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ABSTRACT

The present invention is directed to a method and apparatus for delivering substances, e.g.,
therapeutic substances, into openings on or near a skin surface, such as hair follicles, pores
and/or into sebaceous glands. This can be achieved by using an apparatus to direct a
substance into the openings under pressure via one or more nozzles or slits. A portion of
the sebum present in the hair follicle is optionally heated and/or removed, e.g., using low-
pressure conduit located on the lower surface of the apparatus, before introducing the

therapeutic substance.
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METHOD AND APPARATUS FOR DERMAL DELIVERY OF A
SUBSTANCE

CROSS REFERENCE TORELATED APPLICATION

This application is a divisional apphcation of AU 2010259094 which claims
prionity 1o U8, provisional patent application Ser. Neo. 61/181,228, filed May 26, 2009, the

disclosure of which is ineorporated hevein by reference in iis entivety.

FIELE OF THE INVENTION

The present Invention is directed 1o 8 method and apparatus for delivering a

substance, 2.2, a therapeutic substance, to sehaceous glands and/or hair follicles,

BACKGROUND INFORMATION

FIG. 1 shows a hair follicle structure 100, which includes a hair follicle 110, hair
shasft 120 and one or more associated sebaceous glands 130, A small gap 125 is generally
present between the hair shaft 120 and the sides of the follicle 110 in the upper portion of
the follicle structore 100 Ieading to the skin surface 115, One or more sebaceous glands

130 are often connected to this gap via a duct 135, as shown in FIG. 1.

Sebacecus glands 130 seorete an ofly substance called sebum 140, which is a
mixture of lipids and debris from dead celle shed by the gland 130, The sebum 1404
deposited inte the upper portion (infundibulum) of the hair folliele 110, and eventually
may rise up o the skin surface 115, Sehum 140 can Iubricate and protect hadr shafts 120,
act a8 a moisturizer, and can also help to seal the follicle opening 125 from external

substances,

Sebum accurnulation and/or blockage of the doct 135 between the sebaceous gland
130 and the bair follicle 110 by sebum 140 can be a major cause of the common skin
condition sene vulgaris {generally reforred o 88 ‘acne’). Sebum blockages can enlarge to
form blackheads or whitcheads. Redness, swelling, and infection may also oceur. These
acne gyrmponns can be aesthetically undesirable and soclally stigmatizing, snd they can

also lead to the formation of disfiguring scars.

Present approaches for alleviating acne symptoms and avoiding more serious

complications include application of topical solutions of substances such as benzoyl

ia
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peroxide {available over-the-counter or by prescription) or sabieviic acid, or
prescription antibiotics such as erythromyeln, clindamyein, or tetracyeline dertvatives.
Topical retinoids can also be applied to alleviate acne symptoms. Retinoids include
fretinoin {brand name Retin-A}, adapalone, and tazarotene and the BON-PTescTivinn
retinol or derivatives. Retinoids appesr to influcnce cells in the follicle fining, which

can help to prevent hyperkeratinization of these cells that can lead to blockages.

The effectiveness of such topical frestments, particularly solutions containing
retinoids, may generally be Huited by the ability of the topical solutions to pencivate
deeply into the follicle 110 and into the schacsous gland 130 itself Accwnulation of
sebuwm 140 and debris in the hair follicle 110 and/or duct 135 leading into the
sebaceous gland 130 can inhibit penstration of topieal solutions inte the follicle rogion

where they raay be more efficacious,

{hral intake of isoiretinoin, & retinoid (available under the brand names
Aceutane, Botret, Clarus, oic.) has been shown to provide long-term meduction of acne
symptoms or severity thersof. lsotretinoin can be very offective for treating severs
cases of acne. However, oral adnnistration of {setretinein is believed to cause
significant side effects, including Hver damage and birth defects when used by
preguant women. For these reasens, treatment of acne using oral administration of
isptretinein generally roquires close monitoring and & specified timetable for

treatment oyeles.

{her techmigues that can be used to treat acne with varying degress of
effectiveness include phototherapy (a.g., photodynande therapy (“PIVT™) or treatment
with various lasers or infense pulsed Hght sourees), POT generally involves topical
spphcation of & solution contalaing S-aminolevulinic acid (ALA) or other
photosengitizer precurosors or photosensitizers, followed by fradiation with optical
energy to activale the photosensitizer and selectively affect corfain Hasues where the
photosensitizer is present. PDT tochniques for fresting acne are described, « g,
LLE, Patent No. 6,897 238, and various substances that may be used as

photosensitizers in PIYT procedures are desoribed, e.g., in U8, Patent Mo. 6,034,267,

Follicular keratosis is 2 common condition that is characterized by excess
production of keratin that can block follicles, and produce symptoms such as rashes,

swolling, pain and/or ingrown hairs. Although there is no known cure for follicular

[
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kerstosis, symiploms can be relieved through application of substances such ag topical

solutions of vitamin A or beneoy peroxide.

Topical solutions, lotions, efe. are slse marketed for appHostion to the sealy o
stiroulate hair growth, reduce 8 rate of hair lows, eto. These solutions can contain
substances such 35 meinexidil, azealic acid, andfor dyhydrotestosterone {H)
blockers. Such solotions may be more effective andfor may be used in lower
concenirations if they can be delivered more effectively ® the follicle srea or certain
portions thereof. PDT technigues can alse bs used to treat hair loss 85 described, e F
in UL8, Patent Mo, 7,080,691, Better penoiration of compounds used in such PDT

technigques inte the follicle can improve the effectiveness of such techudgaes.

Thus, in view of the sbove-desoribed deficiencies, s method and apparsius
would be desirable for improved aone reatment and treatment of other skin conditions
via more effective application of topieal substances into the hair follicle region and
optionally into the schacesus gland. Muore effective delivery of such substances can
aflow lower concentrations to be used, can improve efficacy, and cen also provide an

alternative o more dangerous treatments, such ss oral application of isotretingdn,

SUMMARY OF THE INVENTION

The present invention is divected to mesting the afbrementioned needs and
addressing the deficiencies particularly discussed above and generally in the prior ant,
Embodiments of the present invention provide a system, method and apparstus Hr
delivering substances, e.g., therapeutic substances, into the hair folliele region, 2.8,
proxinal to or into schaceous glands, loosted in skin tissue. This can be schicved by
directing a substance into the follicle under pressurs. Optionally, & portion ofthe
sebum present in the batr follicle may be hested and/or removed, eg. nsing a vaguum,

hefore introducing the therspentic substance.

