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APPARATUS AND METHOD FOR SKIN TREATMENT

TECHNICAL FIELD

[0001] This disclosure relates to apparatuses and methods for application of

topical treatments to the skin, particularly human skin.
BACKGROUND

[0002] Topical treatments for skin have a long history, extending for at least as
long as history has been recorded. These treatments include moisturizers,
medications, rejuvenators, hair renewal, vitamins, chemicals, compounds, and

various organics, including an array of fruits, vegetables, meat, and processed food.
SUMMARY

[0003] Advantages and features of the embodiments of this disclosure will
become more apparent from the following detailed description of exemplary

embodiments when viewed in conjunction with the accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0004] FIG. 1 1s a view of a cross-section of skin showing drug transport
through skin layers.

[0005] FIG. 2 is a view of a cross-section of skin showing the effect from
application of heat and cold in accordance with an exemplary embodiment of the
present disclosure.

[0006] FIG. 3 is a view of drug transport through skin with normal skin
temperature.

[0007] FIG. 4 is a view of drug transport through skin with heat and cold

applied in accordance with an exemplary embodiment of the present disclosure.
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[0008] FIG. 5 is a view of skin including a hair follicle with application of heat
and drugs in accordance with an exemplary embodiment of the present disclosure.
[0009] FIG. 6 1s a view of a device for skin treatment in accordance with an
exemplary embodiment of the present disclosure.

[0010] FIG, 7 1s a view of a drug application layer in accordance with an
exemplary embodiment of the present disclosure.

[0011] FIG. 8 is a view of a device for skin treatment in accordance with an
exemplary embodiment of the present disclosure.

[0012] FIG. 9 is a view of another device for skin treatment in accordance with
an exemplary embodiment of the present disclosure.

[0013] FIG. 10 is a view of yet another device for skin treatment in accordance
with an exemplary embodiment of the present disclosure.

[0014] FIG. 11 is a view of a further device for skin treatment in accordance
with an exemplary embodiment of the present disclosure.

[0015] FIG. 12 is a view of yet a further device for skin treatment in accordance
with an exemplary embodiment of the present disclosure.

[0016] FIG. 13A is a stylized view of a device for skin treatment in accordance
with an exemplary embodiment of the present disclosure showing internal elements
of the device.

[0017] FIG. 13B 1s bottom view of the device of FIG. 13A.

[0018] FIG. 13C 1s a side view of a device for skin treatment in accordance with
another exemplary embodiment of the present disclosure.

[0019] FIG. 13D is a bottom view of the device of FIG. 13C.

[0020] FIG. 14 1s a view of the device of FIG. 13A positioned on a face.

[0021] FIG. 15 is a cross-sectional view of the device of FIGS. 13A, 13B, and
14 along lines 15-15 in FIG. 14.

[0022] FIG. 16 is a view of another device for skin treatment in accordance with

an exemplary embodiment of the present disclosure.
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[0023] FIG. 17 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0024] FIG. 18 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0025] FIG. 19 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0026] FIG. 20 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0027] FIG. 21 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0028] FIG. 22 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0029] FIG. 23 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0030] FIG. 24 is a cross-sectional view of a drug application layer in
accordance with an exemplary embodiment of the present disclosure.

[0031] FIG. 25 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0032] FIG. 26 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0033] FIG. 27 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0034] FIG. 28 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0035] FIG. 29 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0036] FIG. 30 is a cross-sectional view of layers for application of a skin

treatment in accordance with an exemplary embodiment of the present disclosure.
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[0037] FIG. 31 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0038] FIG. 32 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
[0039] FIG. 33 is a process for application of a skin treatment in accordance
with an exemplary embodiment of the present disclosure.

[0040] FIG. 34 is another process for application of a skin treatment in
accordance with an exemplary embodiment of the present disclosure.

[0041] FIG. 35 1s a view of a skin treatment device in accordance with an
exemplary embodiment of the present disclosure.

[0042] FIG. 36 1s a view of a skin treatment device in accordance with an
exemplary embodiment of the present disclosure.

[0043] FIG. 37 1s a cross-sectional view of the skin treatment device of FIG. 36
along the lines 37-37.

[0044] FIG. 38 is a graph showing drug flow by removal of heat or application
of cold in accordance with an exemplary embodiment of the present disclosure.
[0045] FIG. 39 1s a graph showing drug flow by modification of skin

temperature in accordance with an exemplary embodiment of the present disclosure.
DETAILED DESCRIPTION

[0046] Applicant investigated thermal effects on the skin to determine whether
transdermal permeability could be modified by heat and cold. Applicant
unexpectedly discovered that transdermal penetration could be enhanced by an
apparatus configured to provide heat and cold to the skin along with a skin
treatment.  Furthermore, Applicant recognized that such apparatus could
beneficially delay the transition of skin treatments once skin penetration was

achieved to improve the effectiveness of topical treatments to the skin.
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Accordingly, the present disclosure provides embodiments of apparatuses and
methods configured to enhance the benefits of topical treatments to the skin.

