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Description
Background of the Invention

[0001] Thisinvention is generally in the field of devices
for the administration of drugs to patients through the
skin. More particularly, this invention relates to micronee-
dle arrays for transdermal drug delivery.

[0002] Transdermaldrug delivery provides several ad-
vantages over other routes for administering a drug for-
mulation to a patient. For example, oral administration of
some drugs may be ineffective because the drug is de-
stroyed in the gastrointestinal tract or eliminated by the
liver, both of which are avoided by transdermal drug de-
livery. Parenteral injection with a conventional hypoder-
mic needle also has drawbacks, as it is often painful and
inconvenient. Although transdermal drug delivery avoids
these problems, there are obstacles to its use. In partic-
ular, the transport of drug molecules through the intact
stratum corneum, the outer layer of the skin, is often quite
difficult due to the barrier properties of the stratum cor-
neum. These barrier properties only allow relatively small
molecules to be transported through the intact stratum
corneum, and many useful drugs are too large to pass
through the stratum corneum without some type of mod-
ification of the stratum corneum or other transport en-
hancement. Various transdermal enhancement methods
are known, including those based on iontophoresis, ul-
trasound, and chemical penetration enhancers. Howev-
er, these methods may be inadequate to assist in the
delivery of many medications through an intact skin layer
and/or they may be inconvenient or undesirably compli-
cated to use.

[0003] Several methods have been recently proposed
for making small pores in the stratum corneum in order
to overcome its barrier properties. Document
WO03/048031 A2, upon which the preamble of claim 1
is based, describes one known prior art device to achieve
this. Further, patents to Altea Therapeutics disclose the
use of arrays of micro-heaters for creating tiny holes in
the stratum corneum, as well as the use of miniature py-
ramidal projections to porate the stratum corneum. See,
e.g., U.S. Patent No. 6,142,939 to Eppstein et al. and
U.S. Patent No. 6,183,434 to Eppstein. Others, including
Procter & Gamble, Alza Corporation, and scientists and
engineers at the University of California, Berkeley and at
the Georgia Institute of Technology, have been working
on the development of microneedle arrays that would
make a large number of tiny holes in the stratum cor-
neum. See, e.g., U.S. Patent No. 6,611,707 to Prausnitz
et al. and U.S. Patent No. 6,334,856 to Allen et al.
[0004] These known microneedle array generally fall
into one of two design categories: (1) solid microneedles
and (2) microneedles with a central hollow bore, which
are similar to conventional hypodermic needle. Solid
microneedle arrays are essentially arrays of projections
that are used to make holes in the stratum corneum and
are subsequently removed before a drug is applied to
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the skin. If solid microneedle arrays are kept in the skin,
then the drug cannot readily flow into and through the
holes in the skin because the holes remain plugged by
the microneedles. In an apparent effort to work around
this problem, Alza Corporation discloses a method of de-
positing a drug directly on the surface of these solid
microneedles. However, the deposition process is unre-
liable, and the thin layer of drug formulation on the micro-
needle could be easily chipped off of the microneedle
during storage, transport, or administration (insertion) of
the microneedles. Moreover, application of a thicker and
stronger layer of drug formulation was found to be unde-
sirable because it reduced the sharpness of the micro-
needles and therefore made insertion more difficult and
painful. In response to this deficiency with the thicker
drug coating, Alza Corporation disclosed a special inser-
tion device, because patients are unable to insert the
microneedle array by their selves without it. It therefore
would be desirable to provide a microneedle array for
drug delivery that avoids the disadvantages associated
with known solid microneedle array designs.

[0005] Other microstructures devices are designed to
disrupt the stratum corneum but are generally unsuitable
for use in adhesive patch-type drug delivery devices. For
example, U.S. Patent Application Publication No.
2002/0177858 discloses microstructures that are de-
signed to have sharp edges (rather than sharp tips) which
are intended to be rubbed against the skin, for example,
to facilitate spreading of a lotion on the upper skin sur-
face. These microstructures cannot be inserted or kept
in the skin, because of the inability of these microstruc-
tures to pierce the skin and the absence of any means
for attachment to the skin. These microstructures cannot
not maintain their penetrated position in the stratum cor-
neum at a discrete location to form a fluid channel com-
municating between a drug reservoir and the dermis or
other tissues beneath the stratum corneum. It would be
desirable to provide animproved drug delivery patch hav-
ing a microneedle array for drug delivery over an extend-
ed period.

[0006] Conventional hollow microneedles with a cen-
tral bore are expensive to make and require exotic and
expensive microfabrication methods. In particular, it is
difficult to make sharp tips on hollow microneedles. Con-
sequently, insertion of the microneedles into a patient’s
skin can be difficult and often painful. In addition, the
central bore of the microneedle is quite small and may
be easily plugged by skin tissue during the insertion proc-
ess, thereby blocking the drug delivery conduit. Further-
more, because the length of microneedle central bore is
much greater than its diameter, the diffusional transport
of the drug through the central bore may be unacceptably
slow. It may be even slower than the diffusion of the drug
through the intact stratum corneum in the absence of the
microneedle. It therefore would be desirable to provide
a microneedle array for drug delivery that avoids the dis-
advantages associated with known hollow microneedle
array designs.
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[0007] U.S. Patent Application Publication No.
2003/0028125 discloses devices and methods for pierc-
ing the skin and accessing and collecting a physiological
fluid sample therein. The disclosed device is unsuitable
for drug delivery to the stratum corneum, in particular
because the needle design is too large for such applica-
tions.

[0008] In summary, there is a need for a simple, effec-
tive, and economically desirable device for transdermal
administration of a variety of drug types to a patient.

Summary of the Invention

[0009] Theinventionisdefined in appended independ-
entclaim 1. Preferred embodiments are described in the
dependent claims.

[0010] Microneedle arrays and drug delivery devices
incorporating the microneedle arrays are provided, along
with methods of making microneedle arrays.

[0011] In one aspect, a microneedle array device is
provide which includes a substantially planar substrate
having an array of spaced apertures therein; and a plu-
rality of microneedles projecting at angle from the plane
in which the planar substrate lies, the microneedles hav-
ing a base portion integrally connected to the substrate,
a tip end portion distal to the base portion, and body por-
tion therebetween, wherein at least one of the micronee-
dles has at least one channel extending substantially
from the base portion through at least a part of the body
portion, the channel being open along at least part of the
body portion and in fluid communication with at least one
of the apertures in the substrate. In a preferred embod-
iment, the at least one of the microneedles has a sub-
stantially rectangular cross-sectional shape in a plane
parallel to the substrate. In one specific variation of this
embodiment, the at least one channel is open to two op-
posing surfaces of the microneedle.

[0012] In another embodiment, the tip end portion of
the microneedle is tapered. In a specific embodiment,
the channel extends into the tapered tip portion of the
microneedle.

[0013] In a preferred embodiment, the substrate and
the microneedles comprise at least one biocompatible
metal, such as a stainless steel. In another embodiment,
the substrate and the microneedles comprise atleastone
biocompatible polymer.

[0014] In one embodiment, the length of the at least
one microneedle may be between 10 pm and 1000 pm,
preferably between 100 pm and 500 pm. In another em-
bodiment, the at least one microneedle has a maximum
width dimension of 500 pm.

[0015] In one embodiment, the body portion of the at
least one microneedle is rectangular with a centrally lo-
cated channel extending through the opposed longer
sides of the body portion. In one particular embodiment,
the rectangular body portion has a long side cross-sec-
tional dimension between 1 and 500 um and a short side
cross-sectional dimension between 1 and 200 pm.
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[0016] In one example, the apertures in the substrate
are polygonal in shape, each aperture being defined by
three or more interior side surfaces in the substrate. In
one example, the base portion of the at least one micro-
needle includes a curved portion that extends from at
least one of the interior side surfaces of the substrate. In
one embodiment, a proximal end of the at least one chan-
nel extends to or into the at least one of the interior side
surfaces of the substrate.

[0017] In another aspect, a device for transdermal ad-
ministration of a drug is provided, which includes a sub-
stantially planar substrate having an array of spaced ap-
ertures therein; a plurality of microneedles projecting at
angle from the plane in which the planar substrate lies,
the microneedles having a base portion integrally con-
nected to the substrate, a tip end portion distal to the
base portion, and body portion therebetween, wherein
at least one of the microneedles has at least one channel
extending substantially from the base portion through at
least a part of the body portion, the channel being open
along at least part of the body portion and in fluid com-
munication with at least one of the apertures in the sub-
strate; and at least one drug storage element, which con-
tains a drug formulation, positioned adjacent to the planar
substrate. In a preferred embodiment, the at least one of
the microneedles has a substantially rectangular cross-
sectional shape in a plane parallel to the substrate. The
at least one channel may be open to two opposing sur-
faces of the microneedle.

[0018] In one embodiment, the drug storage element
is attached to a first surface of the planar substrate, said
first surface being opposed to a second surface of the
planar substrate of the microneedle array, wherein the
microneedles project from said second surface.

