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ARTICLES AND METHODS RELATED TO TRANSDERMAL DELIVERY OF A
THERAPEUTIC AGENT

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This Application claims the benefit of U.S. Provisional Application No. 61/807,803,

filed on April 3, 2013, which is incorporated herein by reference in its entirety.
FIELD OF THE INVENTIONS

[0002] The articles and methods disclosed herein relates to transdermal delivery of a

therapeutic agent.
BACKGROUND

[0003] Systemic delivery of therapeutic agents can in some cases be disadvantageous because
of side effects in, for example, the GI tract after oral dosing. Therefore, in some cases, local
administration of therapeutic agents can be beneficial, for example, as for the treatment of a
wound, a burn, or osteoarthritis, etc. Local administration of therapeutic agents can be
achieved by transdermal drug delivery devices. Transdermal drug delivery devices are well
known in the pharmaceutical arts as a method for delivering a wide variety of drugs, such as
nitroglycerin, estradiol, testosterone, fentanyl, and clonidine. Transdermal drug delivery
devices typically involve a carrier (such as a liquid, gel, or solid matrix, or a mechanically
sensitive adhesive) into which the drug to be delivered is incorporated. Because the skin
presents a substantial barrier to ingress of foreign substances into the body, it is often desirable
to incorporate excipients, such as penetration enhancers, into the carrier that enhance the rate at

which the drug passes through the skin.

[0004] There is a need for articles and methods related thereto that can achieve advantageous

transdermal delivery of therapeutic agents. Such articles and methods are described herein.
SUMMARY OF THE INVENTION

[0005] Disclosed herein is an article comprising: a) a first stimuli-responsive porous material,
wherein the first stimuli-responsive porous material has a first and second side opposite from

each other; b) a therapeutic agent; and ¢) a support material.

[0006] Also disclosed herein is a method of treating a disorder comprising application of an

article disclosed herein to a subject in need of treatment of the disorder.

[0007] Also disclosed herein is a method of application of the disclosed articles.
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[0008] Additional advantages will be set forth in part in the description which follows, and in
part will be obvious from the description, or can be learned by practice of the aspects described
below. The advantages described below will be realized and attained by means of the chemical
compositions, methods, and combinations thereof particularly pointed out in the appended
claims. It is to be understood that both the foregoing general description and the following

detailed description are exemplary and explanatory only and are not restrictive.
DESCRIPTION OF THE FIGURES

[0009] The accompanying figures, which are incorporated in and constitute a part of this
specification, illustrate several aspects and together with the description serve to explain the

principles of the invention.

[0010] FIG. 1 shows a non-limiting configuration of the articles described herein.
[0011] FIG. 2 shows a non-limiting configuration of the articles described herein.
[0012] FIG. 3 shows a non-limiting configuration of the articles described herein.
[0013] FIG. 4 shows a non-limiting configuration of the articles described herein.
[0014] FIG. 5 shows a non-limiting configuration of the articles described herein.

[0015] FIG. 6 shows a non-limiting configuration of the articles described herein. The article

of figure 1 is incorporated in figure 6.

[0016] FIG. 7 shows a non-limiting configuration of the articles described herein. The article

of figure 1 is incorporated in figure 7.

[0017] Additional advantages of the invention will be set forth in part in the description which
follows, and in part will be obvious from the description, or can be learned by practice of the
invention. The advantages of the invention will be realized and attained by means of the
elements and combinations particularly pointed out in the appended claims. It is to be
understood that both the foregoing general description and the following detailed description

are exemplary and explanatory only and are not restrictive of the invention, as claimed.
DETAILED DESCRIPTION

[0018] The disclosed methods and articles can be understood more readily by reference to the

following detailed description.

[0019] Before the present compounds, compositions, articles, systems, devices, and/or methods

are disclosed and described, it is to be understood that they are not limited to specific articles or
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methods unless otherwise specified. It is also to be understood that the terminology used herein
is for the purpose of describing particular aspects only and is not intended to be limiting.
Although any methods and materials similar or equivalent to those described herein can be used
in the practice or testing of the present invention, example methods and materials are now

described.