{00471 Applicant investigated thermal effects on drug concentration and blood
flow in the skin and in adjacent layers. Applicant determined that cosmetics, skin
lotions, skin creams, drugs, and the like remained in superficial lavers of skin after
applying cold, m a specialized manner described herein, using thermoelectric
devices and thermally retentive materials, with full description of the devices and
materials available in co-pending Pat. Appl. 14/594,122 by the Applicant filed on
Fanuary 10, 2015, and incorporated by reference herein in its entirety.

[B048] Referring to FIG. 1, an epideromis 1506 and a dermis [308 are
collectively referred to as a superficial skin layer 1520 hercin. An area of a skin
1500 where cold is applied s referred (o herein as a cold site. Concentrations of a
drug 1510, exemplified herein by salicylic acid, and local blood flow in the cold
site, were compared to a site with normal skin temperature (referred to herein as a
normothermic site). Skin blood flow rate in both the cold site and normothermic
site was measured using a laser Doppler perfusion imaging system. Studies also
compared plasma concentration of drug 1510 in subjects at the cold site and the
normothermic site. An unexpected result was found by the Applicant, which is
contrary to the expected result, in which application of cold would cause only
minimal amounts of drug to penetrate the skin, and that these minimal amounts of
drug would then continue to {low towards subcutaneous fat layer 1512 without any
accumulation of drug 1510 o superficial skin layer 1520. However, an unforeseen
resull was observed by the Apphicant, who identiflied an unexpected effect at the
cold site characterized by pooling of drug 1510 n superficial skin layer 1520 of
skin 1500. Local distnbution of drug 1510 into the cold site significantly increased,
and plasma concentration decreased, when compared to a normothermic site. In
one exemplary experiment skin blood flow was measured 15 min after application

of cold, and every 15 mun thereafter for a total of 3 houwrs. In vitro studies using
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excised skin were also performed showing that concentrations of drug 1510 m
superficial skin layer 1520 of the cold site was about 80% higher when compared (o
superficial skin layer 1520 of the normothermic site, with cold site skin having drug
concentration of 180 nmol per gram of tissue. Plasma concentration at the cold site
was about 60% lower when compared to the normothermic site, with the cold site
having concentration of about 45 nmol/ml. Skin blood [low in voltages by laser
Doppler showed about 50% decrease in superficial skin layer 1520 of the cold site
as compared to the normothermic site. The cold effect of a thermoelectric drug
device 1530 led to vasoconstriction and to decreased penetration of drug 1510 by
reducing a skin blood flow rate and preventing blood vessels in dermis 1508 from
absorbing drug 1510, thereby reducing delivery of drug 1510 to systemic
circulation, but also pooling of drug 1510 m superficial skin layer 1520 of skin
1560.

[0049] FIG. 1 represents skin 1500 with normal temperature (normothermic)
and shows a schematic cross-sectional view of skin 1500 with an associated major
blood vessel 1502 and a drug reservorr 1504 having drug 1510, drug reservoir 1504
resting on an exterior surface 1534 of skin 1500. Drug 1510, as described herein in
this disclosure, may include any chemical compound, cosmetic, beauty products,
skin treatment products, and the like including cream, pastes, lotions, solutions, and
the like. Skin 1500 mncludes epidermus 1506, dermas 1508, and subcutaneous fat
laver 1512, Drug 1510 flows toward skin 1500, as shown by arrow 1536, going
through external surface 1534 and epidermis 1506, reaching dermms 1508, where
drug 1510 1s absorbed by blood vessels 1514, shown by curved arrows 1518, Drug
1510 continues to flow towards subcutaneous fat layer 1512, where drug 1510 1s
absorbed by blood vessels 1516, as shown by curved arrows 1522, Drug 1510 then
flows to major blood vessel 1502 and into the systemic circulation.

[0050] F1G. 2 represents cold site skin, wn which a thermoelectric drug device

1538 of the present disclosure has applied cold to skin 1500, 1e., thermoelectric
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drug device 1538 1s pulling or drawing heat {rom skin 1500 by the action of one or
more thermoelectric devices 1540. Thermoelectric drug device 1538 further
includes a drug reservoir 1542, which 1s positioned between thermoelectric devices
1540. FIG. 2 also shows a schematic cross-sectional view of skin 1500, which has
lower temperature than skin 1500 of F1G. 1. Applied cold or removed heat leads to
localized vasoconstriction of blood vessels 1514 and 1516, with pooling of drug
1510 in superficial skin layer 1520. Constriction of blood vessels 1514 reduces the
amount of drug 1510 taken up by blood vessels 1514, Blood vessels 1516 in
subcutaneous fat layer 1512 tend to be less constricted than blood vessels 1514
because of the depth of blood vessels 1516 from exterior surface 1534, and the
consequent insulation of blood vessels 1514 from thermoelectric drug device 1538.
In addition, the fat that 1s an integral part of subcutaneous f{at layer 1512 has low
thermal conductivity, which is similar to oak, thus msulating thermal effect from
thermoelectric drug device 1538, The result of removing heat or applying cold to
skin 1500 observed in experiments by the Applicant 1s a pooling of drug 1510 with
a large amount of drug 1510 being collected in skin superficial layer 1520.

