A BUILT-IN NON-VERBAL INSTRUCTIONAL DEVICE INTEGRATABLE TO APPLICATORS FIELD
OF THE INVENTION The present subject matter relates to a built-in non-verbal compact instructional
device integratable to an applicator having a microdevice for painlessly perforating the skin and
optionally an active agent for application to the area of skin being perforated. The microdevice of the

applicator ref{TB @I NARINOARL VIERBR IMINSTRAEFIONAINBENG @ AXT RURAMades picroblade
arrays, microknives, microknife arrays, and Functional MicroArrays (FMAs). BACKGROUND OF THE

INVENTION Drugs are commonly adminigtey egpipigaig fayrghrough pills or capsules that can be
orally taken. However, many biological drugs can not be administered this way because of degradation
in the gastrointestinal tract and quick elimination by the liver. Another common technique for
administration of drugs in liquid form is through injection using a metal hypodermic needle that can

cause signifiegpi prORTHEISVENTIONatients. A number of physical and chemical techniques
including electroporation, laser ablation, ultrasound, thermal, iontophoresis and chemical enhancers

have been exploigdsindevs]en paittessPereuangobisidiug sliveryaleebhigaesinitwasdasind that it is
very difficult for molecules with a molecular weight higher than 500 or a diameter larger than 1 nm to

penetrate nadsaldiametin ukbapsitdios Bhawed thairthrkey bharpamiespersetanaays delivery of
substances is the stratum corneum layer, the outer layer of skin, that is about 4-30 micron thick.

the skin and optionally an active agent for application to the area of skin being

perforated. The microdevice of the applicator referred to herein can include

microneedles, microneedle arrays, microblades, microblade arrays, microknives,

microknife arrays, and Functional MicroArrays (FMAs).

BACKGROUND OF THE INVENTION

Drugs are commonly administered in solid form through pills or capsules that can be
orally taken. However, many biological drugs can not be administered this way
because of degradation in the gastrointestinal tract and quick elimination by the liver.
Another common technique for administration of drugs in liquid form is through
injection using a metal hypodermic needle that can cause significant pain and
discomfort to patients. A number of physical and chemical techniques including
electroporation, laser ablation, ultrasound, thermal, iontophoresis and chemical
enhancers have been explored to develop painless percutaneous drug delivery
techniques. It was found that it is very difficult for molecules with a molecular weight

higher than 500 or a diameter larger than 1 nm to penetrate normal human skin.

Further studies showed that the key barrier for percutaneous delivery of substances is

the stratum corneum layer, the outer layer of skin, that is about 4-30 micron thick.



Invasive methods to overcome this skin barrier have been used in practice, such as intradermal (ID),
intramuscular (IM) or subcutaneous (SC) injection using standard hypodermic needles and syringes.
These methods cause pain and require a skilled professional. In addition, they may cause needle
injuries. Similarly, current methods of extracting biologic fluids such as blood from patients suffer from
the same digadyantagRshdBsorslen tecnry MR tierskihiarmeabilidnofdch thekareuticagants and
other active ingredients, microneedles have been recently developed to disrupt the stratum corneum
and facilitate thaddehve s, theastie agesaod ngediartsdqsos apideshissiiResamretive
substances can then diffuse through the rest of the epidermis to the dermis to be absorbed by blood

vessels and fympfeahins. nbbelsyhstargamksoned Cantheds gelilipine sikeuajionr systemedThus, both

topical and systemic delivery of drugs is possible. Since there are no nerves and blood vessels in the

stratum corngréresangh apieiniRidhishsymaisaatly ievarvajRainlssmandyblagefemerinod of drug
delivery. An additional advantage of this method, when engineered for topical delivery of vaccines, can
lead to enhapiced daeaHlatinplediectlaartadsenthe epsiRInfisHs pehditaniigen presemingaalls and is a
desired target for vaccine delivery. The prior art reports many devices and methods to overcome the
skin barriersdfsgdwexeapgle, U.S. Pat. No. 5,855,801 and U.S. Pat. No. 5,928,207 assigned to The
Regents of the University of California taught a microneedle fabrication method similar to IC
compatible neural recording arrays. The disclosed microneedle arrays are typically linear arrays as
they are in the plane of the silicon substrate surface. Microneedles have also been fabricated by
heating the giasadtithe anprigrgthesing fhenkesied padidh thedipmnatecehtheddomhéeduges to the
desired range. However, in general it is very difficult to control the size of the needle shaft and the tip
this way, althetighi onelogisis @iecatih Using thissmettedily PodUgs:micsoasediestbeakaanminject or
withdraw substances from a single cell. U.S. Pat. No. 6,503,231 by Prausnitz et al discloses a method
for making otdraéiheplanernolioas ahdalkivenicianardigsit eihaitdnyodvesgpadiunsssiicaneformed by
anodization of silicon or deals with sacrificial molds or selective removal of substrate materials to form
fluidic condugisidet:BisPahebtOadi bd Lietiined D heip daesE drpuaisohicasiies ehengihieehies fabricate
the same. U.S. Pat. No. 6,558,361 assigned to Nanopass Ltd. teaches a method for the manufacture
of hollow miesahe@dienéytays hysabraMiyhivseleaives areibl whphhstsatEhaibsiahce) dbsbratdNo.
6,603,987 assigned to Bayer Corp. also discloses a method to make a hollow microneedle patch. All
these methogdmareiirgngdim preforroutaitairs fueaiionsuef tuehciajpiial Aypogernit nkédias afd create a
miniaturized analog to perform drug delivery or extract body fluids without causing pain and
discomfort. Mares iegentihit) Sinapgiieatian polbiecatiomil ol @DWEIOTDM desatibes @single-step
method of delivering an active agent using a "solid solution perforator" ("SSP") which incorporates an
active agentdndleeiSShimatix inateriaiitsiif. iTheiSSHyealéosates theogkircamkthed thelSgP
biodegrades and dissolves to release the active agent through the skin. The publication describes that
the delivery délivergctive ageditidadhitidtedtagdy afftehithenSHbBdsuificientygiegiade soanopitelivery is
stopped once the SSP is removed from the skin. U.S. application publication No. 2004/0241965
describes a deditvagl of makings high kadaotadiimetddiroddaaisaysfeonporiaed diesopddnetals. It involves
the preparation of porous microchannel glass template, electrodeposition of metals in the
microchannelishanddfiiginprepanatigreal cumé [scirdaérad raygto fowingare eldctkoge position. The body of
microelectrode is formed by electrodeposition method similar to those used in forming nanowires.
Microneedles having hollow bodies also require a readily available active agent reservoir or conduit for
providing subsequent injection delivery of an active agent.

The prior art reports many devices and methods to overcome the skin barriers. For

example, U.S. Pat. No. 5,855,801 and U.S. Pat. No. 5,928,207 assigned to The
Regents of the University of California taught a microneedle fabrication method
similar to IC compatible neural recording arrays. The disclosed microneedle arrays
are typically linear arrays as they are in the plane of the silicon substrate surface.

Microneedles have also been fabricated by heating the glass tube and lengthening the



The prior methods to make microneedles, whether they are in-the-plane or out-of-theplane from the
substrate material, are cumbersome and/or expensive. The hollow microneedle arrays, while their
sizes are scaled down from conventional needles, are especially expensive to make and use because
of complexity in the fabrication process and the difficulty in providing a readily available active agent
reservoir or geRddibief inleHingian-astive dealp-iJ heameahanisalderaditaeiLrielonisranggdles also
suffers as their sizes become smaller and/or as they are made with readily biodegradable materials

such as thosepseferired foryuserra st spldiQRParHo Bt as nMQIs QUaT: IROIROtRIifgsteprior art
microneedles and arrays on an applicator device that can be easily used by any individual multiple

times, and readiy ¢ ovitesatsact e RasHolar kiR usgs ol likehide Re yREY A BRe IRe and
expensive. Moreover the FMA microdevice feature described herein has been shown to be effective

for enhancing dglivéinofibsanely @baciive @geets, for example, as described in U.S. application
publication Nos. 2008/0051695 and 2008/0214987. Also, for example, it has been established that

FMA-enhanced delivery of lidocaine effectively manages pain as indicated in U.S. application
publication No. 2007/060867, and as reported for a large clinical trial in Li et al., "Microneedle

Pretreatmentisreveso-Hisasy 9f Glitrnacmis: lepicalsAesthesiaiivn . fdr Bmargesaydvlae.
28:130-134 (2010). Accordingly, there remains a continuing need for an improved low cost, easy to

use, multi-usgaglispesakl@paisanenusalelivesy HediterappitatorpyibuaciNeoagaihied effective
through the skin delivery of the active agent in a controlled manner. SUMMARY OF THE INVENTION

In one embogibientitheoprerent stiaiedst makier@iavidemaldappigaterbavingval fustuegiafecomprising
a microdevice for perforating the skin and a second region comprising an active agent to be applied to

the area of skimdiRgpevanaiRidid canpplicator ©f He presemigupecsynENe Usigisgloseshhaving a
microdevice for perforating the skin at a first region and an active agent for application to the skin

stored in a fischanthsr atnaegeabnd relgieateT e miatodevi:erRoMpene/s5edBs Camysisal aplurality of
high-aspect-ratio microneedles, microneedle arrays, microblades, microblade arrays, microknives,

microknife aNaysp&ysdambiaatiens matedf féh semenambodiengitis]ltie imic@dedieaitagiseycalled a
Functional MicroArray (FMA). The microdevice portion of the applicator is useful for perforating the
stratum corneuivvaes, ibieeieatayet aluskimtwithoett digoiicanit pain o aisEBNiadii@al patient. The
microdevice is designed to permit percutaneous delivery of substances across the stratum corneum
layer, the ouBeiylay€ogf. siin, dialdseahohicdh30 wiaigiethibkldwenmicsaelailicedghlesignrekso that it
generally does not penetrate to the depth of sensory nerves that detect pain or discomfort in the skin.
In some embagthnentse theiignothenfoiie caiciad@viatois letshthamtbOhigpodbirsermeediabadiments, the
surface area of the microdevice ranges from 1mm2 to 2500 mm2. In some embodiments, the density
of microneediestmicrobladesecdamikrokoipes@mtiamiiodeyice sangestody fAdewahito 20,000
per cm2

causing pain and discomfort.

More recently, U.S. application publication No. 2004/0199103 describes a single-step
method of delivering an active agent using a “solid solution perforator” (“SSP”)
which incorporates an active agent in the SSP matrix material itself. The SSP
perforates the skin and then the SSP biodegrades and dissolves to release the active
agent through the skin. The publication describes that the delivery of the active agent
is initiated only after the SSP sufficiently degrades, and delivery is stopped once the

SSP is removed from the skin.



The active agent stored in the applicator is applied to the area of skin being perforated by the
microdevice. In many embodiments, the active agent is applied after the skin is perforated by the
microdevice. In other embodiments, the active agent is applied to the area of skin being perforated
before the skin is perforated by the microdevice. It is therefore the primary object of the present
subject matter $0 pipnide A pplicaier st pooyjdes 1963 sipaiebeRihthe fesiusesiatRemesming a
two-step method for efficient and efficacious delivery of drug compounds, vaccines and active
cosmetic substapCRgithepuaddbaskin. JheptisistERdsitheaprlicatinnRbihadpespsdaise an the
applicator to the skin to generate a multiplicity of microchannels in the stratum corneum layer. The
length of thepalishodgvicRismier engedasy Imictabladaspaitdir siekakRivesis sugbdhaieanetration
depth does not reach the dermis layer to cause any pain or discomfort. This delivery is called
intraepidermal delivie prépataisoiiteraneefiesdrasdijoraldransder dlat dodgpdeiiuaty Bdboaedle
injections. The second step is to immediately remove the microdevice and apply one or more active

substances t thecaser @f stdnipesignate 8 pyersaisodavicandiiesiMa sutdsidnse (searenstored in the
applicator in a reservoir and applied directly from the applicator to the area of skin perforated by the

microdevice fémangthenembadimpntraneselisiveilny eldsapmied Qvalstheaglive ageatfhat has been
applied to the perforated area of skin. In this regard, disclosed herein is an applicator for providing a
safe, painless;.angicaoyesigivnmetRedhipopesadtanteys clelivery ssybstianges:Rucheas Glugs,
vaccines, and cosmetic compounds. The applicator may optionally include one or more indicator
features, or signals+ifas y@ifying compliance with predetermined methods of using the applicator, such
as, for example, a light, sound, and/or vibration to indicate that the microdevice has been applied to
the skin with the recommended amount of force for perforating the outer layer of skin. Non-limiting
examples of indicator features, or signals, useful in this regard include a light signal, a sound signal, a
vibration sigmak priecafetdddsaonieksigialoareelestitathetrarsnaite-gighainanRiutrehgmitted signal
and combinations thereof. In another embodiment, the present applicator can also use one or more
indicator feaglsgs GrosigalssidindieatratbattharmiqinteicmbambesneapgligdetoThe skivand has
stayed on the skin for a pre-determined period of time. In a further embodiment, the present applicator
can have a ciitudredrunthawwhasysnesiieaapplidatodhas heencappésdoimiheskis, weerein the
one or more indicator features or signals can optionally change when a pre-determined number of
applications é¢speagihedxgdiciap phicaike aad be bsefutd@f pronpding pimehh énctatargutaseous delivery
of an active agent, with minimal discomfort, for therapeutic or cosmetic treatment, such as, for
example, topicalttkediffient fan acoeidimoihenditinadistmolerscthanscomakschypigmenidtiarfowrinkles,
blemishes, etc. The applicator can also be useful for providing improved systemic or localized delivery
of an active agesinguchaadytosgexanpie nictbeaioe], sadigyty alCididranzayhpeaiexidBoazdteis acid and its
derivatives, L-carnitine, insulin, botulinum toxin, vitamin C and its derivatives, arbutin, niacinamide etc.
According, insadatinesi am bedimentnihideprasdot subjecy mattendelatés teeadilappldatonduitheat least one
built-in non-verbal instructional device comprising: a hollow body structure having a first end and a
second end,madridyinghrnextedorsafiacd dod @ inteswdidssotaden perforators. Moreover,

incorporating the prior art microneedles and arrays on an applicator device that can be
easily used by any individual multiple times, and readily provide an active agent for

multiple uses, is likely to be very cumbersome and expensive.

Moreover the FMA microdevice feature described herein has been shown to be
effective for enhancing delivery of a variety of active agents, for example, as
described in U.S. application publication Nos. 2008/0051695 and 2008/0214987. Also,

for example, it has been established that FMA-enhanced delivery of lidocaine



said first end of said body structure having at least one built-in non-verbal instructional device to elicit
correct behavior, rectify incorrect behavior and improve user compliance by producing instructional
signals signifying one or more of the number of applications, the force of each application to
validate each application, and the duration of each application; said second end of said body
structure coRiRnG:Rt leastRrRe ehamentsaleateskiron the groupmansising eblatdeast ans opening to
allow dispensing of an active agent that can treat certain diseases; at least one opening to allow
dispensing of(WYMEIEE O dndsato AgioRedardy ahrrge dnaisnpganance pleskin; awpanactardhat
attaches to a personal communication device, personal entertainment device, writing device, knife,

scissors, clupprpghshlRpRRleKEIficAaipMagnei It fiaddecaration.ehjestor a toy; and
a solid end without any opening. In a further embodiment, the present subject matter relates to an

applicator withegt le@stongbuiteironon-verbal instructional device comprising: a hollow body
structure having a first end and a second end, and having an exterior surface and an interior surface;
said first end of said body structure comprising a microdevice for perforating only the skin's stratum
corneum layer for intraepidermal delivery of active agents and at least one built-in non-verbal
instructional Aleydediigi¢licieoraeiibehasiatinaatiiidacaviest bapaved v FopraveusengmMpliance
by producing instructional signals signifying one or more of the number of applications, the force of
each applicaianitasealidgiesephrinliaton asuhére dutatioappieach applicetion; agensait second
end of said body structure containing at least one element selected from the group consisting of at

least one opefideg Lo @itoueHisRaRrsiNg:ni &y activergestiiat Gan imaltrRdatiseases; at least one
opening to allow dispensing of pigments or inks to temporarily change the appearance of skin; a

connector that attaches to a personal communication device, personal entertainment device, writing

device, knife, scissors, clump, pen sharpener, key chain, magnetic bar, cartoon head, decoration

object or a t@UNINM ARYIOE THE TNVENTIONENINg.
In one embodiment, the present subject matter provides an applicator having a first
region comprising a microdevice for perforating the skin and a second region
comprising an active agent to be applied to the area of skin being perforated. An
applicator of the present subject matter is disclosed having a microdevice for
perforating the skin at a first region and an active agent for application to the skin
stored in a first chamber at a second region. The microdevice component can
comprise a plurality of high-aspect-ratio microneedles, microneedle arrays,
microblades, microblade arrays, microknives, microknife arrays, or combinations

thereof. In some embodiments, the microdevice is also called a Functional

MicroArray (FMA).