[0020] All publications mentioned herein are incorporated herein by reference to disclose and
describe the methods and/or materials in connection with which the publications are cited. The
publications discussed herein are provided solely for their disclosure prior to the filing date of
the present application. Nothing herein is to be construed as an admission that the present
invention is not entitled to antedate such publication by virtue of prior invention. Further, the
dates of publication provided herein can be different from the actual publication dates, which

can require independent confirmation.
1. Definitions

[0021] As used herein, nomenclature for compounds, including organic compounds, can be
given using common names, [UPAC, IUBMB, or CAS recommendations for nomenclature.
When one or more stereochemical features are present, Cahn-Ingold-Prelog rules for
stereochemistry can be employed to designate stereochemical priority, £/7 specification, and
the like. One of skill in the art can readily ascertain the structure of a compound if given a
name, either by systemic reduction of the compound structure using naming conventions, or by
commercially available software, such as CHEMDRAW ™ (Cambridgesoft Corporation,
U.S.A)).

[0022] In this specification and in the claims which follow, reference will be made to a number

of terms which shall be defined to have the following meanings:

[0023] It must be noted that, as used in the specification and the appended claims, the singular

(13 29 ¢¢
a

forms an” and “the” include plural referents unless the context clearly dictates otherwise.
Thus, for example, reference to [“a therapeutic agent” includes mixtures of therapeutic agents,
reference to “a pharmaceutical carrier” includes mixtures of two or more such carriers, and the

like].

[0024] “Optional” or “optionally” means that the subsequently described event or circumstance
can or cannot occur, and that the description includes instances where the event or circumstance

occurs and instances where it does not. For example, the phrase “optionally comprising an
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adhesive material” means that the adhesive material can or cannot be present and that the

description includes both situations.

[0025] Ranges can be expressed herein as from “about” one particular value, and/or to “about”
another particular value. When such a range is expressed, a further aspect includes from the
one particular value and/or to the other particular value. Similarly, when values are expressed
as approximations, by use of the antecedent “about,” it will be understood that the particular
value forms a further aspect. It will be further understood that the endpoints of each of the
ranges are significant both in relation to the other endpoint, and independently of the other
endpoint. It is also understood that there are a number of values disclosed herein, and that each
value is also herein disclosed as “about” that particular value in addition to the value itself. For
example, if the value “10” is disclosed, then “about 10” is also disclosed. It is also understood
that each unit between two particular units are also disclosed. For example, if 10 and 15 are

disclosed, then 11, 12, 13, and 14 are also disclosed.

[0026] A weight percent (wt. %) of a component, unless specifically stated to the contrary, is
based on the total weight of the formulation or composition or material, in which the

component is included.

[0027] References in the specification and concluding claims to parts by weight, of a particular
element or component in a composition or article, denote the weight relationship between the
element or component and any other elements or components in the composition or article for
which a part by weight is expressed. Thus, in a composition containing 2 parts by weight of
component X and 5 parts by weight component Y, X and Y are present at a weight ratio of 2:5,
and are present in such ratio regardless of whether additional components are contained in the

composition.

[0028] As used herein, the term “subject” refers to the target of administration, e.g. an animal.
Thus the subject of the herein disclosed methods can be a vertebrate, such as a mammal, a fish,
a bird, a reptile, or an amphibian. Alternatively, the subject of the herein disclosed methods can
be a human, non-human primate, horse, pig, rabbit, dog, sheep, goat, cow, cat, guinea pig, fish,
bird, or rodent. The term does not denote a particular age or sex. Thus, adult and newborn
subjects, as well as fetuses, whether male or female, are intended to be covered. In one aspect,
the subject is a mammal. A patient refers to a subject afflicted with a disease or disorder. The
term “patient” includes human and veterinary subjects. In some aspects of the disclosed

methods, the subject has been diagnosed with a need for treatment of one or more muscle
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disorders prior to the administering step. In some aspects of the disclosed method, the subject

has been diagnosed with a need for treatment of osteoarthritis prior to the administering step.

[0029] As used herein, the term “treatment” refers to the medical management of a patient with
the intent to cure, ameliorate, stabilize, or prevent a disease, pathological condition, or disorder.
This term includes the use of disclosed articles as means for delivering therapeutic agents.

