WO 01/ 03625 PCTI USODI 18591 EXOTHERM C BANDAGE FI ELD OF THE | NVENTI ON The
present invention relates to a delivery device 5 conprising a heating

el enment andwbleoisse t hereof for enhanced topical and trapgﬂ&g&ﬁk gelivery
of active agents. BACKGROUND OF THE | NVENTI ON 10 Topi cal dosage Porms have
been widely prescribed for decades in the treatnment of system c diseases
and local conditions such as those involved with the skin and underlying
tissues. Certain drugs are relatively easy to be delivered via the
transdermal or transnucosal 15 route because they can easily perneate
through the skin or nucosal nenbrane at a high potency. Perneation of the
drug across the skin or nucosal nenbrane froma transdermal patch or a
mucosal patch is a result of the chem cal potential gradient across the
skin or nucosal 20 nenbrane. Ex&FPFEBRGIC BABHAGHr ugs i ncl ude

ni troglycerin, scopolamne, nicotine, hydrocortisone, betanethasone,
benzocai ne, and |idocai ne. Most drugs and bi ol ogi cal active ingredients,
however, candgEhie | THE CENERNTION t hr ough the skin or 25 nucosal nenbrane.
Therefore, to inckeas LD, P t.i_on f.these drugs, vari.ous chem cal
and physi cal perngggi?ﬁégéﬁ%dﬁ%gﬁglﬁgtﬁgggtﬁ%v%oB%é#géﬁﬁnggavl%ﬁenicaI

per nkati on erftapsilsdnggentsaniyg kd cappti eddt vk afdd Y He@eof 1foO 01103625

PCT/USCEYl85%%hanced topical and transdermal delivery of active

agents.

BACKGROUND OF THE INVENTION

10 Topical dosage forms have been widely prescribed
for decades in the treatment of systemic diseases and
local conditions such as those involved with the skin
and underlying tissues. Certain drugs are relatively
easy to be delivered via the transdermal or transmucosal

15 route because they can easily permeate through the skin
or mucosal membrane at a high potency. Permeation of
the drug across the skin or mucosal membrane from a
transdermal patch or a mucosal patch is a result of the
chemical potential gradient across the skin or mucosal

20 membrane. Examples of these drugs include
nitroglycerin, scopolamine, nicotine, hydrocortisone,
betamethasone, benzocaine, and lidocaine.

Most drugs and biological active ingredients,
however, cannot readily penetrate through the skin or

25 mucosal membrane. Therefore, to increase skin permeation
of these drugs, various chemical and physical permeation
enhancing methods have been employed. Chemical

permeation enhancing agents may be applied typically to



i ncrease transdernmal delivery of drugs. Generally, chem cal perneation
enhanci ng agents are cost effective and safe. An extensive review of

chem cal pwoastsomks on enhancing agents is reported i n Bupahktusodisseiet al ., 5
"Chem cal Means of Transdernmal Drug Perneation Enhancenment”, Transdernma
and Topical Drug Delivery Systens, InterpharmPress, Inc., 1997, pages
357-475. One mmjor di sadvange associated with chem cal penetatration
enhancers is potential skin irriation. 10 Physical penetration enhancing
met hods can al so be used to inprove transdermal drug delivery. The energy
forms enployed for this purpose include electricity (e.g., iontophoresis),
ul trasound (e.g., phonophoresis) and thermal energy (e.g., heat-assisted

delivery), which 15 are revi.ewed. by .Sun, "Skin Absorption hancenment by
Physi cal | NeansGEERSE GRPRRUSERE St et Bregs. apiRtedasml and

Topi cal Drug Dehdvietal PesinelSion | diieridignaBesss, atdlCcostl Wkecpages
327-355. U.S. Patent No. 4,898,592 relates to a device for 20 the
appl i cation of2PeaAE t PRNSFEFREIYS 26k EPeBEER Y PARTIREROBs t hat

includes a carghdndify egeatedis WddbAih LhaBagerfahtin aisenbabl e active
substance and a support. The support_is a | amnate nmade up of one or nore
pol ynBri c | ayet@emisadptiesnsdl Py Trrnafeesad ReHY DSreHdiRit i ve el enent. This

heat conducti vg el,.enkil cirS ¥S$8Hsad Pk Ai iyt Lon 8 Patd.Lnt ' s body
heat such that a sorp%ioh o? tﬁe aé%?jg&iubgtance %%gg%%ancégh Thi s
devi ce, howeve$ystamss ,ndnieaphgeneteadang Iokenehd9dr pages 357-475.

One major disadvange associated with chemical
penetatration enhancers is potential skin irriation.

10 Physical penetration enhancing methods can also be
used to improve transdermal drug delivery. The energy
forms employed for this purpose include electricity
(e.g., iontophoresis), ultrascund (e.g., phonophoresis)
and thermal energy (e.g., heat-assisted delivery), which

15 are reviewed by Sun, “Skin Absorption Enhancement by
Physical Means: Heat, Ultrasound, and Electricity”,
Transdermal and Topical Drug Delivery Systems,
Interpharm Press, Inc., 1987, pages 327-355.

U.5. Patent No. 4,898,592 relates to a device for

20 the application of heated transdermally absorbable
active substances that includes a carrier impregnated
with the transdermally absorbable active substance and a
gsupport. The support is a laminate made up of one or
more polymeric lavers and optionally includes a heat

25 conductive element. This heat conductive element is used
for distribution of the patient's body heat such that
absorption of the active substance is enhanced. This

device, however, has no heat-generating element or



WD 01/ 03625 PCT/ US00/ 18591 function. The use of only a heat conductive
element to distribute body heat, however, is not an efficient or reliable
met hod of WnekD3EASng transder mal absorption by heating sPREESHESHnpunt of
body heat given off by a 5 patient can vary depending on the anbient air
tenperature and the physical conditions of the patient. U S. Patent No.
4,747,841 discloses a nethod and apparatus for "noxibustion"” using a

heat - generating elenent to heat and vaporize "noxa" for treatnent of a io
patient's skin w thout |eaving burn scars. The objective of this nmethod and
apparatus, however, is to achieve heat stinulation of the body and not to
increase skin perneability. U S. Patent No. 4,230,105 discloses a bandage

with 15 a dryg,apdoa. head -geneiratnlg sURSLANEShakShaY @llehenknter M xed, to
enhance the rate of absorption of thé drug by the user's skin. Separate

drug and heat digeniébute ngodiidsadncaowayers & enel s didAicds8d. ovater  nust
be applied t0.Lhe,BR0dROELIP S dnrale LB PEALALEN R0 thalnes by I el ease

sol vation hea ecause e exothermal “reaction during the hydration of
the el ectrol peesidgssinsedctha anftuntpatehodpnhgatpraidigestd byr ansi ent | ow

ot ol over aPPERGRBSCRRIToR ISR ABLCF. o GReTe Ste. day). Furt her .
the speed of teheehydunéi and pincesy sisalatbadidiériis caf ttHeo patdetutol . - 3
U.S. Patent No. 4,747,841 discloses a method and

apparatus for “moxibustion” using a heat-generating
element to heat and vaporize "moxa" for treatment of a

10 patient's skin without leaving burn scars. The objective
of this method and apparatus, however, is to achieve
heat stimulation of the body and not to increase skin
permeability.

U.S. Patent No. 4,230,105 discloses a bandage with

15 a drug and a heat-generating substance, preferably
intermixed, to enhance the rate of absorption of the
drug by the user's skin. Separate drug and heat-
generating substance layers are also disclosed. Water
must be applied to the bandage to activate the heating

20 substance to release solvation heat. Because the
exothermal reaction during the hydration of the
electrolytes disclosed in this patent only produces a
transient low level of heat, it cannot be effectively
used as a penetration enhancing method over a long

25 pericd of time (e.g., for up to one day). Further, the
speed of the hydration process is rather difficult to

control.