[0019] In another embodiment, the device further in-
cludes a release mechanism for releasing the drug for-
mulation from the drug storage element to permitthe drug
formulation to be transported into and through the at least
one channel of the at least one microneedle. The release
mechanism may utilize a mechanicalforce, heat, achem-
ical reaction, an electricfield, a magneticfield, a pressure
field, ultrasonic energy, vacuum, pressure, or a combi-
nation thereof.

[0020] Inone exemplary modification, the drug storage
element includes a porous material, wherein the drug
formulation is stored in pores of the porous material. In
another embodiment, the drug storage element includes
at least one sealed reservoir. In one variation of this em-
bodiment, the device further includes at least one punc-
turing barb extending from the first surface of the planar
substrate, wherein the puncturing barb can be used to
puncture the sealed reservoir.

[0021] In a preferred embodiment, the device further
includes a backing structure and adhesive surface suit-
able for securing the device to the skin of a patient during
administration of the drug formulation to the patient.
[0022] In still another aspect, a method is provided for
manufacturing a microneedle array. In one embodiment,
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the method includes the steps of forming a substantially
planar substrate having an array of spaced apertures
therein; and forming a plurality of microneedles projecting
at angle from the plane in which the planar substrate lies,
the microneedles having a base portion integrally con-
nected to the substrate, a tip end portion distal to the
base portion, and body portion therebetween, wherein
at least one of the microneedles has at least one channel
extending substantially from the base portion through at
least a part of the body portion, the channel being open
along at least part of the body portion and in fluid com-
munication with at least one of the apertures in the sub-
strate. In various embodiments, the step of forming the
plurality of microneedles comprises embossing, injection
molding, casting, photochemical etching, electrochemi-
cal machining, electrical discharge machining, precision
stamping, high-speed computer numerically controlled
milling, Swiss screw machining, soft lithography, direc-
tional chemically assisted ion etching, or a combination
thereof.

[0023] In a preferred embodiment, a method for man-
ufacturing a microneedle array is provided that includes
the steps of providing a substantially planar substrate
material; forming a plurality of first apertures in the sub-
strate material, wherein the interior surface of at least
one of the first apertures defines a microneedle having
atip, a base, and a body portion therebetween; forming
a plurality of second apertures in the substrate material,
which at least one of the second apertures defines a
channel located in the body portion of the microneedle;
and bending said microneedle near its base such that
the tip projects out of the plane of the substrate material.
In one embodiment, the step of forming the first aper-
tures, the forming the second apertures, or the forming
both the first and second apertures includes removing
portions of the substrate material by a process comprises
embossing, injection molding, casting, photochemical
etching, electrochemical machining, electrical discharge
machining, precision stamping, high-speed computer nu-
merically controlled milling, Swiss screw machining, soft
lithography, directional chemically assisted ion etching,
or a combination thereof. In one embodiment, the bend-
ing of the microneedle comprises direct or indirect appli-
cation of a compressive force, heat, or a combination
thereof, to the microneedle and/or substrate.

[0024] In still another aspect, an exemplary method is
provided for administering a drug to a patient in need
thereof, which includes the steps of inserting into the skin
of the patient the microneedles of the microneedle de-
vices described above, and causing the drug formulation
to be transported from the drug storage element through
the at least one channel of the microneedle and through
the stratum corneum of the skin. The transport of the drug
formulation may be driven or assisted by capillary force,
gravitational force, overpressure, vacuum, an electric
field, a magnetic field, iontophoresis, a molecular con-
centration gradient, or a combination thereof.

[0025] In a further aspect, an applicator device is pro-
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vided for applying a microneedle array to skin. In one
embodiment, the applicator device includes a housing
having a substantially planar application side and an op-
posed top side; a recess in the housing in which a drug
delivery device that includes a microneedle array can be
stored; and a button on the top side of the housing, which
button can be depressed to drive the drug delivery device
outof the recess with the microneedles oriented substan-
tially perpendicular to the planar application side. In one
embodiment, the housing further comprises a roller dis-
posed partially in a cavity on the planar application side
of the housing.

[0026] In a preferred embodiment, the applicator de-
vice further includes one or more of the drug delivery
devices described above that includes a microneedle ar-
ray, wherein the device comprises a substantially planar
substrate having an array of spaced apertures therein; a
plurality of microneedles projecting at angle from the
plane in which the planar substrate lies, the microneedles
having a base portion integrally connected to the sub-
strate, a tip end portion distal to the base portion, and
body portion therebetween, wherein at least one of the
microneedles has at least one channel extending sub-
stantially from the base portion through at least a part of
the body portion, the channel being open along at least
part of the body portion and in fluid communication with
at least one of the apertures in the substrate; and at least
one drug storage element, which contains a drug formu-
lation, positioned adjacent to the planar substrate.

Brief Description of the Figures
[0027]

FIG. 1 is an exploded, perspective view of one em-
bodiment of a transdermal drug delivery device com-
prising an array of microneedles and a drug storage
element.

FIG. 2 is a close-up view of part of one embodiment
of a microneedle array.

FIG. 3 is a plan view of one embodiment of an inter-
mediate structure used in forming the microneedle
array, wherein the microneedles of the intermediate
structure are formed, and still are, in-plane with the
substrate.

FIG. 4 is a close-up view of part of the intermediate
microneedle structure shown in FIG. 3.

FIGS. 5A-B are perspective views of one embodi-
ment of an applicator device for applying a micro-
needle drug delivery device to a patient’s skin. FIG.
5A shows the application side, and FIG. 5B shows
the actuation side.

Detailed Description of the Preferred Embodiment
[0028] Improved microneedle arrays and transdermal

drug delivery devices have been developed. The micro-
needles of the array combine the advantages of prior
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solid microneedles and prior microneedles with a central
hollow bore, and avoid disadvantages of each. In partic-
ular, the present microneedles advantageously have
both a strong, small solid tip and a channel for drug to
flow through the stratum corneum and into the patient’s
lower skin tissues (e.g., epidermis, dermis, or subcuta-
neous skin layers) while the microneedle remains insert-
edinthe patient’s skin during drug delivery. Consequent-
ly, drug delivery rates can be maintained relatively con-
stant because the created pores are kept open by the
microneedles inserted into the patient’s stratum cor-
neum, and pain from insertion of the microneedles can
be minimized since the tip portion of the microneedle can
be made to have a smaller cross-section and sharper tip
than conventional drug-coated solid microneedles or hol-
low microneedles with a central bore. In addition, mass
transport using the present microneedles can be in-
creased relative to similarly dimensioned hollow or solid
conventional microneedles. A still further advantage of
the present array design is that it may be fabricated using
relatively easy and relatively inexpensive techniques,
compared to those techniques required to make conven-
tional hollow microneedles having a central bore.
[0029] Applicator devices have also been developed
for applying the microneedle drug delivery devices (e.g.,
patches) to a patient’s skin.

[0030] Asused herein, theterms "comprise,""compris-
ing," include," and "including" are intended to be open,
non-limiting terms, unless the contrary is expressly indi-
cated.

Microneedle Array

[0031] The microneedle array comprises at least one
substrate and a plurality of microneedles projecting at an
angle from the atleastone substrate. Inone embodiment,
a microneedle array device is provided which includes a
substantially planar substrate having an array of spaced
apertures therein. A plurality of microneedles project at
angle from the plane in which the planar substrate lies.
The microneedles have a base portion connected to the
substrate, a tip end portion distal to the base portion, and
body portion therebetween.

[0032] At least one of the microneedles has at least
one channel extending substantially from the base por-
tionthrough at leasta partofthe body portion, the channel
being open along at least part of the body portion and in
fluid communication with at least one of the apertures in
the substrate.

[0033] Generally, the microneedle can be in any elon-
gated shape suitable for providing the skin piercing and
fluid conduit functions, with minimal pain to the patient.
In various embodiments, the microneedle is substantially
cylindrical, wedge-shaped, cone-shaped, or triangular
(e.g., blade-like). The cross-sectional shape (cut along
a plane approximately parallel to the planar substrate or
approximately perpendicular to the longitudinal axis of
the microneedle) of the microneedle, or at least the por-
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tion of microneedle that is penetrable into the skin, may
take a variety of forms, including rectangular, square,
oval, circular, diamond, triangular, or star-shaped.
[0034] In a preferred embodiment, the base portion of
the at least one of the microneedles has a substantially
rectangular cross-sectional shape in a plane parallel to
the substrate. Preferably, this base portion is untapered
and the tip end portion which extends from the base por-
tion is tapered, the combination of which is believed to
provide a good combination of strength, manufacturing
ease, and drug delivery performance. The channel de-
sirably extends from the substrate through the base por-
tion and into the tip portion, to facilitate delivery of the
drug well beneath the skin surface. In one specific vari-
ation of this embodiment, the channel is open to two op-
posing surfaces of the microneedle. In one embodiment,
each microneedle in an array has a rectangular cross-
sectional shape, an untapered base portion, a tapered
tip end portion, and a channel which is open to two op-
posing surfaces of the microneedle and extends from an
aperture in the substrate, through the body portion, and
into the tapered tip portion.