This term includes active treatment, that is, treatment directed specifically toward the
improvement of a disease, pathological condition, or disorder, and also includes causal
treatment, that is, treatment directed toward removal of the cause of the associated discase,
pathological condition, or disorder. In addition, this term includes palliative treatment, that is,
treatment designed for the relief of symptoms rather than the curing of the disease, pathological
condition, or disorder; preventative treatment, that is, treatment directed to minimizing or
partially or completely inhibiting the development of the associated disease, pathological
condition, or disorder; and supportive treatment, that is, treatment employed to supplement
another specific therapy directed toward the improvement of the associated disease,
pathological condition, or disorder. In various aspects, the term covers any treatment of a
subject, including a mammal (e.g., a human), and includes: (i) preventing the disease from
occurring in a subject that can be predisposed to the disease but has not yet been diagnosed as
having it; (i1) inhibiting the disease, i.e., arresting its development; (iii) relieving the disease,
1.e., causing regression of the disease; or (iv) relieving symptoms of the disease, i.e., relieving
pain caused by the disease. In one aspect, the subject is a mammal such as a primate, and, in a

further aspect, the subject is a human.

[0030] As used herein, the term “prevent” or “preventing” refers to precluding, averting,
obviating, forestalling, stopping, or hindering something from happening, especially by
advance action. It is understood that where reduce, inhibit or prevent are used herein, unless

specifically indicated otherwise, the use of the other two words is also expressly disclosed.

[0031] As used herein, the term “diagnosed” means having been subjected to a physical
examination by a person of skill, for example, a physician, and found to have a condition that
can be diagnosed or treated by the compounds, compositions, or methods disclosed herein. For
example, “diagnosed with osteoarthritis” means having been subjected to a physical
examination by a person of skill, for example, a physician, and found to have a condition that
can be diagnosed or treated by a compound or composition that can treat or prevent

osteoarthritis.
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[0032] As used herein, the phrase “identified to be in need of treatment for a disorder,” or the
like, refers to selection of a subject based upon need for treatment of the disorder. For example,
a subject can be identified as having a need for treatment of a disorder (e.g., a disorder related
to a microbial infection) based upon an earlier diagnosis by a person of skill and thereafter
subjected to treatment for the disorder. It is contemplated that the identification can, in one
aspect, be performed by a person different from the person making the diagnosis. It is also
contemplated, in a further aspect, that the administration can be performed by one who

subsequently performed the administration.

[0033] As used herein, the terms “administering” and “administration” refer to any method of
providing a pharmaceutical preparation to a subject. Such methods are well known to those
skilled in the art and include, but are not limited to, oral administration, transdermal
administration, administration by inhalation, nasal administration, topical administration,
intravaginal administration, ophthalmic administration, intraaural administration, intracerebral
administration, rectal administration, sublingual administration, buccal administration, and
parenteral administration, including injectable such as intravenous administration, intra-arterial
administration, intramuscular administration, and subcutaneous administration. Administration
can be continuous or intermittent. In one aspect, administering is transdermal administration.
In various aspects, a preparation can be administered therapeutically; that is, administered to
treat an existing disease or condition. In further various aspects, a preparation can be

administered prophylactically; that is, administered for prevention of a disease or condition.

[0034] As used herein, the terms “effective amount” and “amount effective” refer to an amount
that is sufficient to achieve the desired result or to have an effect on an undesired condition.
For example, a “therapeutically effective amount” refers to an amount that is sufficient to
achieve the desired therapeutic result or to have an effect on undesired symptoms, but is
generally insufficient to cause adverse side effects. The specific therapeutically effective dose
level for any particular patient will depend upon a variety of factors including the disorder
being treated and the severity of the disorder; the specific composition employed; the age, body
weight, general health, sex and diet of the patient; the time of administration; the route of
administration; the rate of excretion of the specific compound employed; the duration of the
treatment; drugs used in combination or coincidental with the specific compound employed and
like factors well known in the medical arts. For example, it is well within the skill of the art to
start doses of a compound at levels lower than those required to achieve the desired therapeutic

effect and to gradually increase the dosage until the desired effect is achieved. If desired, the
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effective daily dose can be divided into multiple doses for purposes of administration.
Consequently, single dose compositions can contain such amounts or submultiples thereof to
make up the daily dose. The dosage can be adjusted by the individual physician in the event of
any contraindications. Dosage can vary, and can be administered in one or more dose
administrations daily, for one or several days. Guidance can be found in the literature for
appropriate dosages for given classes of pharmaceutical products. In further various aspects, a
preparation can be administered in a “prophylactically effective amount”; that is, an amount

effective for prevention of a disease or condition.