WO 01/ 03625 PCTI USO0/ 18591 U.S. Patent No. 4,685,911 discloses a skin
patch including a drug conponent and an optional heating elenent for

mel ting thwodimsgzeont ai ning fornmulation if

i nadequate to do so. The 5 heating elenent is not substantially
co-extensive with the drug reservoir, the latter being quite thic

t hus, not susceptible to even and rapi d onset of

description on howto control the exotherm c reaction to have pro
and even ?0 heating. U S. Patent No. 4,963, 360 describes an exothermc
device having a carrier layer, which conprises a nedicinal conmponent, and

an exothermc | ayer,

enhance 15 absorpt.i f th dicip onent through. the skin.
exot herm ¢ | ayer é%%%r&?@?ng QEXt%f%ggﬁéﬁﬁnaﬁsﬁgﬂﬁﬁ?,a %kﬁQMH?tﬁﬁmde
(i.e., sodiunmsedlwdirde saddual geinpomene M iafieppt adda Wit inthere is a base

sheet to separgte t
separate chanbefe GPrafe

e exo;hernic | ayer fromthe nedicinal |ayer i

FAlGet P b4 ToNhALRART cberst 24308 dfot

the user's bedyusengsmature is

k and,

heating. There is also no

| onged

whi ch devel ops heat when exposed to the air to

The
r, salts

n two 20
herm c

layer. U S. Peh&nisd¥o.s »oB98:eR3ecdeserd BaS idaheghargensray ided apparatus for
i nproved dermal permeation of pharmaceuticals. "The apparatus incl

thinSdrug 25 PAMAGGIGNEseFVEPE ARPtATNdallYeRer et enpicitamién
Oy a non- per Neabl - iilrese 81 81 Ubhd OTIBEA! kling! £3PLY Ol IOUREE 2

predet erm ned anmount” of a fornulation containing pharmaceutical a

The heat

15
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thus, not susceptible to even and rapid onset of
heating. There is alsc no description on how to control
the exothermic reaction to have prolonged and even
heating.

U.S. Patent No. 4,963,360 describes an exothermic
device having a carrier layer, which comprises a
medicinal component, and an exothermic layer, which
develops heat when exposed to the air to enhance
absorption of the medicinal component through the skin.
The exothermic layer comprises a mixture of iron powder,
carbon powder, salts (i.e., sodium chloride and aluminum
chloride), and water. There is a base sheet to separate
the exothermic layer from the medicinal layer in two
separate chambers, and an air-permeable film that covers
the exothermic layer.

U.S. Patent No. 5,658,583 describes a heat-
generating apparatus for improved dermal permeation of
pharmaceuticals. The apparatus includes a thin drug
formulation reservoir and a heat-generating chamber
separated by a non-permeable wall. The drug formulation
reservolir houses a predetermined amount of a formulation

containing pharmsceutical agents. The heat-

udes a
separ at ed

gents.



- 4 WD 01/03625 PCT/USOQ 18591 generating/tenperature-regul ati ng chanber

i ncludes a heat-generating nedi um consi sting of carbon,

iron, water

and/ or salwowetiie3s?s i s activated upon contact with oxygen HCGI/USR¥1859lr . The

structure of the apparatus also includes 5 a cover that

is not perneable to

air, but is perforated wth holes to regulate the contact between the
heat - generating nmediumand air, thereby, controlling the heating
tenperature. U S. Patent No. 5,662,624 describes a heat dressing 10 for
treatment of skin areas conprising a heat generating unit and a

| i qui d- absor bi ng adhesive | ayer that, prior to use, is coated with a

rel ease | ayer. The adhesive layer is preferably made of a hydro-coll oi dal

mat eri al and L ¢
SRt ‘?%Qbe nltﬁ(erpa‘iﬁtr@ eeﬁﬂfaein@m&,m G@R@nksson 15 may be

coated with a? r mats.

eat- generating unit generates heat

ﬁ;gf e][ 31;)![ % byhaaafgemﬁra@alwmd?umr Cehéh‘f”é?mg eferqprbind 1FRE h¥atelr essi ng
er copprise s .for t t e t and/ or
%gﬁfg] E?{)g 8!1 48 d;%ém ﬂ%\ﬁ ggseegggﬂ

the surface tahpefatife enen

cover

or the

heat - gener at i ng th@lalfha_rhe $t;mrcfturrat efl thxe @palpfasmgelsq ¢ncdvdeed by a

heat -refl ecti foil I ic.f bet
The f esent i AVERTFBHERGT dtbdtho PRAERBERer i &7 2 dol %

CRLaLgLLDe heat,

age device

for adnini strgitRnhefefcid WegugeRt $heheonghca etrwaear mmmeame (e.g., the

skin, nail or rnucosal nenbrane of a human The adva
generating medium and air, gﬁe%eb con r¥

heating temperature.

%Ft%L t he

U.S. Patent No. 5,662,624 describes a heat dressing

10

15

20

25

for treatment of skin areas comprising a heat generating
unit and a liquid-absorbing adhesive layer that, prior
to use, is coated with a release layer. The adhesive
layer is preferably made of a hydro-colloidal material
and may optionally contain one or more medicaments or
may be coated with alginate fiber mats. The heat-
generating unit generates heat preferably by means of
galvanic or chemical energy, and the heat dressing may
further comprise elements for controlling the heat
development and/or the surface temperature. Such
elements include a cover sheet for the heat-generating
unit that is perforated for air passage, is covered by a
heat-reflecting foil, or is a polymeric foam to better
retain the heat.

The present invention relates to an exothermic
delivery bandage device for administration of active
agents through a barrier membrane (e.g., the skin, nail
or mucosal membrane of a human). The advantages of the

present device include: significantly simplifying the



present device include: significantly sinplifying the - 5 WD 01103625

PCTI USOQ' 18591 fabrication process of the device manufacturing; providing
a neans foxobhesski n under the device to breath; and i mpepusdagsdohe
delivery profile of active agents by mnimzing the lag-tinme in drug
delivery to 5 further shorten the onset tinme for the active agent's

i ntended therapeutic effect. SUMMARY OF THE | NVENTI ON 10 I n one aspect, the
invention features a multi-layer exotherm c bandage, said bandage
conprising: (a) an oxygen-inperneable |ayer; (b) a water-inperneable

| ayer; (c) a heating elenent |ayer, said heating el enent |ayer conprising
an oxi di zable material, and where said heating 15 elenent |ayer is between
sai d oxygen-ipperneabl e layer and said, water-i rmeabl e | ayer; and (d) an
active agent §reret 28 é’%&??@ec’gg@?ﬁ dexyEe E‘ngg‘?‘%‘?‘r‘?@l%ﬁf active agent;
wher ei n sai d pedeididgper meabkerbayehe i skibetiwaer tsai gdehead iveg el enent and
said active ent |layer. 20 In_ another_aspect, the invention features a

met hod  of tﬁ%%%qn:y FE ATRrPHEPInthR 1984 vEg¥NPTPEL ke RIAIt1V&ai d et hod
conpri sing atigehid\dhyt REnkandags Ohe teyRGReNL aliyeddi QAo @ barrier
menbrane of saird manmal . Ot her Teatures and advant ages of the present 25

i nverfti on wi | fubeiaipFdcanenf £bm phecdiiae derdeberaptivh agsmtt'lfe i nvention

and fromthe ghaiffeg e V901403625, RCTI USO0/ 18591

SUMMARY OF THE INVENTION

10 In one aspect, the invention features a multi-layer
exothermic bandage, said bandage comprising: (a) an
oxygen-impermeable layer; {(b) a water-impermeable layer;
(c) a heating element layer, said heating element layer
comprising an oxidizable material, and where said heating

15 element layer is between said oxygen-impermeable layer
and said water-impermeable layer; and (d) an active agent
layer, said active agent layer comprising an active
agent; wherein said water-impermeable layer is between
said heating element and said active agent layer.

20 In another aspect, the invention features a method
of topically delivering an active agent to a mammal, said
method comprising attaching the bandage of the present
invention to a barrier membrane of said mammal.

Other features and advantages of the present
25 invention will be apparent from the detailed description

of the invention and from the claims



BRI EF DESCRI PTION OF THE DRAWNG FIG 1 is a cross-sectional view of an
exotherm c delivery device for active agents show ng one enbodi nent of

t he presenwOid9¥28i on. During operation, oxygen from5 aiPCTusoh&s1t he
heat - generating |l ayer 140 only fromthe sides of the device as indicated
by the block arrow FIG 2 is a cross-sectional view of an exothermc
delivery device for active agents show ng one enbodi nent of the present
invention. During operation, oxygen from 10 air reaches the

heat - generating |layer 140 fromthe sides of the device and the

gas- perneabl e outer cover 165 as indicated by the block arrows. FIG 3a is
a prospective view of an exothermc delivery device with skin-breathing

hol es show ngpRPgr HEs@diGEDr ket BRaRER§ENt invention. FIG 3bis a
cross-sectional view of the same device snhowi ng one enbodi nent of the

present invention.FI®ur} rigf @p@r@sisonecoxggeh Yiomad anr exotbertiie heat -

generating | a . 140 b e h vice 20 and .fromthe
"br eat habl e" ﬁ%%le%eg}é &g\gli cat e& %%tfsﬁjvg § t %%é%gwsg HGE “% d n]:
cross-secti onaf vhewdsant axmtelmelirmc Ddeinyeasge:cheuﬂam foonygant lfxtemagents
showi_ ng one enbodi m::ni_é qi t he resent nven:fl on. 25 DETAI SCRI PTI ON
OF THEE | NVENTFEN T72F¢% l'iee\p?d‘ tﬁﬁfleﬁﬁ 104 1% i NG ey rE’ﬁ‘n ®pased

upon the descsi@és odf htHeeidevidiel biszéntibeape€SI®ptthe block arrow.
FIG. 2 is a cross-sectional view of an exothermic
delivery device for active agents showing one embodiment
of the present invention. During operation, oxygen from
10 air reaches the heat-generating layer 140 from the sides
of the device and the gas-permeable outer cover 165 as
indicated by the block arrows.
FIG. 3a is a prospective view of an exothermic
delivery device with skin-breathing holes showing one
15 embodiment of the present invention.
FIG. 3b is a cross-sectional view of the same
device showing one embodiment of the present invention.
During operation, oxygen from air reaches the heat-
generating layer 140 both from the sides of the device
20 and from the “breathable” holes as indicated by the
block arrows.
FIG. 4 is a cross-sectional view of an exothermic
delivery device for active agents showing one embodiment
of the present invention.