T ons aspect of the present invention, an apparatus is provided for applying a
therapeutic substance under pressure to Hllicle areas of skin, e.p., to follicle Gpenings
and/or sebaceous glands. Such application can {improve the penetration of the
substance into certain skin structures, which may improve their efficacy. The
therapentic substances can inelude, but are not Hmited o, topics] sohiions or lotions
that can be used to treat aone, hair loss, Bllicnlar keratosis, or for photodynamic

therspy provedures.
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The apparatus can inchude & delivery anangement sud an cutlst structured to
deliver the therapeutic substance contained theroin under pressure to the skin surface,
The therapeutic substance can be contained within & reservoir or cartridge provided in
the spparates, which may be in communication with & source of prossurized gas or the
like that is configured w0 propel the therapeutic substance through the outlet and into
the skin. Aliernatively, the therapeutic substance can be provided to the delivery

arrangement in the apperstus under pressure from o remote source.

The outlet can be configured s 2 siugle opening through the lower surface of
the apparatus that can be round, oval, s slit, or 88 a plurstity of such openings. The
openings can have a small dmengion, g, 2 hole dismeter or sht width, that is small
to fucilitete introduction of the substance fnto the skin at » high prossure. Por instance,
2 hole dismeter or slit width can be leos thew sbout 1000 pm, e.g, loes than about 500
i, or as sroall as about 30 pre, or optionally less then shout 50 pm. Smaller
dimensions can be used in applications for which delivery of the substance inio the

skin at a higher pressure is desirable,

One of more vacuwn conduits can be provided at least partially along 2 lower
surface of the apparatus, to improve the physical contact bebwesn the lowsr surface
and the skin during application of the therapontic substance(s), One or more pressure
conduits can also be provided at least partially along a8 lower surfhce of the apparstus
and configured to be io commmdostion with & source of prossurized gas. The
prossure conduit{s) can facilitate motion of the apparstus over the skin surface, e.g.,
by mtermitiently bresking  suction foree between the vecuum conduits on the lower

surface of the apparatus snd the skin swriacs.

In further embodiments of the present invention, the apperatus can also
include a heating srangement, such 8s # resistance hester, & soures of opticsl
radiation or utrascund, or the Hke. The heating arvangement can he configured fo
contact the skin and/or heat & portion of the lower surface of the appsratus, to thershy
heat the skin scface and loosen sebum sndfor other debris that may be present in
pores, follicles, ete. The skin is preferably hested o & tomperaturs less than 65 °Cto
avold generating thermal damage to the beated tissue. The boosened nmterial may
then be partislly removad from the skin when the one or more vacuum conduits on the
lower surfuce pass over the heated skin, A colisction srrangement can be provided in

the apparatus or affixed thereto to trap such material removed from the skin through

4
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the vacuum condwis}, thereby preventing such material from being transported into

the low-pressure source and possibly contaminsting or obstructing it.

in & still further ernbodiveent, the apparstus can include a vibrating
arrangement mechanically coupled or affixed to the housing. The vibrating
srrangement can be configured to nduce vibvations in the howsing, including the
lower surface thereof that contacts the skin when in uee. Such vibrations can facilitate
movement of the apparatus over the skin sweface when 2 low prossure ik prosert in the
vaguwm conduit andfor facilitate loosening of sebum and/or other debris that may be

present in porss, follicles, ste.

In snother aspect, embodiments of the present fnvention provide a methoed for
introdacing & thevapsutic substance inio a skin struchure such s a follicle, pore, or
sebaceous gland. The method includes optionally heating 2 surface reglon o loosen
sebum or other debris thet may be present near the sldn surface. A low-prossure
arrsngement can then be passed over the heated skin tissue to loosen andfor partially
remove some of the sebum and/or debiris. A sourcs of 2 pressurized therapeutic
substance can then be passed over the skin surface to direct at least a portion of the

substance info porss, follicles, or other skin structures,

in yet snother embodiment, the invention provides 2 method for treating 8
subject baving a skin condition. Skin conditions inchude acne, habr loss, Hilieudwr
hyper keratosis ; ete. The method comprises delivering a thorapeutically offective
amaunt of 2 substance under elevated pressure through at loast one opesing in a
substrate onto the skin tissus of the subject; and providing at lesst ong low-pressure
channel slong 8 lower surfacs of the substrate proxiveal to ot least s portion of the at
least one opening, wherein the low-pressure chanmel is configurad o maintain the
lower surfacs of the substrate proximal to the surface of the shin tissue when &
reduced prossure is provided in the low-pressure chanmel, thereby treating the subjset

for a skin condition.

In still another aspect, the invention provides kits that include various
embodiments of the apparatos described herein and instructions for using the various
embodirnents of the apparatus in accordance with the methods of the invention

desoribed herein,
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These and other objects, fostures and advantages of the prosent invention will
beeome more apperent from the following detailed deseription taken in conjunction

with the drawings.

BRIFF DESCRIFTION OF THE DRAWINGS

S0 that those having ordinary skill in the art fo which the present apphcation
appertaing will more readily understand bow to make and use the same, reference may
be had to the drawings whersin:

FIG. 1 s an iHustration of 8 hair follicle shuctore;

FIG. 2o is a schermatic cross-sectional {Hustration of an exemplary apparatus in

sccordance with an embodiment of the present frvention;

FIG. 2b is an llustration of the lower sweface of the spparatus shown in FIGL

2a;

FIG. Z¢ is an illustration of & further configuration of the lower surface of the

apparatus shows i FIG. 2g;

FIG. 2d is an ilhustration of a still further configuration of the lower surface of

the apparatus shown in FIG. 2a;

FHG. 3a is 2 schematic cross-sectional itlusivation of an exemplary apparatus in

accordance with another embodiment of the present invention;

FIG. 3b is an illustration of the lower surface of the apparsius shown in FIGQ.
REW

FHG. 3¢ is an iHustration of s further configuration of the lower surface of the
apparstus shown m FIG, 3g;

FIG. 48 i3 a schematic gross-seotional iHlustration of an exemplary apparatus in
accordance with still another embodiment of the present invention:

FIG. 4b is an illustration of the lower surfaces of the sppacatus shown in FIG,
4a;

FHZ. 4e is an tllustration of a firther configurstion of the lower surface of the

spparatus shown in FIG. da;
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FHG. 44 ix 2 schematic lustration of the apparatus shown in FIG. 4a being
used o romove sebum from, and apply a therapeutic substance te, a region of skin
tissue; angd

FIG. 3 is 8 schematic cross-sectional ilustration of an exemplary appavatus in

acoordance with & further embodiment of the present invention.