[0035] The term “pharmaceutically acceptable” describes a material that is not biologically or
otherwise undesirable, i.e., without causing an unacceptable level of undesirable biological

effects or interacting in a deleterious manner.

[0036] As used herein, the term “pharmaceutically acceptable carrier” refers to sterile aqueous
or nonaqueous solutions, dispersions, suspensions or emulsions, as well as sterile powders for
reconstitution into sterile injectable solutions or dispersions just prior to use. Examples of
suitable aqueous and nonaqueous carriers, diluents, solvents or vehicles include water, ethanol,
polyols (such as glycerol, propylene glycol, polyethylene glycol and the like),
carboxymethylcellulose and suitable mixtures thereof, vegetable oils (such as olive oil) and
injectable organic esters such as ethyl oleate. Proper fluidity can be maintained, for example,
by the use of coating materials such as lecithin, by the maintenance of the required particle size
in the case of dispersions and by the use of surfactants. These compositions can also contain
adjuvants such as preservatives, wetting agents, emulsifying agents and dispersing agents.
Prevention of the action of microorganisms can be ensured by the inclusion of various
antibacterial and antifungal agents such as paraben, chlorobutanol, phenol, sorbic acid and the
like. It can also be desirable to include isotonic agents such as sugars, sodium chloride and the
like. Prolonged absorption of the injectable pharmaceutical form can be brought about by the
inclusion of agents, such as aluminum monostearate and gelatin, which delay absorption.
Injectable depot forms are made by forming microencapsule matrices of the drug in
biodegradable polymers such as polylactide-polyglycolide, poly(orthoesters) and
poly(anhydrides). Depending upon the ratio of drug to polymer and the nature of the particular
polymer employed, the rate of drug release can be controlled. Depot injectable formulations
are also prepared by entrapping the drug in liposomes or microemulsions which are compatible
with body tissues. The injectable formulations can be sterilized, for example, by filtration

through a bacterial-retaining filter or by incorporating sterilizing agents in the form of sterile
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solid compositions which can be dissolved or dispersed in sterile water or other sterile
injectable media just prior to use. Suitable inert carriers can include sugars such as lactose.
Desirably, at least 95% by weight of the particles of the active ingredient have an effective

particle size in the range 0f 0.01 to 10 micrometers.

[0037] Disclosed are the components to be used to prepare the compositions of the invention as
well as the compositions themselves to be used within the methods disclosed herein. These and
other materials are disclosed herein, and it is understood that when combinations, subsets,
interactions, groups, etc. of these materials are disclosed that while specific reference of each
various individual and collective combinations and permutation of these compounds cannot be
explicitly disclosed, each is specifically contemplated and described herein. For example, if a
particular compound is disclosed and discussed and a number of modifications that can be
made to a number of molecules including the compounds are discussed, specifically
contemplated is each and every combination and permutation of the compound and the
modifications that are possible unless specifically indicated to the contrary. Thus, if a class of
molecules A, B, and C are disclosed as well as a class of molecules D, E, and F and an example
of a combination molecule, A-D is disclosed, then even if each is not individually recited each
is individually and collectively contemplated meaning combinations, A-E, A-F, B-D, B-E, B-F,
C-D, C-E, and C-F are considered disclosed. Likewise, any subset or combination of these is
also disclosed. Thus, for example, the sub-group of A-E, B-F, and C-E would be considered
disclosed. This concept applies to all aspects of this application including, but not limited to,
steps in methods of making and using the compositions of the invention. Thus, if there are a
variety of additional steps that can be performed it is understood that each of these additional
steps can be performed with any specific embodiment or combination of embodiments of the

methods of the invention.

[0038] As used herein, a “porous material,” for example a stimuli-responsive porous material,
or the like terms refer to a material that has a large enough free volume space to accommodate a
second composition, such as a composition comprising a therapeutic agent. For example, a

material can have a free volume range from 40% to 99%.