25

DETAILED DESCRIPTION OF THE INVENTION
It is believed that one skilled in the art can,

based upon the description herein, utilize the present



WO 01/ 03625 FCTI USOQ' 18591 invention to its fullest extent. The foll ow ng
specific enbodinents are to be construed as nerely illustrative, and not
limtative Y O%BE5r emai nder of the disclosure in any wayPGwiusoensseer. 5
Unl ess defined otherwi se, all technical and scientific terns used herein
have the sanme neaning as commonly understood by one of ordinary skill in
the art to which the invention belongs. Also, all publications, patent
applications, patents, and other references 10 nentioned herein are

i ncorporated by reference. The present invention relates to a novel
exotherm c delivery device of active agent(s) to the barrier nenbrane,
such as human skin, nucosal nenbrane (e.qg. buccal nenbrane), and nai

The exot her i ci dledred@ky tb5186VECEL r 3@ RECSCRte | AYERYI MY UQeS;poL Suffer
frommany of the di sadvantages of the existing apparatusés “previously

descri bed. Foreﬁbeﬁﬁm%@tsaPFeototﬁﬁeqﬂnﬂeﬁuhéaﬁs Bt kit ad ldsitiragiyedevi ces
based on oxi daiipmdreat 1?39%@}%?3: tehe Q].e cyj.sqil‘ﬁaf £ g}élsméel L ke

structure or 20 a "chanbe genera I 'ng medi um
Unfortunately, anYuyawhwhbesodesrgn represents a problem for high speed,

aut omat ed manuf act pLocess at_I.s n_i.n bandage nanufacturing
g %&1@%5 dgglne Ot(i§%188 |ﬁT¥D gﬁtagﬁv .

processes. The exothérmc ention has a
mul ti 25 | am ratierstifict teems haéed:aﬁexi&&nChhvéOtl@enysaﬁrlezﬁ"e&&dnghaﬁe and used
as a bandage, thus ﬁ gnlflcantl f t he manufacturing process. In

|
addi tion, prido SR YesndgTELoR ¥ E%GLQ d@%?r%éﬁytﬁh% kitht £PEnfHas and

noi st ure to which the invention belongs. Also, all publications,
patent applications, patents, and other references
10 mentioned herein are incorporated by reference.
The present invention relates to a novel exothermic
delivery device of active agent(s) to the barrier
membrane, such as human skin, mucosal membrane (e.g.,
buccal membrane), and nail. The exothermic delivery
15 device of the present invention does not suffer from many
of the disadvantages of the existing apparatuses
previously described. For example, all of the prior heat-
assisted delivery devices based on oxidation heat
generation rely on the use of a cavity-like structure or
20 a "chamber" to hold the heat-generating medium.
Unfortunately, the chamber design represents a problem
for high speed, automated manufacturing process, that is
common in bandage manufacturing processes. The exothermic
bandage device in the present invention has a multi-
25 laminate structure that can be cut to any size and shape
and used as a bandage, thus significantly simplifying the
manufacturing process. In addition, prior devices

discussed above deprived the sgkin from gas and moisture



- 8 WD 01/03625 PCTI US00/ 18591 exchanging with the environnent
("breathing") which is known to cause occlusion-related irritation and

t her ef or e,woot/gpseer al | y poorly accepted by users. There, rdmassooigsorn need in
topical and transderrmal 5 delivery of active agents to reduce or to
elimnate the therapeutic lag-tinme for active agents, which is the tine
required to build up the active agent concentration to the m ninum
effective level. This problem has not been addressed adequately in the
prior devices. Since the skin io perneation of a drug is proportional to
the tenperature of a drug fornulation on the skin (see, e.g., Sun, "Skin
Absor pti on Enhancenent by Physical Means: Heat, U trasound, and

Electricity”, 1§5e§qugmktﬂn%égoeglgg)%nm9ﬁyg(I%‘lléave{l gsmﬁﬁahq terpharm

Press, Inc. pages s inturtrve that sinply

idncr easi ngI dtkmwpepatgngetc;@?leﬁatqw-eegﬁtﬁd heat:rtgpenemaandtg Slr ug :czlelt ihvery
evi ce wou increase drug_de and, s onse ime o e

t herapeutic e‘?l'f ec%%rﬁo ?ene:faleléy kAW r‘ieh t alutgﬁough peopl e can

general |y tol erat eh2er, elta’usyeis' ém@edt errpeelaiwb ¥ taxanbdetrmal me (e.qg.,

up to 90C in_low hum Lity sauna or between 45C-50C in.a.hot wer a
plrool 8nged skiFFComEAC Pt Bgﬁlﬁ%a?%ed’tﬁo?.}? Leduce et &aeg‘lﬁﬁﬁles@ﬁic CZ)U| d

cause seri oustHuyapehfjidr YagAt idid1EEdre@icBRi8dagéntdle wiaphi €3t £98, t inke
exotherm ¢ 25 bandage device of the present invention produces nore heat

to raise the XRIHIEEY ERpBRAL @@ H&%&ﬁlﬁﬁoﬁeﬁ%éonﬁ?@tﬁp‘ans%rt peri od
of time, sinced ham¥xeeBrié@Mw Nevel. This problem has not been

addressed adequately in the prior devices. Since the skin

10 permeation of a drug is proportional to the temperature
of a drug formulation on the skin (see, e.g., Sun, “Skin
Absorption Enhancement by Physical Means: Heat,
Ultrasound, and Electricity”, Transdermal and Topical
Drug Delivery Systems {Interpharm Press, Inc., 19987)

15 pages 327-355), it is intuitive that simply increasing
the operating temperature of a heat-generating drug
delivery device would increase drug delivery and shorten
the onset time of the therapeutic effect. However, it is
also known that although people can generally tolerate

20 relatively high temperature for a short time (e.g., up to
90°C in low humility sauna or between 45°C-50°C in a hot
shower), a prolonged skin contact to a heated body at
temperatures above 43°C could cause serious burn injury.

At the beginning of the application, the exothermic

25 bandage device of the present invention produces more
heat to raise the device temperature between about 43°C-
50°C for a short period of time, since the oxygen from air

readily react with the exposed heat-generating layer



readily react with the exposed heat-generating layer - 9 WD 01/03625

PCTI US00118591 around the sides of the device. After the initial stage of
the oxi dat kaylgije8@st i on, heat generation is reduced sincegdheqexppsed
reactive material has been consunmed and oxygen needs to travel a greater

di stance to reach deeper 5 to the oxidizable material. As a consequence,
the tenperature of the device is subsequently |owered to between about
40C-42C. One enbodi nent of the present invention is represented
schematically in FIG 1. The device 500 of a 10 nmulti-lamnate
construction consists of a renovable release liner 110, an active-agent
containing |layer 120, an water-inperneable |ayer 130 separating the active
agent-containing |ayer 120 of the device froma heat- generating |ayer 140,
an oxygen- i nperyRERG| Ehgetitemotithe devigry Afkeat thesuiidtipdgskager 160. The
wat er - i nper mealyl @ ea¥RLadBd $hBRESIPAR LRnelhei dEtis/Geagsps in the
active agent-containing layer 120 and any Solid or |qU|§ material in the
heat - gener at iigiCeafee @aEprsetheeaat bre imgi@miedbhes |kgan compubed 28ndrade of

flexible mat erd gewefx!aégﬂ tirgvyfea ;gﬁz}eattl%zbgisi: c_eé _rg%al%]egckod eerr’ €.g.,
pol ymers such a pol yet hyl ene, pol yptopyl €ne, pol yvi nyl acet at :
pol yubet hane, ti [theonrididside mandrpal yAmy cohbeqiatese, Tltheact i ve