[0035] The tip portion of the microneedle is designed
to pierce a biological barrier, e.g., to pierce the stratum
corneum of the skin of a patient, to form a conduit through
which a drug formulation can be transported into the pa-
tient’s tissue. To provide minimal pain to the patient, the
tip portion of the microneedle should be sufficiently small
and sharp to enable piercing and penetration of the skin
with minimal pain. In a preferred embodiment, the tip end
portion of the microneedle is tapered from the body por-
tion toward the tip end, defining a point or apex at the
end of the microneedle. In a preferred embodiment, the
channel extends from the planar substrate through the
body portion and into the tip end portion. In an alternative
embodiment, the channel may terminate in the body por-
tion of the microneedle and not extend into the tapered
tip portion. In various embodiments, the tapered tip por-
tion may be in the form of an oblique angle at the tip, or
a pyramidal or triangular shape.

[0036] The dimensions of the microneedles may vary
depending on a variety of factors such as the type of drug
to be delivered, the dosage of the drug to be delivered,
and the desired penetration depth. Generally, the micro-
needles are constructed to provide skin-piercing and fluid
delivery functions and thus will be designed to be suffi-
ciently robust to withstand insertion into and withdrawal
from the skin. Each microneedle has a length of about 1
micrometer (wm) to about 5000 micrometers (pm). More
preferably, each microneedle has a length of about 1 pm
to about 500 (pm. Still more preferably, each micronee-
dle has a length of about 100 pwm to about 500 pm. The
penetration length of the microneedles into the biological
barrier is about 50 um to about 200 pm. In addition, each
of the microneedles has a width of about 1 wm to about
500 pm. Furthermore, each microneedle has a thickness
of about 1 pm to about 200 pm. It will be understood by
one skilled in the art that the width and thickness of the
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microneedle may vary along its length. For instance, the
base portion may be wider (thicker) than the body portion,
or the body portion may have a slight taper approaching
the tip portion.

[0037] Importantly, the one or more channels in each
microneedle provide a path for a drug formulation to flow
from the apertures in the substrate through/into the bio-
logical barrier at the site of piercing. The channel prefer-
ably extends from the substrate toward the tip through a
substantial portion of a length dimension of the micro-
needles. The channel does not extend all the way to the
tip of the microneedle as a central bore would. The chan-
nel may comprise an opening through two surfaces of
the microneedle. In alternate embodiments, the channel
may comprise any shape suitable to deliver fluid proximal
to the microneedle tip. For example, the channel may
comprise a groove on one surface of the microneedle
that is only open to the outside environment on one side
of the microneedle. In addition, the channel may be di-
mensioned to provide a capillary force or effect upon the
fluid to be delivered such that the capillary effect draws
or wicks fluid into the base portion of the microneedle
from the substrate aperture, through the body portion of
the microneedle, and toward the tip portion of the micro-
needle. In other embodiments, each microneedle may
have more than one channel, for example, two narrower
channels in parallel.

[0038] The width of the channel may be constantalong
its length or may vary. The length of the channel will vary
depending on a variety of factors, but will typically be
about 50 to 99% of the length of the microneedle, and
preferably is about 70 to 99% of the length of the micro-
needle. Nevertheless, it is possible that in certain em-
bodiments the length of the channel will be between 1 to
50% of the length of the microneedle. As such, the length
of the tip portion beyond the channel may vary, but usu-
ally is about 1 to 50% of the length of the microneedle,
and more usually is about 1 to 30% of the length of the
microneedle. It will be appreciated by one skilled in the
art thatthe width of the channel, the length of the channel,
and the length of the microneedle may be varied to in-
crease or decrease the flow rate of the drug.

[0039] In one embodiment, the length of the at least
one microneedle may be between 10 pm and 1000 pm,
preferably between 100 pm and 500 pm. In another em-
bodiment, the at least one microneedle has a maximum
width dimension of 500 pm. Inone embodiment, the body
portion of the microneedle is rectangular with a centrally
located channel extending through the opposed longer
sides of the body portion. In one particular embodiment,
the rectangular body portion has a long side cross-sec-
tional dimension between 1 pm and 500 pm and a short
side cross-sectional dimension between 1 um and 200
pm.

[0040] In a preferred embodiment, the microneedle
has an untapered, rectangular-shaped base portion hav-
ing a longer side width of between 50 pm and 500 pm
and a shorter side width of between 20 pm and 200 pm.
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The channel is centrally located in the microneedle and
extends from the aperture in the substrate, through the
base portion, and into a tapered tip portion, and is open
to both of the longer sides of the base portion. In one
embodiment, the width of the channel is substantially
constant along its length in the base portion. In one case,
the width of the channel is between about 40 um and
about 400 pm, e.g., between 100 and 250 pm. With a
long side width of the microneedle between 50 pm and
500 pm and a channel width of between 40 um and 400
pm, the width of the channel as a percentage of the width
of the microneedle may be between 8% and 100%, for
example between 20% and 100%, between 50% and
100%, between 8% and 80%, between 20% and 80%,
between 50% and 80%, or between 20% and 50%.

[0041] The apertures in the planar substrate may be
in essentially any shape. In exemplary embodiments, the
apertures may be circular, semi-circular, oval, diamond,
triangular, or a combination thereof. In a preferred em-
bodiment, the apertures in the substrate are polygonal
in shape, each aperture being defined by three or more
interior side surfaces in the substrate. In one embodi-
ment, the base portion of the at least one microneedle
includes a curved portion that extends from at least one
of the interior side surfaces of the substrate. In a preferred
embodiment, the apertures occupy a substantial area of
the substrate, in orderto maximize the contact of the drug
reservoir with skin and to facilitate adhesion of the micro-
needle patch device to the skin. As used herein, the term
"substantial area of the substrate" means that in a plan
view of the substrate of the microneedle device, the ap-
ertures compose more than about 40% (e.g., between
50% and 95%, between 60% and 85%) of the total area
of the substrate from which the microneedles extend. In
one embodiment, a proximal end of the atleastone chan-
nel extends to or into the at least one of the interior side
surfaces of the substrate. In preferred embodiments, the
substrate, the microneedles, or both, are formed of, or
coated with, a biocompatible material. The microneedles
may be formed from the substrate material, or alterna-
tively, the microneedles can include a material different
from the substrate material. Representative examples of
suitable materials of construction include metals and al-
loys such as stainless steels, palladium, titanium, and
aluminum; plastics such as polyetherimide, polycar-
bonate, polyetheretherketone, polyimide, polymethyl-
pentene, polyvinylidene fluoride, polyphenylsulfone, lig-
uid crystalline polymer, polyethylene terephthalate
(PET), polyethylene terephthalate-glycol modified
(PETG), polyimide, and polycarbonate; and ceramics
such as silicon and glass. The material preferably is se-
lected such that the microneedle is strong enough at its
designed dimensions for the microneedle to effectively
pierce the biological barrier(s) of choice, without signifi-
cant bending or breaking of the microneedle. The micro-
needle and substrate materials also should be non-reac-
tive with the drug formulation being delivered through
substrate apertures and microneedle channel(s). In a
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preferred embodiment, the microneedles and substrate
consist of a metal or alloy. In another embodiment, the
microneedles comprise a biocompatible thermoplastic
polymer.

[0042] The substrate, the microneedles, or both, op-
tionally may further include secondary materials of con-
struction embedded therein or coated thereon. For ex-
ample, microparticles, nanoparticles, fibers, fibrids, or
other particulate materials may be included. Examples
of such materials include metals, carbon siliceous mate-
rials, glasses, and ceramics. These secondary materials
may enhance one or more physical or chemical charac-
teristics of the microneedle array. For example, the sec-
ondary material may be insulating layer or may improve
the flow or transport of the drug formulation through the
apertures and channels of the array. Representative ex-
amples of suitable insulating materials include PET,
PETG, polyimide, polycarbonate, polystyrene, silicon,
silicon dioxide, ceramic, glass, and the like. In a preferred
embodiment, chemical vapor deposited silicon dioxide is
used as an insulating layer on the microneedle array due
to its hydrophilic nature, which may facilitate fluid deliv-
ery. In another embodiment, the channel of the micro-
needle may include one or more agents to facilitate fluid
flow. For example, one or more hydrophilic agents may
be present on the interior surfaces defining the channel.
Examples of such hydrophilic agents include, but are not
limited to, surfactants. Exemplary surfactants include
MESA, Triton, Macol, Tetronic, Silwet, Zonyl, and Pluron-
ic.

[0043] The surface of the substrate that is in contact
with the surface of the biological barrier (e.g., the stratum
corneum) may be coated, in whole or in part, with a bond-
ing substance that can secure the microneedle patch to
the biological barrier for an extended period of time, e.g.,
for a duration required to release all of the drug formula-
tion to the biological barrier. Examples of such bonding
agents include adhesives and bioactive films, which are
activated by pressure, heat, light (UV, visible, or laser),
electric, magnetic fields, biochemical and electrochemi-
cal reactions, or a combination thereof.