While the present invention will now be described in detail with reference to
the figures, it is done so in conmection with the {lustrative embodiments and is not

Himited by the particular embodiments lhustrated in the fgures.

BETAILED DESCRIFTION

A schematic side view of an apparstus 200 that can be used to deliver
sabstances into a hair follicle and optionally to sn sssoclated sebacoous gland is
shown in FIG. 28, The spparatus 200 inchudes & housing 210, & vacuam conduit 220,
snd 8 delivery avrangement 230, A lower surface 260 of the apparatus 200 is
configured to contact the skin surface 250. In certain embodiments, the housing 210
can be shaped o be cusily held in the band and traversed over an srea of skin 350 1o
be treated. The delivery smangement 230 can inchede & reserveir, cartridge, tubs,
duct, or the like, or 2 combdnation thereof, thet may be located within or formed s
part of the housing 210, and that i3 configured to contsin & portion of the therapeutio
substance. The therapewtic substance fu the delivery smrangement 230 can be
pressurized using an external prossure source that can provide & pressurized gas or the
like through a delivery tube 235, The delivery arrangement 230 can also be provided
i ponununication with an external source or reservolr of a therapeutic substance (ot
shown) configured to supply the therapeutic substance through the delivery tube 235,
¥acwum conduit 220 ean be provided {n commumication with & vacuum or low-
pressure soures {not shown) through a vacuum tube 225, & vibrating syrangement

212 may also be affixed to or provided in mechanical contaet with the housing 210

An exemplary configuration of the lower surface 260 of the apparstus 200 is
shown in FIG. 2b. The lower portion of the vacuwm conduit 226 and the lower
surfsce 260 form a low-pressure channef 222, whick can be generally proximal to the
perimeter of the lower surfacs 360, The outlet 280 of the delivery srranpement 230 ix
located in the central region of the lower surface 260. The outside diameter of the

lower surface 260 s prefirably small anough to sllow the lower surface 260 1o

7
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conform to local varfations in the shape of the skin surface 238, and targe enough o
facilitate troatment of larger areas of the skin 250, For cxample, the owtside diameter
of the lower surface 260 can be between about | inch and shout 3 inches, sithough
smaller or larger diameters can be provided in cortain embodinents. The shape ofthe
lower surface 260 can be substentially circular, as shown i FIGL 25, In further
smbodiments, the lower swrface 260 can be ovoid, elliptical, or polygonsl in shape, or
any other shape appropriste for a particuler application. The lower surface 260 con be
substantially flat, or # may be slightly convex, concave, or otherwise comtoured fo

move closely adapt to the shape of & skin surface 250 to be treated,

in use, the apparstus 200 can be placed apainst the skin 250 and 2 low prossure
or vacunm provided in the vacuum conduit 220, The low pressurs or vecuum can be
controlled, e.g., using a conventional valve srrangement of the like. The low pressure
in the vacuum vonduit 220 and low-prossure channg! 222 can facilitate close contact
snd/or adherence between the lower surfce 260 of the sppasatus 200 snd the skin
surface 230, A therapeutic substance ean be provided under elevated prossure in the
delivery arrsngement 330, e.g., wing the delivery tube 235, The therapeutic
substance can be provided in the form of an sgueous solution, snother typs of Head
sotution, a §v;:sﬁén, a suspension or enmlsion, or the Hke, The therapeutic substance
can then be delivered into hair follicle regions in the shkin 25¢ located proximal fo the
outlet 280 of the delivery arvangement 230, The clovated prossure provided in the
detivery armangement 230 can facilitate such delivery. Tn certain embodiments, ons or
maore fow-pressure channels 222 and/or vacuum conduits 226 cen be veed fo recover a
portion of the therspeutic substance from the skin surface that is delivered by the
delivery arrengement 230 but not absorbed into the skin openings. Such TRCOVErY Can
be used, e.g., to climinaie 8 prevence of excess therapeutic substance on the skin
surface after treatment and/or # recover expensive therapeutic substances or

components thereef, such as gold nanoparticles or the ke,

In certain embodiments, the prassure in the delivery arvangement 230 can be
varied over time, e.g., to provide 2 pulsed delivery of the therapentic substance. For
exsmple, the delivery arrangemont 230 can be exposed to intervals of high pressure
that may have 2 regular period or Sequency, or which wmay be random) y timed, The
pressure varistions or pulses can facilitate tntroduction of the therapeutic substance

into the openings of the skin tissus, such as the follicles and pores. The intervals can
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be of short duration, e.g., on the order of s second or less. In coviain smbodimenis,
lougor intervals of high prossure may be nsed. Such variations in pressure applied to
the therapeutic substance during delivery may be used with any of the various

srnbodiments of the present invention described herein,

The low pressure provided in the vacuum conduit 220 and low-pressare
channel 222 can also help prevent a portion of the therapentic substsnce fom
eseaping out the sides of the lower mutface 260 of the apparstus 200 when it is
delivered under pressure, while preferably not removing & significant amount of the
therapeutic substance that was introduced into the skin through the cutlet 28¢. The
size, shape and/or geometry of the low-prossure channel 222 can be sslected to
optinize these different functions when the device is passed over the skin st
reasonable/typical operating speeds. For example, & portion of the therapsutic
substance thet is forced through the outlet 280 but does not penetrate or ghsorh into
the folticle areas of the skin 230 may be recovered throogh the low-pressurs channel

222 and vacuun condudt 224,

The appavatus can be traversed over the skin surface 250 o troat a larper aves
of skin, The presence of low pressure in the vecwen condult can impede mobility of
the appsratus 200 over the skin surfsce 250, However, it has been observed that
providing a pressurized sourcs such as that prosent at the outlet 280 of the delivery
arrangoment 230 provides an intermdttont breaking and recovery of the vacwam seal
between the low-pressure chamnel 222 at the lower surface 260 of the appsratus 200
and the skin surface. Such behavior can muanifest as & vibration of the apparatus 200,

and facilitates casy motion of the apparatus 200 over the skin surface 250,

In & further embodiment, the apparatue 200 can include a pressure conduit 270
configured to be proximal o at least & portion of the vacvom conduit 220 on the lower
surface 260 of the apparatus 200, as shown in FIG. 2o, The pressure conduit 278 can
have a form generally similar to that of the low-pressure channel 222 shown in FIG.
Za. A source of pressurized gas, such as alr, nitrogen, or the like, can be provided to
the pressure conduit 270 using e hose, tabing or the like. The prossure in the pressure
oonduit 270 can be controlled using & conventional valve arrangement. T use, the
low-pressure channel 222 can provide good adherence between the apparatas 200 and
skin surface 238, as deseribed shove. The pressure in the prossure conduit 270 can be

conirolied and/or adjusted to modify this adherence and sllow the apparatus 200 to be