[0039] As used herein, the term “stimuli-responsive porous material” or the like terms refer to a
material that changes one or more properties according to the environment they are in. A
stimuli-responsive porous material can change the one or more properties due to changes in one
or more factors including, but not limited to temperature, mechanical load of the material,

humidity, pH, light intensity, electrical field, or magnetic field. The change of the one or more
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properties is drastic and discontinuous at a particular point of the one or more factors and
results in release of cargo upon response. For example, for a “thermo-responsive porous
material” is a material that exhibits a drastic and discontinuous change of its physical property
at a particular temperature or temperature range. The change in physical property can be the
solubility of the material in a given solvent which results in reversible change in material free
volume due to material shrinkage or swelling. As such, thermo-responsive porous materials
have a lower critical solution temperature (LCST) at which thethermo-responsive porous
materials change from being soluble in a given solvent to being insoluble in a given solvent. In
one aspect, the solvent can be water. For example, poly(N-vinylcaprolactam) has a LCST of 36
°C when the solvent is water. In one aspect, the thermo-responsive material can have a LCST
from 27 °C to 40 °C. In yet another aspect, the thermo-responsive material can have a LCST
from 32 °C to 40 °C. In yet another aspect, the thermo-responsive material can have a LCST
from 32 °C to 38 °C. In yet another aspect, the thermo-responsive material can have a LCST
from 32 °C to 46 °C. In another example, a “mechanically-responsive porous material” is a
material that exhibits a drastic and discontinuous change of its physical property with the force
applied to the material. The change of property can be the ability of material to retain a
substance, such as a composition comprising a therapeutic agent, inside the material.
Accordingly, then a lower critical force is applied to the material a substance located within the
mechanically-responsive porous material is released. For example, gellan gum and alginate are

examples of mechanically-responsive porous materials.

[0040] Tt is understood that the compositions disclosed herein have certain functions.
Disclosed herein are certain structural requirements for performing the disclosed functions, and
it is understood that there are a variety of structures that can perform the same function that are
related to the disclosed structures, and that these structures will typically achieve the same

result.
2. Articles

[0041] The articles disclosed herein are useful for transdermal delivery of therapeutic agents.
Thus, in one aspect, the article can be a transdermal delivery article. The article can be
configured to achieve local delivery of the therapeutic agent. The article can be configured in
various sizes to fit a desired area of a body, such as, for example, a finger joint, a toe joint, a

shoulder, a knee, an elbow, or an ankle joint.
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[0042] Disclosed herein is an article comprising: a) a first stimuli-responsive porous material,
wherein the first stimuli-responsive porous material has a first and second side opposite from

each other; b) a therapeutic agent; and ¢) a support material.
[0043] In one aspect, the article further comprises a second stimuli-responsive porous material.
[0044] In one aspect, the article further comprises one or more penetration enhancers.

[0045] In one aspect, the article further comprises an adhesive material. In another aspect, the
adhesive material is present on the support material. In another aspect, the adhesive material is

present on the second side of the first stimuli-responsive porous material.

[0046] In one aspect, the article further comprises a matrix material. In one aspect, the matrix
material can be a stimuli-responsive porous material, for example a stimuli-responsive porous

matrix material.

[0047] In one aspect, the matrix material can be loaded with a therapeutic agent. In another
aspect, the matrix material can be loaded with a penetration enhancer. In yet another aspect,
the matrix can be loaded with a penetration enhancer and a therapeutic agent. The penetration

enhancer can comprise one or more substances.

[0048] In one aspect, the article comprises one or more formulations comprising a therapeutic
agent and one or more penetration enhancers. The formulation can be fast acting and/or
provide sustained release of the therapeutic agent. An article with a fast acting formulation can
deliver a therapeutically effective amount of a therapeutic agent within 10, 15, 20, 25, 30, 45, or
60 minutes after application of the article. An article with a sustained release formulation can
deliver a therapeutically effective amount of a therapeutic agent for at least 4 hrs, 6 hrs, 8 hrs,
10 hrs, 12, hrs, 18 hrs, or 24 hrs.

[0049] In one aspect, the article can comprise two or more formulations. For example, the
article can comprise two or more formulations comprising the same therapeutic agent but with
different penetration enhancers. Such article can, thus, can comprise a fast acting formulation
and a sustained release formulation. The different formulations can be present at different
location or in different materials in the article. For example, a fast acting formulation can be
present in a first stimuli-responsive porous material and the sustained release formulation can
be present in a second stimuli-responsive porous material and/or in the matrix material. In one
aspect, the fast acting formulation and the sustained release formulation are physically and
chemically separated from each other. In another example, the fast acting formulation and the

sustained release formulation can be physically separated by a barrier, such as a matrix

10
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material. An article comprising both a fast acting formulation and a sustained release
formulation can provide both fast and sustained of the therapeutic agent, thereby, providing

immediate and long-term relief for a subject using the article.