The microdevice portion of the applicator is useful for perforating the stratum
corneum layer, the outer layer of skin, without significant pain or discomfort to a
patient. The microdevice is designed to permit percutaneous delivery of substances

across the stratum corneum layer, the outer layer of skin, that is about 4-30 micron



In a still further embodiment, the present subject matter relates to an applicator with at least one
built-in non-verbal instructional device comprising a hollow body structure having a first end and a
second end, and having an exterior surface and an interior surface; said first end of said body
structure comprising a microdevice for perforating only the skin's stratum corneum layer for

intraepidermai deliTary/ icasivMe RaS s RREAIJeRS! 0 B8RMIYNIPE Ve fRakiRGY WstiRnakgavice to elicit
correct behavior, rectify incorrect behavior and improve user compliance by producing instructional

signals signiffiRenehe deeiaink thadumheroefapisasions Hetorceiaf @aeh appigatiansto validate
each application, and the duration of each application; said second end of said body structure

comprising QH@EH%%QQQBE BRGORIVIEERNUSING AL [8851 AN AINE AdBHiiRRaNRCtg.ageNt
applicator portion that provides for release of the active agent from the active agent reservoir. The

subject mattgf.JesaiRes; Aotk advaNageorshire vislesm diznosable mullissaiarmicait having

both a microdevice for painlessly perforating the outer layer of skin and a reservoir of active agent for

providing a tworgteRMGeHLhiRINANGEHISRIY &Y R liRIRPH IR CMEISMEHEAGHYE ag&Ht combined

in a single convenient, inexpensive, and pocket portable unit. The ease of using a single applicator to
perform the tyassteR,Methedsf siharrced delivery of a therapeutic or cosmetic active agent provides
an added advantage for using the applicator described herein, and helps ensure patient compliance
with treatment regimes requiring multiple repeated administrations over several days or weeks. BRIEF
DESCRIPTION OF THE DRAWINGS FIG. 1 is a schematic view of a first applicator embodiment

sho_wi_ng an W'QQ@%\Q @t@ﬂ&@@m@'ﬁﬁﬂfﬁa&t}i%%@mw%@ﬂ%iﬁl%!é‘@?%%‘l%@ﬁg@@ﬁ%iﬂﬂf@ feature_for
verifying compliance with predetermined methods of using the applicator, such as, for example, a light,

sound, and/gp ik gHRAJR\REiCalR m{gt%%amﬁ»g%@aéth%e%mé%é%aeaﬁkmmﬂane

recommended amount of force for perforating the outer layer of skin, the duration of application on the
skin, the numbgs Rftimes he-anRrlicateiRasiRear ACHRIGEhEHEs, the active agent is applied to

the area of skin being perforated before the skin is perforated by the microdevice.

It is therefore the primary object of the present subject matter to provide an applicator
that provides in a single unit the features for performing a two-step method for
efficient and efficacious delivery of drug compounds, vaccines and active cosmetic
substances through the skin. The first step is the application of the microdevice on the
applicator to the skin to generate a multiplicity of microchannels in the stratum
corneum layer. The length of the microdevice’s microneedles, microblades, and/or
microknives is such that penetration depth does not reach the dermis layer to cause
any pain or discomfort. This delivery is called intraepidermal delivery that is
difference from traditional transdermal drug delivery and needle injections. The
second step is to immediately remove the microdevice and apply one or more active
substances to the area of skin perforated by the microdevice. The active substance(s)
are stored in the applicator in a reservoir and applied directly from the applicator to

the area of skin perforated by the microdevice, In another embodiment, an occlusive



FIG. 2 shows schematic views of the first applicator embodiment having a microdevice for painlessly
perforating the outer layer of skin and a reservoir of active agent. FIG. 3 shows a schematic view of
the first applicator embodiment wherein the FIVIA microdevice moves the actuator arm when
contacting the skin. The actuator arm thereby contacts the pressure sensitive signal device which

generates a gpigiiakWhBRcauicierilateR dsaapplighvhgrheaniaping themkipewtifutbe snigregdevice to

perforate the skin. FIG. 4 is a schematic view of a second applicator embodiment showing an
exploded viewiRf BllERMALRE IR IRIE SRLAMIMeNtiPRludastanppRiianal sigal paatlee fanderifying

compliance with predetermined methods of using the applicator, such as, for example, a light, sound,

and/or vibratignvigniegicatenhatshe sriciesyisifacheen amrtie’do hensikinawiti, thectesgynmended
amount of force for perforating the outer layer of skin, the duration of application on the skin, the

number of tigiRBEchenenplicatpbhas been activated etc. FIG. 5 shows schematic views of the second
applicator embodiment having a microdevice for painlessly perforating the outer layer of skin and a
reservoir of active agent. FIG. 6 shows scanning electron microscope micrographs of examples of two
different microneedle arrays having different microneedle sizes and density of microneedles.

The applicator may optionally include one or more indicator features, or signals, for
verifying compliance with predetermined methods of using the applicator, such as, for
example, a light, sound, and/or vibration to indicate that the microdevice has been
applied to the skin with the recommended amount of force for perforating the outer
layer of skin. Non-limiting examples of indicator features, or signals, useful in this
regard include a light signal, a sound signal, a vibration signal, a recorded counter
signal, an electrically transmitted signal, an RF transmitted signal and combinations
thereof. In another embodiment, the present applicator can also use one or more
indicator features or signals to indicate that the microdevice has been applied to the
skin and has stayed on the skin for a pre-determined period of time. In a further
embodiment, the present applicator can have a circuit to count how many times the
applicator has been applied to the skin, wherein the one or more indicator features or
signals can optionally change when a pre-determined number of applications is

reached.

The applicator can be useful for providing an enhanced percutaneous delivery of an
active agent, with minimal discomfort, for therapeutic or cosmetic treatment, such as,
for example, topical treatment for acne, or other skin disorders, acne marks,
hypigmentation, wrinkles, blemishes, etc. The applicator can also be useful for

providing improved systemic or localized delivery of an active agent, such as, for



These microneedle arrays are examples of those that may be found on an applicator described herein.
FIG. 7 is a perspective illustration showing the depth that the microdevice on the applicator perforates
into the skin relative to the stratum corneum (SC), epidermis (Epi), and dermis (Derm), and the
subsequent delivery of active agent applied to the area of skin that was perforated via microchannels

generated by thenicierryies; &l Qi had. Garafiesabem uative  ammauiid/ ss e using skins of
different species with and without FMA-assisted delivery. Mean S.D., n>3. Each donor concentration

was 640 mgfmdamitng; TiReusliechefullifiareniokin danRhGANCENkAIIONSORIERR dEUMmidhative amount
and permeation rates through porcine ear skin by FMA delivery system during 8, mean S.D., n=3. FIG

10. Diffusiompigitilegiaé the gels with different type of carbomer polymers on the release of LC across
porcine ear skin by FMA-treated, mean S.D., n=4. FIG 11. Mean plasma concentration versus time
profiles of LC after single intravenous (200 mg/rat), oral (200 mg/rat), and FMA percutaneous
administration (750 mg/rat; 2cm2), mean S.D., n=3. FIG. 12 shows a cross-sectional view of the

applicator in gcpagkageiwvitoans sidsodithaeRlipaiameabrdAensassRtes to an applicator

with at least one built-in non-verbal instructional device comprising:

a hollow body structure having a first end and a second end, and having an
exterior surface and an interior surface;

said first end of said body structure having at least one built-in non-verbal
instructional device to elicit correct behavior, rectify incorrect behavior and improve
user compliance by producing instructional signals signifying one or more of

the number of applications, the force of each application to validate each
application, and the duration of each application;

said second end of said body structure containing at least one element selected
from the group consisting of at least one opening to allow dispensing of an active
agent that can treat certain diseases; at least one opening to allow dispensing of
pigments or inks to temporarily change the appearance of skin; a connector that
attaches to a personal communication device, personal entertainment device, writing
device, knife, scissors, clump, pen sharpener, key chain, magnetic bar, cartoon head,

decoration object or a toy; and a solid end without any opening.

In a further embodiment, the present subject matter relates to an applicator with at
least one built-in non-verbal instructional device comprising:
a hollow body structure having a first end and a second end, and having an

exterior surface and an interior surface;



FIG. 13 provides a 3D illustration of the applicator in its packaged box. DETAILED DESCRIPTION OF
THE INVENTION The present subject matter provides an applicator having a first region comprising a
microdevice for perforating the skin and a second region comprising an active agent to be applied to
the area of skin being perforated. The microdevice component can comprise a plurality of
high-aspect-ratio migf@meadiag, shigirneedle ity susitates niiesablacerarpygomisioknives,
microknife arrays, or combinations thereof. In some embodiments, the microdevice is also called a

Functional MjgrofsaxiEMavatliecpresantisykiest masiesialsearovidesymethade sfusinethe

applicator for percutaneous delivery of drugs, vaccines, diagnostic agents and cosmetic substances

for treating, prevaitiig, BiiaMERRIBHA Megicalhrasmealieconditiesretasaaminalsuehyas a human
being. The applicators described herein provide in a single unit features for performing a two-step

method for gfficigetapehaficnciausHplder Qi tof FRMRO BRGsodacaiten AN A6HMEscaimetic
substances through the skin. The first step is the application of the microdevice on the applicator to the

skin to genesatgig MulbRiGEHMRIrEETORNANNBE UT tpIstraions, easTeriv dayath ppliengh ef the

microdevice's microneedles, microblades, and/or microknives is such that penetration depth does not

reach the deyanigd@yeictopplsariany padithelddisciemidréadinippietmesy;is called intraepidermal delivery
that is difference from traditional transdermal drug delivery and needle injections. Accordingly, for

intraepidermal drugssialseenndl ER) s aiasssbestiereis ciiitimpeHahte sicet Migiogades or FMA
having a length of less than 150 gm so as not to penetrate to the depth of sensory nerves that detect

pain or discarafariie Brewkiconkheiseeand st isde spenediateikemangdhanyiorogdeviae/and apply
one or more active substances to the area of skin perforated by the microdevice. The active

substance(s)@¢fx Staredan thewapplieaiatiseadesereiikandappliathgitecidwomispensipglicator to the
area of skin perforated by the microdevice, In another embodiment, an occlusive layer is applied over

the active agepintiat hasihieenoapptiporieinepearferaked-piearahskiof lskihisaegaitctisaleged herein is
an applicator for providing a safe, painless, and convenient method for percutaneous delivery of
substances stigbhas @rugssrvaesinesanai oRmelis ceNneesias chldhbtnatitdevice, writing

device, knife, scissors, clump, pen sharpener, key chain, magnetic bar, cartoon head,

decoration object or a toy; and a solid end without any opening.

In a still further embodiment, the present subject matter relates to an applicator with at
least one built-in non-verbal instructional device comprising

a hollow body structure having a first end and a second end, and having an
exterior surface and an interior surface;

said first end of said body structure comprising a microdevice for perforating
only the skin’s stratum corneum layer for intraepidermal delivery of active agents and
at least one built-in non-verbal instructional device to elicit correct behavior, rectify
incorrect behavior and improve user compliance by producing instructional signals
signifying one or more of the number of applications, the force of each application to

validate each application, and the duration of each application;



Skin has a biological barrier called stratum corneum in its outer layer. This layer of about 20 microns
thick prevents most of the molecules from penetrating through the skin. The layer below the stratum
corneum is called viable epidermis. Epidermis is between 50 to 100 micron thick. The viable epidermis
layer has no blood vessels and the molecules in this layer can be transported to and from the dermis,

a layer under the vighie @pigharea, yyhigh isREtweeRd e Snipikthickn TReke aeRlqestMassels,
lymphatics and nerves in the dermis layer. In preferred embodiments, the microdevice has

microneedlegoperaRiadeseandiae micreknivas having: ength dbatwipperderateoiestiaiym corneum
and terminate in the epidermis layer, thus not reaching the dermis layer. To date, a skin patch is only

able to delivgrslidgsmaiesuias of insadhan HRA Brnniaddition athase-sepadimolecules are typically
limited to hydrophobic drugs. Requirement of Delivery of Drugs, Vaccines and Cosmetic Substances

Successful percutaneous delivery of therapeutic drugs, vaccines and cosmetic substances needs a
way to transport molecules, especially large molecules, through the skin barrier, i.e., the stratum

corneum. ThEnsUhSRBCEAE: R Welbéaradriniodhe st apyploriacaafitpblaie: phalimageutical

requirements, but a gel formulation is preferred to achieve controlled release of active ingredients.
Other topicahgiglivaty famialions, susb@s laliensySeanls, RIS tsobitionktaasnsketc., can be
used as well. The microdevice described herein can be used for effective percutaneous delivery of an

agent. The raifadevigedtabfuR @ BigadavicpraviaihcaMpising aplutalibf ehRaiwesdeieieres formed of
a metallic, semi-conductor, glass, ceramic, or polymeric material. In some embodiments, the
microdevice sfan benengitinose Risrpneediesymiggeknivessihadiciabladasgle semesimbodiments,
the microdevice comprises microstructures having a nanoscale tip or edge and a microscale body.
"Aspect-ratighdsstelined hedepoasthpoiddigeotitie dapikh esseeightoha struateedgpiisdaseral dimension.
High-aspect-ratio microstructures typically have an aspect ratio higher than about 5:1 and they may be

useful for a yriiyOfhpUPESeD hethedcof einhaubjetilvatiest thedinmpitheonicranasdiewrdhe edge of
the microblade and microknife needs to be sharp in order to lower the insertion force, while the body of

the microdevigenshpulddee long®iRAUgh tataiewot tastgmiletglplpanatraseciiieegtiaiisin cardeum. A
typical size of the needle tip or width of the edge on microblades and microknives is smaller than 10

microns, prefietpblynsunalieitiiarconmicions and theatheight-gfike miprpdayicakislihighentinn 20
microns, preferably higher than 50 microns. The aspect ratio of these microdevices, in a preferred
embodimentadhthgsautien suhjectanaidaysisthigls.than 10:1 with the size of the tip and edge smaller
than 5 microns and the height of microdevices higher than 50 microns. Microdevices of the present
subject matter generally comprise high aspect ratio microneedles, microblades, or microknives for
perforating the skin and thus facilitating delivery of an active agent through the resulting perforations in
the skin. BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a schematic view of a first applicator embodiment showing an exploded

view of all components. This embodiment includes an optional signal feature for

verifying compliance with predetermined methods of using the applicator, such as, for

example, a light, sound, and/or vibration to indicate that the microdevice has been

applied to the skin with the recommended amount of force for perforating the outer

layer of skin, the duration of application on the skin, the number of times the

applicator has been activated etc.
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In some embodiments, the microdevice in the applicator comprises microneedles, microblades, or
microknives having a length ranging from 4 to 500 microns. In one embodiment, the microdevice in the
applicator comprises microneedles, microblades, or microknives having a length ranging from 10 to
200 microns. In another embodiment, the microdevice in the applicator comprises microneedles,

microbladespai MicrekpivessbRvingia [enaih ranaing fegn 28pRchAN neiakismkhaneitpiembodiment,
the applicator described herein can have a volume of at least 0.1 cm3. This minimum volume can be

inclusive of amylditieTonpeerRakinPeuciana deyinasah RGtyesRELME 6ABIBINEH HTagiNe IN a
preferred embodiment, the applicator has a volume of 0.1 to 10 cm3. The Microneedles The

microneedlegdgyices disclosed herein can contain one or more microneedles. In some embodiements,
the length of the microneedle is typically in the range of 20-500 microns, sufficient to pierce through
the outer skin barrier layer and deliver molecules to viable epidermis or even deeper. In preferred
embodiments, the microneedles have a length that does not reach into the dermis where blood

vessels and PEsYesshyightibe kistutieedewhst diametensiaanolenbuaipraed/Bdeiypicalivia the range
of 30-300 microns with a sharp tip of less than 10 microns to cause little discomfort to the patients

while maintaififie deeiebanicaldnirgttyudtboReneraedinpm@hibhersubiact Makescthadieade tip is less
than 2 microns and the height of the needle shaft is about 100 microns. The aspect ratio is 50:1. In

one embodimeribiheoangls efdhrdipuie Rehuiges 3@ial ke degrearhiyRitalycbeiwranl38héd degree.
FIG. 6 shows a micrograph of microneedle arrays fabricated by this method with a zoom in view of a

single microgegtlieihasoassappiseddiametenafcaibeuh8Quicramsthin aresAsbadimpatfofdee current
subject matter, the inner diameter of the needle tip is about 10 microns and the height of the needle is
about 1200 mmicsains to allow sufficient extraction of body fluids. The aspect ratio is preferably 120:1.
The Microblades and Microknives The microblades and microknives disclosed herein can contain one
or more blades or knives. The sharp edge of these devices is below 10 microns wide and the height of
the body is more than 100 microns. In a preferred embodiment of the current subject matter, the edge
is below 3 mit®Ns dndstiedady Vieighifia sbauidl g iviamnsnihemkin costast areaxisladaut (0.003
mm X 1 mm) for each microblade or microknife The leading angle of the blade edge is between 30 to
75 degrees, yieafesahly ketmeer@s-7Tideg@®sdiment includes an optional signal feature for

verifying compliance with predetermined methods of using the applicator, such as, for

example, a light, sound, and/or vibration to indicate that the microdevice has been

applied to the skin with the recommended amount of force for perforating the outer

layer of skin, the duration of application on the skin, the number of times the

applicator has been activated etc.
FIG. 5 shows schematic views of the second applicator embodiment having a
microdevice for painlessly perforating the outer layer of skin and a reservoir of active

agent.