[0051] FIG. 3 shows a schematic cross-sectional view of skin 1500 m FIG. 1,
wherein a thermoelectric device 1524 of thermoelectric drug device 1530 rests on
skin 1500, thermoelectric device 1524 being in off position and skin 1500 having
normal temperature and blood vessel 1502 having normal dimensions. FIG. 4 shows
a schematic cross-sectional view of skin 1500 m FIG. 2, wherein device 1524 rests
on skin 1500, device 1524 being activated and removing heat or applying cold to
skin 1500, leading blood vessel 1502 to be consiricted and causing accumulation of
drug 1510 i superficial layer 1520. In one embodiment, a processor or controller
generates a thermal cycling process that mncludes two phases or steps: (1) Phase 1:
thermoelectric drug device 1530 is off (corresponding to a normothermic skin site)
and said thermoelectric drug device 1530 rests on the normothermic skin, and drug

1510 15 delivered to epidermis 1506 by diffusion. (2) Phase 2: Thermoelectric drug
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device 1530 1s on (comresponding to a cold skin site). Once drug 1510 penetrates
and 1s absorbed into epidermis 1506, then said drug 1510 1s kept in skin superficial
layer 1520 by virtue of the cold effect. It should be understood that the process can
clude a third phase or step. In Step 3, thermoelectric drug device 1530 applies
heat to the skin. Warming up the skin will cause vessels 1516 and 1502 to dilate
and mcrease blood flow, and concentration of drug 1510 in superficial layer 1520 15
thereby reduced, causing diffusion of drug 1510 to increase and be absorbed by skin
surface 1534. Thus, a drug flow can be created and flow of drug controlled. As
shown, one embodiment can include a cycling process alternating normal skin
temperature, followed by cold wput of the thermoelectric device. Another
embodiment can include a cycling process alternating normal skin temperature,
followed by cold, and followed by warm or hot temperature of the thermoelectric
device. It should also be understood that the thermoelectric drug device of the
present invention can include a plurality of cycling process alternating cold, hot,
and normothermic (meaning the device is off or there 1s a quiet period). It should
also be understood that for topical drugs that have an mternal target organ (e.g.,
topically applied hormones), a thermoelectric device can apply heat to expedite
absorption of the drug by systemic circulation, such as by wcreasing flow in blood
vessels 1502 and 1516.

[0052] FIG. 5 shows a schematic cross-sectional view of skin 1500 at the level
of a hair follicle 1526 showing hair 1528 exiting through an opening 1544 in skin
1500, wherein a thermoelectric drug device 1546 rests agamnst skin 1500. After
about 5 to 10 minutes of contact of an inner surface 1532 of thermoelectric drug
device 15346 to surface 1534 of skin 1500, thermoelectric device(s) 1524 are
activated, causing heat to be removed or cold to be applied to surface 1534 of skin
1500. Reservoir 1504 contains a hair growth product, and by way of illustration,

but not of limitation, includes for example Minoxidil.
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[0053] FIGS. 6 and 7 are views of a device for skin treatment in accordance
with an exemplary embodiment of the present disclosure, indicated generally at 20.
Device 20 includes a drug application layer 22, which includes a plurality of
openings 24 and an exterior surface 23, and a gel layer 26 including a plurality of
protrusions 28 configured to extend through openings 24. Device 20 is applied to
skin 1500 such that exterior surface 23 of drug application layer 22 contacts skin
1500. Gel layer 26 can be heated or cooled as needed, and the contact of
protrusions 28 with skin 1500 applies heat to skin 1500 or removes heat from skin
1500. Gel layer 26 can include any thermally retentive material, which can be
heated or cooled as needed for drug permeation and flow through the skin.

[0054] FIG. 8 is a view of a device for skin treatment in accordance with an
exemplary embodiment of the present disclosure, indicated generally at 30. Device
30 is configured to include layers disclosed herein for skin treatment, such layers
including, for example, a drug application layer, such as drug application layer 22,
and a heating and/or cooling portion, such as gel layer 26 or a thermoelectric
device. To implement skin treatment, device 30 is pressed against skin 1500, for
example, skin 1500 of a face. A drug 220 is then transferred to skin 1500 at a rate
that is controlled a plurality of thermoelectric devices 222. Skin treatment device
30 can be used to transfer drug 220 to a lower portion of a face to treat localized
conditions on the face.

[0055] FIG. 9 is a view of another device for skin treatment in accordance with
an exemplary embodiment of the present disclosure, indicated generally at 31.
Device 31 includes a support 32 in the form of a wearable article such as a hat, cap,
helmet, or any head-mounted gear, that includes a plurality of thermoelectric
devices 34, one or more temperature sensors 36, a power source 38, a transceiver or
receiver 40 for connection to a separate electronic device 42, such as a cell phone,
and a removably attached liner 44 configured to include a drug. Separate electronic

device 42 can transmit signals to device 31 to control the temperature of
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thermoelectric devices 34, and thus the rate of drug delivery to skin 1500, and can
receive information about the operation of device 31, such as the temperature from
one or more temperature sensors 36. Device 31 can also include an integral
processor or controller 46, as well as associated elements, such as non-transitory
memory. Thermoelectric devices 34 apply heat or cold to skin 1500 to increase or
decrease drug permeation and flow through skin 1500.