2gent - cont ai nigerLbER g S BREFCe b BTy 3% Erea B 2 hydrogel
a between about 40°C-42°C.
One embodiment of the present invention is
represented schematically in FIG. 1. The device 500 of a
10 multi-laminate construction consists of a removable
release liner 110, an active-agent containing layer 120,
an water-impermeable layer 130 separating the active
agent-containing layer 120 of the device from a heat-
generating layer 140, an oxygen-impermeable membrane 150,
15 and a heat-insulating layer 160.
The water-impermeable layer 130 is impermeable to
the active agent in the active agent-containing layer
120 and any solid or liquid material in the heat-
generating layer 140. The water-impermeable layer may be
20 made of flexible material well-known in the art to be
impermeable to water, e.g., polymers such as
polyethylene, polypropylene, polyvinyl acetate,
polyurethane, silicone rubber, and polyvinyl chloride.
The active agent-containing layver 120 comprises the
25 active agent. The active agent-containing laver may
further comprise a carrier such as a hydrogel, a
polymeric adhesive, a semi-solid carrier such as a

cream, lotion, ointment, or liguid crystal. It may also

- 10 -



pol ynmeric adhesive, a sem-solid carrier such as a cream |otion,
ointnment, or liquid crystal. It my also - 10 WD 01/03625 PCT/ US00/ 18591
conpri se awemiioss2supporting matrix (e.g., a gauze or  NONp&PVEIdEE01
sponge-like materials). Active agents such as drugs and nutrients and
other biologically active agents are incorporated into carrier within the
active 5 agent-containing |layer 120, e.g., as dissolved nolecules and
ions, dispersed solid particles, or liquid droplets. As used herein, the
term"active agents"” refers drugs and nutrients for |ocal treatnent or
systemc treatnent (e.g., a therapeutic or cosnetic benefit). 10
Typically these agent include, but are not limted to, antihypertensive

drugs (e.g., clonidine), analgesic  drugs (e.g., fentanyl, ibuprofen,
benzocai ne, ahd 11 HochitR 1?11 %Pﬁﬁgr%n%g"é?é’fl’ao%@'heél Hﬁljzﬁegﬁ. , PDGF),
drugs to treahosor®rsi Yoldpigedil sRaSRStéLi 4l s) 1 AdHiIVEOGHREEEI Buch OW

nol ecul ar wei ght _heparin), antimcrobial agents, antigsoriatic agents,
anti- infla cﬁﬁPééyﬁﬂ nuigient§card et PiEHRFECRAd YaREE1MEL abol i c

nedi cation (eagentd %ﬁ&%ﬁrﬂ&%@ra@@&?ﬁﬁf@l darr NEULAILIIC cHBALEAE NS, _
medi cation for cessation of 20 chem cal additions (e.g., nicotine), notion
si ckfless (scOPFrarFIRDirnddd prRYESi A2Ande pept iafe W@g.‘fe%gplgﬁul@ﬁese
agents are kngym a0k My HeAssadsal s §o5eant fatd o e lons of

ti me which have proved éT ecti_veS aéa?ﬁst tiiﬁr ?égégggﬁgeaﬁggggé%'states.
These 25 ther apeutdg ugpshthergia, debertéed Yarti@sodgents” Geeffanss

drugs and nutrients for local treatment or systemic
treatment (e.g., a therapeutic or cosmetic benefit).

10 Typically these agent include, but are not limited to,
antihypertensive drugs (e.g., clonidine), analgesic
drugs (e.g. fentanyl, ibuprofen, benzocaine, and
lidocaine}, drugs to assist wound healing (e.g., PDGF),
drugs to treat coronary artery diseases (e.g.,

15 nitroglycerin, low molecular weight heparin),
antimicrobial agents, antipsoriatic agents, anti-
inflammatory agents, anticancer agents, endocrine and
metabolic medication (e.g., testosterone, estradiocl),
neurclogic medications, medication for cessation of

20 chemical additions (e.g., nicotine), motion sickness
(scopolamine), and protein and peptide drugs. Most of
these agents are known and may be used at concentrations
and for durations of time which have proved effective
against their respective disease states. These

25 therapeutic agents are described in "Goodman & Gilman's
The Pharmcological Basis of Therapeutics", 9*® Edition by

J.G. Hardman,et al., {(McGraw-Hill Companies, 1996).
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The Pharntol ogi cal Basis of Therapeutics”, 9th Edition by J.G Hardman, et
al., (MG awHi Il Conpanies, 1996). - 11 WD 01103625 PCT/ U500/ 18591 O her
active agewbwsinhised ude those commonly used as for topical pereséomsi and in
cosnetic treatnment of skin tissues, such as salicylic acid, benzoyl

peroxi de, resorcinol, resorcinol nonoacetate, and sulfur for acne, 5
topical antibiotics for wounds, topical antifungal drugs to treat fungal
infections of the skin and nails, and antipsoriatic drugs to treat
psoriatic lesions of the skin and psoriatic nails. Exanples of antifungal
drugs include but are not limted to m conazol e, econazole, 10

ket oconazol e, itraconazol e, fluconazole, voriconazole, clioquinol,

bi f oconazol e, terconazol e, butoconazol e, &io onazol e, oxiconazol e,

sul conazol e, ' saper SOREE A4 Ve PEETE Rud BF L0 IOEF SRIMEORLY R0 %b1 ogi n,
butenafine, foknabhot£l tREtalen®, a6lClAPESMetlcarirBarméRt bhpadiie, 15
anorol fine, naftifine, elubiol, griseofulvin, and their pharmaceutically

accept abl e saft§sues: ofitcleModediitic pamererdaPeadrtiyi®are an azol e,
an al Iyl am neye@br@indl Xt R 1N8680honbXEOPL &S @hqgaBLi bLpt k&S d@ie,
antiseptics) include 20 but are not Iimted to nupirocin, neonycin sulfate
baci t¥ aci n, péPphyR} na; ibiastiicex dernworeds acirricads ant Ehrpgd bidgic! i ne
N Senory oy o AN nechudensiberie qud e asbeyte, L
chl ori de, benzethpsouiatcit criugs, thekybaespsaiipglic lesions of the

skin and psoriatic nails. Examples of antifungal drugs

include but are not limited to miconazole, econazole,

10 ketoconazole, itraconazole, fluconazole, voriconazole,
clioguinol, bifoconazole, terconazole, butoconazole,
tiocconazole, oxiconazole, sulconazole, saperconazole,
clotrimazole, undecylenic acid, haloprogin, butenafine,
tolnaftate, nystatin, ciclopirox olamine, terbinafine,

15 amorolfine, naftifine, elubiol, griseofulvin, and their
pharmaceutically acceptable salts. In one embodiement,
the antifungal drugs are an azole, an allylamine, or a
mixture thereof.

Examples of antibiotics (or antiseptics) include

20 but are not limited to mupirocin, neomycin sulfate
bacitracin, polymyxin B, 1-ofloxacin, tetracyclines
(chlortetracycline hydrochloride, oxytetracycline
hydrochloride and tetrachcycline hydrochoride),
clindamycin phsphate, gentamicin sulfate, benzalkonium

25 chloride, benzethonium chloride, hexylresorcinol,
methylbenzethonium chloride, phenol, quaternary ammonium

compounds, triclocarbon, triclosan, tea tree oil, and

their pharmaceutically acceptable salts.
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met hyl benzet honi um chl ori de, phenol, quaternary ammoni um conpounds,

triclocarbon, triclosan, tea tree oil, and their pharmaceutically
accept abl ewealpsm2s - 12 WO 01/ 03625 PCT/ USOQO 18591 Exanpp&Esusdbisset
antipsoriatic drugs include but are not |imted to corticosteroids (e.g.,

bet anmet hasone di propi onate, betanet hasone val erate, clobetasol propionate,
di fl orasone di acetate, hal obetasol 5 propionate, trianctinonide,

dexanet hasone, fl uocinonide, fluocinolone acetonide, halcinonide,
trianci nol one acetate, hydrocortisone, hydrocortisone verlerate,
hydrocorti sone butyrate, aclonetasone dipropionte, flurandrenolide,

nonet asone furoate, nethyl predni solone 10 acetate), nethotrexate,

cycl ospori ne, caIg&potriene and_.anthralin Addi.ti xanpl es of active

|
agents include but %ﬂ%&eﬁon|FHF%%&°¥%P?&?§§5%§% 1 'ﬂgﬁigPF <6 3R,

retinoids, cysimivil ardc@eelivbsey¥sbedse(e et hivytarRthiBogkut at hi one,
bi oti n, fina;%;ride and ethocyn, as well as pharmaceutically acceptable
salts of the ', befamgEhpgene gakerate t K8OprEZEAL i nvention may

provi de cert ghrohieiafdd,s dig1bhessHpesfd&d @t d,i $RUePeteB1 as the skin, for
exanpl e: anti-aging, winkle renoval, 20 depignentation (e.g., renoval of

"age®spot "), RIGRIITHE i FFioverAnidThdesansidamonededilecinonide present
i nvention mayeNgdBA drdt ckechabe 2ngh ROYGIREKS o am¥@hb9YRe Shape and size

to fit the contours of the anatomc Tocatlons. The materials for the each
| ayer of acetate, hydrocortisone, hydrocortisone verlerate,

hydrocortisone butyrate, aclometasone dipropionte,
flurandrenolide, mometasone furocate, methylprednisolone

10 acetate), methotrexate, cyclosporine, calcipotriene and
anthraline.