FIG. 6 shows scanning electron microscope micrographs of examples of two different

microneedle arrays having different microneedle sizes and density of microneedles.
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Materials and Device Sterilization The devices can be made of many different materials or their
combinations, including metals, ceramics, polymers and glass. Examples of the materials are titanium,
stainless steel, nickel, alloy of nickel-iron, silicon, silicon oxide, glass, polymethyl methacrylate (PM
MA), polyaryletherketone, nylon, PET, poly(lactic acid), poly(glycolic acid) (PGA),

poly(lactic-caiglye ol AHENIIR L34y s RAYSAIRPNAIS Ak P AhYS TN Be FofiaU have sReieh

mechanical strength to penetrate skin without break and buckle while ensuring delivery of drugs, or
collection of figlepicahidgs. They can be sterilizable using established protocols (see, for example,
moist heat, ethylene oxide or radiation sterilization as stated by ANSI/AAMI/ISO 11134:1993, ANS
I/AAMI/IS 0 11135:1994 and ANS I/AAMI/ISO 11137:1994). The Microchannels High-aspect-ratio
microchannels can be embedded in microdevices to allow flexible manipulation of microfluidics and

connect micrgoeedigsdpeifiricfirclinnalblocks swalyagdiugnesaivais. Micraeharnels wan be made
of many different materials or their combinations, including metals, ceramics, polymers and glass.
Method of Uggplicator perforates into the skin relative to the stratum corneum (SC), epidermis

(Epi), and dermis (Derm), and the subsequent delivery of active agent applied to the

area of skin that was perforated via microchannels generated by the microdevice.

FIG 8. The LC profiles of cumulative amount vs. time using skins of different species
with and without FMA-assisted delivery. Mean *+ S.D., n=3. Each donor

concentration was 640 mg/mL.

FIG 9. The effect of different LC donor concentration on the LC cumulative amount
and permeation rates through porcine ear skin by FMA delivery system during 8,

mean=+ S.D., n=3.

FIG 10. Diffusion profiles of the gels with different type of carbomer polymers on the

release of LC across porcine ear skin by FMA-treated, mean+ S.D., n=4.

FIG 11. Mean plasma concentration versus time profiles of LC after single
intravenous (200 mg/rat), oral (200 mg/rat), and FMA percutaneous administration

(750 mg/rat; 2cm?2), mean+ S.D., n=3.

FIG. 12 shows a cross-sectional view of the applicator in a package with one side of

the applicator over a depression.
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The device described herein can be used for percutaneous delivery of an agent to treat, prevent, or
ameliorate a body condition in need of treatment. The method generally includes treating a skin site of
delivery with a microdevice described herein, and delivery of an agent to the body of a mammal (e.g.,
a user or patient). In general, the applicator is used so that one or more active agents is applied to the
area of skin being perforated either immediately before the area of skin is perforated by the
microdevice, or immediately after the area of skin is perforated by the microdevice. In general, the

applicator is ged $@ibatthe misindavier isoMmReegiatieltor emeypsbkuadtbexskin after the microdevice
perforates the skin. In some embodiments, the applicator can be used to apply the microdevice to the

skin a multiple number of times during a single treatment. By applying the applicator more than once
during a single treatment, the applicator may be used to perforate the skin over a larger surface area,

or at multiplpliffayNE D PESTRIPTHO NaOFTTHE INVENTPONMenNts, a second active agent can be
applied to the area of skin being treated by the applicator. This second agent may be contained in a

second activenagaetGhaiiiesimihe apRiGaterainpferaaive.embodimentsidhecsagenehaciive agent is
separate from the applicator and contained in a separate form apart from the applicator, such as a
separate tubgidfiadePiad, foatsdiatihheneodycondiioacenn heamediga sopndiiaseagagmetic
condition. Representative medical conditions include, but are not limited to, AIDS, breast cancer,

melanoma, ligeseCamsiasd luntheanebbiRpdbeaneperiitditaly THoenserothet@arsaffridd: infection, blood
disease, cardiac disease, back pain, neck pain, body pain, general pain, arthritis, osteoporosis,

headache, dentpstion asnpikalialcoholiai gvespirighiiiandnekasibediesnopatisaedarial faiygrowth,
balding, polycystic ovary syndrome, need of inoculation, need of anesthetics and in particular dermal

disease. Repiaseblalige agsrobliclcondionsiebiae;Rutraia slatifimiteayt, skiooxginghtkin wrinkle,
dark spot, skin discoloration, moisturizing, skin lightening, skin whitening, skin firming, skin lifting,

acne, acne misoficng seanecallubitelimaiits infaetionictisiation, &y skin aadedilyaskhandighalpplicators of
this subject matter are designed as disposable devices, re-usable

MicroArray (FMA). The present subject matter also provides methods of using the

applicator for percutaneous delivery of drugs, vaccines, diagnostic agents and

cosmetic substances for treating, preventing, or ameliorating a medical or cosmetic

condition of a mammal such as a human being.

The applicators described herein provide in a single unit features for performing a
two-step method for efficient and efficacious delivery of drug compounds, vaccines
and active cosmetic substances through the skin. The first step is the application of the
microdevice on the applicator to the skin to generate a multiplicity of microchannels
in the stratum corneum layer. The length of the microdevice’s microneedles,
microblades, and/or microknives is such that penetration depth does not reach the
dermis layer to cause any pain or discomfort. This delivery is called intraepidermal
delivery that is difference from traditional transdermal drug delivery and needle
injections. Accordingly, for intraepidermal drug delivery (IED) as described herein,

it is important to use a microdevice or FMA having a length of less than 150 um so as
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devices, and/or recyclable devices. In one embodiment, the applicators are disposable after one or
more uses. In another embodiment, the applicator can be recycled by providing a new active agent
and/or a new microdevice. The applicator may be sterilized before and/or after each use by using a
sterilization method known in the art. The applicators disclosed herein are effective in increasing the
skin diffusion implarules esarcirpuiharaaric melesulas wilnplacwianweiabhighenhan 500
Daltons and hydrophilic molecules to transport through the skin barrier. It has been found that the
enhancemenRkpf percutaneous transport was also observed for small molecules with a molecular
weight lower than 500 Daltons, as well as large molecules with a molecular weight higher than 500.
Because the height of the microneedles and microblades is limited, it will not reach the nerve-rich
dermis layer and cause any discomfort to the subject. Active Agent Active agents or active substances
that can be deli/eseshusifg thetanplisetRitare thampemiCraResisaaidCasNE bnavertdrd he phrase
"therapeutic agent" is used herein to refer to active agents that can treat, prevent, and/or ameliorate a
body conditiggrive skibseandifien that faeeds tieaimeRorhd Riyrase ieasoiRNGcagetidsadged herein to
refer to active agents that can treat, prevent, conceal, and/or ameliorate a cosmetic body condition or
skin conditioguBRaidelsiEeatiant iisisy Ruanpies Balpdes Jadtippretligited far6liugs vaccines,
peptides, proteins, genes, DNAS, nutraceuticals and cosmetics. The drugs can be administered
topically anchpysiteimaicallynExamptosknf feereiiigs by detivecagRivisdntiugethert ardadhlinited to,
antibiotics, hormones, steroids, anti-inflammatory drugs, protein drugs, DNA drugs whether natural or
synthesized aguebchsivenzgyl perapjsiedagelgictacistane dgederivatives, beearagirdoaulinum toxin,
koji acid, arbutin, niacinamide, Recombinant Erythropoietin (rhEPO), Taxol(R), Interferon-alpha-Ib,
Interferon beiesfbatesiesas gasknalEmiatEhakd|unsorkrdihdridacaineapricyde facipho d@iran,
eflornithine hydrochloride, spironolactone, flutamide, insulin, nanoparticle drugs, Epidural, recombinant
human paratayepishintsspanel grevekidweimoned toyisitbutaiton, Rsveges: nrogestesguch and
testosterone. Examples of vaccines active agents include, but are not limited to: vaccine against
influenza (flngdiphthelisssteianusspeticissispdahas), measles, mumps, rubella (MMR), hepatitis B,
polio, haemophilus influenzae type b, chickenpox, tuberculosis, anthrax, yellow fever, rabies, AIDS,
cancers, meningococcus, SARS and cholera. More examples of cosmetic substances as active agents
include, but are not limited to: botulinum toxin type A, hyaluronic acid and its derivatives, acetyl
hexapeptideSkivisarstude, vitamin C and its derivatives, vitamin E, alpha-hydroxyacids, collagen and
hormones. Diagnostic reagents are also included. Examples include, but are not limited to, quantum
dots, functioS&liz@dsnabapagiiciebaaid vidigdeaticapantichescion dingresiier JuypoSEhi1spmef
embodiments, the active agent is combined with a cosmetic concealer which may conceal a skin
blemish. Thalstasatfeofdlaaderit pasveeeymcaosdithg iadhleutredicah gendittoimpehrgusaated. The
effective amount of an agent that has been well established in the art can be publicly available. Such
information c&imb&labtajrediiom the dtk:Huhoadmnch DsugAdiminisicatindefiDA E pideridAswebsite.
For example, LidoDerm(R) info can be found in this link:
http://www.fdeatgeemni€dwd DC HiSARERYK2 006/ Aipbl Pipididade inyePhpdfsklaceh #8421 inkbderm %
20dosage % 22. In some embodiments, the agent is a pain relieving drug for neuropathic or
nociceptive plammkeasmeriiisSager pain e lieaisgpdrdgtinehdlésnbtidsiaohiinitéayte, dridacaine;
Prilocaine, Tetracaine, Ibuprofen; Acetaminophen; Capsaicin; EMLA(R); Tramadol (Ultram);
Gabapentin, theavibdo ldpydinostslontié; lCorbeosteroid so SufeniahitClohetineseBolpivdocanselsTricyclic
antidepressants, opioid analgesics such as morphine, Hydromorphone, naloxone (Narcan), Talwin,
Nubain, Stadphpbatanyhndlepandinen Hydroadatone, BoceindnOpnetontohesmbndsmleatyaidSAIDs such
as Celecoxib (Celebrex), rofecoxib (Vioxx), valdecoxib (Bextra); or combinations thereof. In some
embodimentsiithaedpaice redie ving dregglde soribed Ihdeeinmdnrspacidicaiy ekalune amngttieadrug/agents
listed herein.

will perforate the stratum corneum and terminate in the epidermis layer, thus not

reaching the dermis layer. To date, a skin patch is only able to deliver drug
molecules of less than 500 Da. In addition, these small molecules are typically limited

to hydrophobic drugs.
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In some embodiments, the active agent can be muscle relaxants, which include, but are but are not
limited to, Benzodiazepines; Methocarbamol; Carisoprodol; Chlorzoxazone; Metaxalone;
Cyclobenzaprine, or combinations thereof. In some embodiments, the muscle relaxants described
herein can specifically exclude any of the drug/agents listed herein. Drug Delivery In one aspect, the
present subject matter provides an applicator for delivery of the therapeutic active agent as defined
above across the skin barrier, or stratum corneum layer. Once the substances pass the stratum

corneum, thrgisf@ssdesiance-iostime substansasstanditesmine shssaupsequent layers of the skin:
epidermis and dermis. The substances will be absorbed by microvessels and lymphatics in the dermis

layer and cageecdstiveirddadhegntiggiumanbodyrdppticatainslisolesatin tha cesiamiubject

matter can enhance skin penetration of molecules of a molecular weight lower than 500 Dalton.

Applicators GaBsalaecenable threughdheaskpolr ansren &f laspe:mojeruieshbRmRIEaUIdL¥eIght higher
than 500 Dalton, as exemplified by Bovine Serum Albumin at 66,000 Dalton, Botulinum Toxin Type A

at 150,000 Qré#eRrimaBarihe, nterfewseAtphadératubd, 00 Raliaandhenndivaapené staigdian the
applicator is applied to the area of skin being perforated by the microdevice. In many embodiments,

the active agem is appleenafiecdpatgkiniperaciedyréaairsiaeade veea lpepbenembadinents, the
active agent is applied to the area of skin being perforated before the skin is perforated by the

microdevice plcgpital Reliveiey ofccassneticrSuhstancrsilkisronerento. 0nehs tipianl thateestain
substances have specific functions as cosmetics. For example, Botulinum Toxin Type A is a toxin that

blocks neurgatsgutamy M issiononsendinss irjpetechs, So1all @R auiiss(@9., b upitsdri.1 ml
injection volume) into specific muscles to treat and reduce wrinkles on the face. The maximum dosage
recommendegRs a single injection for any one muscle at any spot is 25 units. If overdosed or the
injection is incorrectly performed, the patient can be left with an immobile face or droopy eyelids until
the effect of the injection wears off. Possible side effects include numbness, swelling and headaches.
Administered through applicators disclosed in the current subject matter, it is possible to provide a
controlled refgasmictdietutiowrsdribdn RatetAanbekesid dor epfénialdqeat caneemiratiovety athieve the

best result while minimize the side effects. In one embodiment of this subject matter, botulinum toxin
type A is applieddenthdBkim¥edevice can be a microdevice array comprising a plurality of
microstructures formed of a metallic, semi-conductor, glass, ceramic, or polymeric
material. In some embodiments, the microdevice can be one or more microneedles,

microknives, or microblades. In some embodiments, the microdevice comprises

microstructures having a nanoscale tip or edge and a microscale body.

“Aspect-ratio” is defined herein as the ratio of the depth or height of a structure to its
lateral dimension. High-aspect-ratio microstructures typically have an aspect ratio
higher than about 5:1 and they may be useful for a variety of purposes. In the current
subject matter, the tip of the microneedle or the edge of the microblade and
microknife needs to be sharp in order to lower the insertion force, while the body of
the microdevice should be long enough to allow it to completely penetrate the stratum
corneum. A typical size of the needle tip or width of the edge on microblades and

microknives is smaller than 10 microns, preferably smaller than 5 microns and the
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treated with the applicator described herein. A significant increase in through the skin penetration of
botulinum toxin type A has been observed. No through the skin transport was observed without
application of applicators. More examples were provided in the above "active agents" section. Itis
also evident that through the skin transport on applicator treated skin has less dependency on

molecular wgighi: WsingethgiapRlicaley descriadiharenn, preHRalpRM-AISMeicsURsAROES can be
delivered. Local concentration can be adjusted through loading and formulation for controlled release.

In one embogligien of HRissueRieritpaltehBamaan aelives, valuppaie:Ac b aRlddrasahstitivsion

enhanced by applicators. Hyaluronic acid is a substance that exists naturally in the body. A major

important fupgheatofubyaltianieacidisstiR.caray a0d binth Watesi rleeiesp Atabiizedsaamtanimal
hyaluronic acid does not contain animal protein and does not require a skin test prior to treatment. It is

thus a preferteel smbedimentahtisisHbisChiaiRN ioel $ecapplical TG iadelivenyiiecribystabilized

non-animal hyaluronic acid to treat wrinkles and facial lines. In a further embodiment of this subject

matter, one eantecpliselaliveryeeoliages byemicionecdipsse. digfonafeigimskimirsbardieontrolled
release of collagen into the skin. Another embodiment of this subject matter is to provide for local

delivery of aggitrbbrapeptideckhiNg STolestiistn Ot toie anantnitani campousgviiatgnodulates
the excessive stimulation of the facial muscles, relaxing facial tension and it can reduce and prevent

the formationmicew ygdnkiasodue e varistispdaiieniohiaaialaruacles. More examples include but are
not limited to: vitamin A, vitamin C and its derivatives, vitamin E, alpha-hydroxyacids, hormones, or

combinations thereof. Delivery of Vaccines In some embodiments, the applicator provided herein can
be used for topical delivery of vaccines below the stratum corneum layer. The type of vaccines
includes conertigiRatidedinesas wellaieieite peptdeafphitsacaingsisnd itierbkecasepreviously

described. Vaccination can be performed by treating a skin side with the applicator and then delivering
a vaccine coipasitiaidoon mseioknaiesManagemeith ranging from 4 to 500 microns. In one
embodiment, the microdevice in the applicator comprises microneedles, microblades,
or microknives having a length ranging from 10 to 200 microns. In another

embodiment, the microdevice in the applicator comprises microneedles, microblades,

or microknives having a length ranging from 20 to 100 microns.