[0050] In another aspect, the article can comprise two or more formulations comprising
different therapeutic agents. The different therapeutic agents can be in the same class of
therapeutic agents, such as, for example, in the class of non-steroidal anti-inflammatory drugs
(NSAID). The different therapeutic agents can also be in different classes of therapeutic
agents, such as for example, an NSAID and an anesthetic agent. The article would then provide
two different benefits to a subject, such as a human, upon application of the article. For
example, upon application of such article comprising both an NSAID and an anesthetic agent to
an inflamed area, the article would provide both pain relief and anti-inflammatory relief to the
subject. The two or more formulations comprising different therapeutic agents can be present
at different location or in different materials in the article. For example, one formulation can be
present in a first stimuli-responsive porous material and the second formulation can be present
in a second stimuli-responsive porous material and/or in the matrix material. In one aspect, the
two or more formulations are physically and chemically separated from each other. In another
example, the two or more formulations can be physically separated by a barrier, such as a

matrix material.

[0051] In another aspect, the article can comprise three or more formulations comprising
different therapeutic agents. The different therapeutic agents can be in the same class of
therapeutic agents, such as, for example, in the class of non-steroidal anti-inflammatory drugs
(NSAID). Two of the different therapeutic agents can be in the same class of therapeutic
agents, such as, for example, in the class of non-steroidal anti-inflammatory drugs (NSAID),
and one of the therapeutic agents could be in a different class of therapeutic agents, such as, for
example, an anesthetic agent. The different therapeutic agents can also be in different classes
of therapeutic agents, such as for example, an NSAID, an anesthetic agent, and an antibiotic
agent. The article could then provide multiple, such as two or three, different benefits to a
subject, such as a human, upon application of the article. The three or more formulations
comprising different therapeutic agents can be present at different location or in different
materials in the article. For example, one formulation can be present in a first stimuli-
responsive porous material, the second formulation can be present in a second stimuli-
responsive porous material, and the third formulation can be present in the matrix material. In

one aspect, the three or more formulations are physically and chemically separated from each

11
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other. In another example, the three or more formulations can be physically separated by a

barrier, such as a matrix material.

[0052] In one aspect, the article is configured to conform to the shape of a body part. In
another aspect, the article is configured to conform to the shape of a body where a joint is
present. In one aspect, the joint is the distal interphalangeal joint (DIP). In another aspect, the
joint is the basilar joint of the thumb (trapezium) and/or the first three bones of the thumb
(metacarpal). In yet another aspect, the joint is the metatarsophalangeal joint. In yet another

aspect, the joint is a finger joint, a toe joint, an ankle, an elbow, a wrist, a shoulder or a knee.

[0053] In one aspect, the article has the shape of a hollow tube. In one aspect, the hollow tube
can be fitted to a body part, such as the DIP.

[0054] In one aspect, the support material extends beyond the first stimuli-responsive porous
material. In another aspect, the support material extends beyond the first stimuli-responsive

porous material and the second stimuli-responsive porous material.

[0055] In one aspect, the support material is flexible. In another aspect, the support material is
clastic. In yet another aspect, the support material is attached to the first side of the first stimuli-

responsive porous material.

[0056] In one aspect, the article comprises a matrix material. In another aspect, comprises a
matrix material, wherein the matrix material is attached to the support material. In one aspect,
the matrix material is configured on the support material to form one or more wells. In another
aspect, the first thermo-responsive and/or mechanically-responsive material is present in the
one or more wells. In yet another aspect, the matrix material is present between the first side of
the stimuli-responsive porous material and the support material. In yet another aspect, the first
stimuli-responsive porous material and the second stimuli-responsive porous material are
present in different wells. In yet another aspect, the therapeutic agent is present in the one or

more wells.

[0057] In one aspect, the therapeutic agent is present between the first side of the first stimuli-
responsive porous material and the support material. In another aspect, the first side of the first
stimuli-responsive porous material is attached to the support material. In yet another aspect,
first side of the first stimuli-responsive porous material and the second stimuli-response
material is attached to the support material. In yet another aspect, first side of the first stimuli-

responsive porous material is attached to the second stimuli-response material.
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[0058] In one aspect, the article is configured so that the first stimuli-responsive porous

material will be in contact with skin upon use of the article.

[0059] In one aspect, the article is configured so that the therapeutic agent is present between