Additional examples of active agents include but
are not limited to minoxidil, minoxidil sulfate,
retinoids, cysteine and acetyl cysteine, methionine,

15 glutathione, biotin, finasteride and ethocyn, as well as
pharmaceutically acceptable salts of these compounds.

The active agents in the present invention may
provide certain benefits to the superficial tissues such
as the skin, for example: anti-aging, wrinkle removal,

20 depigmentation (e.g., removal of "age spot"), skin tone
improvement. The exothermic device in the present
invention may be made inteo facial and body masks of
various shape and size to fit the contours of the
anatomic locations. The materials for the each layer of

25 the multi-laminate device is preferably pliant for this
purpose. The examples of active agents for
aforementioned purposes include, but are not limited to:

amino acids, and their derivatives, biotin, vitamins,



25 the nulti-lamnate device is preferably pliant for this purpose. The
exanpl es of active agents for aforenentioned purposes include, but are not
linmted towo@mwssa® aci ds, and their derivatives, biotin, poridoi/mse 13 WO
01/ 03525 PCTI US00/ 15591 vitamn B conplex: thiamne, nicotinic acid,
biotin, pantothenic acid, choline riboflavin, vitamn B6, vitamn Bl2,
pyridoxine, inositol, carnitine; ascorbic acid, ascorbyl palmtate,
vitamn A, vitamn K, vitamn E, 5 vitamin D, cysteine and N acetyl
cysteine, herbal extracts, and their derivatives; soy extracts, calcium
pant ot henat e, cal ci um carbonate, and cal cium gl uconate. Exanples of
retinoids include but not limted to retinol (Vitamn A al cohol), retinal

(Vitamin A 10_al dehydg), retinyl acetate, etinyl palmtate, retinoic cid,
9-cis-retinoi31§8W&Xaﬁdé3@éiﬁ%i19§99W6P8'a%??ﬁth%Eaﬁﬁng %fo?+%vonoids

include but n@lankbihtedc t4idardHRdeRkNr i BYETH8MH,NvieaheahBAS (i®athin
epi gal | ocatechin gallate), theafl avins, robustaflavone, hingkiflavone, s5
ament of | avone BragYHiEPKAP8nel N IQdns CREBIBHRE i FRFBIAIG P&#Ene,

rhusfl avanone ,saBgdpsucsetananal | aManens- a The; @xakher Myge gayh ce, 500 is
suitable to be used el iver agents to renove corn, callus, ingrown toe

nai | s3 and di ¥é&s@dnnhi | aysteing mhdcNrapety Tiysastinge Rerbgknts for such a
treatnent i “C!e'sk‘é%acg&? @r&f (o | @r&@?ti\tf s ; 3&48) %&k&%e@gi oot sodi um
sulfide, tannic acid, salts of Fhlog ycoli1c acid, cysteine and acetyl
cyst ei ne. pantothenate, calcium carbonate, and calcium gluconate.
Examples of retinoids include but not limited to
retinol (Vitamin A alcohol), retinal (Vitamin A
10 aldehyde), retinyl acetate, etinyl palmitate, retinoic
cid, 9-cis-retinoic acid and 13-cis-retinocic acid.
Examples of flavonoids include but not limited to
naringenin, guercetin, catechins (e.g., epigallocatechin
gallate), theaflaving, robustaflavone, hinokiflavone,
15 amentoflavone, agathisflavone, volkensiflavone,
morelloflavone, rhusflavanone, and succedangeaflavanone.
The exothermic device 500 is suitable to be used
deliver agents to remove corn, callus, ingrown toe
nails, and diseased nails from infections. The active
20 agents for such a treatment include, but are not limited
to, salicylic acid, urea, sodium sulfide, tannic acid,
salts of thioglycolic acid, cysteine and acetyl
cysteine.
The exothermic device is also suitable to be used
25 deliver agents such as salicylic acid and benzoyl
peroxide to treat acne.
The exothermic device is also suitable to be used

deliver agents such as retinoids and herbal and soy
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The exotherm c device is also suitable to be used 25 deliver agents such
as salicylic acid and benzoyl peroxide to treat acne. The exothermc
device i s yahgsgis table to be used deliver agents such ggriibéisesds and
herbal and soy - 14 WD 01/03625 PCT/ US00/ 18591 extracts to provide
anti-aging benefits including winkle and age-spot renoval and inproving
skin tone. In another enbodi nent, the device does not conprise an active
agent-containing layer (e.g., it is used to 5 help pronote wound healing as
a bandage). The heating unit of-the device 500 conprises a heat-generating
| ayer 140 in which heat-generating materials are immobilized. The

heat - generating |l ayer 140 conprises a m xture of oxidizable materials
(e.g., io oxidizable nmetal powder(s)) and arb%n or,ac£i¥ated car bon
powder . Examfe¢EaGtsokPdPFaBEee n¥t et “3ViFe PERSEALFudBS YR But not | it ed

to, iron, alymiMkle a’i‘iﬁgagéi-ggibtzi'élﬁovaaln%rﬁ Himpkrei8nb ek enf tokd her
oxidizing material that can be used in the present Invention to 15
generat e heat incllidénckbse 8EReIiMARE i (Fhg SeVR&EeAPSROROt ACAMRESR (e. g.

ferrosoferri %@?&qvep'agghebbaﬁééﬁi@il%eﬁert rieTgngangsest ghé@xigle, bl ack

copper oxide an manganese di oxide im the formof fine particle). The
heat sgener at iggd @yremogkesyovndt heal DIy dle@ hein@pgslsalts. The

el ect rol ytes/ sal t syjnglidencbylsc e Rl ddyideedobochlir2abs s of sodium
potassium lithium ca C|uﬁ1 Iron, magnesi um and al um num
heat-generating layer 140 in which heat-generating
materials are immobilized. The heat-generating layer 140
comprises a mixture of oxidizable materials (e.g.,

10 oxidizable metal powder(s)) and carbon or activated
carbon powder. Examples of oxidizable metal powders
include, are but not limited to, iron, aluminum,
magnesium, zinc, and a mixture thereof. Other oxidizing
material that can be used in the present invention to

15 generate heat include those described in U.S. Patent No.
4,114,591 (e.g., ferrosoferric oxide, plumboblumbic
oxide, trimanganese tetroxide, black copper oxide and
manganese dioxide in the form of fine particle).

The heat-generating layer also contain

20 electrolytes/salts. The electrolytes/salts include, but
are not limited to the salts of sodium, potassium,
lithium, calcium, iron, magnesium, and aluminum.
Examples of electrolytes include, but are not limited
to, NaCl, KCl, LiCl, CaCl,, FeCl;, FeCl;, MgCl,, AlCl,,

25 Na,S80,, K;SO0,, Fe(S0Q.)3;, FeS0O,, or MgSO.

The oxidation material may be immobilized by
various means including but not limited to a water-

permeable bag, mesh, non-woven pad or other fabric
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Exanpl es of electrolytes include, but are not limted to, Nad, KCi1, Lid,
CaCl2, FeCl3, FeCl2, MyCl2, Ai Cl13, 25 Na2SO4, K2SO4, Fe(S04)3, FeSOM4, or
MpSO4. TheWSdi@#3@2Fon nmaterial nmay be i mobilized by var iFSTSAEERIY
including but not limted to a water- perneabl e bag, nesh, non-woven pad or
other fabric - 15 1VO 01103625 PCTI USOOt 18591 nmmterials, and bindi ng
agents (e.g., polyners) such as cellulose polyners, polyacrylic polyners,
pol yur et hanes, gelatins and guns. Exanpels of such polyners include

hydr oxynet hyl cel | ul ose, hydroxyet hyl cel | ul ose, 5 hydroxypropyl cel | ul ose,
cellul ose actates, polyvinylvinylidone (PVP), and copol yners of
polyacrylic acid and polyacryl ates (Carboset(r), Carbopol(r) and