In another embodiment, the applicator described herein can have a volume of at least
0.1 cm’. This minimum volume can be inclusive of any built-in non-verbal
instructional devices or active agents contained therein. In a preferred embodiment,

the applicator has a volume of 0.1 to 10 cm’.

The Microneedles

The microneedle devices disclosed herein can contain one or more microneedles. In
some embodiements, the length of the microneedle is typically in the range of 20-500
microns, sufficient to pierce through the outer skin barrier layer and deliver molecules

to viable epidermis or even deeper. In preferred embodiments, the microneedles have
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In some embodiments, the applicator described herein can be used for pain management. The
applicator can be used to facilitate percutaneous delivery of a pain relieving agent or a combination of
them so as to treat, reduce or prevent pain. In some embodiments, a skin side can be treated with the
applicator and then a pain relieving agent or drug composition can be delivered percutaneously to a

user. The paindeli@Ving asenheartie 3 PRINELHEY IR RS DEAPPENNEH Dyl theeldhhusgd in medical
practice elsewhere in the world. In some embodiments, the pain relieving drug can be, but is not

limited to, N3Athse& One2dniniRiterof siQialds, mbsslectréaxanisicalPe ifieayassbehagd-sirraine;
Prilocaine, Tetracaine, Ibuprofen; Acetaminophen; Capsaicin; EMLA(R); Tramadol (Ultram);
Gabapentin,nfi@omdekdysraaerige o CRidicasteroids:iSiientantastonigin eliBunpiraeahend ricyclic
antidepressants, opioid analgesics such as morphine, Hydromorphone, naloxone (Narcan), Talwin,

Nubain, Stagatidnenianyb Mepediding, hivarasesdoneseogdeinefxaaademes it srtesibedNSAIDs
such as Celecoxib (Celebrex), rofecoxib (Vioxx), valdecoxib (Bextra); or combinations thereof. In some

embodimentgathe, RREnERIRY g idnegs dRse et Rekein Cai seegiticaliiexadurespiy Rfdhsudrug/agents
listed herein. The pain management can be carried out according to a management regime prescribed

by a treating1d0ckicrbey. eRaMRiR:dN8a6& SSDR0d IS i Jainemanagemanbis ebrapigsor acute
pain management. The pain management regime can be but is not limited to, low back pain,

post-herpetioiauEalgs Gangsr geirediabgiicanguepaty, BRartoaedirad pamGspiahstenasis/sciatica,
spinal mets, HIV pain, pain caused by invasive medical procedures such as needle injection, and

cannulation.Gieripelissl ReleasacEik: appicatpiscareicbiobRliveibug moleasdasithiaughthe skin at a
rate that is sufficient to maintain a therapeutic useful concentration in plasma. The size and density of

the micronegiigk, micfeiyadeshanaionmiseoinivetpbtaBoNiGDdavicacdn ecadibsigichtaimeet the
delivery requirement. In a preferred embodiment, the active agent is present in the active agent

chamber andfappliegtotketjseanciskinineingapaitonateddltbe hediatpdevissiisiappligdio the skin
and immediately removed. In some embodiments, the active agent is formulated with one or more

physiologicaflydageehéaiie carmieisecdloneapthodiotentictloasactivi agsatfiorenuatier ivayofomprise
one or more rheology modifiers, surface active agents, stabilizers, rehydration agents, and
combinationsdtie fadtsirmathaypecobadimantse ypdyoels of the active agent can be prepared using
carbomer polymers, including, for example, CP940, CP974, CP980 and CP1342. The special active
agent formulation can control the diffusion rate of the active drug molecule and regulate the drug
release rate. The Integrated Indicator Signal Device

The Microblades and Microknives

The microblades and microknives disclosed herein can contain one or more blades or

knives. The sharp edge of these devices is below 10 microns wide and the height of

the body is more than 100 microns. In a preferred embodiment of the current subject

matter, the edge is below 3 microns and the body height is about 150 microns. The

skin contact area is about (0.003 mm x 1 mm) for each microblade or microknife. The

leading angle of the blade edge is between 30 to 75 degrees, preferably between 38-72

degrees.

Materials and Device Sterilization

The devices can be made of many different materials or their combinations, including

metals, ceramics, polymers and glass. Examples of the materials are titanium,
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The applicator may optionally include one or more integrated indicator signal device(s), or built-in
non-verbal instructional device(s). In this regard, a built-in nonverbal instructions device as used herein
can refer to a battery powered device with at least one signal emitting or producing element that can
be switched on and off according to application specifications. Such devices can produce or provide
various signgdgihipssvesiinaeRBIplianseowiticREedteranined, matbads aliusingstg,aRpisaar, such as,
for example, a light, sound, vibration, RE transmitted signal, recorded counter signal, and/or an electric
transmitted sighalcgnathe PR featvieypirigRabdescilgrh hersii, to jadicateithahdhp, microdevice
has been applied to the skin with the recommended amount of force for perforating the outer layer of
skin. In one garp@IVRRRL athe) Miciadeyine(sdacaied 9o astuater arm) indhr apeliaaiosand is applied
to the area of skin being perforated. As force is applied to the surface of the microdevice at the skin

the microdejep apetactuatehoarm i rushedotowaichan dategraieth signalidavice sMtentHya@ctuator
arm applies sufficient force to the signal device, a force-sensitive switch in the signal device is

activated whigkathgidtiggiees whsigrRakufing signalinay begnyisignatihat eabibe deieeieddy the user
or by another observer. For example, the signal may be emission of light, sound, vibration, or an

electrical signaéjocars®eonerBignalingsdavisgaslaliatepararbl Hgese OfRbsaivple T iristegrated signal
device can have a built-in circuit to record the force being applied, the duration of application, and/or
the number eftataimidaiedappliaaiansdeImaioaiaiihel pacEsy RXNaS of theidexwise. The
signal of light, sound, and/or vibration can be different based on wavelength, frequency, vibration
patterns, a campinanoniisrepf, 3and 3be like AN SIR aRITAS @ mbediment).the amount of force required
to activate the signal device will be an amount of force sufficient for the microdevice to perforate the
stratum corneum. In some embodiments, the amount of force required to activate the signal device
can be adjusted by adjusting the signal device switch mechanism and/or actuator arm action. The
amount of foree Miuwsathmight be adjusted in order to provide more careful and delicate application to
softer skin areas (such as, for example, around the eyes) or patients with more sensitive skin (such as,
for example, Higthalghesn-aitipeisions Mibhdly parsbasitite &idd) id madpsdisited embedinieribibe signal
device is switched off when the applicator is removed from the skin as the required force is removed.
In some embegliipentsornher sigoafisidiighinsi grahasauochaigdrls aoviktaiiousigoahl iléckombination
thereof. In another embodiment, the signal device is connected to a timer and an event counter to
record the duiiatian aidigneancbife Mioibeliahtmeaine applicatb naasg biearapphacrialotier
embodiments, the counter may optionally have a second signal device which activates when a
pre-specifiedhritnobebafaaippicatoudsgsmasiheerarerehselyherexanybes.after a number of
pre-specified uses the counter signal might indicate that the applicator should be cleaned, replaced, or
discarded. Such a counter may then help ensure the device is in optimal condition for providing the
indicated treatment. Methods for Microdevice Fabrication The microdevices may be fabricated using
MEMS micraiehhichtibé/technology. The typical fabrication process involved lithography, wet etch and
dry etch, thin film deposition and growth, electroplating, as well as injection molding and hot
embossing. Dinedexarn disaftfabd ieatioranékhoskivis feenseaBaschdplioeegsthatataweddeep Si etch
(www.oxfordplasma.de/process/sibo-l.htm). It formed microdevices suitable either as device body or
mold for furtherverocessinglamakefarexbnepleliitodeacnidzeddh torewieus dielistedcbpatemtralpplications.
Yet another fabrication method can use HF solution to electrochemically form porous Si structures
(www.techfalncinikiel ioetimgtwisiamattp are alkd sebtyn Bviti etatsi cad dacasées fabtide Haleiic atioh of
microdevice through a maskless process called electropolishing starting from a structure fabricated by
traditional madiveiygpfraethgels sudie dasdytifngmatlacinddésghangemoaphiing, milling, grinding, polishing
and drilling (www.najet.com and www.fischion.com/product support/model 110 application notes.asp).
Use of any single method herein or a combination of these methods as further disclosed in the
examples below led to the form of desired microdevice disclosed in the current subject matter.
Packaging In general, the applicator is used so that one or more active agents is applied to the

area of skin being perforated either immediately before the area of skin is perforated
by the microdevice, or immediately after the area of skin is perforated by the

microdevice. In general, the applicator is used so that the microdevice is immediately
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In a further embodiment of the present subject matter, the applicator described herein can be suitably
packaged to permit easy one-press removal of the applicator from the package. In this regard, the
present subject matter can relate to a package for an applicator, comprising: an outer container and an
inner packaging material, wherein the inner packaging material comprises an indent shaped to contain

an applicatoreagoiepcribed hrreiRiandrefuitherHrpsassion paderarathibedradent shapgflto contain
the applicator. According to this embodiment, the applicator can be placed in an inner packaging

material in agpaskagRwithiRee s aver arlerressiono Rigirally thearpicatey holaeaddn an indent
in the inner packaging material shaped to hold the applicator. The depth of the depression can vary

from 2mm toR0tPpR nlhdee kIR aRRAG MENti HitdepiassionBaARNiRRall eppiaindumpe of Imm to

30 mm therein. When the end of the applicator over the depression is pressed into the depression, the

other end of dhe applcatah il JRYe tiitmakingdtppsdiaketie apnlicatanuhisan thapackage.
The package of the present subject matter preferably comprises an outer container. The outer

container capvee Anygepniaines seitablefanhelding thecinesRagkagingepateral and the applicator
therein. One non-limiting example of a suitable outer container is a carton. The carton may be made of

any suitable material that provides the structural support for holding the first product container and the
second product container. Materials useful as the carton include, without limitation, cardboard, paper,

metal and plastiemk afibaliaiRaty/e eevoadinrent faenouter OB pREl GOMPHsesShkk-beiap. The outer
container of the present packaging may also contain an item selected from the group consisting of a

single bar cageydl SygiRenayp kg codmi arekansinglenunivgr sl psaticiCoge. lacaidrtkénembodiment,
the inner packaging material may be any material firm enough to hold the applicator in place, yet able
to absorb anypyitiretiionseioiefstip@phicator. In alternative embodiments, the second active agent

is separate from the applicator and contained in a separate form apart from the

applicator, such as a separate tube, vial, pad, patch etc.

The body condition can be a medical condition or a cosmetic condition.
Representative medical conditions include, but are not limited to, AIDS, breast cancer,
melanoma, liver cancer, lung cancer, blood cancer, pituitary tumors, other cancers, flu,
infection, blood disease, cardiac disease, back pain, neck pain, body pain, general pain,
arthritis, osteoporosis, headache, depression, smoke, alcoholic, overweight and
obesity, menopause, facial hair growth, balding, polycystic ovary syndrome, need of
inoculation, need of anesthetics and in particular dermal disease. Representative
cosmetic conditions include, but are not limited to, skin aging, skin wrinkle, dark spot,
skin discoloration, moisturizing, skin lightening, skin whitening, skin firming, skin
lifting, acne, acne mark, acne scar, cellulite, wart, infection, irritation, dry skin and

oily skin.

The applicators of this subject matter are designed as disposable devices, re-usable

19



safety and stability of the applicator (i.e., to ensure that the applicator does not break before it is ready
for use.) Non-limiting examples of preferred inner packaging materials in this regard include a shaped
foam or carton. EXAMPLES Example 1 FIG. 1 is a schematic view of a first applicator embodiment

showing an exploded view of all components. This embodiment includes an optional signal feature for

verifying corgplirRseandfairegeigssined daethosseafmisienibe: ampligpReati#c A iposaaple, a light,
sound, and/or vibration to indicate that the microdevice has been applied to the skin with the

recommendggt@neabirohtatcadar paifanating tisyediaicayerohplintRropenenidameaishirunction
0010uter Cap, FMA microdevice end 002FMA protective sleeve 003FMA microdevice and actuator
arm providing a new active agent and/or a new microdevice. The applicator may be

sterilized before and/or after each use by using a sterilization method known in the art.

The applicators disclosed herein are effective in increasing the skin diffusion of
molecules, especially therapeutic molecules with molecular weight higher than 500
Daltons and hydrophilic molecules to transport through the skin barrier. It has been
found that the enhancement of percutaneous transport was also observed for small
molecules with a molecular weight lower than 500 Daltons, as well as large molecules
with a molecular weight higher than 500. Because the height of the microneedles and
microblades is limited, it will not reach the nerve-rich dermis layer and cause any

discomfort to the subject.

Active Agent

Active agents or active substances that can be delivered using the applicator are
therapeutic agents and/or cosmetic agents. The phrase "therapeutic agent" is used
herein to refer to active agents that can treat, prevent, and/or ameliorate a body
condition or skin condition that needs treatment. The phrase "cosmetic agent" is used
herein to refer to active agents that can treat, prevent, conceal, and/or ameliorate a
cosmetic body condition or skin condition that needs treatment. A list of examples
includes, but is not limited to: drugs, vaccines, peptides, proteins, genes, DNAs,
nutraceuticals and cosmetics. The drugs can be administered topically and
systemically. Examples of the drugs as active agents include, but are not limited to,

antibiotics, hormones, steroids, anti-inflammatory drugs, protein drugs, DNA drugs
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004Integrated Signal Device 005Active Agent Reservoir and Body 006Applicator tip nozzle 007O0uter
Cap, gel agent end The Active Agent Reservoir and Body 005 has a soft wall. When pressed,

gel/lotion/cream contained therein can be squeezed out from the Applicator tip nozzle 006 to an area
of skin pretreated with the FMA microdevice and actuator arm 003. The Integrated Signal Device 004

has one ore ympiaQf tif@alfaee prvieh-CQUBIRH taSigpR DE frieriapplioeitaskindtina duation of
each application and the total accumulated number of applications. FIG. 2 shows schematic views of

the first appligaiofgraodimentifayvingnatigiadeviseifor Rajnlessiv pesieiating hawegndayer of skin
and a reservoir of active agent. FIG. 3 shows a schematic view of the first applicator embodiment

wherein the RMAnBIGEMIEHER IBRIEE T HEnBPORI I RENRY hER-ERSACHIPE LN® Skiferfohenasdtiator arm
thereby contacts the pressure sensitive signal device which generates a signal when sufficient force is
applied whemeaniastingatheskimmvithrhe Prgredexoe tDipecierate SABSKO. acid, Pureriran,
eflornithine hydrochloride, spironolactone, flutamide, insulin, nanoparticle drugs,
Epidural, recombinant human parathyroid hormone, growth hormone, thyroid, cortisol,
estrogen, progesterone, and testosterone. Examples of vaccines active agents include,
but are not limited to: vaccine against influenza (flu), diphtheria, tetanus, pertussis
(DTaP), measles, mumps, rubella (MMR), hepatitis B, polio, haemophilus influenzae
type b, chickenpox, tuberculosis, anthrax, yellow fever, rabies, AIDS, cancers,
meningococcus, SARS and cholera. More examples of cosmetic substances as active
agents include, but are not limited to: botulinum toxin type A, hyaluronic acid and its
derivatives, acetyl hexapeptide-3, vitamin A, vitamin C and its derivatives, vitamin E,
alpha-hydroxyacids, collagen and hormones. Diagnostic reagents are also included.
Examples include, but are not limited to, quantum dots, functionalized nanoparticles,

and magnetic particles for diagnostic purpose. In some embodiments, the active

agent is combined with a cosmetic concealer which may conceal a skin blemish.