@
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casily traversed over the skin 250, substantially independent of the pressurized
thorapeutio substance provided through the eutlet 280 of the delivery arrangoment
236,

In certain embodiments, the relative locations of the low-presaure channet 222
and pressure conduit 270 can be roversed from that shown in Flg. 2¢, such that the
pressure condait 270 Hes outside of the low-pressure channel 222, e.g., closer o the
cuter edge of the lower surface 260 of the apparatos 200, To stll fusther
embodiments, the low-pressure chasael 222 andfor the pressure conduit 270, i
present, can be provided as & plurslity of openings on the lower surfice 2360 of the
apparatus 200, e.g., 88 a plurality of rectangular or curved slots, rather than ag

continuous channels such as those shown in FIGS. 2b and 3¢

Pressure provided to the pressure conduit 270 (if present) and/or the delivery
arrangement 230, and vacuum in the vacuum conduit 220 snd low-pressure chanmel
222 can be controlled individually to provide good adherence of the apparatus 200 fo
the skin 230 and desired delivery of the therepeutic substance to the skin 250, while
also facilifaling motion of the apparatus 200 over the skiv surface 250, For example,
the amount of prassure or vacuum applisd to these conduiis can be set or varied using
conventional valve arrangements andfor pressure controllers, The prossures andfor

vacuum may optionally be pulsed to factitate such motion.

The outlet 288 ofthe delivery arrangement 230 can be provided as g single
opening, similar to that shown in FIG. 2b. Alternatively, the outlet 280 can be
configured as & phiality of smaller openings or nozales, as shown in Fig, 24, The
smaller openings of the cutlet 280 can be used to deliver the thempeutic substance at
higher local pressures, which can facilitate Infiltvation of such substance into the
tollicke region and optionally into sebaceows glonds, For example, the outflow poTes
may have a lateral size or dismeter that is betweon about 50 pm and sbout 500 pm.
Accordingly, the streams of the therapeutic substance that may be provided through
the optional opeaiegs ot nozeles can have a size that is less than about 1000 um, &.8.
feas than about SO0 pm, or as small as shout 30 pm, or optionally loss thas shout 50
s The delivery stream or sireams can be used to Bwee solutions or substances inte

the at least partislly open sehaceous follicles.

16
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The vilwating arangement 212 may optionally be provided in the apparatus
200. The vibrating srvengement 212 can be mochanically couplod to the housing 219,
and configured to generate vibrations in the housing, e.g., on the lower surface 260,
when the device 200 is in use. The vibrating arrangement 212 con dnclude, ez, an
eccentric weight provided on a rotating shaft, a plezcelectric element, or any
conventional device configured to produce vibrations, Vibrations pensrated by the
vibration srrapgement 212 can facilitate franslation of the apparatus 200 over the skin
tissue 230 when in use. They can also assist in breaking vp, loosening, andfor
removing sebum and/or other debris that may be present near the swrisce of the skin

258, Such removal of sebum andfor debris is deseribed in more detsil below,

The vibrating srrangement 212 can have s amplitude of vibration in the range
of about 50-1000 um, or between abow 100-500 wm. The frequency of the fnduced
vibrations can be between about 1 He snd shout 14 kHe, Other vibratinn paramsters
may be used in cortain embediments. Particuler vibration paramsters can be selected
based on properties of the apparatus 200, o.g., the size of the apparatus 200 snd/or the
lower surface 269, the size and shape of the vacunm conduit 220 sndéor the delivery
arvangerment 230, the pressures provided in these structures, ote. The vibrating
arrangement 212 can include civsuitry configured to adjvet the aplitede andfor
frequency of the vibrations. The vibution srangement 212 can optionally be

included with other embodiments of the prosent invention described herein,

in a further erobodiment, an apparatus 300 shown in FIG. 3a can be provided
for defivering substances into a hair follicle and optionally to an associated sehaceous
gland. The apparstus 300, similar io the spparatus 200 shown in FIG. 2, includes &
housing 318, 2 vacuum conduit 320, and a delivery srrangement 330, A handle 340
can be aitached to the housing 310 or formed as part of the housing 314 to faciiitste
manipulation of the apparatus 300, The delivery arranpenvent 330 con be provided in
communication with 8 source or reservolr of s therapeutic substance (not shown)
through & delivery tube 335, and the vacuum condait 320 and low-pressure chammel
322 can be provided in compmunication with a vacuum or low-pressure source (ot

shown)} through 8 vacuum tube 325,

An exemplary configuration of the lower surface 360 of the apparatus 300 is
shown in FIG. 3b. The lower surface 360 can have a substantially square or

rectangular shape, as shown in FIGQ. 3b, end other shapes may also be used, The

i
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fywer portion of the vacuwms conduit 320 and the lower surface 360 form the low-
pressure channel 322, which msy be ponerally proximal to the porimcter of the lower
surfece 360, The outlet 380 of the delivery srrangement 330 can be configured as an
clongated slit extending through the lower surface 360, Such 8 slit can provide 2 high
delivery pressurs for the therapeutic substance delivered through the delivery
srrangement 330, and the delivery can casily be applied ever a large aven of skin when
the lower surface 360 of the device 300 is traversed over a skin surface in the

direction of the sivow shown in FIG. 3h,

In & further embodiment, shown in FIG. 3¢, the outlet 380 of the delivery
arrangement 330 can be configured as & phirality of clongated slits extending through
the lower surface 360, The slits can be arranged in one ot more rows, 28 shown in
FIG. 3e, or other configurations may also be used. Such slits can slse provids & high
delivery pressure for the therapoutic substance delivered through the delivery

arrangement 330,

In another embodiment, the apparatus 300 can include 2 pressure conduit
sirnilar to the prossure conduit 270 shown in FIG. 2¢. This pressure conduit can be
peovided proximal to the low-pressure channe! 322 on the lower surface 360 of the
spparatus 300, and a gas pressure in the pressure conduit can be controlled andfor
adiusted to facilitate traversal of the apparstus 300 over the skin surface, substantially

independent of the prossurized therspeutic substance provided throngh the outlet 386,