[0056] FIG. 10 is a view of yet another device for skin treatment in accordance
with an exemplary embodiment of the present disclosure, indicated generally at 48.
Device 48 1s configured as a mask for treatment of skin 1500 around eyes 49. Skin
treatment device 48 includes thermoelectric devices 34, at least one temperature
sensor 36, a controller or processor 50, a drug layer 52 that includes a drug 53, and
an LED 54 for indicating an end of treatment. Processor 50 or skin treatment
device 48 can be configured to include a speaker. Skin treatment device 48 can
further include a transmitter, receiver, or transceiver 51 configured to communicate
with a separate electronic device 53, such as a cell phone, laptop, watch, etc.

[0057] FIG. 11 is a view of a further device for skin treatment in accordance
with an exemplary embodiment of the present disclosure, indicated generally at 56.
Skin treatment device 56 is configured as a circular band with an open area for
application to portions of a body suitable for a band, such as an arm, leg, finger,
neck, and the like. Device 56 includes a support 58 on which is positioned a drug
layer 60, at least one thermoelectric device 62, a power supply 64, and temperature
sensors 36. Device 56 also includes a controller or processor 63 and can include a
transceiver, LED, speaker 65, etc.

[0058] FIG. 12 is a view of yet a further device for skin treatment in accordance
with an exemplary embodiment of the present disclosure, indicated generally at 66.
Skin treatment device 66 includes a support 68 and a strap 70 configured to secure
device 66 to a body, a drug layer 72, a thermoelectric device 74, temperature sensor

36, power supply 76, and controller or Processor 78. Device 66 can also include a

10
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transceiver, LED, etc. It should be understood that the strap can include a fastener
such as hook and loop (e.g., Velcro) to fasten device 66 to a body part of a human
or animals. It should also be understood that device 66 can comprise of only three
parts, a drug layer 72, a thermoelectric device 74 with a power source, and a
fastener.

[0059] FIGS. 13A, 13B, 14, and 15 are views of a device for skin treatment in
accordance with an exemplary embodiment of the present disclosure, indicated
generally at 80. Such skin may be the skin of a face 83. Skin treatment device 80
includes a support 82, which includes an adhesive layer 81 for attachment to surface
1534 of skin 1500, a drug layer 84 containing a drug, a thermoelectric device 86, a
power supply 88, and other electronics 90, such as a transceiver, controller, etc. It
should be understood that to minimize the electronics or number of parts in 80
being placed on skin 1500, device 80 can include only drug layer 84 and
thermoelectric device 86. This simpler configuration can be applied to any
embodiment of the present invention.

[0060] Device 80 does not include adhesive in the area of drug layer 84, as can
be seen in FIG. 13B. In another embodiment, shown in in FIGS. 13C and 13D, a
skin treatment device, indicated generally at 230, includes a drug layer or reservoir
236, a support layer or portion 232, and an adhesive layer 234 that extends entirely
across drug layer 236. Thus, in this embodiment, drugs from drug layer 84 are
transported through adhesive layer 234 to reach skin 1500.

[0061] FIG. 16 is a view of another device for skin treatment in accordance with
an exemplary embodiment of the present disclosure, indicated generally at 92.
Device 92 is in the form of a face mask that 1s secured to the face by, for example,
straps (not shown). Device 92 includes a support 94, thermoelectric devices 96 and
98, temperature sensors 36, openings 100 for various body portions such as eyes,
nose, and mouth, a power source 102, a controller or processor 104, and other

electronics 106, which may include a transceiver for communication with a separate
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electronic device 108, etc. It should be understood that to minimize electronics or
the number of parts in device 92 being placed on the skin 1500, device 92 can
include only a wireless device (e.g., a transceiver, receiver, or transmitter) and
electronics can be contained in a remote device. This simpler configuration can be
applied to any embodiment of the present invention.

[0062]  FIG. 35 is a view of a skin treatment device, shown generaily at 240, in
accordance with an exemplary embodiment of the present disclosure. Device 240
includes a support portion 242, on which are positioned a plurality-of thermoelectric
devices 244 and a drug layer or reservoir 246 that contains a drug 248.
Thermoelectric devices 244 are individually controllable to create a cool or cold
zone 250 and a warm zone 252, which thus cause drug transport in zone 252 while
limiting or inhibiting drug transport in region 250. The benefit of device 240 is that
a larger device can be used to provide a small, controllable amount of drug 248 in a
localized portion of skin 1500. In addition, device 240 can permit drug transport in
varying portions of a larger area with time by moving the location of warm zone
252 through the control of thermoelectric devices 244. .