The dosage of the agent can vary according to the medical condition being treated.
The effective amount of an agent that has been well established in the art can be
publicly available. Such information can be obtained from the U.S. Food and Drug
Administration (FDA), e.g., FDA website. For example, LidoDerm(R) info can be
found in this link:
http://www.fda.gov/medwaTCH/SAFETY/2006/Apr_PIs/Lidoderm_PI.pdf#search=%

22lidoderm % 20dosage % 22.
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Example 2 FIG. 4 is a schematic view of a second applicator embodiment showing an exploded view
of all components. This embodiment includes an optional signal feature for verifying compliance with
predetermined methods of using the applicator, such as, for example, a light, sound, and/or vibration
to indicate that the microdevice has been applied to the skin with the recommended amount of force
for perforating the outer layer of skin. ComponentName & Function 001Outer Cap, gel agent end
002Applicator Sleeve cap 003Applicator Sleeve, active agent chamber 004Outer Body

In some embodiments, the agent is a pain relieving drug for neuropathic or
nociceptive pain management. Such pain relieving drug includes, but is not limited to,
Lidocaine; Prilocaine, Tetracaine, Ibuprofen; Acetaminophen; Capsaicin; EMLA(R);
Tramadol (Ultram); Gabapentin, Tramadol hydrochloride, Corticosteroids, Sufentanil,
Clonidine, Bupivacaine, Tricyclic antidepressants, opioid analgesics such as morphine,
Hydromorphone, naloxone (Narcan), Talwin, Nubain, Stadol, Fentanyl, Meperidine,
Hydrocodone, Codeine, Oxycodone; non-selective NSAIDs such as Celecoxib
(Celebrex), rofecoxib (Vioxx), valdecoxib (Bextra); or combinations thereof. In some
embodiments, the pain relieving drug described herein can specifically exclude any of

the drug/agents listed herein.

In some embodiments, the active agent can be muscle relaxants, which include, but
are but are not limited to, Benzodiazepines; Methocarbamol; Carisoprodol;
Chlorzoxazone; Metaxalone; Cyclobenzaprine, or combinations thereof. In some
embodiments, the muscle relaxants described herein can specifically exclude any of

the drug/agents listed herein.

Drug Delivery

In one aspect, the present subject matter provides an applicator for delivery of the
therapeutic active agent as defined above across the skin barrier, or stratum corneum
layer. Once the substances pass the stratum corneum, there is less resistance for the
substances to diffuse into the subsequent layers of the skin: epidermis and dermis. The
substances will be absorbed by microvessels and lymphatics in the dermis layer and

can be delivered to the entire human body. Applicators disclosed in the current subject
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005Applicator tip nozzle 006Connector 007Fixed Gear 008Dial Ring 009Dial tube that holds spring
010Integrated Signal Device with timer, force switch and counter 011Actuator Arm 012FMA
microdevice

matter can enhance skin penetration of molecules of a molecular weight lower than
500 Dalton. Applicators can also enable through the skin transport of large molecules
of a molecular weight higher than 500 Dalton, as exemplified by Bovine Serum
Albumin at 66,000 Dalton, Botulinum Toxin Type A at 150,000 Dalton, and the

Interferon-Alpha-1b at 17,000 Dalton.

The active agent stored on the applicator is applied to the area of skin being
perforated by the microdevice. In many embodiments, the active agent is applied
after the skin is perforated by the microdevice. In other embodiments, the active
agent is applied to the area of skin being perforated before the skin is perforated by

the microdevice.

Topical Delivery of Cosmetic Substances

It is known to one in the art that certain substances have specific functions as
cosmetics. For example, Botulinum Toxin Type A 1is a toxin that blocks
neuromuscular transmission when it is injected in small amounts (e.g., 10 units per
0.1 ml injection volume) into specific muscles to treat and reduce wrinkles on the face.
The maximum dosage recommended as a single injection for any one muscle at any
spot is 25 units. If overdosed or the injection is incorrectly performed, the patient can
be left with an immobile face or droopy eyelids until the effect of the injection wears
off. Possible side effects include numbness, swelling and headaches. Administered
through applicators disclosed in the current subject matter, it is possible to provide a
controlled release of Botulinum Toxin Type A and keep an optimal local
concentration to achieve the best result while minimize the side effects. In one

embodiment of this subject matter, botulinum toxin type A is applied to the skin pre-
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013FMA protective sleeve 0140uter Cap, FMA microdevice end 015Active agent reservoir The
Actuator Arm 011 holds the FMA microdevice 012. Gel/cream/lotion is dispensed from the applicator
tip nozzle 002. The Applicator Sleeve cap 002 and Applicator sleeve, active agent chamber 003 form a
cavity to hold active agent(s). 002 and 003 are connected with a mechanical lock-in structure to

facilitate the didingi of e tive 2PE0HS) JEha DHEPlicalar. iR foazR ARG CANMBCRHRR atmconnected
using a mechanical structure on the Connector 006. When the Dial tube 009 rotates, it passes the
rotation penetration of botulinum toxin type A has been observed. No through the skin

transport was observed without application of applicators. More examples were

provided in the above "active agents" section.

It is also evident that through the skin transport on applicator treated skin has less
dependency on molecular weight. Using the applicator described herein, practically
any cosmetic substances can be delivered. Local concentration can be adjusted
through loading and formulation for controlled release. In one embodiment of this
subject matter, one can deliver hyaluronic acid gel through diffusion enhanced by
applicators. Hyaluronic acid is a substance that exists naturally in the body. A major
important function of hyaluronic acid is to carry and bind water molecules. Stabilized
non-animal hyaluronic acid does not contain animal protein and does not require a
skin test prior to treatment. It is thus a preferred embodiment of this subject matter to
use applicators to delivery locally stabilized non-animal hyaluronic acid to treat

wrinkles and facial lines.

In a further embodiment of this subject matter, one can locally delivery collagen by
microneedles, e.g., for allergic skin test and controlled release of collagen into the

skin.

Another embodiment of this subject matter is to provide for local delivery of acetyl
hexapeptide-3. This molecule is a non-toxic, non-irritant compound that modulates
the excessive stimulation of the facial muscles, relaxing facial tension and it can

reduce and prevent the formation of new wrinkles due to over-stimulation of facial
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to the Connector 006. The spiral structure on the Connector 006 pushes the Applicator tip nozzle 005
to move in the direction to push active agent(s) out through the gel nozzles. It moves the Applicator tip
nozzle 005, acting like a piston, in the cavity formed by the Applicator sleeve cap 002 and the
Applicator sleeve 003. The Dial Ring 008 and the Dial tube 009 are connected with a spring. Each dial

of the Dial Ring:0@8 Wrjte e 2 afiediRaie duthecryedfmear @0 (iangithg RRARIAGCOGR: ithe FMA

protective sleeve 013 and the Dial tube 009 are connected. When the Outer cap, FMA microdevice

end 014 rotaigsy i dQtaiNmiis Pagpael RMIgUeii RNV RIJEEHvD Baee GHedderthe Dial tube 009.
The two mechanical structures indicated by a red circle prevent the Fixed Gear 007 from moving

forward so the Connector 006 moves forward when rotating FIG. 5 shows schematic views of the
second applicator embodiment having a microdevice for painlessly perforating the outer layer of skin
and a resenpilrkactiye/agents Example 3 FIG. 6 shows scanning electron microscope micrographs
of examples of two different microneedle arrays having different microneedle sizes and density of

microneedler Jhasemicmrradeid iy disiveyasnries witpsadhrtunaybe deued asiasrgpplicator
described herein. FIG. 7 is a perspective illustration showing the depth that the microdevice on the

applicator pesfotatesnisiodfieekimd elativento HemstiaturyearmMEsMH(SE) oepidesnis (ERi@Rd dermis
(Derm), and the subsequent delivery of active agent applied to the area of skin that was perforated via
microchannelsngenesatedviycthesmicr@gdrvigeprotein, peptide, DNA vaccines and the like as

previously described. Vaccination can be performed by treating a skin side with the

applicator and then delivering a vaccine composition to a user.

Pain Management

In some embodiments, the applicator described herein can be used for pain
management. The applicator can be used to facilitate percutaneous delivery of a pain
relieving agent or a combination of them so as to treat, reduce or prevent pain. In
some embodiments, a skin side can be treated with the applicator and then a pain

relieving agent or drug composition can be delivered percutaneously to a user.

The pain relieving agent can be any pain relieving agent approved by the FDA or used
in medical practice elsewhere in the world. In some embodiments, the pain relieving
drug can be, but is not limited to, NSAIDs, COX-2 inhibitors, steroids, muscle
relaxants. Specifically, such as Lidocaine; Prilocaine, Tetracaine, Ibuprofen;
Acetaminophen; Capsaicin; EMLA(R); Tramadol (Ultram); Gabapentin, Tramadol
hydrochloride, Corticosteroids, Sufentanil, Clonidine, Bupivacaine, Tricyclic
antidepressants, opioid analgesics such as morphine, Hydromorphone, naloxone

(Narcan), Talwin, Nubain, Stadol, Fentanyl, Meperidine, Hydrocodone, Codeine,
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Example 4 Use of Applicators The use of an applicator of the present subject matter was a simple
two-step procedure. The first step was the perforation of skin using the microdevice attached to one
end of the applicator, wherein the applicator is held in the hand and physical force is applied so that
the microdevice end of the applicator causes the microdevice to perforate the skin. The amount of

force appliedtoypedtpiatadhagkitiis asasutfigientiprere:the @elepior arrdeosantagbaryd activate
the switch on the integrated signal device. Activating the signal device resulted in a light to be

illuminated. Vhiadierivlegsied ihedidtymmd ieseonizaddnertighbas inditadngdha! the skinmhas been

perforated. The user then immediately removed the applicator and microdevice from the skin. The

second step wias, tRcamply descactivenagantto rarralof skinuaeriarpigdeydhe micredpyice. After
removing the microdevice, the user then turned the applicator around and applied an active agent

formulation frefsig nozzle attached to that end of the applicator. The active agent is contained in an
active agent chamber contained in the body of the applicator. Thus, the active agent was applied to
the area of skin perforated by the microdevice. Optionally, the microdevice end was swabbed or

immersed in a disinfectant solution or cream. End caps were then placed over both the microdevice

region and ta@pplisaiannozaRiegion oy sigfirg tbarapplisaias Xamplgmbeddsanofié@plicators in
Pain Management A applicator described herein may be used in pain management. Lidocaine, an

anesthetic agaRtribddsey as theafflivaagant Bad eampeaeimtsonkin dhbbuestastemenpaiapplicator
pre-treated skin. Pain management using the applicator provided herein, as compared to prior art, has

at least thesamiwgrasivaniagasonit) sapidenses, @asaeihaheurteplin esainpsaamentri parcutaneous
drug delivery. Example 6
be but is not limited to, low back pain, post-herpetic neuralgia, cancer pain, diabetic

neuropathy, phantom limb pain, spinal stenosis/sciatica, spinal mets, HIV pain, pain

caused by invasive medical procedures such as needle injection, and cannulation.

Controlled Release

The applicators need to deliver drug molecules through the skin at a rate that is
sufficient to maintain a therapeutic useful concentration in plasma. The size and
density of the microneedles, microblades, and/or microknives on the microdevice can
be adjusted to meet the delivery requirement. In a preferred embodiment, the active
agent is present in the active agent chamber and applied to the area of skin being
perforated after the microdevice is applied to the skin and immediately removed. In
some embodiments, the active agent is formulated with one or more physiologically
acceptable carriers. In one embodiment, the active agent formulation may comprise
one or more rheology modifiers, surface active agents, stabilizers, rehydration agents,
and combinations thereof. In other embodiments, hydrogels of the active agent can be

prepared using carbomer polymers, including, for example, CP940, CP974, CP980
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Use of Applicators in Cosmetic Treatment A applicator described herein may be used in cosmetic
treatment. L-Carnitine, is used as the active agent and can penetrate skin 10 times faster on applicator
pre-treated skin. Cosmetic cellulite management using the applicator provided herein, as compared to
prior art, has at least these two advantages: (1) rapid onset, and (2) about ten times improvement in

percutaneoug,drag deiverie spdeiahiRiinedddal formOnkicalbaReoHtriNgHemPpibE gedthethe body to
transport long-chain fatty acids across inner mitochondria membrane for 13-oxidation. It is a nutrient

essential for RRREMPEQHbIcHAR and fatunetaholisny Riskelatab muscle and heart [1]. More than 95% of
human body's total carnitine is in myocardium and skeletal muscle [2].. In recent years, LC has been

extensively used as a medicine in the treatment of carnitine deficiency disorders [3, 4], a variety of
cardiovascular symptoms [1, 5] and the prevention of drug-induced myopathies in patients with HIV

infection [6]. fFEtheppated Maviassiamhersyiebnd that supplementation of LC have potentially
beneficial effects on athlete performance [7], obesity [8], liver healthy [9], hemodialysis [10], male

infertility [11}raed ghghelies [ddy opndhisiexaple asetailesdvestigation isrYidedphaercutaneous

transport of LC by using an applicator with a painless Functional MicroArray (FMA) with microneedles

of 150 gm leagtizel®) visrosiudy avalvuated thaetfestsicidifferent Bpegias @irgkinsutionpag@encentration
and gel formulations on the permeability of LC by FMA intradermal delivery system. In vivo study

assessed theabsgolueieavalabitityandephrigiacakingte frafierefyopicalgetpatehwiih 6, comparing

with intravenous and oral administration, to indicate the efficacy of FMA for LC percutaneous
administratigeast hshehigigesnsininf loc pioavaitabiibhiani-Wé isdherangjoielisgoverymaf tis work.

MATERIALS AND METHODS Chemicals and Reagents
according to application specifications. Such devices can produce or provide various
signals for verifying compliance with predetermined methods of using the applicator,
such as, for example, a light, sound, vibration, RF transmitted signal, recorded counter
signal, and/or an electric transmitted signal, or other indicator feature or signal
described herein, to indicate that the microdevice has been applied to the skin with the
recommended amount of force for perforating the outer layer of skin. In one
embodiment, the microdevice is located on an actuator arm in the applicator and is
applied to the area of skin being perforated. As force is applied to the surface of the
microdevice at the skin the microdevice and actuator arm is pushed toward an
integrated signal device. When the actuator arm applies sufficient force to the signal
device, a force-sensitive switch in the signal device is activated which then triggers a
signal. The signal may be any signal that can be detected by the user or by another
observer. For example, the signal may be emission of light, sound, vibration, or an
electrical signal to a second signaling device, data recorder, user, or observer. The
integrated signal device can have a built-in circuit to record the force being applied,

the duration of application, and/or the number of accumulated applications to monitor

for the expected expiration of the device. The signal of light, sound, and/or vibration
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LC ((3R)-3-hydroxy-4-trimethylazaniumylbutanoate, MW 161.2 Da), Carbomer 940 P (CP940),
Carbomer 974 P (CP974), Carbomer 980 P (CP980) and Carbomer 1342 P (CP1342) were all
purchased from GuoRenYiKang Technology (Beijing, China). HPLC grade methanol was obtained
from Dikma Technology (Beijing, China). All solutions were prepared with ultrapure water (resistivity

>18 Millcm).oA¥ sheiicals UBRA Ve iIAIGa OF BHRIRGCRIIGaLAr piemUNStionabiMiGIRATaY
System (FMA) The Functional MicroArray system has been described previously without
modification 22 @3B agh 1 iMA has 484 microneedles perpendicular to the wafer, over an area of 10
x 10 mm2. Each microneedle has an octagonal pyramidal shape. They are 150 gm in height, with a
base length of about 100 gm, a cone angle of 38 and a needle tip less than 100nm. The FMA was
fixed onto the supporting mechanism of an applicator to form an intradermal drug delivery system,

which providethastdnsestimitserehanpsaxivate v 2dcFreparatien RtiCathangphiidiogels
Hydrogels of LC were prepared using Carbomer polymers, including CP940, CP974, CP980 and

CP1342. Brigfiy, 5¢ arcancaiyasioralOsbPideiviaf fharbneaswereoapelestie: uliaptranmater with
vigorous mixing and the dispersion was allowed to hydrate and swell for about 2h. Then the gels were

formed by depnéem addiiemetiibdaaneiunine {eh8ihvwivioiedruiiatizaiionstvinalycappiapriate
amount of LC powder was dissolved in the above gels with stirring at room temperature. Skin
Preparation §aW#0can be adjusted by adjusting the signal device switch mechanism and/or
actuator arm action. The amount of force required might be adjusted in order to
provide more careful and delicate application to softer skin areas (such as, for
example, around the eyes) or patients with more sensitive skin (such as, for example,
in children or persons with hypersensitive skin). In a preferred embodiment, the
signal device is switched off when the applicator is removed from the skin as the

required force is removed. In some embodiments, the signal is a light signal, a sound

signal, a vibration signal, or a combination thereof.