A further embodiment of an apparatus 400 that can be used to deliver
substances inte a hair follicls and optionsily an associated sehaceous gland is shown
schematically in FIG. 4a. The spparatus 400 includes » housing 410, & vacuum
conduit 428, and & delivery srrangement 438, A lower surface 460 of the apparatus
400 can be, e.g., affixed to the housing 410 or formed a8 an integral part thereof. An
outiet 480 can be provided that allows material located in the delivery srrangement
430 o pase through the lower surface 460, The lowsr portion of the vecuom conduit
420 and the lower surfhace 460 form a low-pressure channel 422, The housing 419 can
include o handle 440 that facilitates manipulation of the apparatus 400, eg., to
transiate & over an ares of skin to be treated. The delivery arvangement 430 can be
provided in communication with s source of reserveir of 8 thevapeutic substance {not

shown} through a delivery tube 433,
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The vacuum conduit 420 and low-pressure channel 422 can be provided &
communication with 8 vacuum pamp or low-pressurs source {not shown) through a
vacuum tubp 425, The pressure within the Jow-pressare channe! 422 is proforably low
enough to substantislly maintain good contact between the skin and the lower surface
460 of the apparatus 400 when in use. Any prossure that is lower than atmospheric
pressure may be provided in the vacuum condult 420, The pressurs is proferably
greater then about 11 psi {e.g., greater than sbeut -0.% atmospheres). Exposure of the
skin tissue o prossures lowsr than this may generate some petechial hemorrhage
andfor bradsing of the skin, However, application of & prossurized environment {e.g.,
a pressurs grester than atmospherie pressurs) proximal (o the rogion of tissue cxposed
to such lower pressure can reduce the Hkelihood of brulsing or hemorthage. Such
higher prossuse can be provided, e.g., by the pressurized substance boing deliversd
from the delivery arrangement 430 through the conduit 480 sudior by a pressurized
outlet provided in proximity to the low-pressare chennel 422, e. g, similar to the

pressurized conduit 278 shown in FIG. Ze.

The apparatus 400 firther includes & heating arrangoment 490, The heating
arrangement 450 can include & conventional resistance heater or other heating device,
and preferably includes an on/eff switch and a controller, 2.z, 8 thermostatic
comtroller or the like. The heating wirangement 490 can provide contact or radiant
encrgy heating of the skin tissue near the surface. Feor example, the heating
srvangement 450 may include electrical resistance heating, infrared or other optical
heating {e.z., using a plurslity of LEDs, laser diodes, lumps), ulirasound, or other
sourees configured to omit ensrgy at one or mere wavslengths sheorbed by the skin
and/or the sebum, phase-change or chemical resction heating (e.g., providing one or
more warm or exothermically reactive substances in a chamber within the devies),
eig.

The size, duration, temperature {for conductive contact heating) or EXPOSUTES
parameters of iradiance, wavelength(s) and exposure time for radiant heating of the
heating wrrangement 4990 are preferably selected such that the sebum and dobris are
sufficiently hested to loosen them and/or facilitate their removal when the apparatus
400 is moved over the skin at reasonable/typical opersting speeds. Such speeds can
be, e.g., on the erder of wbout 1 omfses, although higher or lower speeds can alse be

ussd. The heating arrangement 490 can facilitate introduction of the therapeatic

i3
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substance into the follicle reglon and optionally into sehaceous glands by heating and
fooscning acoumulated sebum in the follicle rogion. A portion of this schum sy slso

be removed using the apparatus 400, as described it more detsil below.

An exeraplary configuration of the lower surface 460 of the apparstus 400 is
shown in FIG. 4b. The outlet 480 of the delivery arangoment 438 is located in the
central region of the lower surface 460, The lower portion of the vacuum conduit 428
and the lower surface 460 form the low-pressure channe! 422 in the lower surfsce 460
that may be generally proximal to the perimeter of the lower surface 463, A portion
422a of the low-pressure channel 422 proximal to the hesting arvangement 450 may
be wider than other parts of the low-pressure channel 422 1o fecilitate removal of
sebum in the skin, as described in more detail below. In certain embodiments, two or
mars low-pressare chanvels 422 may be provided. Thus, for example, the wider
portion 422a of the low-pressure channel 422 shown in FIG. 4b cas optionally be
provided a8 a second channel thet i3 separaie from the narrower portion of the low-

pressure channed 422,

& surface of the heating srrangement 490 is preferably configured to be
substantially coplenar with the lower surfsce 460, such that it will contact the skin
surface when the lower surfice 460 of the device 400 & placed on the skin. In another
embodiment, the heating arrangement 490 can be located shove a portion of the lower
surface 460, e.g., within the housing 410, and configured to host & portion of the
lower surface 460 and a region of skin contacting the heated portion of the lower
surface 460,

In a further embodiment, the apperatus 400 can include s prossure conduit 470
proximal to at lesst 2 portion of the low-pressure channel 422 on the lower surface
464 of the apparatus 400, & shown in FIG. 4¢. The pressure conduit 470 can be
similar to the prossure conduit 270 shown In FIG, 2¢, and may be provided to
facititate translation of the spparatus 400 over g skin surface when & vacuum or low
prossure is present in the low-pressure channel 422 andfor to reduce or prevent
bruising of skin that is exposed to the low pressure. A source of pressurized gas, such
a8 air, nitrogen, or the like, can be provided to the pressure conduit 470 uaing 2 hose,
tubing or the like, and the gas pressure can be controlled using a conventional valve
srrangement. Prossure provided to the pressure conduit 470 may optionally be pulsed

to facilitate transtation of the apparatos 400

14
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The geometry of the pressurs conduit 470 and iz location relative 1o the
vacuum condult 420 may be varied from the confipuration shown in Fig. 4c. In
general, portions of the pressure conduit 470 that pass through the lower surface 460
of the apparstus 400 ave preferably loceted proximal fo portions of the low-pressure
chenmel 422, For exayuple, the prossure conduit 470 may be configured s 2 plurality
of channels provided substantially parsile] fo portions of the low-pressure channel 422
on the lower surface 460, Such proximity can facilitate infermittent interruption of a
vacuum seal that may be formed between the low-pressure channel 422 and the sldin
surface as described above, and allow the apparstus 400 to more easily be translated

over the skin when g low pressure is present in the vacuum conduit 420,

FEG. 4d ilhustrates an exemplary use of the apparatus 406 to doliver s
therapentic material 433 into one or more sebaceous glands 495 located in the skin
458, The sppavatus 400 is placed on the surfhoe of the skin 450, The low-pressure
channel 422 facilitates good contact between the lower surface 460 of the apparatus
400 and the slan 450 when a low pressure is provided in the vacuum conduit 420,
The apparatus 400 can be trauslated over the surface of the skin 43¢ in the divection
indicated by the arrow in FIG. 4d.