[0044] A representative embodiment of the micronee-
dle array is shown in FIG. 1 and FIG. 2. The microneedle
array 12 includes a substantially planar substrate 14 and
a plurality of microneedles 16 extending from the planar
substrate 14. The planar substrate 14 includes a plurality
of spaced apertures 13. The planar substrate 14 option-
ally may be coated with a bonding substance (not shown)
to facilitate adhesion of the microneedle array 12 to a
surface of a biological barrier. Each of the microneedles
16 has a base portion 15 connected to the planar sub-
strate, a tip end portion 22 distal to the base portion 15,
and a body portion 17 therebetween. The base portion
of the microneedle has a substantially rectangular cross-
sectional shape in a plane parallel to the substrate. Each
microneedle has an elongated channel 24 extending
from the base portion 15 through at least a part of the
body portion 17. The channel 24 is open along the body
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portion, through two opposing surfaces of the body por-
tion, and the channel 24 is in fluid communication with
aperture 13 in the planar substrate. The channel 24 ex-
tends from the planar substrate through the body portion
17 and into the tip end portion 22. The microneedles 16,
or atleast the body and tip portions thereof, are substan-
tially perpendicular to the planar substrate 14. The aper-
tures 13 in the substrate are hexagonal and defined by
interior side surfaces 19 in the planar substrate. The base
portion 15 of each of the microneedles includes a curved
portion that is integrally connected to the planar sub-
strate, extending from one of the interior side surfaces 19.

Microneedle Drug Delivery Device

[0045] In preferred embodiments, the microneedle ar-
ray described in the preceding section is part of a drug
delivery device that includes a drug storage element. The
drug storage element is a means for containing a drug
formulation for release to and through the microneedle
array, for transdermal administration of the formulation
via the microneedle array. Preferably, the drug delivery
device is in the form of a transdermal drug delivery patch.
[0046] In a preferred embodiment, the drug storage
element is positioned adjacent to the planar substrate.
For example, the drug storage element may be attached
to a first surface of the planar substrate, wherein the first
surface is opposed to a second surface of the planar
substrate from which the microneedles project. In a pre-
ferred embodiment, the drug delivery device is in the form
of a patch that can be adhered to the skin during transder-
mal administration of a drug formulation through the
microneedle array. In one embodiment, the device, or
patch, includes a backing structure and adhesive surface
suitable for securing the device to the skin of a patient
with the microneedles in an inserted position in the skin.
In one embodiment, the drug storage completely fills the
apertures and adheres to the skin after patch application.
In a preferred embodiment, the adhesive surface and/or
microneedles are protected by a release liner which is
removed before administration of the drug delivery patch
to the skin.

[0047] In a preferred embodiment, the drug storage
element has at least one sealed reservoir, which can be
selectively punctured or otherwise breached in a control-
led mannertorelease adrug formulation contained there-
in. Inone embodiment, the drug storage elementincludes
a porous material, wherein the drug formulation is stored
in pores of the porous material. Representative examples
of suitable porous materials include open cell polymeric
foams, sheets/mats of woven or non-woven fibers, com-
binations thereof, and the like. In another example, the
drug storage element may be in the form of one or more
substantially flat pouches, for example, made of two
sheets of flexible thermoplastic polymeric film, sealed
along the edges to define a reservoir therebetween.
[0048] The "drug formulation” refers to essentially any
therapedutic or prophylactic agent known in the art (e.g.,
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an active pharmaceutical ingredient, or AP1), and typical-
ly includes one or more physiological acceptable carriers
or excipients to facilitate transdermal administration of
the drug formulation. In one embodiment, the drug for-
mulation is a fluid drug formulation, wherein the formu-
lation can flow through apertures and channels in the
microneedle array; it may be a solution, suspension,
emulsion, or a combination thereof. In another embodi-
ment, the drug formulation comprises a solid formulation,
wherein the transport of drug through apertures and
channels in the microneedle array involves diffusional
transport mechanisms, with little or no bulk flow. The drug
delivery device may include a drug formulation that in-
cludes a combination of liquid and solid components,
wherein transport of the drug formulation involves both
flow and mass diffusion.

[0049] The drug delivery device typically includes
means for causing the drug formulation to be released
from the drug storage element, permitting the drug for-
mulation to flow into or otherwise be transported through
the channel of the microneedle. The release typically is
to and through the apertures in the planar substrate and
thus to the base end of the channel in the microneedle.
A wide variety of release mechanisms for releasing the
drug formulation from the drug storage element can be
envisioned by those skilled in the art. These release
mechanisms may utilize a mechanical force, heat, a
chemical reaction, an electric field, a magnetic field, a
pressure field, ultrasonic energy, vacuum, pressure, or
a combination thereof. In one embodiment, the release
mechanism includes a means for applying acompressive
force to a porous material to expel the drug formulation
from the pores in the porous material. The means for
applying a compressive force can be in the form of a
spring-biased piston or button that can be manually de-
pressed to apply a director leveraged force onto the back
of the drug storage element. The same force optionally
may cause the microneedles to be inserted into the skin
of a patient and/or cause a pressure-sensitive adhesive
surface on the device (e.g., inside the apertures and on
the periphery of a backing material) to become adhered
to the surface of the skin. In another embodiment, the
drug delivery device includes at leastone puncturing barb
extending from the surface of the planar substrate (op-
posite the microneedle), wherein the puncturing barb can
be used to puncture the sealed reservaoir, e.g., upon ap-
plication of a compressive force to the reservoir. This
barb could be one or more microneedles bent in the op-
posite direction from the microneedles intended for skin
insertion.

[0050] The flow of the drug formulation through the
channels into the biological barrier may be passive, e.g.,
the result of capillary and gravitational forces. Alterna-
tively, the flow may be actively assisted. In one embod-
iment, the drug delivery device may include means for
actively driving the drug formulation through the micro-
needle channels and/or into the skin. For example, the
flow of the drug formulation through the channels into the
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biological barrier may be aided by application of heat
(e.g., generated by a series of microfabricated resistors),
an electric field, a magnetic field, a pressure field, a con-
centration gradient, or any other physicalforce or energy.
The application of an electric field can comprise electro-
phoresis, iontophoresis, electroosmosis, electropora-
tion, or the like. The application of a magnetic field can
comprise magnetophoresis or the like. The application
of a pressure field can comprise pumping, applying ul-
trasonic energy, applying vacuum, pressure, or the like.
[0051] FIG. 1shows a transdermal drug delivery patch
10 comprising a microneedle array 12 and a drug storage
element 18, which is configured to store a drug formula-
tion therein for subsequent release to the microneedle
array.

Making the Microneedle Arrays

[0052] The microneedle arrays described herein can
be made using or adapting a variety of fabrication tech-
niques known in the art, depending upon the particular
materials of construction and the particular micronee-
dle/array design selected. Inone embodiment, the micro-
needle array is made using one or more conventional
microfabrication techniques. The microneedles may be
formed individually or the whole array of microneedles
and substrate may be formed in a single process. In a
preferred embodiment, the microneedle arrays are
formed in mass (i.e., commercial scale) quantities using
inexpensive fabrication processes available in the art.
[0053] In one embodiment, the method for manufac-
turing a microneedle array includes the steps of forming
a substantially planar substrate having an array of
spaced apertures therein; and forming a plurality of
microneedles projecting at angle from the plane in which
the planar substrate lies, the microneedles having a base
portion integrally connected to the substrate, a tip end
portion distal to the base portion, and body portion ther-
ebetween, wherein at least one of the microneedles has
at least one channel extending substantially from the
base portion through at least a part of the body portion,
the channel being open along at least part of the body
portion and in fluid communication with at least one of
the apertures in the substrate. In various embodiments,
the step of forming the plurality of microneedles includes
embossing, injection molding, casting, photochemical
etching, electrochemical machining, electrical discharge
machining, precision stamping, high-speed computer nu-
merically controlled milling, Swiss screw machining, soft
lithography, directional chemically assisted ion etching,
or a combination thereof.

[0054] In one particular embodiment, the method for
manufacturing a microneedle array includes the steps of
providing a substantially planar substrate material; form-
ing a plurality of first apertures in the substrate material,
wherein the interior surface of at least one of the first
apertures defines a microneedle having a tip, a base,
and a body portion therebetween; forming a plurality of
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second apertures in the substrate material, which at least
one of the second apertures defines a channel located
in the body portion of the microneedle; and bending said
microneedle near its base such that the tip projects out
of the plane of the substrate material. In particular vari-
ations of this embodiment, the forming of the first aper-
tures, the forming of the second apertures, or the forming
of both the first and second apertures includes removing
portions of the substrate material, proximate to each of
the plurality of microneedles to shape each microneedle.
This process may include embossing, injection molding,
casting, photochemical etching, electrochemical ma-
chining, electrical discharge machining, precision stamp-
ing, high-speed computer numerically controlled milling,
Swiss screw machining, soft lithography, directional
chemically assisted ion etching, or acombination thereof.
In one embodiment, the step of bending the microneedle
comprises direct or indirect application of a compressive
force, heat, or a combination thereof, to the microneedle
and/or substrate.

[0055] The forming of the microneedles may include
forming the microneedles in-plane with the substrate and
then bending the plurality of microneedles out-of-plane
with the substrate, for example, to a position substantially
perpendicular to the planar substrate surface. Alterna-
tively, the microneedles may be fabricated originally out-
of-plane with the substrate (i.e., with no intermediate in-
plane structure). For example, directional chemically as-
sisted ion etching can be used to fabricate the micronee-
dles that are initially out-of-plane with the substrate.
These various microneedle fabrication options allow the
microneedle arrays to be fabricated from flexible sub-
strates and/or inflexible substrates.