In another embodiment, the signal device is connected to a timer and an event counter
to record the duration of time and the number of times the applicator has been applied.
In other embodiments, the counter may optionally have a second signal device which
activates when a pre-specified number of applicator uses has been reached. For
example, after a number of pre-specified uses the counter signal might indicate that
the applicator should be cleaned, replaced, or discarded. Such a counter may then help

ensure the device is in optimal condition for providing the indicated treatment.
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Male Sprague-Dawley rats (220-2509) were provided by Beijing Weitong Lihua Experimental Animals
Ltd. Co. (Beijing China). Forty-eight hours before the test, rats were anesthetized by ether, and then
the abdominal hair of each rat was shaved with an electric hair clipper. At the beginning of in vitro
studies, animals were euthanized using carbon dioxide and full-thickness skins were removed. All

research praipsalsiaeheredtithespidadandhe Care and Use of Laboratory Animals (1996).
Samples of full-thickness dermatomed human cadaver skins 800 gm) were obtained from the Burns

Institute, 304theGliniesdRRaMHAGHe T GLAE RIS DR abradieh GaNesIok P omigraduate

Medical College and were free from overt pathology. The skin samples were kept frozen in liquid

nitrogen andysiegh ihiie 3i630pH0sess iMARIDE BeHoBikiph {adkit Righ WatE @y ehaseshifoma local

slaughterhouse immediately following the animal death and the whole skins were carefully

dermatomedijip @ iHusknassohi i dorvpthiskinag rafling knjéeohenexaisehRoIcinengssswags. wrapped in
plastic film and stored in liquid nitrogen until use within 3 months. In Vitro Permeation Study The

method of theressuianewisfabsespiamdy adhekesdo g chestdoeiselineidd ef Qsgauyzation for

Economic Cooperation and Development (2004). The experiment was performed with a system

employing Fegnz-typevgtagsdipiusiendeghsocthigsibrpaiatyrainfiitédceptepghasbesumasimaintained
at physiological temperature of 37.0 0.1 C with an external, constant temperature circulating water

bath.  Skiregasipledvrietsaated singdrMAmaliveyesyisiemd] e e fomenasdqrpvided by
the applicator. The skins without FMA treatment were used as control. The skin was mounted on a

receptor chagrbgeo2.publisnethphe st come uretsidetaeifgbtipuist intehthe danafech@mber with
effective permeation area of 0.66 cm2. The receptor and donor chambers were filled with PBS

solution, andiéheitecepiordedd-sasmratipuolshy StsatyvitBia Magnalis bawatwGRHfimdaimaintain
homogeneity. After 1 h equilibration, the solution in the receptor chamber was replaced with fresh
PBS, and 30Q¢pldefrh&iwerlatiomnesr3dpRiael |- Oveahwasappiedieaithskinen feickanar aifamber,
which was then covered with a parafilm to avoid any evaporation process. The samples of receptor
cell were withd¢asdsviiteo ugd @tpre dekeiiene pisns Intanals aadripe lisk@ptatphiage fa@s immediately
refreshed by equal volume of PBS buffer to keep a constant volume. The samples were analyzed by
HPLC/UV. TheutesultSabacatedpressediaithe meaiinihd nitthadis4 dincepsndeninganybes)-

discharge machining, milling, grinding, polishing and drilling (www.najet.com and

www.fischion.com/product support/model 110 application notes.asp). Use of any

single method herein or a combination of these methods as further disclosed in the

examples below led to the form of desired microdevice disclosed in the current

subject matter.

Packaging

In a further embodiment of the present subject matter, the applicator described herein
can be suitably packaged to permit easy one-press removal of the applicator from the
package. In this regard, the present subject matter can relate to a package for an
applicator, comprising: an outer container and an inner packaging material, wherein

the inner packaging material comprises an indent shaped to contain an applicator as
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In Vivo Permeation Study Male Sprague-Dawley rats (250g 10g) were equally divided into four
groups (3 for each): group A, B, C and D. Before administration, all rats allowed to acclimatize for one
week. One day before administration, rats were fasted overnight but allowed access to water. The hair
of abdominal skin was carefully shaved by electric clippers for Group A and B. The rats in group A

were pretreaiggtAdMérdmitirRNaaehef deprodsithieudRuR-RIMAS HepaiadRa & comieh thaen hydrogel
patch containing LC 750 mg was applied to each rat by an adhesive housing for 6h. Group C and

Group D weggpggati@l. groups of oral and intravenous injection administration of 1 ml LC solution (200
mg/me. A volume of 0.5 ml blood samples were taken before administration and at predetermined time
intervals after LC administration. Plasma samples were immediately separated by centrifugation at
4000xg for 7mins, and stored at -80 C until assay. Patch Residual Assay of LC  To determine the

apparent doge-@irifa dedvaiedfipodiaed Rated wppiuasiueyn PRIGIRSIaIefolkpeiefakasifdh

application, and stored at 4 C until assay. Each patch was transferred into a suitable flask and

ultrapure waigitvyras addeshclhe: Mixkinwasishaken depQsmins, Feitign, capthjpgestdend min at
10000xg. Supernatant solution was analyzed by HPLC/UV. Apparent dose of LC delivered was

calculated apldiféarenaeinatnenhoitialcapd desich iphAtegLQREPBE itd Pataihc AR Methwds In Vitro
The quantitative determination of LC was performed by HPLC using methanol190mM KH2PO4 water

(87:13) as mapile phasedbaeilavnraie 0hQ. GroMminnbi LI0-204 0An Shimad zthblap@ent, Tie injection
volume was 20 pl. The analysis was performed in a YMC-Pack ODS-A C18 column with dimensions of

250 mm X 4.8cprsasich, @pBphantitle @iy Mo pdof Ush)ol e kel uriealu avhaatheanitered at 225
nm. The detection limit is 20pg m11. The inter- and intra-day variability was less than 5%.
the applicator over the depression is pressed into the depression, the other end of the
applicator will move up, making it easy to take the applicator out from the package.
The package of the present subject matter preferably comprises an outer container.
The outer container can be any container suitable for holding the inner packaging
material and the applicator therein. One non-limiting example of a suitable outer
container is a carton. The carton may be made of any suitable material that provides
the structural support for holding the first product container and the second product
container. Materials useful as the carton include, without limitation, cardboard, paper,

metal and plastic. In an alternative embodiment, the outer container comprises

shrink-wrap.
The outer container of the present packaging may also contain an item selected from
the group consisting of a single bar code, a single new drug code, and a single

universal product code.

In a further embodiment, the inner packaging material may be any material firm

enough to hold the applicator in place, yet able to absorb any vibrations to ensure the
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In Vivo Pretreatment method of samples: 120 pl of plasma was deproteinized with 600 pl of 0.6 M
perchloric acid. The mixture was shaken for 30 s and allowed to stand in an ice bath for about 15 mins.
After centrifuged at 4000xg for 7 mins, 500 pl of supernatant was transferred to a new tube in which
300 pl of 0.5 M K2CO3 was added, the mixture was shaken for 30 s and incubated in an ice-bath for

15 mins. PregiRitattalskElid srasd appriath Py eent ibugation atr0aRyadabr B HamledR00 of the
supernatant with free LC was separated for the assay. The recovery ratio of LC in plasma was 852%.

Assays: ThemephieentiatiRadf fige ke )n sesmmnvasdeleimpnaddryparyreatiarespyckiisiith a limitation
detection of 0.8 jig /ml. (BIOSENTEC France), Cat.N0.066. Calculations and Statistical Analysis In

Vitro  The gyppetialivie amorehef Giigdeer shaptadheh untaa@a versus time was plotted. The
permeation rates of LC were calculated from the slope of linear portion of the plots. Data analysis was

carried out with Microsoft Excel, Version 2000. Results were presented as the mean S.D. (ii=3 -4
independent samples). Statistically significant differences were determined using the analysis of
variance (ANSXWANIRItES < 0.05 as a minimal level of significance.

Example 1

FIG. 1 is a schematic view of a first applicator embodiment showing an exploded
view of all components. This embodiment includes an optional signal feature for
verifying compliance with predetermined methods of using the applicator, such as, for
example, a light, sound, and/or vibration to indicate that the microdevice has been

applied to the skin with the recommended amount of force for perforating the outer

layer of skin.

Component Name & Function
001 Outer Cap, FMA microdevice end
002 FMA protective sleeve
003 FMA microdevice and actuator arm
004 Integrated Signal Device
005 Active Agent Reservoir and Body
006 Applicator tip nozzle
007 Outer Cap, gel agent end
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In Vivo Maximum plasma concentration (C.) and the time to reach this peak (Tina.) were directly
identified from the pharmacokinetic curves (LC plasma concentration versus time). Area under the
plasma concentration-time curve (AUCOS3) was calculated by using the trapezoidal rule. Absolute
bioavailability (A.B.) of LC after oral and FMA administration comparing with intravenous

administratiomwag Galeulated uRRg:Msifolawingoaquatsn hAbsplutgbiganaillility (feBsddAINC
FMNoral dose iv. X X100 dose FMA/oral AUG iv. RESULTS AND DISCUSSION In Vitro Percutaneous
Delivery of Leiyaughihensidna R ifferent @Raw&§ueezed out from the Applicator tip nozzle

006 to an area of skin pretreated with the FMA microdevice and actuator arm 003.

The Integrated Signal Device 004 has one ore more of timer, force switch, counter to

signal the force applied to skin, time duration of each application and the total

accumulated number of applications.

FIG. 2 shows schematic views of the first applicator embodiment having a
microdevice for painlessly perforating the outer layer of skin and a reservoir of active

agent.

FIG. 3 shows a schematic view of the first applicator embodiment wherein the FMA
microdevice moves the actuator arm when contacting the skin. The actuator arm
thereby contacts the pressure sensitive signal device which generates a signal when
sufficient force is applied when contacting the skin with the microdevice to perforate

the skin.

Example 2

FIG. 4 is a schematic view of a second applicator embodiment showing an exploded
view of all components. This embodiment includes an optional signal feature for
verifying compliance with predetermined methods of using the applicator, such as, for
example, a light, sound, and/or vibration to indicate that the microdevice has been
applied to the skin with the recommended amount of force for perforating the outer

layer of skin.
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Firstly, the effect of skins from different species on LC permeability was investigated. As indicated in
Fig. 8, the highest cumulative amount of LC over 8 h by passive diffusion could be seen for rat skin.
After pretreatment with FMA, the cumulative amount of LC was greatly enhanced for all skins, and it
was similar between human and porcine ear skin. The results of percutaneous delivery of drug are
influenced by skisngidhifigrent speqiggadidinpancsion is considered as the best material for in vitro
experiment, but its availability and proper storage is sufficient challenge. Fortunately, a wide range of
animal skin models have been well established as alternatives to human skin. These animal skin
models include rat, mouse, rabbit, pig, guinea pig and snake skins. However, there may be variation in
the drug permeabilifyjof variougskinsaS et dgdieeagsary to evaluate the effect of skin model used in
the study of a new drug delivery method and its proper formulation.  Table 1 shows the permeation
rates of LC acrossgiifferent spagisscatsionseby agssive diffusion or with FMA pretreatment. The
permeation rates of LC by FMA were significantly enhanced in all species of skins comparing with
passive diffusion. Te permeaigipliaicopSlidevibirasiple Avsnashakidaras enhanced 59 times comparing
with passive diffusion and was nearly the same with porcine ear skin, but there were significant
differences betweggphuman argupeBis®ear skin by passive diffusion (p<0.05). Furthermore, the
permeation rates of LC through rat skin was about 13.8 times higher than that of human skin by
passive diffusion, @od the enhaigainesi wasoaly 3.7 times after FMA-puncture. According to the
above results, it was implied that FMA may reduce the interspecies variations in skin permeability.
Some researches bege indicatedihaii@ntophoretic enhancement technique could reduce the
interspecies differences in percutaneous permeation of drugs [25, 26]. The results of present study
were similar to abaygy observatipns! Gba explanation may be that FMApuncture provides new agueous
micron-pores [27], which turned to be the main pathway to transport molecules, especially to the
extremely hydrophiigsdrug LC Dihierefigre, differences among the resistance of various species of skin
were decreased. Table 1 Permeation rates and enhancement ratio (ER) of LC across different
species of skins witlhand withadia FMie delivendsyptam. Skin type

010 Integrated Signal Device with timer, force switch and counter
011 Actuator Arm

012 FMA microdevice

013 FMA protective sleeve

014 Outer Cap, FMA microdevice end

015 Active agent reservoir

The Actuator Arm 011 holds the FMA microdevice 012.

Gel/cream/lotion is dispensed from the applicator tip nozzle 002.

The Applicator Sleeve cap 002 and Applicator sleeve, active agent chamber 003 form
a cavity to hold active agent(s). 002 and 003 are connected with a mechanical lock-in
structure to facilitate the filling of active agent(s).

The Applicator tip nozzle 005 and Connector 006 are connected using a mechanical

structure on the Connector 006. When the Dial tube 009 rotates, it passes the rotation
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Thickness Permeation rates (mg/cm /h) ER (%) FMA Passive Diffusion

to the Connector 006. The spiral structure on the Connector 006 pushes the Applicator
tip nozzle 005 to move in the direction to push active agent(s) out through the gel
nozzles. It moves the Applicator tip nozzle 005, acting like a piston, in the cavity
formed by the Applicator sleeve cap 002 and the Applicator sleeve 003. The Dial
Ring 008 and the Dial tube 009 are connected with a spring. Each dial of the Dial

Ring 008 makes a sound between the Fixed Gear 007 and the Dial Ring 008.

The FMA protective sleeve 013 and the Dial tube 009 are connected. When the Outer
cap, FMA microdevice end 014 rotates, the rotation is passed on through the FMA

protective sleeve 013 to the Dial tube 009.

The two mechanical structures indicated by a red circle prevent the Fixed Gear 007

from moving forward so the Connector 006 moves forward when rotating

FIG. 5 shows schematic views of the second applicator embodiment having a
microdevice for painlessly perforating the outer layer of skin and a reservoir of active

agent.

Example 3

FIG. 6 shows scanning electron microscope micrographs of examples of two different
microneedle arrays having different microneedle sizes and density of microneedles.
These microneedle arrays are examples of those that may be found on an applicator

described herein.
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Human Dermatomedz.-800 Rm 10.65 2.12 0.18 0.02 59 Porcine ear Dermatomedz.-800 Rm

FIG. 7 is a perspective illustration showing the depth that the microdevice on the
applicator perforates into the skin relative to the stratum corneum (SC), epidermis
(Epi), and dermis (Derm), and the subsequent delivery of active agent applied to the

area of skin that was perforated via microchannels generated by the microdevice.

Example 4

Use of Applicators

The use of an applicator of the present subject matter was a simple two-step
procedure. The first step was the perforation of skin using the microdevice attached to
one end of the applicator, wherein the applicator is held in the hand and physical force
is applied so that the microdevice end of the applicator causes the microdevice to
perforate the skin. The amount of force applied to perforate the skin is also sufficient
to move the actuator arm to contact and activate the switch on the integrated signal
device. Activating the signal device resulted in a light to be illuminated. The user
detected the light and recognized the light as indicating that the skin has been
perforated. The user then immediately removed the applicator and microdevice from
the skin. The second step was to apply the active agent to the area of skin perforated
by the microdevice. After removing the microdevice, the user then turned the
applicator around and applied an active agent formulation from a nozzle attached to
that end of the applicator. The active agent is contained in an active agent chamber
contained in the body of the applicator. Thus, the active agent was applied to the area
of skin perforated by the microdevice. Optionally, the microdevice end was swabbed
or immersed in a disinfectant solution or cream. End caps were then placed over both

the microdevice region and the applicator nozzle region for storing the applicator.
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11.08 2.05 0.37 0.04 30 Rat Full thickness 40.16 3.97 2.49 0.40 16

Example 5

Use of Applicators in Pain Management

A applicator described herein may be used in pain management.
Lidocaine, an anesthetic agent, is used as the active agent and can penetrate skin 10
times faster on a applicator pre-treated skin. Pain management using the applicator
provided herein, as compared to prior art, has at least these two advantages: (1) rapid

onset, and (2) about ten times improvement in percutaneous drug delivery.

Example 6

Use of Applicators in Cosmetic Treatment

A applicator described herein may be used in cosmetic treatment. L-Carnitine, is used
as the active agent and can penetrate skin 10 times faster on applicator pre-treated
skin. Cosmetic cellulite management using the applicator provided herein, as
compared to prior art, has at least these two advantages: (1) rapid onset, and (2) about

ten times improvement in percutaneous drug delivery.

L-carnitine (LC) is a naturally occurring compound used by the body to
transport long-chain fatty acids across inner mitochondria membrane for -oxidation.
It is a nutrient essential for energy production and fat metabolism in skeletal muscle
and heart [1]. More than 95% of human body's total carnitine is in myocardium and
skeletal muscle [2].. In recent years, LC has been extensively used as a medicine in
the treatment of carnitine deficiency disorders [3, 4], a variety of cardiovascular
symptoms [1, 5] and the prevention of drug-induced myopathies in patients with HIV

infection [6]. Furthermore, many researchers found that supplementation of LC have

36



Enhancement ratio (ER), FMA permeation rates / passive permeation rates Data are mean S.D., n>3
In Vitro Effect of Donor Concentration Further experiments were carried out using porcine ear skin
pretreated by FMA because the peameability of LC through porcine ear skin is close to human skin.
The influence of drug concentration on the FMA intradermal transport of LC was presented in Fig. 9.