Car borer (1)) . ALY 27BY Qhé%ﬁ?dﬂé“%%%ﬂ%g i(ﬁ.é.h,e J&%eg%we@aahngaylo | ayer

140. In one enbodi ment, water 1s ad to the” heat -generating er 140 in
an oxygen- f r eeceddvilesanpal yménse dicdvecyybat opel ednsy vodlyederhanesn

oxygen- pr 0of %é%]%‘%%%- Thg G40d herEx%Eﬁgagr;dLE”SEtsﬁi%%%ﬁ?@rﬁ&?hg the

heat - gener at i ayer and t he can a 0 the device
500 at the timydsoxgppthratebinlnse  waytirngyethyIedrle:lowye, be opti onal

organic sol vent h I rin, pr ene glycol, and pol yethyl ene
egcoFs of vgpﬁ%ﬁggﬁgsé¥%?%¥ﬁﬁéﬁﬁhtgegﬁxkﬁﬁeheafﬁﬁ%%erating | ayer 20 140.
The presence gfoliylvénpilndhynhidgent (7P, ,i erObtbpdi igersStofugpbliyesr{eig., nesh

and nonwoven pads), and sol vents
acid and polyacrylates (Carboset®, Carbopol® and

Carbomer®) .
Water may also be contained in the heat-generating
10 layer 140. In one embodiment, water is added to the
heat-generating layer 140 in an oxygen-free environment
immediately before being sealed into an oxygen-proof
package. In another embodiment, water is absent in the
heat-generating layer 140, and the user can add the
15 water to the device 500 at the time of application by
wetting it.

There may be optional organic solvents such as
glycerin, propylene glycol, and polyethylene glycols of
various molecular weights in the heat-generating layer

20 140. The presence of the binding agent(s), immobilizing
structures (e.g., mesh and nonwoven pads), and solvents
(water and the organic solvents) further enables the
heat-generating layer 140 to maintain its physical
integrity both during manufacturing process and during
25 application on the user's skin.

Because the oxygen-impermeable membrane 150 is

impermeable to oxygen, oxygen can only reach the heat-

generating materials of the heat-generating layer 140
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(water and the organic solvents) further enables the heat-generating.|layer
140 to maintain its physical integrity both during manufacturing process
and duri nwaB/afpl i cati on on the user's skin. Because thBCT/US00/18591
oxygen-i nper neabl e nenbrane 150 is inperneable to oxygen, oxygen can only
reach the heat- generating materials of the heat-generating |ayer 140 - 16
WO 01/ 03625 PCT/ US00/ 18591 fromthe side as shown in FIG 1. The dense,
preferably gelled, structure of the heat-generating |ayer 140 serves as
means of controlling the oxygen availability to the oxidizable materials
in the heat-generating layer 5 140, thus |eading to prolonged heating. The
oxygen i nperneable | ayer may be nade of flexible material well- known in

the art 1o be LAPeLEPable L0 OMYHPMn B1d.. 1. PRhYMBLR.S L arepliyet Nyl ene,

pol ypr opyl ené, polyviny acetate, polyurethane, silicone rubber, and
pol yvi nyl i ogefilledi detritheuheatf itiwulheitngehayaringOlayen 34/er with good

e horone, ST BACTE bl S A AR B OB
generated healo thewokhihzéhke deatieciald lint hiel hget sgémetdiei myl tayerani nat ed
dovi e 00 Moy betel doLeaslel by rdiel ke (ag! pheBudle, fowes),
20 schemati cakiperineabeeeDhgdri Miay e nddelld dhernbieohatdeial well-
known in the art to be impermeable to oxygen, e.g.,
polymers such as polyethylene, polypropylene, polyvinyl
acetate, polyurethane, silicone rubber, and polyvinyl
10 chloride.
The heat-insulating layer 160 is a layer with good
heat insulation property, preferably being a polymeric
foam (e.g., polethylene and polyurethane foam) of
sufficient thickness to maintain the generated heat
15 within the device.
All the layers in the multi-laminated device 500
may be held together by adhesives (not shown in the
figures) or by heat fusion processes.
Another embodiment of the present invention is
20 schematically represented in FIG. 2. The absence of the
oxygen-impermeable membrane 150 enables oxygen to enter
the device 500 from the outer cover 165 as shown by the
block arrows in FIG. 2. As oxygen can more easily access
all of the surface of heat-generating layer 140, this
25 design is more suitable for an exothermic bandage device
of a shorter duration.
The outer layer 165 may be made of highly oxygen-

permeable polymer membranes such as silicone,
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oxygen-i nper neabl e nenbrane 150 enabl es oxygen to enter the device 500
fromthe outer cover 165 as shown by the block arrows in FIG 2. As oxygen
can nore ed®@#no3escess all of the surface of heat - gener admigsob/esser 140,
this 25 design is nore suitable for an exotherm c bandage device of a
shorter duration. The outer |ayer 165 nmay be nmade of highly oxygen-

per meabl e pol yner nenbranes such as silicone, 17 W¢c) 01/03625

PCT/ USOQ' 18591 pol yur et hane, pol yet hyl ene, and pol ypropyl ene. It
preferably of a m croporous nature such as an open-cell foam cl ose-cel
foam or open-cell foamwith a thin 1iquid-inperneable polymer |ayer on
one or both side of 5 the outer |ayer 165. The extent of oxygen

perneability r ;&ﬁ% e terial it is

made of, its gﬁﬁg&gggggﬁg d$|ts por Qgglfyg§§;§6H ﬂ%ﬁe greﬂﬁay be a

renovabl e covarrefegeblyhat a sniesspotrioak nanmmensaﬂiQStanowygeﬂcﬁhbt shown

in the flgure%%)thaglo%?lo qug of s%nh ar_Iefer 53q s tgxxgﬁ Hlnpermeable
Ehee Iy

| ayer 150. The Srenovabt e“tover y be- par y renoved to
adj ust the aréaqmidkhmbéfméabhmygﬂ@mepenaper|mnloﬁéﬂm& adihstidg ohe heating

produced by th device. The r bl e cover heet na have an. adhesive 15
coated on one LEIEUFRT ot FEFT 3P 2af 1 %ﬁ PEEERE ¢ %é 5?8?bi£% Y Duri ng

use, the renowablaecovesr Shopir Moy he aéeélrmi@ed;mypltekelnmgysr ithe outer
| ayer to cl Oselst bﬂidgxg enltspatthhlvc\:l?{%eggd a;[lgufts Sptoor%stlrt]g' h(e)g;t:llggafr ocess. It
may !
there may be a removable cover sheet that is essential
impermeable to oxygen (not shown in the figures) that is
i0 made of similar material as oxygen-impermeable layer
150. The removable cover sheet may be partially or
fully removed to adjust the area available to oxygen
permeation, thus adjusting the heating produced by the
device. The removable cover sheet may have an adhesive
15 coated on one side in order to affix it to the outer
layer 165.

During use, the removable cover sheet may be used
to completely cover the outer layer to close the oxygen
pathway and, thus, stop the heating process. It may

20 later be reopen to re-start the heating process. In this
way, the device in the present invention can provide a
pulsatile mode of enhance active agent delivery (e.g.,
alternating between baseline and heat-assisted
delivery).

25

Another embodiment of the present invention is
schematically represented in FIGS. 3a & 3b. The

exothermic device 500 is perforated with holes to allow

- 18 -



20 | ater be reopen to re-start the heating process. In this way, the
device in the present invention can provide a pulsatile node of enhance

active agend odkisvery (e.g., alternating between basel i peraiRbo18501
heat - assi sted delivery). 25 Another enbodi nent of the present invention is

schematically represented in FIGS. 3a & 3b. The exotherm c device 500 is
perforated with holes to allow - 18 WD 01/03625 PCT/ USOQ' 18591 the
barrier nmenbrane (e.g., the skin) to "breath"” during application. There is
no limtation on the size, shape and density (i.e., the nunber of the
holes on a given area) of the skin-breathing holes. The skin 5 breathing
hol es nmay optionally go through the renovable release liner 110 for the

conveni ence Q nufacturing. The skin-breathing holes alsg serve a way of
facilitati ngtgﬁggaﬁrh%ﬂ‘?@f?ﬁfﬁ 0% het Eag]-‘b%%er%‘i’i ﬁ?feﬁ er 140 and
therefore, cadrbggusedlieatthnistTHdre 18 At Bithi BaEh SKIrcH it @fizkhe heating

process by their size, shape, density and spacing. Optionally, the skin-
br eat hi ng  hoFB2PRByNA| SINHEr Hsént: SHet ReMERYi @f SHOWPISSH I @ 2. Anot her

enbodi nent of;,bg RFESEN: | dWEiONHrSatRifgRIBLE Catly digpy-esented in FIG
4. The activeé agent- containing layer 120 1S placed in water-inperneabl e

charfoer 135. bAeeBhémaghebes ey arséenadhy, gehehpeugh ofhe dwmMayab3go
contal ni ng b?Ehe&Q@ aghiver APy ¢t 8bAYBHience of manufacturing.