The beating srrangement 490 provided in 8 Hrward location of the apparatus
will Srst contact o target ama of the skin 450, and can be controlled to heat sebum 492
and any associated debris located in the target arca. Such heating can loosen the
scbum 492, e.g., by melting or reducing the viscosity of wax ssters of the sebum 492
that may be prosent in or proximal to sebacecus glands 495 that block aceess to the

follicle opening and sebaceous gland 493,

For sxample, the farge! svea of the skin 45¢ can be heated to 2 tomperature of
between shout 37 °U and about 47 °C. Heating of the skin tissue 450 to higher
temperatores cun also be performed. Heating temperatures may prefevably be greater
than about 33 °C, which may be slightly lower than the body’s core tenperature fut
groater than a typical surface temperature of the skin 450, Preforsbly, the target svea
of the skin 450 s heated to a temperature that is less than about 83 °C, to aveid the
hikelthood of generating frreversible thermal damage in surrounding dermis Hssues.
Sebaceous glands 495 are generally located about 1-2 mm desp below the swrface of

the skin 450, Hest transfer by conduction through the skin 4590 to the lovel of the
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sebaceous gland 495 may require several seconds or more, depending on depth of the

featores boing heated,

Preheating of skin tissus 450 to be treated con optionally be performed prior {0
using an apparatus in accordance with ceriain embodiments of the present invention
described heretn. For example, radiant heating or contact heating using, e.g., s heated
pad, & hot towel, or the like can be performed on the skin 450 prior io application of
an apparatus 200, 300, 400 4o the heated skin 450, In coriain embodiments, such
preheating can be performed instead of providing & heating arrangoment 499 in the
exemplary apparatus 400, Alternatively, such prebeating can be performed in

addition to using such o hesting arangement 488,

Ag the spparatus 400 is traversed over the skin 450, a forward portion 4222 of
the low-pressure channel 422 (which may optionsily be wider then other parts of the
low-pressure channel 422) passes over the heated tissue, and the bvw prossure can
faciliiate loosening and/or removal of & portion of the heated sehum 492 andior dobris
frorn sebaccous glands 495, follicles, snd/or pores in the side 430, The vacuum
procedure can also remove some blockages that may be prosent in the duct of the
sebaceous gland 493 andior in follicles, which may be achieved with other
embodiments of the present invention described herein that do not nclude 2 heating

arvangement 490,

Removal of schum 492 and/or other debris in the follicle region can be
enhanced, e.g., by applving 8 force in the vicinity of a hair follicle that has 2 latersl
component {e.g., parallel to the skin surface), such thet material in the infidikslum can
be squeezed out. Such force may be applied by edges of the lower suwrface 450 of the
appavatus 400 as it s translated over the skin 430, The low pressue in the low-
pressure changel 422 can pull the skin 450 against the lower surface 450 of the

apparstus 400 as i 1 translated, thus increasing the effectivencss of such revaoval,

The outlet 480 of the delivery arvangement 430 can be located hehind the wide
portion 422s of the low-pressure channel 422 (relative to the preferred translation
direction of the apparatus 400 indicated by the srrow in FIG. 44, as shown in FIG.
4b. The width of the outlet 480 is preferably similar to that of the wide portion 422
of the low-pressure channel 422, e. g, # may be slightly narrowsy ag shown in FIG.

4. As the appavatus 400 continues 1o be traversed over the skin 430, g therapeutic

HE
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substance 433 provided under prossure in the delivery arvangement 430 can be forced
through the conduit 480 and into the fellicle region of the target ares, e.g., into the
sebacsous glands 495 fror which some sebum 492 snd debris may have previously
been loosened snd/or removed. Removal of sebum 492 can generate a more open
pathway that facilitates penetration of such therapeutic substance 433 more desply

into the follicle and/or sebacsous gland 485.

The therapeutic substance 433 is preferably provided in the delivery
arrangement 430 under pressure. In cortain embodiments, multiple delivery
grrangements 430 and/or ontlets 480 can be provided that are configured o deliver
twe or mors different types of thorapeutic substances 433, The delivery arrangerent
430 may mchude a reservolr, cariridge, or the like that may be located within the
housing 414 or formed as part of the housing 410 that is configured to contain the
therspewtic substance 433, The therapeutic substance 433 can be pressurized using,
€.8., & pressure source such es 2 manual or elecric pump, & piston, & pressurized gas

Hne provided in communication with the delivery amangement 433, or the like.

n corlatn eonbodiments, the outlet 480 can be provided in the form of one or
more smaller noxzies, ovifices, jets, or stits through the lower surface 460 that are
configured fo direct one or more small streams of the therapeutic substance 433 onto
the skin surface 430 and fnto the follicks region and/or sebaceous glands 495, Such
nozzles or jots can be provided in a substantially linear srvay (e.g., in 2 single row) to
expose a large portion of the skin surface to the siveams when the appuratus is
traversed over the skin surface. Alternatively, the jets or nozzles cen bo arenged in a
two-dimsnsional mrray {e.g., two or move rows of nozzles, jsts, slits, sie) to provide
groster exposure of the skin surface 450 o the phuality of streems of pressurized

therapeutio substance 433 as the apparatus 400 is translated over the skin surface 458,

In further exemnplary smbodiments, the apparsius 400 can inchude a phuality
of low-pressure channels 422 and/or delivery arrangements 430 and outlets 480,
which may be configured such that a particular follicle or pore is exposed to more
than one cyels of low-pressure romoval and delivery of pressurized substance(s) as
the apparatus 400 is translated over the follicls or pore. Muktiple heating
srvangoments 490 can also be provided. Such exemplary configurations can improve
the effectiveness for skin heating, removal of sebum, andfor delivery of therspeutic

materialis). Allernatively, the apparatus 400 (or any apparatus in aceordance with

17
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embodiments of the present invention) may be ransiated over a reglon of skin to be
treated a phaslity of Himes o gencrate multiple cycles of beating, sebuma removal,

and/or delivery of therapeutic substances.