The permeapiiphhil-oeltraasedvith NCRARIRYEADAN SRRCENIGHIN 1 8], GARMABANMy I DSUMmMary,
the cumulative amount and permeation rates of LC were not significantly different between 650mg/m1

(93.23 17.7@engmdsand djlB8leadlermaicn2(ahareh888sa/ml (97.20 12.60 mg/cm2 and 11.80
1.50 mg/cm2/h) (P > 0.05). The results show that there may be a certain threshold of FMA transport,

since increasing HPNRE 6RNGEMT atiM@snodangabresyieditinererecuthdoug transgeerbfT his type of
cut-off phenomenon has been reported in microneedlemediated percutaneous delivery of human IgG

[28]. This maythe@ugiithe teppsarsPathway phithesdrraibiough Mrdnis satmatpdadha higher

concentration. In Vitro Effect of Different Type of Carbomer Polymers At present, numerous grades

of CarbomempielyMeURLE SOMFV0RY avaiable.fanihe pedagutaarnus dregrltoratutatieasibecause of
their low irritation and high viscosity at low concentration. Different types of Carbomer varying in

cross-link defjsitieand Jripledasweigtineaiichnfidenseshaudifiesiopnpathpasnaisiidug reease [29].
The influence of different carbomer polymers (eg: CP940, CP974, CP980, CP1342) on the

permeabilitytaf LVMasistidiesnatraksi pareing gamskin. Skin wasdgretigateeibyeMAbanidC hydrogel
(640 mg/g) was applied to each donor.  Figure 10 illustrates the cumulative amount of LC penetrated

from the varigivaingsi iof, Gab @menferorinationsofitsabCuspidaltigel apaaunb ol temp&h380 and
CP974 were significantly higher than that from CP1342 and CP940 (P<0.05). Furthermore, there was

no significanidiffeneacendatwern dhe admidativg@inesinhiiontcGRO é4fichty &f I2viA my/cr02) and
CP980 (64.43 14.48 mg/cm?2) (P>0.05). It was noteworthy that the viscosity of CP980 calculated by

rheological syieigissdwvasisigniieaiy Migheiihare @R oF [30]bibaenstvitgeycBManingheP 980 was
elected as a suitable carrier for topical application of LC.
major discovery of this work.

MATERIALS AND METHODS
Chemicals and Reagents

LC ((3R)-3-hydroxy-4-trimethylazaniumylbutanoate, MW 161.2 Da), Carbomer
940 P (CP940), Carbomer 974 P (CP974), Carbomer 980 P (CP980) and Carbomer
1342 P (CP1342) were all purchased from GuoRenYiKang Technology (Beijing,
China). HPLC grade methanol was obtained from Dikma Technology (Beijing,
China). All solutions were prepared with ultrapure water (resistivity >18 MCQ/cm). All

chemicals used were analytical or pharmaceutical grade.

Functional MicroArray System (FMA)
The Functional MicroArray system has been described previously without
modification (22, 23). Each FMA has 484 microneedles perpendicular to the wafer,

over an area of 10 x 10 mm” Each microneedle has an octagonal pyramidal shape.
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In Vivo Assessment of Apparent Dose of LC Delivered into Rats from Gel Patch  The residual
content of drug in the patch was investigated to assess the apparent LC dose delivered by applying
topical gel formulation CP980 (750 mg/rat) to rats with and without FMA pretreatment.  Table 2
presents the mean apparent dose of LC gel patch delivered after 6h topical application with and

without FMATHsIrgatmenimioHEZRYavafhinithakaneauitt of dewasclaliveraditadats &y3RMA

pretreatment, totaling 200mg/rat. However, there was no significant difference between the residual
and initial cog{gntiukdasgivesiffusimnhhese EsAtvabewed dhas M ppsadarmatrielivery

successfully allowed much higher apparent dose of LC delivery than traditional percutaneous delivery.

Itimplied thajfFMAnppiegeinial fglivery susiaseaulthsolyetheprghienm afingh glesedearirement for

LC. Table 2 Summary of apparent dose of LC delivered with and without FMA delivery system.
Parameters\Mibrffdd AN fpMAImately 2 N.

Preparation of Carbomer Hydrogels

Hydrogels of LC were prepared using Carbomer polymers, including CP940,
CP974, CP980 and CP1342. Briefly, at a concentration of 0.5% (w/w) of Carbomers
were added to ultrapure water with vigorous mixing and the dispersion was allowed to
hydrate and swell for about 2h. Then the gels were formed by dropwise addition of
triethanolamine (0.8% w/w) to neutralization. Finally, appropriate amount of LC

powder was dissolved in the above gels with stirring at room temperature.

Skin Preparation In Vitro

Male Sprague—-Dawley rats (220-250g) were provided by Beijing Weitong Lihua
Experimental Animals Ltd. Co. (Beijing China). Forty-eight hours before the test, rats
were anesthetized by ether, and then the abdominal hair of each rat was shaved with
an electric hair clipper. At the beginning of in vitro studies, animals were euthanized
using carbon dioxide and full-thickness skins were removed. All research protocols
adhered to the Guide for the Care and Use of Laboratory Animals (1996).

Samples of full-thickness dermatomed human cadaver skins (= 800 um) were
obtained from the Burns Institute, 304™ Clinical Department, The General Hospital of
PLA, Trauma Center of Postgraduate Medical College and were free from overt
pathology. The skin samples were kept frozen in liquid nitrogen and used within 3

months.
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Total amount of LC in patch (mg/rat)750750 The residual amount (mg/rat)550764 Apparent dose of LC
(mg/rat)200ND LC delivered (%)27%ND ND not determined Phamacokinetics and Absolute

Bioavailability of LC  Figure 11 shows the plasma concentration-time profiles of LC after intravenous
(200 mg/rat), oral (200 mg/rat) and FMA percutaneous administration (750 mg/rat). The corresponding

pharmacokinetic pataneetars amsUnArized ilvd@blsudhased from a local slaughterhouse
immediately following the animal death and the whole skins were carefully
dermatomed to a thickness of 800 um with skin grafting knife. The excised porcine

ear was wrapped in plastic film and stored in liquid nitrogen until use within 3 months.

In Vitro Permeation Study

The method of the percutaneous absorption study adheres to the Test Guideline
428 of Organization for Economic Cooperation and Development (2004). The
experiment was performed with a system employing Franz-type glass diffusion cells.
The temperature in the receptor chamber was maintained at physiological temperature
of 37.0 £ 0.1 °C with an external, constant temperature circulating water bath.

Skin samples were treated using FMA delivery system. The insertion force was
provided by the applicator. The skins without FMA treatment were used as control.
The skin was mounted on a receptor chamber (2.5 ml) with the stratum corneum side
facing upward into the donor chamber with effective permeation area of 0.66 cm’.
The receptor and donor chambers were filled with PBS solution, and the receptor fluid
was continuously stirred with a magnetic bar at 280 rpm to maintain homogeneity.
After 1 h equilibration, the solution in the receptor chamber was replaced with fresh
PBS, and 300 pl of LC solution or 300mg of LC gel was applied on the skin in the
donor chamber, which was then covered with a parafilm to avoid any evaporation
process. The samples of receptor cell were withdrawn through at predetermined time
intervals and the receptor phase was immediately refreshed by equal volume of PBS
buffer to keep a constant volume. The samples were analyzed by HPLC/UV. The

results were expressed as the mean + S.D. (n = 3 — 4 independent samples).
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Table 3 Pharmacokinetic parameters of LC determined after single oral and FMA-assisted
percutaneous administration. Dosage Cmax(mg/ml) Tmax (h) AUCO3 (mg.h.L 1)

In Vivo Permeation Study

Male Sprague—Dawley rats (250g + 10g) were equally divided into four groups
(3 for each): group A, B, C and D. Before administration, all rats allowed to
acclimatize for one week. One day before administration, rats were fasted overnight
but allowed access to water. The hair of abdominal skin was carefully shaved by
electric clippers for Group A and B. The rats in group A were pretreated by FMA
with an area of 2 cm?, the group B was untreated as a control. Then hydrogel patch
containing LC 750 mg was applied to each rat by an adhesive housing for 6h. Group
C and Group D were control groups of oral and intravenous injection administration
of 1 ml LC solution (200 mg/ml). A volume of 0.5 ml blood samples were taken
before administration and at predetermined time intervals after LC administration.
Plasma samples were immediately separated by centrifugation at 4000xg for 7mins,

and stored at —80 °C until assay.

Patch Residual Assay of LC

To determine the apparent dose of LC delivered from gel patch in vivo study,
patches were collected after 6 h application, and stored at 4 °C until assay. Each patch
was transferred into a suitable flask and ultrapure water was added. The mixture was
shaken for 20 mins, and then centrifuged for 8 min at 10000xg. Supernatant solution
was analyzed by HPLC/UV. Apparent dose of LC delivered was calculated as

difference between initial and residual drug content in patch.
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A.B. (%) Intravenous 200mg/rat 3677 100

Assay Methods
In Vitro
The quantitative determination of LC was performed by HPLC using methanol-

190mM KH,PO, water (87:13) as mobile phase at a flow rate of 0.6 ml/min, by LC-
2010A (Shimadzu, Japan). The injection volume was 20 pl. The analysis was
performed in a YMC-Pack ODS-A CI18 column with dimensions of 250 mm X 4.6
mm i.d., 5 pm particle size (YMC Inc., USA). The column eluant was monitored at
225 nm. The detection limit is 20pg ml™. The inter- and intra-day variability was less
than 5%.
In Vivo

Pretreatment method of samples: 120 pl of plasma was deproteinized with 600 pl
of 0.6 M perchloric acid. The mixture was shaken for 30 s and allowed to stand in an
ice bath for about 15 mins. After centrifuged at 4000xg for 7 mins, 500 pl of
supernatant was transferred to a new tube in which 300 pl of 0.5 M K,CO3 was added,
the mixture was shaken for 30 s and incubated in an ice-bath for 15 mins. Precipitate
of KClO4 was removed by centrifugation at 4000xg for 7 mins, and 200ul of the
supernatant with free LC was separated for the assay. The recovery ratio of LC in
plasma was 85+2%.

Assays: The concentration of free LC in serum was determined by enzymatic

assay kit with a limitation detection of 0.8 pug /ml. (BIOSENTEC France), Cat.No.066.

Calculations and Statistical Analysis
In Vitro
The cumulative amount of drug permeated per unit area versus time was plotted.

The permeation rates of LC were calculated from the slope of linear portion of the
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Oral 200mg/rat 0.040 (0.013) 2 309 8.0 FMA delivery 750mg/rat

plots. Data analysis was carried out with Microsoft Excel, Version 2000. Results were
presented as the mean + S.D. (n = 3 — 4 independent samples). Statistically significant
differences were determined using the analysis of variance (ANOVA) with P < 0.05

as a minimal level of significance.

In Vivo

Maximum plasma concentration (Cpax) and the time to reach this peak (Tmax)
were directly identified from the pharmacokinetic curves (LC plasma concentration
versus time). Area under the plasma concentration-time curve (AUCp_,) was
calculated by using the trapezoidal rule. Absolute bioavailability (A.B.) of LC after
oral and FMA administration comparing with intravenous administration was
calculated using the following equation:

Absolute bioavailability (A.B.)

AUC FMA/oral  dose iv.
= X X100

dose rMA/oral  AUC iv.

RESULTS AND DISCUSSION

In Vitro Percutaneous Delivery of LC through the skins of Different Species
Firstly, the effect of skins from different species on LC permeability was
investigated. As indicated in Fig. 8, the highest cumulative amount of LC over 8 h
by passive diffusion could be seen for rat skin. After pretreatment with FMA, the
cumulative amount of LC was greatly enhanced for all skins, and it was similar
between human and porcine ear skin.
The results of percutaneous delivery of drug are influenced by skin of different

species. Human skin is considered as the best material for in vitro experiment, but its
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0.53 (0.086) 4 3049 22.0 Table 3 can cause confusion as FMA dose is more than 3 times than that of
oral and intravenous. We can say AUC is more than 10 times than that of oral.  After intravenous
administration, the plasma concentration was up to 3.90 0.42 mg/mL at 3 min, but rapidly decreased
to 0.27 0.05 mg/mL at 2 h. Oral administration brought low plasma levels, and the plasma

concentrationRaakeligt 4 ((-04Q Qdvdde modortiLithe Magehse PoavaiRblity we Sabeclmparing

with oral administration, higher plasma concentrations were obtained by using FMA intradermal

delivery systegifiitheisamadisnenthBebt) 618w asI AP 10a1fetadi iQd-tholhighekihaméelat of oral

administration and the absolute bioavailability was 22%. A maximum concentration (Cmax) of 0.53

0.086 mg/mL yuasachiayedoabhhinvhigh wasmbid kavtald pighenthan ghatiellawing okals.

administration. Furthermore, the plasma level was maintained relatively smooth from 1 h to 6 h in the

range of 0.33 mgleiletorkbRel g/ BrLvAfien Riatshie mevabeplasbidiie e ol lotsr agisly steglined,
suggesting LC percutaneous delivery into the corium and into systemic circulation. Pharmacokinetic
study demonsirateshipale akariaAnateageraal deininisteatied the the study of a new drug

delivery method and its proper formulation.

Table 1 shows the permeation rates of LC across different species of skins by
passive diffusion or with FMA pretreatment. The permeation rates of LC by FMA
were significantly enhanced in all species of skins comparing with passive diffusion.
The permeation rate of LC through human skin was enhanced 59 times comparing
with passive diffusion and was nearly the same with porcine ear skin, but there were
significant differences between human and porcine ear skin by passive diffusion
(p<0.05). Furthermore, the permeation rates of LC through rat skin was about 13.8
times higher than that of human skin by passive diffusion, and the enhancement was
only 3.7 times after FMA-puncture. According to the above results, it was implied
that FMA may reduce the interspecies variations in skin permeability. Some
researches have indicated that iontophoretic enhancement technique could reduce the
interspecies differences in percutaneous permeation of drugs [25, 26]. The results of
present study were similar to above observations. The explanation may be that FMA-
puncture provides new aqueous micron-pores [27], which turned to be the main
pathway to transport molecules, especially to the extremely hydrophilic drug LC.

Therefore, differences among the resistance of various species of skin were decreased.
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absorption of LC was stable over the whole administration period of 6 h comparing with intravenous
application. It is notable that absolute bioavailability for LC FMA intradermal delivery was
approximately 2.8 times higher than oral application. A variety of experiments, including human [31]
and rats [14, 15], have concluded that the low bioavailability of oral delivered LC has been ascribed to
poor absorptigprCcioss the intestinal epithelium. Hence, it is easy to understand that the bioavailability
of LC following FMA intradermal delivery would be higher than oral administration because of its direct

absorption vizgiRadieaselaamanadernat laver(divpseioreadrdliditercarspat delbraptadministration

would provide a new and effective administration strategy for enhancing bioavailability of LC, and

potentially injatR vaPatigLEeMPliassewityadditional benefits such as controlled stable release of
drugs to minimize toxicity while maximizing therapeutic outcome. CONCLUSIONS  The present work

illustrated that FMA painless intraepidermal delivery systemneatilh badiseshiempancutaneous
administration of LC. In vitro studies indicated that the-LECpermeability-with-FMA-assisteddgansport
across differeMf8kiHewas sighfesptR increased comparing with passive diffugiagcand pewneation
across human skin was about 59 times higher than passive diffusion. The pharmacokinetic study
showed that FMA intradermal delivery of LC gel patch would give a relative smooth and continuous

plasma levelspgmaparing withsgpvestienalgpsage formss A 2.8xfold enpancement of abseiute
bioavailability was obtained comparing with oral administration. In summary, FMA intradermal delivery

system repreggitima romisingandbarafictaomeathodiiops € administraioyanglan be pogsibly
extended to other high hydrophilic drugs. Further studies should be conducted to probe the tissue

concentrationggf LC in rat tisspgs {§&ndeiscle, heartgkiggaysaad liver) byybMA igfradermag delivery.
References: [1] S. Sharma, S.M. Black. Carnitine homeostasis, mitochondrial function and

cardiovasculgfKlieansn ke HRGOFEM FeAaYatdneass Mesirb s dRbresgecorrected Proof (2009).
[2] A.Gvozdjakova. Carnitine. In A.Gvozdjakovi(eds.), Mitochondrial Medicine, Springer Netherlands,

Netherlandsp2R0&eRRePL $85; n>3

In Vitro Effect of Donor Concentration

Further experiments were carried out using porcine ear skin pretreated by FMA
because the peameability of LC through porcine ear skin is close to human skin. The
influence of drug concentration on the FMA intradermal transport of LC was
presented in Fig. 9. The permeability of LC increased with increasing donor
concentration until 640 mg/ml. In summary, the cumulative amount and permeation
rates of LC were not significantly different between 650mg/ml (93.23 + 17.76 mg/cm’
and 11.08 £ 2.05 mg/cmzlh) and 800 mg/ml (97.20 £ 12.60 mg/cm2 and 11.80 £ 1.50
mg/cmzlh) (P > 0.05). The results show that there may be a certain threshold of FMA
transport, since increasing donor concentration was no longer resulted in increase of
drug transport. This type of cut-off phenomenon has been reported in microneedle-
mediated percutaneous delivery of human IgG [28]. This may be due to the transport

pathway of the drug through the skin is saturated at a higher concentration.
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density and molecular weight could influence the diffusion pathway and drug release
[29]. The influence of different carbomer polymers (eg: CP940, CP974, CP980,
CP1342) on the permeability of LC was studied across porcine ear skin. Skin was
pretreated by FMA and LC hydrogel (640 mg/g) was applied to each donor.