[0056] In a preferred embodiment, microneedles may
be formed in-plane or out-of-plane with the substrate us-
ing a microreplication technique known in the art. Rep-
resentative examples of suitable microreplication tech-
niques include embaossing, injection molding and casting
processes. Such microreplication techniques, andin par-
ticular embossing techniques, may provide low cost man-
ufacturing and also may advantageously enable the tip
of the microneedle to be extremely small (near infinites-
imally small cross-sectional area) and sharp. Further-
more, embossing techniques allow precise, consistent
fabrication of the microneedles.

[0057] Inapreferred embodiment, an embossing tech-
nique is used. In one process using an embossing tech-
nique, a planar substrate material, such as a suitable
thermoplastic precursor material, is placed into an em-
bossing apparatus, where such an apparatus includes a
mold having features of amicroneedle array as described
herein. (The mold may have a negative image of the fea-
tures of the microneedles.) The precursor material is then
compressed by the mold under heat and a suitable com-
pression force. In one embodiment, the planar substrate
material has a thickness in the range of about 25 pm to
about 650 pm, preferably from about 50 pm to about 625
prm, and more preferably from about 75 pm to about 600
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pm. In one embodiment, the substrate material is heated
temperature in the range of about 20 °C to 1500 °C, pref-
erably from about 100 °C to 1000 °C, more preferably
from about 200 °C to 500 °C. The heat is usually applied
to the substrate material for about 0.1 seconds to 1000
seconds, preferably for about 0.1 seconds to 100 sec-
onds, and more preferably about 0.1 seconds to 10 sec-
onds. The compression force may range from about 1
GPato 50 GPa, preferably from about 10 GPa to 40 GPa,
and more preferably from about 20 GPa to 30 GPa. The
compression force may be applied for about 0.01 sec-
onds to 100 seconds, preferably for about 0.01 seconds
to 10 seconds, and more preferably about 0.01 seconds
to 1 second. The heat and compression force may be
applied atthe same time or different times. After the sub-
strate material is cooled, it is removed from the emboss-
ing apparatus, yielding an embossed array of micronee-
dles, which may be in-plane or out-of-plane. If the micro-
needles of the embossed array are in-plane with the sub-
strate, then the microneedles subsequently are subject-
ed to a bending step to fix them into an out-of-plane ori-
entation relative to the substrate.

[0058] The step of bending in-plane microneedles of
an intermediate structure into an out-of-plane position to
form a microneedle array can be done using a variety of
different methods, to effect application of a direct or in-
directforce that causes plastic and/or elastic deformation
ofthe microneedles, preferably limited to the base portion
thereof. In one example, the bending of the microneedles
out-of-plane with the substrate may be facilitated by the
use of a mold (e.g., a metal mold) having protrusions
corresponding to the number and position of the micro-
needles in the intermediate structure, whereby the mold
can be engaged (e.g., compressed) with the intermediate
structure, the compressive force between the protrusions
and the microneedles causing all of the microneedles to
bend (at their base portions) simultaneously out-of-
plane. In another example, the microneedle array can be
pressed between a thick elastic film (e.g., rubber or poly-
urethane) and a mold having cavities corresponding to
the number and position of the microneedles to bend the
microneedles out-of-plane with the substrate simultane-
ously. The compressive force squeezes the thick elastic
film into the cavities on the opposite side of the substrate,
and the thick elastic film consequently bends the micro-
needles out-of-plane with the substrate and into the cav-
ities.

[0059] Heat and/or various auxiliary pressures can be
used in conjunction with the bending force to facilitate
the bending of the microneedles. For example, a heated
high-speed liquid or gas can be flowed in a direction sub-
stantially perpendicular to the plane of the substrate com-
prising plastic microneedles. The plastic microneedles
are heated by the flowing fluid, undergo a plastic transi-
tion, and then are bent out-of plane with the substrate by
the force of the high-speed fluid. In other embodiments,
the step of bending the in-plane microneedles may in-
clude directly or indirectly applying an electric field or a
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magnetic field to microneedles.

[0060] FIG. 3 and FIG. 4 illustrate one embodiment of
an intermediate microneedle structure 30. Structure 30
includes a planar substrate 34 and a plurality of micro-
needles 36 positioned in apertures 46 in the planar sub-
strate 34. The microneedles lie in the plane of the planar
substrate. Each microneedle 36 has a base portion 37,
atip end portion 42, and a body portion 38 therebetween.
Each microneedle 36 also has an elongated channel 44
in the base portion and body portion of each microneedle.
To make a microneedle array for drug delivery from this
intermediate structure, the microneedles 36 will be bent
out-of-plane with the planar substrate 34.

[0061] The microneedle arrays and drug storage ele-
ments can be made separately and then assembled us-
ing known techniques for connecting conventional micro-
needle arrays to a drug storage element, which prefera-
bly is done in an aseptic or sterile environment.

Drug Device Applicator and Use of the Microneedle
Array Devices

[0062] Drugdelivery devices comprising the micronee-
dle arrays described herein preferably are used to deliver
a drug formulation across a biological barrier. The bio-
logical barrier preferably is human or other mammalian
skin, although other tissue surfaces may be envisioned.
In a typical use, the drug formulation is released from the
drug storage element, it flows to the microneedle array,
where it passes through the apertures in the planar sub-
strate of the array and then enters the channels of the
microneedles at the base portions of the microneedles.
The drug formulation then is transported through the
channel, traversing the stratum corneum and then enter-
ing the epidermis, dermis, and/or subcutaneous skin tis-
sues. After administration of the drug formulation is com-
plete, the microneedles are removed from the skin.
[0063] Inanexemplary method of administering adrug
to a patient in need thereof includes the steps of inserting
into the skin of the patient the microneedles of a drug
delivery device that has a drug storage element contain-
ing a drug formulation, and then causing the drug formu-
lation to be transported from the drug storage element,
into and through at least one channel of at least one of
the microneedle, and through the stratum corneum of the
skin. The transport of the drug formulation can be pas-
sively or actively assisted. The drug formulation is trans-
ported under the influence or assistance of capillary forc-
es, gravitational forces, overpressure, vacuum, an elec-
tricfield, a magneticfield, iontophoresis, a molecular con-
centration gradient, or a combination thereof. One skilled
in the art can utilize or readily adapt any of these means
using technology known in the art.

[0064] The microneedles of the drug delivery device
can be inserted into the skin by a variety of means, in-
cluding direct manual application or with the aid of an
applicator device to insure uniform and proper micronee-
dle penetration, consistently within a single array and
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across different arrays. The applicator device may be
completely mechanical or it may be electromechanical.
The applicator device may include pressure sensors in
communication with an electronically controlled release
mechanism, to insure that a drug delivery device is ap-
plied to the skin with the desired force each time. Option-
ally, the applicator device may include hardware, soft-
ware, and power source components to provide heat,
electrical field, magnetic field, pressure, or other drug
delivery assistance means known in the art. The appli-
cator device may include one or more rollers for use in
applying an even pressure to the drug delivery patch to
ensure that it is completely secured to the skin. The roller
may, for example, further secure a pressure sensitive
adhesive surface around the periphery of the patch.
[0065] One example of a simple applicator device is
shown in FIGS. 5A-B. Applicator device 50 includes a
rigid housing 51 having a substantially planar application
side 56 and an opposed actuation (top) side 58; a recess
52 in the housing in which a drug delivery device (i.e., a
patch) 60 that includes a microneedle array 62 is dis-
posed; and a button 54 on the top side of the housing
51. The button can be depressed to drive the drug deliv-
ery device 60 out of the recess 52 to and to drive the
microneedles 62 into the skin (piercing the stratum cor-
neum), when the application side is placed against the
skin of a patient at the site for transdermal administration
of the drug formulation. The housing further includes a
roller 64 disposed partially in a cavity 66 on the applica-
tion side of the housing. The roller 64 is used for com-
pletely inserting the microneedles 62 into the biological
barrier as well as for establishing and facilitating a secure
bond between the drug delivery device 60 and the surface
of the biological barrier. The action of depressing the but-
ton 54 followed by application of the roller 64 also sup-
plies a compressive force to the drug storage element
(not shown) causing the drug formulation to be released
from the drug storage element to the apertures and chan-
nels of the microneedle array. The roller 64 can also gen-
erate pressure, heat, light (e.g., UV, visible, or laser),
electric, magnetic fields, biochemical and electrochemi-
cal reactions, or a combination thereof aimed to activate
the bonding substance applied on the surface of the drug
delivery device 60 which can hold the drug delivery de-
vice 60 attached to the biological barrier (not shown) for
an extended period of time.

[0066] The foregoing description is presented for pur-
poses of illustration and description. Modifications and
variations are intended to come within the scope of the
appended claims.