[0063] FIGS. 36 and 37 are views of a skin treatment device, indicated
génerally at 260, in accordance with an exemplary embodiment of the present
disclosure. Device 260 includes a body 262 and a strap 264 configured to hold
body 262 to a body part, such as a wrist, arm, leg, ankle, etc. Body 262 further
includes a drug layer 266 that contains a drug 268, a plurality of thermoelectric
devices 270 that operate to modify the temperature of skin 1500 as described
elsewhere in this disclosure, and electronics 272, which can include a processor,
non-transitory memory, a transceiver for communication with a separate electronic
device 274. Body 262 is compliant, flexible, or conformable to curved body parts
to provide contact between device 260 and skin 1500. Strap 264 can provide the

force or pressure needed to provide contact between body 262 and skin 1500.

12
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[0064] FIG. 17 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
Any of the devices shown herein can incorporate this conﬁgumtiori,_ which includes
a drug layer 110-adhered or secured to a gel layer 112. Gel layer 112 can include
any thermally retentive material, which can be heated or cooled as neéded for drug
permeation and flow through the skin, It should be understood that gel léyer 112
can be replaced by a thermoelectric' device, such as a thermoelectric device 126
shown in FIG. 19. It should be understood that any embodiment can include gel
layer 112 and thermoelectric device 126. It should also be understood that
thermoelectric device 126 can be replaced by a gel layer, and vice versa.
[0065]  FIG. 18 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
In this configuration, which includes a support layer 114 in which are positioned
one or more thermoelectric devices 116, and an impermeable barrier layer 118.
- Drugs can be applied directly to impermeable barrier layer 118 from a drug
container 119 before the layers are applied to the skin, where the drugs are
immediately accessible to the skin. Drugs can also be applied directly to the skin by
rubbing before application of the other elements of the layers. In addition, pressure
can be applied against the layers once place on skin 1500.
[0066] FIG. 19 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
Include is a removable drug layer 120, a gel or support layer 122 that includes
openings 124 for thermoelectric devices 126. In this embodiment thermoelectric
devices 126 do not contact the skin, and thermoelectric devices 126 can apply
thermal energy (remove heat or apply heat) directly to drug layer 120, and in this
embodiment application of thermal energy to drug layer 120 can be used to activate

or inhibit enzymes or to activate drug from an inactive state.
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i0067] FIG. 20 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the presenf disclosure.
Included is a drug layer 128 including recesses 130, thermoelectric devices 126
protruding, and a barrier layer 132 over thermoelectric devices 126. Thermoe]ectric
devices 126 protrude to mate with recesses 130 in drog layer 128. In this
embodiment thermoelectric devices 126 do not contact the skin, and thermoelectric
- devices 126 can apply thermal energy (remove heat or apply heat) to a portion of

drug layer 128, and in this embodiment application of thermal energy to drug layer
128 can be used to activate or inhibit enzymes or to activate drug from an inactive
state. ' |

[0068] FIG. 21 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
This configuration is similar to the configuration of FIG. 20, but a drug layer 134
includes recesses 138 that are covered at an end 140 by a thin, impermeable barrier
layer 142, as compared to the configuration of FIG. 20. Heat is reﬁoved or applied
to the skin via barrier layer 142 positioned at end 140.

[0069] FIG. 22 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
This conﬁguratioxi includes a drug layer 144 with recesses 146 that face away from
thermoelectric devices 126. An impermeable lajer 148 separates drug layer 144
from thermoelectric devices 126. |

[0070] FIG. 23 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
These layers are similar to the layers of FIG. 20, with a drug layer 150 positioned
adjacent to skin 152, but the thickness of drug layer 150 is less in location 154 than
the simalar location in FIG. 20.

[0071]  FIG. 24 is a cross-sectional view of drug application layer 150.

14
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[0072] FIG. 25 is a cross-sectional view of a drug application layer in
accordance with an exemplary embodiment of the present disclosure. Includes a
drug layer 154 adjacent to a support layer 156 with recesses 158 for thermoelectric
devices 126 that are flush, even, or the same height as an outer surface 160 of
support layer 156. FIG. 25 shows an exemplary embodiment where drug layer 154
is removably attached to support layer 156, and drug layer 154 is shown peeling off
from support layer 156. |
[0073]  FIG. 26 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
Included is a drug layer 162 similar to drug layer 134 of FIG. 21 that peﬁnits
thermoelectric devices 126 to be positioned nearly in contact with skin 164. A
[0074] FIG. 27 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
_ Includes a drug layer 166 that can be refilled with a drug supply 168. Drug layer
166 either includes a reservoir or permits drug to flow along its length to allow
replenishment of the drug. It .should be understood that liner 44 shown in FIG. 9
can function as a drug reservoir and liner 44 can be permanently attached to support
32 and device 31 can be one integral physical unit. It should also be understood
that any drug layer of any embodiment in the present invention can function as a
drug reservoir and said drug layer can be permanently attached to a support and be
one integral physical unit.
[0075] FIG. 28 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
Includes a drug layer 170 and a release liner or layer 172. This figure shows that as
liner 172 is removed, drugs 174 are allowed to flow from drug layer 170 to be
accessible to skin 1500. |
[0076)  FIGS. 29 and 30 are cross-sectional views of layers for application of a

skin treatment in accordance with an exemplary embodiment of the present
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disclosure. The layers includes a drug layer 176 including recesses 182 to hold
thermoelectric devices 126. Thermoelectric devices 126 are supported on an
inflatable structure 180 that provides pressure on the skin of a patient to increase
drug absorption by the skin. FIG. 30 shows an assembled configuration with a
release liner or layer 184.