Figure 10 illustrates the cumulative amount of LC penetrated from the various

kinds of Carbomer formulations. Total cumulative amount of LC from CP980 and
CP974 were significantly higher than that from CP1342 and CP940 (P<0.05).
Furthermore, there was no significant difference between the cumulative amount from
CP974 (71.78 + 12.44 mg/cm®) and CP980 (64.43 + 14.48 mg/cm?) (P>0.05). It was
noteworthy that the viscosity of CP980 calculated by rheological synergism was

significantly higher than CP974 [30]. Therefore, gel containing CP 980 was elected as

a suitable carrier for topical application of LC.

In Vivo Assessment of Apparent Dose of LC Delivered into Rats from Gel Patch
The residual content of drug in the patch was investigated to assess the apparent
LC dose delivered by applying topical gel formulation CP980 (750 mg/rat) to rats
with and without FMA pretreatment.
Table 2 presents the mean apparent dose of LC gel patch delivered after 6h
topical application with and without FMA pretreatment. About 27 % of initial amount
of LC was delivered into rats by FMA pretreatment, totaling 200mg/rat. However,

there was no significant difference between the residual and initial content by passive
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Table 2

Summary of apparent dose of LC delivered with and without FMA delivery system.

Parameters With FMA Without FMA
Total amount of LC in patch (mg/rat) 750 750
The residual amount (mg/rat) 550 764
Apparent dose of LC (mg/rat) 200 ND
LC delivered (%) 27% ND

ND : not determined

Phamacokinetics and Absolute Bioavailability of LC
Figure 11 shows the plasma concentration-time profiles of LC after intravenous
(200 mg/rat), oral (200 mg/rat) and FMA percutaneous administration (750 mg/rat).

The corresponding pharmacokinetic parameters are summarized in Table 3.
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AUC A.B.

Dosage Crnax(mg/ml) Tmax (h) (mghL) %)
Intravenous 200mg/rat - - 3677 100
Oral 200mg/rat  0.040 (0.013) 2 309 8.0
FMA delivery 750mg/rat  0.53 (0.086) 4 3049 22.0

Table 3 can cause confusion as FMA dose is more than 3 times than that of oral and

intravenous. We can say AUC is more than 10 times than that of oral.

After intravenous administration, the plasma concentration was up to 3.90 + 0.42
mg/mL at 3 min, but rapidly decreased to 0.27 + 0.05 mg/mL at 2 h. Oral
administration brought low plasma levels, and the plasma concentration peaked at 2h
(0.040 £ 0.011 mg/mL). The absolute bioavailability was 8 %. Comparing with oral
administration, higher plasma concentrations were obtained by using FMA
intradermal delivery system. At the same time, the AUC(., was 3016 mg.h.L'l, 10-
fold higher than that of oral administration and the absolute bioavailability was 22%.
A maximum concentration (Cp,yx) of 0.53 + 0.086 mg/mL was achieved at 4h, which
was about 13-fold higher than that following oral administration. Furthermore, the
plasma level was maintained relatively smooth from 1 h to 6 h in the range of 0.33
mg/mL to 0.51 mg/mL. After patch removal, plasma level of LC rapidly declined,
suggesting LC percutaneous delivery into the corium and into systemic circulation.

Pharmacokinetic study demonstrated that, after FMA intradermal administration, the
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Biopharm. 5¢id 1w t26¥32)1ability of oral delivered LC has been ascribed to poor absorption

across the intestinal epithelium. Hence, it is easy to understand that the bioavailability

of LC following FMA intradermal delivery would be higher than oral administration

because of its direct absorption via blood vessels among dermal layer. Therefore,

FMA intradermal delivery administration would provide a new and effective

administration strategy for enhancing bioavailability of LC, and potentially improve

patient compliance with additional benefits such as controlled stable release of drugs

to minimize toxicity while maximizing therapeutic outcome.

CONCLUSIONS

The present work illustrated that FMA painless intraepidermal delivery system
could be used for percutaneous administration of LC. In vitro studies indicated that
the LC permeability with FMA-assisted transport across different skins was
significantly increased comparing with passive diffusion, and permeation across
human skin was about 59 times higher than passive diffusion. The pharmacokinetic
study showed that FMA intradermal delivery of LC gel patch would give a relative
smooth and continuous plasma levels comparing with conventional dosage forms. A
2.8-fold enhancement of absolute bioavailability was obtained comparing with oral
administration. In summary, FMA intradermal delivery system represents a promising
and beneficial method for LC administration and can be possibly extended to other

high hydrophilic drugs. Further studies should be conducted to probe the tissue
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said second end of said body structure containing at least one element selected from the group
consisting of at least one opening to allow dispensing of an active agent that can treat certain
diseases; at least one opening to allow dispensing of pigments or inks to temporarily change the
appearance of skin; a connector that attaches to a personal communication device, personal

entertainmend pgVicRa ¥ INNANIEMIERy XIHIENREISSRRS, MUMBuPan shalRedaIhikey chain, magnetic bar,
cartoon head, decoration object or a toy; and a solid end without any opening. 2. The applicator

according topegimchrouiereiasine firpteedibabranrompraas. anmirrodessel oy peyfopsting only the
skin's stratum corneum layer for intraepidermal delivery of active agents; the second end

comprises a[pagsye agent reservoir comprising at least one active agent; and an active agent
applicator portion that provides for release of the active agent from the active agent reservoir. 3. The

applicator aqeording kenataim Canviierein halpicreaavice Sanprisas dplysalitypDogh-aspect-ratio
microneedles, microblades, microknives, or combinations thereof. 4. The applicator according to claim
3, wherein thyg rponeedles, microblades, or microknives have a length ranging from 4 to 500
microns. 5. The applicator according to claim 3, wherein the microneedles, microblades, or
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6. The applicator according to claim 3, wherein the microneedles, microblades, or microknives have a
length ranging from 20 to 100 microns. 7. The applicator according to claim 3, wherein the
microneedles, microblades, or microknives are distributed on the surface of the microdevice at a
density ranging from 20 per cm2 to 20,000 per cm2 . 8. The applicator according to claim 3, wherein

the microdeyimg Rasanraa RGN BN JMMA. tRA500.MM ZdQartiiepnpligator according to claim 2,
further comprising at least one indicator signal device that can provide a signal selected from the

group consistingrefradighingigrel Biepmndsigioal Amibisiansignali @sgended grpunter signal, an RE
transmitted signal an electric transmitted signal, and a combination thereof. 10. The applicator

according toplain3, pdieteid be sivnabBievice Wrebvairdand:3signam@enerated when the
microdevice is applied to the skin with the recommended amount of force for perforating the skin. 11.

The applicatpriaceoxding txalaim@aoveigiolibe wilsashonaantie aosnuig galgcted from the group
consisting of a therapeutic agent, a cosmetic agent, a vaccine and a combination thereof.
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12. The applicator according to claim 2, wherein the at least one active agent is formulated in a
hydrogel form. 13. The applicator according to claim 12, wherein the at least one active agent
formulated in hydrogel form comprises at least one carbomer polymer. 14. The applicator according to
claim 2, wherein the at least one active agent is applied to the skin by way of an applicator nozzle

connected djreqtly. anipeieatlyHOBRRRCAYE. BHARLIGSEBMRH of iBInldith 3RRliCaiYoRRGAEINg to claim 2,
wherein the at least one active agent is applied to the skin by way of an absorbent applicator swab

attached dirggth @k imsiiegtintatberagetive ARSRY@S$eIY9y3). 16. The applicator according to claim 2,
wherein the at least one active agent is mechanically dispensed in a measured amount from the active

agent reservigio peforalbging appliadwedtiepskiisadidn bheaspticatas@rsardingdpsclain 2, wherein the
release of the active agent is controlled or metered. 18. An applicator with at least one built-in
non-verbal iRstry elppahRQVICaLMPIPBHdECh using rheological techniques. Eur. J. Pharm.

Biopharm. 54:41-50 (2002).

[31] K. Matsuda, H. Yuasa, J. Watnabe. Physiological mechanism-based analysis of

dose-dependentgastrointestinal absorption of L-carnitine in rats. Biopharm. Drug

Dispos. 19:465-472 (1998).

While particular embodiments of the present subject matter have been shown and
described, it will be obvious to those skilled in the art that changes and modifications
can be made without departing from this subject matter in its broader aspects.
Therefore, the appended claims are to encompass within their scope all such changes

and modifications as fall within the true spirit and scope of this invention.
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a hollow body structure having a first end and a second end, and having an exterior surface and an
interior surface; said first end of said body structure comprising a microdevice for perforating only
the skin's stratum corneum layer for intraepidermal delivery of active agents and at least one built-in
non-verbal instructional device to elicit correct behavior, rectify incorrect behavior and improve user
compliance yHkqgugingednstructional signals signifying one or more of the number of applications, the
force of each application to validate each application, and the duration of each application; said
second end of said body structure containing at least one element selected from the group consisting
of at least one opening to allow dispensing of an active agent that can treat certain diseases; at least

one openinggto allowdisppR&ing ol RIgrAENtSQr it utRMpaiailyeehanasthranpeaganie of skin; a
connector that attaches to a personal communication device, personal entertainment device, writing

device, knife;siisgfs; clump, pen sharpener, key chain, magnetic bar, cartoon head, decoration
object or a toy; and a solid end without any opening. 19. The applicator of claim 18, wherein the

second end comprigesRGvAGHI AGABIIRSKIVRIE COMPIisHitatleasicone asdYenagentinnghan active
agent applicator portion that provides for release of the active agent from the active agent reservoir.

20. An applieatervyith@ideastionduibinngicyerbal instructional device comprising a hollow body
structure having a first end and a second end, and having an exterior surface and an interior surface;

said first end of saidappdrs3temcie LaMmpsisingadhits adevice Joldasrforating1emnly 1be- ekibas stratum
corneum layer for intraepidermal delivery of active agents and at least one built-in non-verbal

instructional ideivigeito £l @ cereciihehestiai reetidyiticostget hehayvier Beghinprave useloeempliance
by producing instructional signals signifying one or more of the number of applications, the force of
each applicaiien donvpligiade ippphoapghigationuanshinei ghiBtiosmafyaactnpplieatoof
the number of applications, the force of each application to validate each
application, and the duration of each application;
said second end of said body structure containing at least one element selected
from the group consisting of at least one opening to allow dispensing of an active
agent that can treat certain diseases; at least one opening to allow dispensing of
pigments or inks to temporarily change the appearance of skin; a connector that
attaches to a personal communication device, personal entertainment device, writing

device, knife, scissors, clump, pen sharpener, key chain, magnetic bar, cartoon head,

decoration object or a toy; and a solid end without any opening.

2. The applicator according to claim 1, wherein the first end further comprises a
microdevice for perforating only the skin’s stratum corneum layer for intraepidermal
delivery of active agents;

the second end comprises an active agent reservoir comprising at least one

active agent; and
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said second end of said body structure comprising an active agent reservoir comprising at least one
active agent; and an active agent applicator portion that provides for release of the active agent from
the active agent reservoir. 21. A package for an applicator, comprising: an outer container and an
inner packaging material, wherein the inner packaging material comprises an indent shaped to contain

the applicator of claimadtarchadirpplidapiassiehmunde prealt iheinerpisbaprdlqicon@in the

applicator. 22.The package of claim 21, wherein the indent has a depth of 2 mm to 50 mm.
from the active agent reservoir.

3. The applicator according to claim 2, wherein the microdevice comprises a
plurality of high-aspect-ratio microneedles, microblades, microknives, or

combinations thereof.

4. The applicator according to claim 3, wherein the microneedles, microblades,

or microknives have a length ranging from 4 to 500 microns.

5. The applicator according to claim 3, wherein the microneedles, microblades,

or microknives have a length ranging from 10 to 200 microns.

6. The applicator according to claim 3, wherein the microneedles, microblades,

or microknives have a length ranging from 20 to 100 microns.

7. The applicator according to claim 3, wherein the microneedles, microblades,
or microknives are distributed on the surface of the microdevice at a density ranging

from 20 per cm? to 20,000 per cm?.

8. The applicator according to claim 3, wherein the microdevice has an area

ranging from Imm? to 2500 mm®.

9. The applicator according to claim 2, further comprising at least one indicator

signal device that can provide a signal selected from the group consisting of a light
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signal, a sound signal, a vibration signal, a recorded counter signal, an RF transmitted

signal an electric transmitted signal, and a combination thereof.

10.  The applicator according to claim 9, wherein the signal device is activated and
a signal generated when the microdevice is applied to the skin with the recommended

amount of force for perforating the skin.

11.  The applicator according to claim 2, wherein the at least one active agent is
selected from the group consisting of a therapeutic agent, a cosmetic agent, a vaccine

and a combination thereof.

12. The applicator according to claim 2, wherein the at least one active agent is

formulated in a hydrogel form.

13.  The applicator according to claim 12, wherein the at least one active agent

formulated in hydrogel form comprises at least one carbomer polymer.

14.  The applicator according to claim 2, wherein the at least one active agent is
applied to the skin by way of an applicator nozzle connected directly or indirectly to

the active agent reservoir.

15.  The applicator according to claim 2, wherein the at least one active agent is

applied to the skin by way of an absorbent applicator swab attached directly or

indirectly to the active agent reservoir.

55



16.  The applicator according to claim 2, wherein the at least one active agent is
mechanically dispensed in a measured amount from the active agent reservoir before

being applied to the skin.

17.  The applicator according to claim 2, wherein the release of the active agent is

controlled or metered.

18.  An applicator with at least one built-in non-verbal instructional device
comprising

a hollow body structure having a first end and a second end, and having an
exterior surface and an interior surface;

said first end of said body structure comprising a microdevice for perforating
only the skin’s stratum corneum layer for intraepidermal delivery of active agents and
at least one built-in non-verbal instructional device to elicit correct behavior, rectify
incorrect behavior and improve user compliance by producing instructional signals
signifying one or more of the number of applications, the force of each application to
validate each application, and the duration of each application;

said second end of said body structure containing at least one element selected
from the group consisting of at least one opening to allow dispensing of an active
agent that can treat certain diseases; at least one opening to allow dispensing of
pigments or inks to temporarily change the appearance of skin; a connector that
attaches to a personal communication device, personal entertainment device, writing
device, knife, scissors, clump, pen sharpener, key chain, magnetic bar, cartoon head,

decoration object or a toy; and a solid end without any opening.
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19.  The applicator of claim 18, wherein the second end comprises an active agent
reservoir comprising at least one active agent; and an active agent applicator portion

that provides for release of the active agent from the active agent reservoir.

20.  An applicator with at least one built-in non-verbal instructional device
comprising

a hollow body structure having a first end and a second end, and having an
exterior surface and an interior surface;

said first end of said body structure comprising a microdevice for perforating
only the skin’s stratum corneum layer for intraepidermal delivery of active agents and
at least one built-in non-verbal instructional device to elicit correct behavior, rectify
incorrect behavior and improve user compliance by producing instructional signals
signifying one or more of the number of applications, the force of each application to
validate each application, and the duration of each application;

said second end of said body structure comprising an active agent reservoir
comprising at least one active agent; and an active agent applicator portion that

provides for release of the active agent from the active agent reservoir.

21. A package for an applicator, comprising:

an outer container and an inner packaging material, wherein the inner

packaging material comprises an indent shaped to contain the applicator of claim 1

and a further depression underneath the indent shaped to contain the applicator.

22. The package of claim 21, wherein the indent has a depth of 2 mm to 50 mm.
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