Claims
1. A microneedle array (12) for insertion into a biolog-

ical tissue and delivering a fluid through a biological
barrier, the array (12) comprising:
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(a) a substantially planar substrate (14) having
an array of spaced apertures (13) therein; and
(b) a plurality of microneedles (16) projecting at
angle from the plane in which the planar sub-
strate (14) lies, the microneedles (16) having a
tip end, defining a point or apex at the end of the
microneedle (16), a base portion (15) integrally
connected to the substrate (14), atip end portion
(22) distal to the base portion (15), and a rec-
tangular body portion (17) therebetween, said
tip end portion (22) being tapered from the body
portion (17) towards the tip end,

characterised in that

atleast one of the microneedles (16) has at least
one elongated channel (24), the channel (24)
having a width that is substantially constant
along its length and the channel extending
through 50% to 99% of the length of the at least
one microneedle (16) substantially from the pla-
nar substrate (14), through the base portion (15),
and through at least a part of the body portion
(17), and

wherein the channel (24): (i) is open along
at least part of the body portion (17) and in
fluid communication with at least one of the
apertures (13) in the substrate (14), and (ii)
forms an opening extending through the
substrate (14), thereby providing a conduit
between the tip end portion (22) of the
microneedle (16) and the surface of the sub-
strate (14) distal to the microneedle (16).

The microneedle array (12) of claim 1, wherein the
at least one channel (24) is open to two opposing
surfaces of the microneedle (16).

The microneedle array (12) of claim 1 or 2, wherein
the substrate (14) and the microneedles (16) com-
prise at least one biocompatible metal, such as a
stainless steel, or at least one biocompatible poly-
mer.

The microneedle array (12) of claim 1 or 2, wherein
the length of the at least one microneedle (16) is
between 10 um and 1000 pum, such as between 100
pm and 500 pm.

The microneedle array (12) of claim 1, wherein the
rectangular body portion (17) has a long side cross-
sectional dimension between 1 pm and 500 pm and
a short side cross-sectional dimension between 1
pm and 200 pm.

A device (10) for transdermal administration of a
drug, comprising:
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10.

1.

12.

the microneedle array (12) of claim 1 or any one
of claims 2 to 5; and

at least one drug storage element (18), which
contains adrug formulation, positioned adjacent
to the planar substrate (14) of the microneedle
array (12),

wherein the channel (24) of the microneedle ar-
ray (12) in operation provides a conduit between
the tapered tip end portion (22) of the micronee-
dle (16) and the at least one drug storage ele-
ment (18).

The device (10) of claim 6, wherein the drug storage
element (18) is attached to a first surface of the pla-
nar substrate (14), said first surface being opposed
to a second surface of the planar substrate (14) of
the microneedle array (12), wherein the micronee-
dles (16) project from said second surface.

The device (10) of claim 6 or 7, further comprising a
release mechanism for releasing the drug formula-
tion from the drug storage element (18) to permit the
drug formulation to pass into and through the at least
one channel (24) of the at least one microneedle
(16), wherein the release mechanism utilizes a me-
chanical force, heat, a chemical reaction, an electric
field, a magnetic field, a pressure field, ultrasonic
energy, vacuum, pressure, or a combination thereof.

The device (10) of any one of claims 6 to 8, wherein
the drug storage element (18) comprises atleastone
sealed reservorir.

The device (10) of claim 9, further comprising at least
one puncturing barb extending from the first surface
of the planar substrate (14), wherein the puncturing
barb can be used to puncture the sealed reservoir.

The device (10) of any one of claims 6 to 8, further
comprising a backing structure and adhesive surface
suitable for securing the device (10) to the skin of a
patient during administration of the drug formulation
to the patient.

A method for manufacturing a microneedle array (12)
comprising:

(a) forming a substantially planar substrate (14,
34) having an array of spaced apertures (13, 46)
therein; and

(b) forming a plurality of microneedles (16, 36)
projecting at an angle from the plane in which
the planar substrate (14, 34) lies, the micronee-
dles (16, 36) having a tip end, defining a point
or apex at the end of the microneedle (16, 36),
a base portion (15, 37) integrally connected to
the substrate (14, 34), a tip end portion (22, 42)
distal to the base portion (15, 37), and a rectan-
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gular body portion (17, 38) therebetween, said
tip end portion (22, 42) being tapered from the
body portion (17, 38) towards the tip end,

characterised in that

at least one of the microneedles (16, 36) has at
least one elongated channel (24, 44) extending
through 50% to 99% of the length of the at least
one microneedle (16, 36), substantially from the
planar substrate (14, 34) through the base por-
tion (15, 37), and through at least a part of the
body portion (17, 38),

wherein the channel (24, 44): (i) is open along
at least part of the body portion (17, 38) and in
fluid communication with at least one ofthe ap-
ertures (13, 46) in the substrate (14, 34), and (ii)
forms an opening extending through the sub-
strate (14, 34), thereby providing a conduit be-
tween the tip end portion (22, 42) ofthe micro-
needle (16, 36) and the surface of the substrate
(14, 34) distal to the microneedle (16, 36).

13. The method of claim 12, which comprises:

providing a substantially planar substrate mate-
rial (14, 34);

forming a plurality of first apertures (13, 46) in
the substrate material (14, 34), wherein the in-
terior surface of at least one ofthe first apertures
(13, 46) defines a microneedle (16, 36) having
atip (22,42),abase (15, 37), and a body portion
(17, 38) therebetween;

forming a plurality of second apertures in the
substrate material, which at least one of the sec-
ond apertures defines achannel (24, 44) located
in the body portion ofthe microneedle (16, 36);
and

bending said microneedle (16, 36) near its base
(15, 37) such that the tip (22, 42) projects out of
the plane of the substrate material (14, 34),
wherein the bending of the microneedle (16, 36)
comprises director indirect application of a com-
pressive force, heat, or a combination thereof,
to the microneedle (16, 36) and/or substrate (14,
34).

14. An applicator device (50) suitable for applying a

microneedle array (12, 62) according to any one of
claims 1 to 5 to skin, the applicator device (50) com-
prising:

a housing (51) having a substantially planar ap-
plication side (56) and an opposed top side (58);
arecess (52) inthe housing (51) in which adrug
delivery device (60) can be stored, the drug de-
livery device (60) comprising the microneedle
array (12, 62) of any one of claims 1 to 5;
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a button (54) on the top side (58) of the housing
(51), which button (54) can be depressed to
drive the drug delivery device (60) out of the re-
cess (52) with the microneedles (16, 62) orient-
ed substantially perpendicular to the planar ap-
plication side (56); and

aroller (64) disposed partially in a cavity (66) on
the planar application side (56) of the housing
(51).

15. The microneedle array (12) of claim 1, wherein the

at least one elongated channel (24) is dimensioned
to provide a capillary effect to wick the fluid into the
base portion (15) of said microneedle (16) from the
substrate aperture (13), through the body portion
(17) of said microneedle (16), and toward the tip end
portion (22) of said microneedle (16).

Patentanspriiche

1.

Eine Mikronadelanordnung (12) fiir die Einsetzung
in ein biologisches Gewebe und Abgabe einer Flils-
sigkeit durch eine biologische Barriere, die Anord-
nung (12) weist dabei Folgendes auf:

(a) ein im Wesentlichen planares Substrat (14)
mit einer Anordnung raumlich voneinander ge-
trennter Offnungen (13) darin; und

(b) eine Vielzahl von Mikronadeln (16), die in
einem Winkel aus der Ebene herausragen, in
der das planare Substrat (14) liegt, die Mikrona-
deln (16) haben dabei ein Spitzenende, das ei-
nen Punkt oder eine Kegelspitze am Ende der
Mikronadel (16) definiert, einen Basis-Teil (15),
der vollstandig mitdem Substrat (14) verbunden
ist, einen Spitzenende-Teil (22), der distal zum
Basis-Teil (15) steht, und einen rechtwinkligen
Gehause-Teil (17) dazwischen, der Spitzenen-
de-Teil (22) verjungt sich dabei vom Gehause-
Teil (17) zum Spitzenende,

dadurch gekennzeichnet, dass

mindestens eine der Mikronadeln (16) mindes-
tens einen Langskanal (24) und der Kanal (24)
eine Breite hat, die im Wesentlichen konstant
entlang seiner Lange ist, und der Kanal durch
50% bis 99% der Lange der mindestens einen
Mikronadel (16) im Wesentlichen vom ebenen
Substrat (14), durch das Basis-Teil (15) und
durch mindestens einen Teil des Gehause-Teils
(17) verlauft, und

wobei der Kanal (24): (i) entlang mindestens ei-
nes Teils des Gehause-Teils (17) offen ist und
in Fluidverbindung mit mindestens einer der Off-
nungen (13) im Substrat (14) steht, und (ii) eine
Offnung bildet, die durch das Substrat (14) ver-
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lauft, und dadurch eine Leitung zwischen dem
Spitzenende (22) der Mikronadel (16) und der
Oberflache des Substrats (14) distal zur Mikro-
nadel (16) bereitstellt.

Die Mikronadelanordnung (12) gemafR Anspruch 1,
wobei der mindestens eine Kanal (24) zu zwei ge-
genlberliegenden Oberflachen der Mikronadel (16)
offen ist.