[0077]  FIG. 31 is a cross-sectional view of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
This configuration is similar to the configuration of FIG. 29 and 30, but includes a
timer 186 to depressurize inflatable structure 180 automatically when a
predetermined treatment time is reached. It should be understood that inflatable
structure 180 can be inflated with air, water, a gel, etc. '
[0078]  FIG. 32 is a cross-sectional view, of layers for application of a skin
treatment in accordance with an exemplary embodiment of the present disclosure.
Includes a drug layer 188 that is being pressed on by an external object 187, i.e., a
ﬁﬁgcr, to show that pressure on drug layer 188 can be relatively simple, as opposed
to straps, supports, and inflatables. Drug layer 188 is treating an abscess 190.
[0079])  FIG. 33 is a process for application of a skin treatment, indicated
generally at 200, in accordance with an exemplary embodiment of the present
disclosure. In process 200, a drug layer is applied at a step 202, as a part of a
device, and pressure is provided, if available, at a step 204. In many embodiments,
heat is then applied at a step 206, though heat is not necessary in all embodiments
and cold may be applied instead. Regardless of whether heat is applied, the drug
layer will be applied for a predetermined time at a step 208; which can be in the
range from more than 0 to 15 minutes, or even longer for some drugs and
treatments. If heat was applied, it is then removed at a step 210 after predetermined
time step 208. If cold is available, it is applied at a étep 212 to remove heat from
skin 1500. Alternatively, the length of time the drug is applied can be extended.

The cold is applied, or heat is removed, for a predetermined time at a step 214,
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which can be, for example, 0 to 15 minutes, or even longer for some drugs and
treatments, after which the drug layer and or device is removed at a step 216.
[0080]  FIG. 34 is another process for application of a skin treatment, indicated
generally at 201, in accordance with an exemplary embodiment of the present
disclosure. In process 201, a drug layer is applied at a step 203, as a part of a
device, and pressure is provided, if available, at a step 205. In many embodiments,
heat is then removed (cold applied) at a step 207, though cold is not necessary in all
embodiments and heat may be applied instead. Regardless of whether heat is
removed, the drug layer will be applied for a predetermined time at a step 209,
which can be in the range from more than 0 to 15 minutes, or even longer for some
drugs and treatments. If heat was removed, it is then applied at a step 211 after
predetermined time step 209. If heat is available, it is applied at a step 213 to apply
heat to skin 1500. Alternatively, the length of time the drug is applied can be
extended. The heat is applied, for a predetermined time at a stép 215, which can be,
for example, 0 to 15 minutes, or even longer for some drugs and treatments, after
which the drug layer and or device is removed at a step 217.
[0081] A further initial step may include éppliczition of the drug layer, in which
the thermoelectric device is off, and during this time the drug is being absorbed by
* the skin by diffusion. After a predetermined time the thermoelectric device is
activated and heat is removed or applied, and then the process can continue with the
remaining steps described herein.
[0082] A preferred time between any thermoelectric device being off and the
thermoelectric being activated is equal to or less than 60 min, is more preferably
equal to or less than 30 min, is even more preferably equal to or less than 15 min, is
yet more preferably e(jual to or less than 10 min, and is most preferably equal to or
less than 5 min. The time is dependent on the type of dtug and type of treatment.
[0083]  The preferred time between application of heat and removal of heat by