The skin-breathing holes also serve a way of
facilitating oxygen availability to the heat-generating
layer 140 and therefore, can be used to adjust the

10 extent and duration of the heating process by their
size, shape, density and spacing. Cptionally, the skin-
breathing holes may also be present on the device shown
in FIG. 2.

Another embodiment of the present invention is

15 schematically represented in FIG. 4. The active agent-
containing layer 120 is placed in water-impermeable
chamber 135. According to this embodiment, the part of
device 500 containing both the active-agent containing
layer 120 and the water-impermeable chamber 135 may be a

20 transdermal patch such as one of those transdermal
active agent delivery devices and topical treatment
devices currently in the market. The examples include
transdermal patches of fentanyl (Duragesic® by Janssen
Pharmaceutical), nitroglycerin (Nitrodisc® by Roberts

25 Pharmaceutical/G.D., Searle, Nitro-Dur® by Schering/Key
Pharmaceutical, and Transderm-Nitro® by Ciba-Geneva,

Minitran® by 3M Riker), 17-B-estradiol (Estraderm® by

Ciba-Geneva), clonidine {(Catapres®-TTS by Boehringer
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| ayer 120 and the water-inperneabl e chanber 135 nay be a 20 transder nal
patch such as one of those transdermal active agent delivery devices and
topi cal treatormsds devices currently in the market. The exgab&sssincl ude
transdermal patches of fentanyl (Duragesic(r) by Janssen Pharnmaceutical),
nitroglycerin (Nitrodisc(r) by Roberts 25 Pharnaceutical/G D., Searle,
Nitro-Dur(r) by Schering/Key Pharmaceutical, and Transderm Nitro(D by

Ci ba-Geneva, Mnitran(r) by SMR ker) , 17-0-estradiol (Estradern(r) by

Ci ba- Geneva), clonidine (Catapres(r)-TTS by Boehringer 19 WD 01/03625

PCT/ USOQO' 18591 I ngel hein), testosterone (Testoderm D by Al za, Androdern(r)
by SmithKline Beecham, scopolam ne (Transderm Scop(D by G ba-Geigy),

ni cotine (N coder D b Marion Merrell Dow, Habitrol(c) by G ba-Geigy,

Ni cotrol (r) b} n%%ﬁﬁQSQ?mmﬁmdé?§t0@¢@§®e@wralﬁw IPeddedesm®ab) , and

bi ot | f at d b biotic
Aand- a1 d(n) by oanﬁst%%%"%x%%cﬁw Sep L emr e o E s iaF e g BUbYy 1 he
part_of -devi c@3A0ce0ny Al Nhile tmleeoaaem®%yv1@a@&§mm&%tﬁ' BLR9 "i ayer

120 and the water-inpernmeable chanber 135 nmay be a iontophoretic,

el ect ropor et i ¢iabatrph®nbghotibaiGeileyi 0B ceh1®s bonEcRéil tdwsadavi ces
wel |l -known in the art, e.g., as disclosed in US. Patents Nos. 4,927, 408,
5, 0425975, 5, Xx2dgges, 1Bresep® Jov Laydsa2eddab) 4, #8687, 02 bistd c§, 636, 632.

The el oo oo T BOIPRRE: % MATIECaRAABAL Mo AINGREVE € ther within

t he active agent- ng la
(Antibiotic Band-aid® by Johnson & Johnson Consumer

Products) .
Alternatively, the part of device 500 containing

10 both the active-agent containing layer 120 and the
water-impermeable chamber 135 may be a iontophoretic,
electroporetic, or phonophoretic device such as one of
those devices well-known in the art, e.g., as disclosed
in U.S. Patents Nos. 4,927,408, 5,042,975, 5,224,927,

15 5,344,394, 5,667,491, 4,767,402, and 5,636,632.

The device 500 may comprise a pressure-sensitive

adhesive either within the active agent-containing layer
120 or attached to chamber 135 (see adhesive layer 180
in FIG. 4) to assist affixing the device 500 to the

20 user’s barrier membrane (e.g., dermal or mucosal barrier
membrane) . The adhesive may be a polymeric, pressure
sensitive and nonconductive and remains adherent even
after prolonged exposure to water. Typically, the
acdhesive has a broad working temperature range.

25 Suitable adhesive materials include, but are not limited
to, silicones, polyisobutylenes and derivatives thereof,
acrylics, natural rubbers, and combinations thereof.

Suitable silicone adhesives include, but are not limited
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120 or attached to chanber 135 (see adhesive layer 180 in FIG 4) to
assist affixing the device 500 to the 20 user's barrier nenbrane (e.g.,
dermal or Wwa'sRseds barrier nenbrane). The adhesive may becausedissaric,
pressure sensitive and nonconductive and remai ns adherent even after
prol onged exposure to water. Typically, the adhesive has a broad working
tenperature range. 25 Suitable adhesive materials include, but are not
limted to, silicones, polyisobutylenes and derivatives thereof,
acrylics, natural rubbers, and combi nations thereof. Suitable silicone
adhesives include, but are not limted - 20 W) 01/03625 PCT/ US00/ 18591
to, Dow Corning 355 avail able from Dow Corning of Mdland, M; Dow

Corni ng(r) X7-2920; Dow Corai ng X7-2960; 6574 avail abl e from Gener al
El ectric Conpéhy Do C%Pé??orﬁ% Rvaidagle; %ﬁ‘&n@o‘ﬁr%w é%gnsi tive 5

adhesi ves, syghiasid hage BbacbesethdMxY-So2bat 88k Moning, 8572866,
4,039, 707, 4,655, /67, 4,898,920, 4,925,671, 5,147,916, 5,162,410, and
5,232, 702. SR #37¢ aveylebleafhesiGanenalcBlestrhgt CameanyBtofimited to,

vinyl acet at g; aqr. e pultLpgl ' 89, ssHehrageCel va(r) 10 7371,
avail able fr gqr% r)rgggﬁt'oﬁgén%gﬁygg?{%?é %S%%F%ND,S‘% %er'va((ar) 7881; Celva(r)
29435 1-780 resthesdlvegr adechdhestiese digidlasied finokh- AvePgtERrBM@dn of

oA e tn 1B KBRS BTSSR MOaRIRGE! ogsst oo (nose
5, 252, 334, ars, 13,7,80,6056., 142 ¢y adohd 9,28, 79ReeSuitebéevarsythe active
adhesives include, but are not limited to, vinyl
acetate-acrylate multipolymers, including, such as Gelva®
10 7371, available from Monsanto Company of St. Louis, MO;
Gelva® 7881 ; Gelva® 2943; I-780 medical grade adhesive
available from Avery Dennison of Painesville, OH; and
acrylic pressure sensitive adhesives, such as those
disclosed in U.S. Patent Nos. 4,994,267, 5,186,938,
15 5,573,778, 5,252,334, and 5,780,050.

A removable liner sheet 110 covers the active
agent-containing layer 120 and is attached to the
adhesive layer 180 or the adhesive in active agent layer
120. The selection of the removable release-liner 110 is

20 dependent on the type of the adhesive in use, and is
well known to a person skilled in the art. The release-
liner 110 is typically a polymer sheet or a paper coated
with a polymer, which have rather weak adhesion toward
the adhesive layer 180, therefore allowing itself being

25 easily removed prior to use without damaging the
adhesive layer 180.

In addition to or in lieu of the adhesive, the

apparatus 500 may be fastened to the body surface with
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agent-containing layer 120 and is attached to the adhesive |ayer 180 or

t he adhesive in active agent |ayer 120. The selection of the renovable
rel ease-|ig@hidkds i s 20 dependent on the type of the adheetmwsowissaase, and
is well known to a person skilled in the art. The release- liner 110 is
typically a polymer sheet or a paper coated wth a polyner, which have
rat her weak adhesion toward the adhesive |ayer 180, therefore all ow ng
itself being 25 easily renoved prior to use w thout damagi ng the adhesive
| ayer 180. In addition to or in lieu of the adhesive, the apparatus 500
may be fastened to the body surface with - 21 WD 01/03625 PCT/ USO0t 18591
an adhesive tape, an elastic band, a band with a buckle (sinilar to a

| eat her wat ch band or a Velcro(r). band or _the lik ..I %o use the
devi ce 500, t & iBEetaBey eqréé‘éésltlﬁepa&ﬁo ?sbad'éﬁl‘“’é& 1af UIﬁ t he

pressure- sensidinme z3dR8shVeedBibr iarRhesant) , ane 4 he lagbl Visand or
agent-containing | ayer 120 of the device 500 is affixed to the a barrier

menbr ane (e.g.tha Hék§ki n) of the user. For the devices shown in FIGS 1-3,
(Lo S affixed to Lhe olBeskiy did asld HeblickNBogotine agrbpsentaining fayer

120 contains an adhesive, or it 1s affixed to the skin with additional
adhesbve bandagsl eorset hena*péi@ pherrde ledgeé fasandrchntRe@sgurpart of the

device (not shown, i LhganlLOVEeRo, & LRBeLAE9Cind SHRPLEYGR T ange

according to t .
agent-containing layer 120 of the device 500 is affixed

to the a barrier membrane (e.g.,'the skin) of the user.
For the devices shown in FIGs 1-3, it is affixed to the

10 gkin directly if the active agent-containing layer 120
contains an adhesive, or it is affixed to the skin with
additional adhesive bandage on their peripheral edges as
an integral part of the device (not shown in the
figures).