A further embodiment of an apparatas 500 in accordance with the present
invention is shown in FIG. 3. The apparatus 500 includes a housing 510, 8 vacuum
condutt 520, 8 low-pressure channel 522 {optionally including 2 wide portion 522a) 8
delivery srrangement 530, and a beating armangement 590, The housing 510 can
include a handle 340 that fcilitates manipulation of the apparatus 500, A lower
surface 560 of the apparatus 500 can be affixed to the housing 510 or formed ag an

mitegral part thereof

The delivery srrangement 530 can include a reservolr, cartridge, enclosare or
the like adapted to hold & therapeuric substance 533, The delivery artangement 530
can be provided fn conmunication with a pressure sourse Hrongh delivery tube 535,
such that the therapeutic substance 533 can be delivered under pressure from an outlet
380 bocated on the lower surfice 560 of the apparatus 500 snd into the sbin. A control
conduit 338 may also be provided in comnundcation with the delivery arrangement
230, e.g, a3 shown I FIG, 5. A distal end of the control conduit 538 can pass

through the lower surfaee 560 of the apparatus 580 at one or mere locstions therson.

The contrel conduit 338 can sct as » control valve for pressurizing the
therapoutic substance 333 in the delivery srangement 530, For example, when the
lower surface 360 of the sppavatus S0 is placed in contact with a skin surfacs, the
distal end of the contred conduit 538 can be blocked, allowing a pressurized gas
provided through the delivery tube 535 to force some of the therapoutic substence 533
through the outlet 580, When the lower murface 560 of the apparatus 500 is not in
contact with a skin surface, the prossurized gas will more readily flow through the
control conduit 338 and out of the unobstructed distel end thereof, thershy preventing
the therapeutic substance 533 from betng pushed out of the outlet 580 when it is not
proximal to & skin swrface. A mavual switch or valve may alse be provided, in
addition o or ingtead of the control conduit 53%, to control the delivery of pressurized
therapeutic substance 533 through the outlet 580 and into a region of skin o be
treated. The contrel conduit 538 can also be provided with other embodiments of the
present invention deseribed herein o control application of the therapeutic substance
533,

18
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A eoliection arangoment 52¥ may also be provided in conununicstion with a
vacuun fube 525 end the vacwen conduit 520, The collection arrangomoent 528 can
be configured to trap sebum or other material that may be withdrawn from the skin
being treated through the vacuum conduit 520, whils preventing the sebum fom
passing through the vacuam tube 323 that provides low pressure o the vacuum
conduit 520 and low-pressure channel §22. The collection arrangement 528 can be
provided within the housing 510 of the apparatus 500 a3 shown in FIG. 5, or extomas]
10 the heusing 5180, The collection srrangement 538 may also be provided with other

srmbodiments of the prosent invention described herein,

An apparatus for delivering a substancs to hair folHeles, pores and/or
sebaveous glands in the skin, in sccordance with the various embodiments of the
present invention described heredn, can be provided as a disposable device. For
exanmple, such an apparatus can be provided as a housing that includes one or more
vacuum conduits and delivery sivangements with associated outlets, as described
herein. The apparatus can be configursd to be sttached to 2 low-pressure or vacuum
source and a pressure source through & vacwen tube and a delivery tube, respectively,
The housing can be configured to accept one or more cartridges, vials, or the ke
conizining one or more therapeutic materiale. The housing can also be configured to
accept a removable and reusable heating arrangement affixed thereto. A collestion

arrangement ¢an also be included in the housing.

In use, a cariridge containing s therapeutic substance can be sffixed to the
device sach that the subsiance is in conwnunicstion with the delivery arrangement. A
high-pressure source snd a low-pressure source can also be sttached to the device. An
optional heating arrangement can slso be affixed to the device. The device can then
be apphied to a skin surface as desoribed herein, o apply the therapsutic substance
into pores andfor follicle roglons of the skds, and optionally 1o loosen and/or vemove a
portion of the sebum present. After use, the cartridge and heating arrsngement can be
removed from the device, and the device disconnected from the low- snd high-
presaure sources. The device can then be discarded, while the heating arvangerment

snd/or cartridge can be used with 2 new device for & further treatment,

Any therapewtic substance that can produce a desirable effect when delivered
e & hawr follicke andfor inte » sebaceous gland {e.g., not just lmited to acne

treatiments) may be used in embodiments of the present invention, Such therapeutic

18
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substances can pevetrate more effectively into the follicle and/or sshaceous gland, as
compared with a conventioual topical spplication, using the exernplary method and

apparatus described hersin

Par exsmpls, one therapsutic substance that may be used s a topical retinoid
{e.g., tretinoin} for reatment of acne conditions. ALA or other compounds used in
PET for acne freatroent, hair loss treatment, or the like, such as those described in
U.8. Patent Nos. 6,897,238, 6,034,267, and 7,090,691, may also be used. Topical
sodutions of vitamin & or benzoyl peroxide may be used to trest follicalar keratosis,
(ther therapeutic substances that are marketed as topical solutions for various uses
such as treating hair loss or various dermetological conditions may also be used with
smbodiments of the present lovention. For example, sehutions for treating hair loss
that contain substances such ss minoxidil, azealic acid, andfor dyhydrotestosterone
{I3HT} blockers may be used. Therspeutic substances containing sntimicrobial metal
nanoparticles, such as those deseribed in ULS. Patent No. 7,008,647 or the Hke, may
also be used. Thevapeutic substances containing clromophores, eg. exogennus
chromophores, such as those described in UE. Patent Na. 7,494,503 for use in PDT
procedures can also be used with embodiments of the present Invention, Such
substances and/or procedures using such substances may be mere effective if they can

be delivered more effectively to the follicle area or certadn portions thercof

Various therapeutic substances, ncluding any mentioned herein or
combinations thereof, can also be applied using embodimenis of the present
tvention. Accordingly, amounts andfer concontrations of such apphied therspeutic
substences may be reduced and still provide stmilar effectivencss. This spproach may
also improve the efficacy of topical solutions andfor reduce the scowrrence of
undesirable side offects, becange the therspentic substances can be delivered more
specifically into the regions of the follicls to be trosted. Yu some applications, using
sufficient degrees of preheating, vacuum, sad pressurized delivery may allow some

amount of the therapeutic substances to be defiversd into the sebaceous gland.,

The foregoing merely illustrates the principles of the invention. Various
modifications snd alterations to the described embodiments will be apparent to those
sheilled in the art in view of the toschings heretn, 1t will thus be sppresiated that those
skilled in the art will be sble to devise numerous technigues which, although not

explicitly deseribed bersin, embody the principles of the invention and are thus within