the thermoelectric device is equal to or less than 30 min, is more preferably equal to
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or 1ess*~ﬂ‘1“an15 min, is even more preferably equal to or less than 7.5 min, is yet
more preferably equal to or less than 5 min, and is most preferably equal to or less
than 2.5 min. The time is dependent on the type of drug and type of treatment.
[0084] A preferred time between removal of heat and application of heat by the
thermoelectric device is equal to or less than 30 min, is more preferably equal to or
less than 15 min, is even more preferably equal to or less than 7.5 min, is yet more
preferably equal to or less than 5 min, and is most preferably equal to or less than
2.5 min, The time is dependent on the type of drug and type of treatment.
[0085]  The application of heat increases skin permeability and the rate of drug
flow through the layers of the skin. The predetermined time permits the drug to
flow through at least the epidermis and the dermis, and in some cases the.
subcutaneous layer. A pooling effect is achieved in the dermis during the
predetermined time. Application of cold, decreases permeation and drug flow,
causing the drug in the epidermis to dwell longer than it would without the
application of cold. Thus, the benefit of the present disclosure, is to increase the
length of time a drug is present in one or more layers of skin to achieve a
therapeutic effect.
[0086] FIGS. 38 and 39 show graphs of drug flow rate into blood vessels as
modified by the application of the principles described herein. A drug flow rate
over time is shown as line 300. The flow rate is non-controllable énd relies on the
presence of a drug at an interface between a device and skin. As the amount of drug
in the device decreases, the flow rate decrease, as can be seen in FIGS. 38 and 39.
[0087]  As shown in FIG. 38, by controlled application of cooling or removal of
heat to skin 1500, the fate of drug flow into blood vessels, such as major blqod
vessel 1502, is decreased, and the length of time during which drug flows into blood
vessels is increased.
[0088] '-In_ addition to application of cooling or removal .of heat, heat can be
applied to skin 1500 to increase the rate of drug flow. As should be uﬁderstood, the
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ability to control the flow of drugs into blood vessels leads to significant
improvemenfs in the capability to control drug flow into a body without use of
needles or other such invasive devices. Line 304 shows an application of heat to
skin 1500, increasing the rate of drug flow over a conventional drug patch. Such
increased rate of drug flow can be important in clinical applications where speed of
delivery is important, suéh as treating an active heart condition or an active
chemical imbalance, including hormonal, insulin, enzymes, etc. In addition, line
306 shows a drug delivery profile that initially provides a relatively high flow rate,
followed by a flow rate that is less than that of a'convéntional drug patch, followed
by a tapered shut off of drug flow. Line 308 is another controlled drug release that
terminates at a time that is less than that of line 302 in FIG. 38, showing another
aspect of the controllability of drug flow using the devices of the present disclosure.
‘[0089] While thermoelectric device is used herein, it should be understood that
other devices can be used, such as a resistive heater, a chemical heater or cooler,
etc.. It should be understood that the drug layers are layers of absorbent material
that capture a drug, but which readily permits the drug to pass from the material to
skin for absorption. It should be understood that the features of each of the layer
embodiments are compatible with each of the disclosed devices, and features from
each of the layer arrangements, such as the inflatable portion, are adaptable to any
layer configuration. It should be understood that any part of any embodiment can
be combined to form one single embodiment, and that various embodiments can bé
combined to form one single embodiment. It should be understood that
embodiments can be applied to humans or animals, and to any biological surface
including skin and mucosal surfaces. It should be understood that embodiments can
include an additional layer or part comprised of drug penheaﬁon enhancer, and/or
water, and/or chemical conipounds such as vasodilators or vasoconstrictors. It
should be understood that any embodiment showing as two or more separate parts

can be combined in one physical unit.
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[0090)]  While various embodiments of the disclosure have been shown and
described, it is understood that these embodiments are not limited thereto. The
embodiments may be changed, modified, and further applied by those skilled in the
art. Therefore, these embodiments are not limited to the detail shown and described

previously, but also include all such changes and modifications.
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I Claim:

1. A method of controlling drug delivery to skin, the method comprising:
removing heat from the skin;
applying a drug to the skin while the heat is being removed for a
predetermined period to permit the drug to build up in a pool in a superficial
skin layer; and
permitting the pooled drug to flow to a blood vessel by controlling the
temperature of the skin at a temperature less than normal.
2. The method of claim 1, further including providing heat to the skin
prior to removing heat from the skin to increase drug flow to the superficial
skin layer.
3. The method of claim 1, wherein the heat is removed is removed for a
predetermined interval greater than O minutes and less than 15 minutes.
4. The method of claim 2, wherein heat is applied to the skin for a
predetermined interval greater than O minutes and less than 15 minutes.
5. The method of claim 1, wherein the heat is removed by a

thermoelectric device.

6. The method of claim 1, wherein the heat is removed by a cooled gel
material.
7. A method of controlling drug delivery to skin, the method comprising:

positioning a device on the skin that is configured to provide
vasoconstriction of blood vessels through cooling and to provide drug
delivery to the cooled skin;

cooling the skin to cause vasoconstriction while delivering a drug to
the skin to permit the drug to build up in a pool in a superficial skin layer;
and

permitting the pooled drug to flow to a blood vessel by controlling the

temperature of the skin at a temperature less than normal.
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8. The method of claim 7, further including providing heat to the skin
prior to cooling the skin to increase drug flow to the superficial skin layer.
0. The method of claim 7, wherein the skin is cooled for a predetermined
interval greater than O minutes and less than 15 minutes.
10.  The method of claim 8, wherein heat is applied to the skin for a
predetermined interval greater than O minutes and less than 15 minutes.
11.  The method of claim 7, wherein cooling is provided by a
thermoelectric device.
12. The method of claim 7, wherein cooling 1s provided by a cooled gel
material.
13. A system for pooling a drug in a subcutaneous layer of skin, the
system comprising:

a supply of a drug positionable on the skin;

a processor; and

a device positioned adjacent to the supply of drug and controllable by
the processor to modify the temperature of the skin for a predetermined time
to cause drug transport from the supply of drug to the subcutaneous layer to
create the pooling of the drug.
14.  The system of claim 13, wherein the system is positioned on a
wearable article.
15.  The system of claim 14, wherein the wearable article is a hat.
16.  The system of claim 14, wherein the supply of drug is formed as a
drug layer positioned in an interior of the wearable article.
17.  The system of claim 14, further including a plurality of temperature
Sensors.
18.  The system of claim 14, wherein the wearable article is a mask
positionable about eyes.

