14, wherein said composition further comprises

glycerin.

21. The composition of claim 14, wherein said non-ionic polymeric dispersant is

present in the composition in an amount in the range of about 0.05% w/w to about 20% w/w.

22. The composition according to claims 1 or 14, further comprising at least one

antimicrobial agent.

23. The composition according to claim 22, wherein said at least one

antimicrobial agent is selected from the group consisting of methylparaben, propylparaben,

phenoxyethanol, imidazolidinyl urea and mixtures thereof.

24. The composition according to claims 1 or 14, wherein at least one of said first

core-shell microcapsules and said second core-shell microcapsules further comprise at least

one phase changing material selected from the group consisting of a natural paraffin, a

synthetic paraffin, an aliphatic alcohol, and a fatty acid.

25. The composition of claims 1 or 14, wherein said first inorganic polymer is

different from said second inorganic polymer.

26. The composition of claims 1 or 14, wherein said first inorganic polymer and

said second inorganic polymer are the same.

27. The composition of claims 1 or 14, wherein said first inorganic polymer and

said second inorganic polymer are each independently prepared from a sol-gel precursor

selected from the group consisting of a metal alkoxide monomer, a semi-metal alkoxide

monomer, a metal ester monomer, a semi-metal ester monomer, a silazane monomer, a

colloidal silica, a monomer of the formula M(R)n(P)m, wherein M is a metallic or a semi-

metallic element, R is a hydrolyzable substituent, n is an integer from 2 to 6, P is a non

polymerizable substituent and m is an integer from 0 to 6, and a partially hydrolyzed and

partially condensed polymer thereof.



28. The composition of claim 27, wherein said semi-metal alkoxide monomer is

selected from the group consisting of tetramethoxysilane, tetraethoxysilane, dimethyl

dimethoxysilane, methyl trimethoxysilane, dimethyl dimethoxysilane, and sodium silicate.

29. The composition of claims 1 or 14, wherein the amount of said benzoyl

peroxide is in the range of about 1% to about 10% by weight, based on total weight of said

composition.

30. The composition of claims 1 or 14, wherein the amount of said retinoid is in

the range of about 0.01% to about 1% by weight, based on total weight of said composition.

31. The composition of claims 1 or 14, further comprising at least one antioxidant.

32. The composition of claim 31, wherein said at least one antioxidant is selected

from the group consisting of butylated hydroxytoluene (BHT), butylated hydroxyanisole,

vitamin E, vitamin E acetate, vitamin E palmitate, vitamin C, an ester of vitamin C, and a salt

of vitamin C or any combinations thereof.

33. The composition according to claims 3 1 or 32, wherein said at least one

antioxidant is incorporated into the core of said second core-shell microcapsule.
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