15 The target temperature range according to the

present invention is between about 38° to about 50°C

(e.g., between about 40°C to 42°C). The heating period in
the present invention may vary dependent on the active
agent being delivered and may range from a few minutes
20 to longer than a day. In general, if the heating
duration is short (e.g., less than 10 minutes), the
operating temperature may be at the higher end of the
above temperature range. However, if the heating period
is longer, a lower operating temperature (e.g., less
25 than about 43°C )is used to avoid heat-related tissue
injury.
It is understood that while the invention has been

described in conjunction with the detailed description
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present invention is between about 38 to about 50C (e.g., between about
40C to 42C). The heating period in the present invention may vary dependent
on the actw@Qel/03agent being delivered and may range from @drasosisssit es 20
to longer than a day. In general, if the heating duration is short (e.g.,

| ess than 10 minutes), the operating tenperature nmay be at the higher end
of the above tenperature range. However, if the heating period is |onger,
a lower operating tenperature (e.g., less 25 than about 43C )is used to
avoid heat-related tissue injury. It is understood that while the

i nvention has been described in conjunction with the detail ed description
- 22 WD 01/03625 PCT/USOQO 18591 thereof, that the foregoing description
is intended t i S e d j .t - ipvention, which
i s defined byt%ehllee| Olgéotggl%%f t?ﬁefgg%%élid%% %‘%%err%é’.%%a g%r Eglg%%%?(g?t%dvant ages,
and nodi fi catiildnstaegeniandi notslihit ctle mopshatf ithecliaverdios, 23 WO

01/ 03625 PCT/ 859 L Ll i /L /LI hE L fdhL L/ L/ ELL, .S Clainse 1. An
nul ti-1ayer g(ﬂgt%%{egl% %%“Egéﬁgggienf %{é? dscf)%Pnedéjgge tlhc?oﬁﬁpfagfiﬁa: glsaj(’ﬁﬁ' an
oxygen-i nper rediglre alspgers, advantages, and modifications are within

5 the claims.

What is claimed is:
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(b) a water-inperneable |ayer; (c) a heating elenent |ayer, said heating
el enent | ayer conprising an oxidi zable material, and where said heating
el enent | ayexsipEEzhet ween sai d oxygen 10 i nperneabl e | ayePCAABIKESAU

wat er - i nper neabl e Iayer;¢@$ﬂ d) an active agent |ayer, said active agent

| ayer conprising an acti ‘ﬂﬁn1" said water-inperneable |ayer is
between said heating ele 4mﬂgtive agent layer. 15 2. A bandage
of claim 1, wherein said bandage "fufther conprises an adhesive where said
| i qui d- inperneable | ayer is between said adhesive and said heating

el ement |l ayer. 20 3. A bandage of claim2, wherein said adhesive is wthin
said active agent layer. 4. A device of claiml, wherein said device 25
further conprises a renovable |iner r aid active agent layer is

bet ween said |iquid-inperneabl e Iaye?ggﬁgmésaid removable liner. - 24 WO

01/ 03625 PCT/USO0/ 18592 1111111 J 111111112111 1111111111 L M S 5. A device

of claim1, wherein sai ti.n epent, | r er ' sal t,
said salt selected’f ro%]npﬁgltglr gﬁgg%oérg&skﬁrﬁégo?g%ggé%’ ﬁ%%ﬁpég%%%gea FeCl13,
Fed 2, Myd 2, cAhGTt3sidg2SO4, K2SO4, Fe(S04) 3, FeSOM4,

5 (a) an oxygen-impermeable layer;
(b) a water-impermeable layer;
{c) a heating element layer, said heating

element layer comprising an oxidizable material, and
where said heating element layer is between said oxygen-
10 impermeable layer and said water-impermeable layer; and
(d) an active agent layer, said active agent
layer comprising an active agent;
wherein said water-impermeable layer is between said
heating element and said active agent layer.
15
2. A bandage of claim 1, wherein said bandage
further comprises an adhesive where said ligquid-
impermeable layer is between said adhesive and said
heating element layer.
20
3. A bandage of claim 2, wherein said adhesive is

within said active agent layver.

4. A device of claim 1, wherein said device
25 further comprises a removable liner where said active
agent layer is between gaid liquid-impermeable layer and

said removable liner.
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5 or MgSH4. 6. A device of claim1l, wherein said oxidizable material
conpri ses carbon and netal powder, said netal powder selected fromthe
group conswebi/eeg2of iron, io alum num nagnesium zinc, aCH/EsNISsHUI €
thereof. 7. A device of claim 1, wherein said oxidizable material

conprises carbon and an inor , said inorganic powder selected
fromthe group consi stl mqw ﬂﬂmerri c oxi de, plunbobl unbic oxide,
tri manganese tetroxi de, . i de and manganese di oxide. 8. A

device of claim1l, wherein said heating elenent |ayer further conprises a

polymer. 20 9. A device of claim 1, wherein said heating elenent |ayer
further conprises water. 10. A device of claim1, wherein said device 25

further conprises he t lLating.|la ere.said. .0 n- i mper meabl e
| ayer i s between ssgl d %% %}grrg%l rxg{n’dm@éﬁr l@xﬁaéﬁ ﬁépgr hRabl e | ayer. -

25 WD 01/ OSGQEerME/ lJlS@@’rl&ﬁ&ithéi1&&&ﬁ:&ﬂs’lélslblh]altllkéi&il§;&1ﬂ ' s 11. A
devi ce of cl ai ni t(fg; al d exothermc , reaction_is itwee about 400 C
and 42 C. 5 &K é’mof: €1 YR, c?%%’r%‘i’ﬁ’gsé? dNgELi vEChgeh®Clars for the
treatment of mauig, kécif dexaice afcelainx.do, Wreseln reisd,fieyvikeso,conpri ses

at Ieast one cE)erforatl on where said perforation
4

6. A device of claim 1, wherein said oxidizable
material comprises carbon and metal powder, said metal
powder selected from the group consisting of iron,

10 aluminum, magnesium, zinc, and a mixture thereof.

7. A device of claim 1, wherein said oxidizable
material comprises carbon and an inorganic powder, said
inorganic powder selected from the group consisting of

15 ferrosoferric oxide, plumboblumbic oxide, trimanganese

tetroxide, black copper oxide and manganese dioxide.

8. A device of claim 1, wherein said heating

element layer further comprises a polymer.

20
9. A device of claim 1, wherein said heating
element layer further comprises water.
10. A device of claim 1, wherein said device
25 further comprises a heat-insulating layer where said

oxygen-impermeable layer is between said heating element

and said oxygen-impermeable layer.
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10 passes through sai d oxygen-inperneable | ayer, said water inperneable

| ayer, said heating elenent |ayer, and said active agent l|ayer. 14. A

met hod of WwomiedRsy delivering an active 15 agent to a nmemaispe/sadld net hod
conprising attaching the bandage of claiml to a barrier nenbrane of said
manmal . 15. A net hod of lﬂlallm 14, wherein said manurial is a human. 20

16. A method of claiml ' ’mmg,HMew ce is attached to the skin of
said human. 17. A net ho erein said device is 25 attached a

mucosal |ayer of said human. -

11. A device of claim 1, wherein said exothermic

reaction is between about 40° C and 42° C.

5 12. A device of claim 1, wherein said active agent

is for the treatment of acne.

13. A device of claim 1, wherein said device
comprises at least one perforation where said perforation
10 passes through said oxygen-impermeable layer, said water-
impermeable layer, said heating element layer, and said

active agent layer.
14. A method of topically delivering an active
15 agent to a mammal, said method comprising attaching the

bandage of claim 1 to a barrier membrane of said mammal.

15. A method of claim 14, wherein said mammal is a

human.
20
16. A method of claim 15, wherein said device is
attached to the skin of said human.
17. A method of claim 15, wherein said device is
25 attached a mucosal laver of said human.

- 26 -