19.  The system of claim 14, wherein the wearable article 1s a band.
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20.  The system of claim 14, wherein the wearable article is a patch.

21.  The system of claim 20, wherein the patch includes an adhesive
configured to attach the patch to an exterior surface of the skin.

22.  The system of claim 14, wherein the wearable article is a mask
configured to extend from above eyes to below a mouth of a user.

23.  The system of claim 13, wherein the supply of drug is drug poured
onto an impermeable layer prior to placement against the skin.

24.  The system of claim 23, wherein the device is a thermoelectric device
positioned on an opposite side of the impermeable layer from the supply of
drug.

25.  The system of claim 13, further including a support layer having a
plurality of openings, the device is a plurality of thermoelectric devices, with
at least one thermoelectric device positioned in each one of the plurality of
openings, and the supply of drug includes a removable drug layer configured
to be positioned to be in contact with the support layer and the plurality of
thermoelectric devices.

26.  The system of claim 13, wherein the supply of drug is formed as a
drug layer having a plurality of recesses, the device is a plurality of
thermoelectric devices, and at least one of the plurality of thermoelectric
devices is positioned in each one of the plurality of recesses.

27.  The system of claim 26, wherein each one of the plurality of recesses
extend entirely through the drug layer, and an end of each one of the
plurality of recesses is covered by an impenetrable layer.

28.  The system of claim 13, wherein the supply of drug is formed as a
drug layer having a plurality of recesses, the device is a plurality of
thermoelectric devices, the drug layer is positioned on the skin such that the
drug layer and an opening of each of the plurality of recesses is in contact

with the skin, and each one of the plurality of thermoelectric devices is
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positioned on an opposite side of the drug layer from the openings of the
plurality of recesses at a location corresponding to one of the plurality of
recesses.
29. A system for pooling a drug in a subcutaneous layer of skin, the
system comprising:

a supply of drug positionable on the skin; and

a device positioned adjacent to the supply of drug and configured to
modify the temperature of the skin to cause drug transport from the supply of
drug to the subcutaneous layer to create the pooling of the drug.
30. The system of claim 29, wherein the supply of drug is formed as a
drug application layer configured to include a plurality of openings, and the
device i1s a cooled gel layer extending through the plurality of openings to

provide cooling to the skin.
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This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-12, are drawn to a method of controlling drug delivery to skin.
Group |}, claims 13-30, are drawn to a system for pooling a drug in a subcutaneous layer of skin.

The inventions listed as Groups |-l do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

The special technical features of Group I, a method of controlling drug defivery to skin, the method comprising: removing heat from the
skin; applying a drug to the skin while the heat is being removed for a predetermined period to permit the drug to build up in a poolin a
superficial skin layer; and permitting the pooled drug to flow to a blood vessel by controlling the temperature of the skin at a temperature
less than normal, are not present in Group Il; and the special technical features of Group Il, a system for pooling a drug in a
subcutaneous layer of skin, the system comprising: a supply of drug positionable on the skin; and a device positioned adjacent to the
supply of drug and configured to modify the temperature of the skin to cause drug transport from the supply of drug to the subcutaneous
layer to create the pooling of the drug, are not present in Group |.

Groups | and |l share the technical feature of a drug positionable on the skin, a device positionable on the skin, and modifying the
temperature of the skin to create pooling of the drug in a superficial skin layer. However this shared technical feature does not represent
a contribution over the prior art. Specifically US 2002/0119186 A1 to Zhang et al. disclose a drug positionable on the skin (dermal drug
delivery system 120; FIGS. 3 and 4; para. [0081] “a patient or care giver placing the DDDS 120 on the skin 134 of the patient”), a device
positionable on the skin (temperature control apparatus 100; FIGS. 2 and 4; para. [0081] “patient or care given then attaches the
temperature control apparatus 100 on top of the DDDS 120, which adheres to the DDDS 120 with temperature control apparatus
adhesive 112"), and modifying the temperature of the skin to create pooling of the drug in a superficial skin layer (para. [0032]
“apparatus and methods of the present invention allow controlled heat to increase and controlled cooling to decrease, the drug release
from the controlled/extended form/formulation after it is delivered into the depob/storage sites”; para. [0081] “heat generating
(exothermic) chemical reaction occurs in the temperature regulating mechanism 108. Heat from this reaction passes through the
temperature control apparatus bottom wall 102, through the DDDS top wall 126, through the drug formulation 128, and increases the
temperature of the patient’s skin 134 under the DDDS 120" and para. [0086] “heating is also believed to increase the body fluid
circulation and blood vessel wall permeability in the sub-skin tissues, and cause fentanyl to send less time in the sub-skin depot site").

Since none of the special technical features of the Group i-Il inventions are found in more than one of the inventions, unity of invention is
lacking.
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