Die Mikronadelanordnung (12) gemaR Anspruch 1
oder 2, wobei das Substrat (14) und die Mikronadeln
(16) mindestens ein biokompatibles Metall, wie bei-
spielsweise Edelstahl, oder mindestens einen bio-
kompatiblen Polymer aufweisen.

Die Mikronadelanordnung (12) gemaR Anspruch 1
oder 2, wobei die L&nge der mindestens einen Mi-
kronadel (16) zwischen 10 pwm und 1000 wm, bei-
spielsweise zwischen 100 pm und 500 pm, liegt.

Die Mikronadelanordnung (12) gemafR Anspruch 1,
wobei das rechtwinklige Gehause-Teil (17) einen
Langsseiten-Durchmesser zwischen 1 pm und 500
p.m und einen Kurzseiten-Durchmesser zwischen 1
pm und 200 pm hat.

Eine Vorrichtung (10) fir die transdermale Verabrei-
chung eines Arzneimittels, die Folgendes aufweist:

die Mikronadelanordnung (12) gemaR An-
spruch 1 oder gemaR eines der Anspriiche 2 bis
5; und

mindestens ein Arzneimittelaufnahme-Element
(18), das ein Arzneimittelpraparat enthalt, das
am planaren Substrat (14) der Mikronadelan-
ordnung (12) positioniert ist,

wobei der Kanal (24) der Mikronadelanordnung
(12) im Einsatz eine Leitung zwischen dem sich
verjingenden Spitzenende-Teil (22) der Mikro-
nadel (16) und dem mindestens einen Arznei-
mittelaufnahme-Element (18) bereitstellt.

Die Vorrichtung (10) gemaf Anspruch 6, wobei das
Arzneimittelaufnahme-Element (18) mit einer ersten
Oberflache des planaren Substrats (14) verbunden
ist, diese erste Oberflache liegt dabei einer zweiten
Oberflache des planaren Substrats (14) der Mikro-
nadelanordnung (12) gegenuber, wobei die Mikro-
nadeln (16) aus der zweiten Oberflache herausra-
gen.

Die Vorrichtung (10) gemaR Anspruch 6 oder 7, die
darliberhinaus einen Abgabemechanismus fir die
Abgabe des Arzneimittelpraparats aus dem Arznei-
mittelaufnahme-Element (18) aufweist, um das Arz-
neimittelpraparat in und durch den mindestens einen
Kanal (24) der mindestens einen Mikronadel (16)
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laufen zu lassen, wobei der Abgabemechanismus
eine mechanische Kraft, Warme, eine chemische
Reaktion, ein Kraftfeld, ein Magnetfeld, ein Druck-
feld, Ultraschallenergie, Vakuum, Druck oder eine
Kombination daraus nutzt.

Die Vorrichtung (10) gemaR eines der Anspriiche 6
bis 8, wobei das Arzneimittelaufnahme-Element (18)
mindestens einen abgedichteten Behalter aufweist.

Die Vorrichtung (10) gemal Anspruch 9, die dar{-
berhinaus mindestens eine Durchstechspitze auf-
weist, die von der ersten Oberflache des planaren
Substrats (14) verlauft, wobei die Durchstechspitze
verwendet werden kann, um den abgedichteten Be-
halter zu durchstechen.

Die Vorrichtung (10) gemaR eines der Anspriiche 6
bis 8, die dartiberhinaus eine Stitzstruktur und eine
Klebestelle aufweist, mit der die Vorrichtung (10) an
der Haut eines Patienten bei der Verabreichung des
Arzneimittelpraparats an den Patienten befestigt
werden kann.

Ein Verfahren fur die Herstellung einer Mikronade-
lanordnung (12), die Folgendes aufweist:

(a) die Bildung eines im Wesentlichen planaren
Substrats (14, 34) mit einer Anordnung raumlich
voneinander getrennter Offnungen (13, 46) da-
rin; und

(b) die Bildung einer Vielzahl von Mikronadeln
(16, 36), die in einem Winkel aus der Ebene he-
rausragen, in der das planare Substrat (14, 34)
liegt, die Mikronadeln (16, 36) haben dabei ein
Spitzenende, das einen Punkt oder eine Kegel-
spitze am Ende der Mikronadel (16, 36) definiert,
einen Basis-Teil (15, 37), der vollstandig mit
dem Substrat (14, 34) verbunden ist, einen Spit-
zenende-Teil (22, 42), der distal zum Basis-Teil
(15, 37) steht, und ein rechtwinkliger Gehause-
Teil (17, 38) dazwischen, der Spitzenende-Teil
(22, 42) verjiingt sich dabei vom Gehause-Teil
(17, 38) zum Spitzenende,

dadurch gekennzeichnet, dass

mindestens eine der Mikronadeln (16, 36) min-
destens einen Langskanal (24, 44) hat, der
durch 50% bis 99% der Lange der mindestens
einen Mikronadel (16, 36), im Wesentlichenvom
planaren Substrat (14, 34), durch das Basis-Teil
(15, 37) und durch mindestens einen Teil des
Gehause-Teils (17, 38) verlauft,

wobeider Kanal (24, 44): (i) entlang mindestens
eines Teils des Gehause-Teils (17, 38) offen ist
und in Fluidverbindung mit mindestens einer der
Offnungen (13, 46) im Substrat (14, 34) steht,
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und (ii) eine Offnung bildet, die durch das Sub-
strat (14, 34) verlauft, und dadurch eine Leitung
zwischen dem Spitzenende-Teil (22, 42) der Mi-
kronadel (16, 36) und der Oberflache des Sub-
strats (14, 34) distal zur Mikronadel (16, 36) be-
reitstellt.

13. Das Verfahren gemaR Anspruch 12, das Folgendes

aufweist:

die Bereitstellung eines im Wesentlichen plana-
ren Substrat-Materials (14, 34);

die Bildung einer Vielzahl von ersten Offnungen
(13, 46) im Substrat-Material (14, 34), wobeidie
Innenflache mindestens einer der ersten Off-
nungen (13, 46) eine Mikronadel (16, 36) mit
einer Spitze (22, 42), einer Basis (15, 37) und
einem Gehause-Teil (17, 38) dazwischen defi-
niert;

die Bildung einer Vielzahl von zweiten Offnun-
gen im Substrat-Material, wobei mindestens ei-
ne der zweiten Offnungen einen Kanal (24, 44)
definiert, der am Gehause-Teil der Mikronadel
(16, 36) positioniert ist; und

die Biegung der Mikronadel (16, 36) nahe ihrer
Basis (15, 37), so dass die Spitze (22, 42) aus
der Ebene des Substrat-Materials (14, 34) her-
ausragt, wobei die Biegung der Mikronadel (16,
36) eine direkte oder indirekte Anwendung einer
Druckkraft, Warme oder einer Kombination dar-
aus auf die Mikronadel (16, 36) und/oder das
Substrat (14, 34) aufweist.

14. Eine Applikatorvorrichtung (50), die geeignet ist, ei-

ne Mikronadelanordnung (12, 62) gemal eines der
Anspriche 1 bis 5 auf die Haut anzuwenden, die
Applikatorvorrichtung (50) weist dabei Folgendes
auf:

ein Gehause (51) miteinerim Wesentlichen pla-
naren Applikations-Seite (56) und einer gegen-
Uiberliegenden Oberseite (58);

eine Vertiefung (52) im Gehause (51), indie eine
Arzneimittelabgabevorrichtung (60) eingesetzt
werden kann, die Arzneimittelabgabevorrich-
tung (60) weist dabei die Mikronadelanordnung
(12, 62) geman eines der Anspriiche 1 bis 5 auf;
eine Taste (54) an der Oberseite (58) des Ge-
hauses (51), diese Taste (54) kann gedriickt
werden, um die Arzneimittelabgabevorrichtung
(60) aus der Vertiefung (52) herauszudriicken,
wobei die Mikronadeln (16, 62) im Wesentlichen
senkrecht zur planaren Applikations-Seite (56)
ausgerichtet sind; und

eine Rolle (64), die teilweise in einer Vertiefung
(66) ander planaren Applikations-Seite (56) des
Gehauses (51) angebracht ist.
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15. Die Mikronadelanordnung (12) gemaf Anspruch 1,

wobei der mindestens eine Langskanal (24) so di-
mensioniert ist, dass er einen Kapillareffekt bereit-
stellt, der die Flissigkeit in den Basis-Teil (15) der
besagten

Mikronadel (16) aus der Substrat-Offnung (13),
durch den Gehause-Teil (17) der Mikronadel (16)
und zum Spitzenende-Teil (22) der Mikronadel (16)
Zieht.