28
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What s clajed #8:

L Anapparatus Bor delivering o substance to skin tesue, compdsing:

# honsing configured o contact a auface of the skin tissue;

at least ene opsning provided iy a lower surfice of the housing;

s delivery arrengemant provided fu the housing confipueed to deliver the
subatance vuder eleveted pressure through the ot least one apening onto the skin
Hasug: and

at loast one low-pressure channel proximal to at least a pertion of the at
lpast one opening, wheveln the low-pressure channel is configured to position the at
least one opening against the surface of the skin tiasue when & redused prossurs I

pravided in the low-pressire channel,

2. The spperatus sccording to elsim 1, whevein the apparatus is condipured to be

franslated slong the swrface of the shin thssue.

3. The apparatus according to edther one of claimse 1 or 2, wherein the af least one
low-prossure channel {5 futher configured & vecover 8 portion of the wubstance

delivered onto the ks tissus

4. The spparatys scoording to any one of claims 1-3, further comprising 2 delivery
conirol acrangerent configured to prevent delivery of the substance when the lower

surfece of the apparstus is not v contect with the surface of the skin tsue,

5. The sppaeratus aceonting to any one of claims 1-4, further compri sing a highe
pressues channel proximal to at losst 8 portion of the low-pressaure channel slong the
lower surface, wherein the high-pressure chennel is configured to facilitate mansiation
of the apparatus over the skin surfsce when a reduced prossure i provided in the lowe

pressure chammel,

6. The appamius according to claim 3, wherein the pressurs in the high-pressure

channel is configured to be st logst one of varisd o pulsed.

22
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7. Theapparsiug seoording to sny one of clalms 146, whevein the presswre in at
losst ome of the delivery snvangement or the low-prossure channel s configured to be

af Ieast one of varied or pulsed.

8 The spparstus according to any one of clatms 1-7, further comprising » heating

arrangement providsd in thermal contact with at least a portion of the lower surface,

8. The apperstis scoording o any one of clatms 1-8, wherein the ot least one low-
prossure chamnel i configured o remove # least ons of schum or debris prosent in the
skin.

1 The apparatus acoording to any ove of cleims 19, further comprisiag s
vibrating arrangement mechanically coupled to the honsing, wherein the vilwating
arrangemnend is configuesd to ot least one of facilitate iravslation of the spparstus over

the skin surface or facilitate removel of schun and/or debiris pregent in the skin,

1L, The apparstus sccording ® any one of claims 1-10, wherein the substance iaat

lenst one of & photosensitizer or & pholoscnsitizer precursor that may be wsed in g

photodynaniic therapy treatmest,

E2. The spparates according o any one of claims 1210, whevein the substance i a

therapeutic substance that can affect hair prowth,

13, The sppacatus according to auy one of claims 1-18, whoveln the substance is 2

therapoutic substance that can be used to trout sone,

14 A methed Bor delivering & substanes o skin tssue, corvprising:

delivering the substencs under elevated prossure Suough at least one
opening io & subetrats onto the skin Hesue: and

providing ot least one low-pregsure channel dlong a lower surface of the
subsirate proximal to af least 8 portion of the ot least one opening, wherein the low-
prexsure channel is configured to roeintain the lower surface of the subsivate proximal
to the surfaoe of the skin tssue when a redused prossurs is provided in the low-

pressuwve channel.
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15, The method of claim 14, fuether comprising wanslating the substrate over a

surface of the shin dssue,

16, The method of claim 15, further comprising providing st logst one highpressure
channel proximal fo at Ioagt & portion of the low-pressuce channe} alovg the lower
surface of the substrate, whersin the hgh-prossuwre channel ie configured so facilitue

translation of the substrate over g sueface of the skis Hreue,

17, The method of any one of claims 1416, firther comprising heating a portion of

the shin tissue prior to delivering the subsance.

1. The method of auy one of claims 14-17, further comprising removiog at dsast

ous of sehum or debris from the skin Hesue using the low-pressure channel.

18, The method of any one of cleims 14-18, further comprising at least one of

varying or pulsing the slevated prossure or a pressure in the low-pressurs chennel,

28, The method of any one of clalns 14-19, wherein the substance COMYISGS 8
therapoutic compound that may be used to tront a loast one ef sene, Sllioutar

keratosts, or hair bosg,

21 A wethod for troating & subliect baving a skin condition comprising:

delivering a thevapoutically effective amount of & substances under
slevated prossure through ot loast one opening it 3 substrate onto the skin tesue of the
subdect; and

praviding at least one low-pressire chanmel aloog s wer sarface of the
substrate proximal o of least 2 portion of the st lsast one opening, wherein the low-
pressure chasnel s configured to maintein the lower surfroe of the subsirate proximal
1o the surface of the skin tissue when 8 reduced prossure iy provided i the low-
pregsure shannel;

therehy tresting the subjest for u skin condition.
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22, The rosibod sccording to claim 21, whercin the skin condition is selocted foom

the group consisting of acne, folliculer koratosts, and hair logs,

23, The method scoovding to claim 22, wherein the substance s at loast one of 2

therapy treatment.

24, The method according to claim 22, whersin the substance is 3 therspeutic

substance that can affeet hair groseth

23 The method ascording to cladm 22, wherein the substencs is therapeutic

substence that can be used fo freat aone.

26, The methed of claim 21, Yrther comprising translating the substrate over &

surface of B skin tissue

27, The method of claim 26, further conprising providing at loast one high-messgs
channel proximal 1o af lesst & portion of the low-pressure channe! slong the lower
surfacs of the subsirate, whersin the high-pressure charmel is confipured to facilitate

translation of the subsirate ovor a surfaes of the skin tssue.

28, The method of any one of cleims 2137, further comprising heating a portion of

the skin tssue prior to delivering the substsnce,

29.  The method of sny one of cladms 21-28, further comprising remuoving at loast

one of sebum or debris fom the skin tissue using the low-pressure channel,

38, A kit comprising the apparatus of any one of clairs 1-13 and instractions for

use ascording fo the method of any one of claine 1438,

25
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