Revendications

Un réseau de micro-aiguilles (12) destiné a une in-
sertion dans un tissu biologique et a 'administration
d’un fluide au travers d’une barriére biologique, le
réseau (12) comprenant :

(a) un substrat sensiblement plan (14) possé-
dant un réseau d’ouvertures espacées (13)
dans celui-ci, et

(b) une pluralité de micro-aiguilles (16) faisant
saillie a un angle a partir du plan dans lequel le
substrat plan (14) se situe, les micro-aiguilles
(16) possédant une extrémité en pointe définis-
sant un point ou un sommet a I'extrémité de la
micro-aiguille (16), une partie base (15) raccor-
dée d'un seultenant au substrat (14), une partie
extrémité en pointe (22) distale de la partie base
(15) et une partie corps rectangulaire (17) entre
celles-ci, ladite partie extrémité en pointe (22)
étant biseautée a partir de la partie corps (17)
vers I'extrémité en pointe,

caractérisé en ce que

au moins une des micro-aiguilles (16) posséde
au moins un canal allongé (24), le canal (24)
possédant une largeur qui est sensiblement
constante le long de sa longueur et le canal
s’étendant sur 50% a 99% de la longueur de la
au moins une micro-aiguille (16) sensiblement
a partir du substrat plan (14) au travers de la
partie base (15) et au travers d’au moins une
partie de la partie corps (17), et

oU le canal (24) : (i) est ouvert le long d’au moins
une partie de la partie corps (17) et en commu-
nication fluidique avec au moins une des ouver-
tures (13) dans le substrat (14), et (ii) forme une
ouverture s’étendantautravers du substrat(14),
fournissant ainsi un conduit entre la partie ex-
trémité en pointe (22) de la micro-aiguille (16)
et la surface du substrat (14) distale de la micro-
aiguille (16).

2. Leréseau de micro-aiguilles (12) selon la Revendi-

cation 1, ou le au moins un canal (24) est ouvert vers
deux surfaces opposées de la micro-aiguille (16).
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Le réseau de micro-aiguilles (12) selon la Revendi-
cation 1ou 2, ou le substrat (14) et les micro-aiguilles
(16) contiennent au moins un métal biocompatible,
tel qu’un acier inoxydable, ou au moins un polymeére
biocompatible.

Le réseau de micro-aiguilles (12) selon la Revendi-
cation 1 ou 2, ou la longueur de la au moins une
micro-aiguille (16) se situe entre 10 um et 1000 pm,
par exemple entre 100 pm et 500 pm.

Le réseau de micro-aiguilles (12) selon la Revendi-
cation 1, ou la partie corps rectangulaire (17) pos-
séde une dimension en section transversale coté
long entre 1 pm et 500 pm et une dimension en
section transversale c6té court entre 1 pm et 200

pm.

Un dispositif (10) destiné a une administration trans-
dermique d’un médicament, comprenant :

le réseau de micro-aiguilles (12) selon la Reven-
dication 1 ou selon I'une quelconque des Re-
vendications 2 a 5, et

au moins un élément de stockage de médica-
ment (18), qui contient une formulation de mé-
dicament, positionné adjacent au substrat plan
(14) du réseau de micro-aiguilles (12),

ol le canal(24)duréseaude micro-aiguilles (12)
en fonctionnement fournit un conduit entre la
partie extrémité en pointe biseautée (22) de la
micro-aiguille (16) et le au moins un élément de
stockage de médicament (18).

Le dispositif (10) selon la Revendication 6, ou I'élé-
ment de stockage de médicament (18) est fixé a une
premiére surface du substrat plan (14), ladite pre-
miére surface étant opposée a une deuxiéme surfa-
cedu substratplan (14) du réseau de micro-aiguilles
(12), ol les micro-aiguilles (16) font saillie a partir de
ladite deuxiéme surface.

Le dispositif (10) selon la Revendication 6 ou 7, com-
prenantenoutre un mécanisme de libération destiné
a la libération de la formulation de médicament a
partir de I'élément de stockage de médicament (18)
defagcon a permettre a laformulation de médicament
de passer dans et au travers du au moins un canal
(24) de la au moins une micro-aiguille (16), ou le
mécanisme de libération utilise une force mécani-
que, de la chaleur, une réaction chimique, un champ
électrique, un champ magnétique, un champ de
pression, une énergie ultrasonique, le vide, une
pression, ou une combinaison de ceux-ci.

Ledispositif (10) selon I'une quelcongue des Reven-
dications 6 a 8, ou I'élément de stockage de médi-
cament (18) comprend au moins un réservoir scellé.
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Le dispositif (10) selon la Revendication 9, compre-
nant en outre au moins une barbule de perforation
s’étendant a partir de la premiére surface du substrat
plan (14), ou la barbule de perforation peut étre uti-
lisée pour perforer le réservoir scellé.

Le dispositif (10) selon 'une quelconque des Reven-
dications 6 a 8, comprenant en outre une structure
de renfort et une surface adhésive adaptée de fagon
a fixer le dispositif (10) a la peau d’un patient au
cours de 'administration de la formulation de médi-
cament au patient.

Un procédé de fabrication d’'un réseau de micro-
aiguilles (12) comprenant :

(a) la formation d’un substrat sensiblement plan
(14, 34) possédant un réseau d’ouvertures es-
paceées (13, 46) dans celui-ci, et

(b) laformation d’'une pluralité de micro-aiguilles
(16, 36) en saillie & un angle a partir du plan
dans lequel le substrat plan (14, 34) se situe,
les micro-aiguilles (16, 36) possédant une ex-
trémité en pointe définissant un point ou un som-
met a I'extrémité de la micro-aiguille (16, 36),
une partie base (15, 37) d’un seul tenantraccor-
dée au substrat (14, 34), une partie extrémité
en pointe (22, 42) distale de la partie base (15,
37) et une partie corps rectangulaire (17, 38)
entre celles-ci, ladite partie extrémité en pointe
(22,42) étant biseautée a partir de la partie corps
(17, 38) vers I'extrémité en pointe,

caractérisé en ce que

au moins une des micro-aiguilles (16, 36) pos-
séde au moins un canal allongé (24, 44) s’éten-
dant sur 50% a 99% de la longueur de la au
moins une micro-aiguille (16, 36), sensiblement
a partir du substrat plan (14, 34) au travers de
la partie base (15, 37) et au travers d’au moins
une partie de la partie corps (17, 38),

ou le canal (24, 44) : (i) est ouvert le long d’au
moins une partie de la partie corps (17, 38) et
en communication fluidique avec au moins une
desouvertures (13,46)dans le substrat (14, 34),
et (ii) forme une ouverture s’étendant au travers
du substrat (14, 34), fournissant ainsi un conduit
entre la partie extrémité en pointe (22, 42) de la
micro-aiguille (16, 36) et la surface du substrat
(14, 34) distale de la micro-aiguille (16, 36).

Le procédé selon
comprend :

la Revendication 12, qui

la fourniture d’'un matériau de substrat sensible-
ment plan (14, 34),
la formation d’une pluralité de premiéres ouver-
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tures (13, 46) dans le matériau de substrat (14,

34), ol la surface intérieure d’au moins une des
premiéres ouvertures (13, 46) définit une micro-
aiguille (16, 36) possédant une pointe (22, 42),

une base (15, 37) et une partie corps (17, 38) 5
entre celles-ci,

laformation d’une pluralité de deuxiémes ouver-
tures dans le matériau de substrat, ol au moins

une des deuxiemes ouvertures définit un canal

(24, 44) situé dans la partie corps de la micro- 10
aiguille (16, 36), et

la flexion de ladite micro-aiguille (16, 36) pres

de sa base (15, 37) de sorte que la pointe (22,

42) fasse saillie hors du plan du matériau de
substrat (14, 34), ou la flexion de la micro- 75
aiguille (16, 36) comprend I'application directe

ou indirecte d’'un élément parmi une force de
compression, de la chaleur, ou une combinaison

de ceux-ci, a la micro-aiguille (16, 36) et/ou au
substrat (14, 34). 20

14. Un dispositif applicateur (50) adapté de fagon a ap-
pliquer un réseau de micro-aiguilles (12, 62) selon
I'une quelconque des Revendications 1a5alapeau,
le dispositif applicateur (50) comprenant : 25

un logement (51) possédant un c6té application
sensiblement plan (56) et un cdté supérieur op-
posé (58),

un évidement (52) dans le logement (51) dans 30
lequel un dispositif d’administration de médica-
ment (60) peut étre logé, le dispositif d’adminis-
tration de médicament (60) comprenant le ré-
seau de micro-aiguilles (12, 62) selon 'une quel-
conque des Revendications 1 a 5, 35
un bouton (54) sur le coté supérieur (58) du lo-
gement (51), ledit bouton (54) pouvant étre en-
foncé de fagon a entrainer le dispositif d’admi-
nistration de médicament (60) hors de I'évide-
ment (52) avec les micro-aiguilles (16, 62) orien- 40
tées sensiblement perpendiculairement au coté
application plan (56), et

un rouleau (64) disposé partiellement dans une
cavité (66) sur le cdté application plan (56) du
logement (51). 45

15. Le réseau de micro-aiguilles (12) selon la Revendi-
cation 1, ou le au moins un canal allongé (24) est
dimensionné de fagon a fournir un effet de capillarité
destiné a drainer le fluide dans la partie base (15) 50
de ladite micro-aiguille (16) a partir de 'ouverture du
substrat (13) au travers de la partie corps (17) de
ladite micro-aiguille (16) et vers la partie extrémité
en pointe (22) de ladite micro-aiguille (16).

55
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FIG. 2
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FIG. 3
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FIG. 5A
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