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Cross-reference to Related Applications
The present application claims priority to U.S. Provisional Application Serial
No. 60/629,143, filed on November 18, 2004, which is incorporated herein in its

entirety.

Field
The present invention relates to applicators used to apply microneedle arrays to
a mammal. The present method also relates to methods of applying a microneedle

array or patch to a mammal.

Background

Only a limited number of molecules with demonstrated therapeutic value can be
transported through the skin, even with the use of approved chemical enhancers. The
main barrier to transport of molecules through the skin is the stratum corneum (the
outermost layer of the skin).

Devices including arrays of relatively small structures, sometimes referred to as
microneedles or micro-pins, have been disclosed for use in connection with the delivery
of therapeutic agents and other substances through the skin and other surfaces. The
devices are typically pressed against the skin in an effort to pierce the stratum corneum
such that the therapeutic agents and other substances can pass through that layer and
into the tissues below.

Issues related to applying microneedles include the ability to effectively insert
the needles to a desiredrdepth in the skin and the ability to protect the delicate

microneedles prior to application to the skin.

Summary of the Invention
In one embodiment, an applicator is provided that uses an elastic band to snap a
microneedle array against the skin. This can be done with a predetermined force and
velocity as needed. The microneedle array, which may be pre-loaded with drug(s), is
attached to the elastic band such that the band can be secured in place (e.g., wrapped

partially or entirely around a person’s arm), pulled away from the arm, and released
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from a suitable distance so that the microneedle array snaps back against the arm with
sufficient force to cause the intended amount of penetration of the microneedles. Such
a device can be easy to handle, simple to use, reliable, low cost, and suitable for
inclusion in a disposable device. It also allows, if desired, to have the microneedle
array held conveniently in place against the skin after application for an extended time
period without the need for adhesives or the like.

In another embodiment, a break-away pull-tab may be used to pull the elastic
and microneedle away from the skin. The tab can be calibrated so that it will break and
release the microneedle array at a particular pull force. This may achieve a
predetermined consistent force and velocity of application, which in turn may achieve a
consistent insertion of the microneedles into the skin.

To avoid damage to and/or unintended penetration of the microneedles prior to
intended application, a cover, spacer, or other protective shield may be put in place to
keep the microneedles from being damaged prior to the time that they are actually
inserted into the skin. For example, if the elastic band and microneedle array are first
wrapped onto the arm it may be desired to have a cover that can be removed after the
elastic band has been stretched. The shield can then be moved away when the elastic
band and microneedle array are pulled away from the skin. The shield can be removed
manually at that time or can be associated with a break-away mechanism so that it is
automatically removed in conjunction with the pull and release action.

An alternative embodiment is to have the microneedle array remain in place
against the skin, and then have the elastic band, optionally with a mass attached, pulled
away and snapped against the back of the microneedle unit to cause insertion of the
needles into the skin.

In another embodiment, the invention is a microneedle application device
comprising an elastic band, and a microneedle device, wherein the microneedle device
is attached to the elastic band.

In another embodiment, the invention is a method for applying a microneedle
device comprising providing an elastic band attached to a housing and a gripping
member. The housing is placed adjacent to a body appendage having a skin surface
and the microneedle device is placed in proximity to the skin surface and the elastic

band. The elastic band is stretched and released, such that the microneedle device is
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accelerated into the skin surface, thereby inserting at least a portion of the microneedles
of the microneedle device into the skin surface.

As used herein, certain terms will be understood to have the meaning set forth
below:

“Array” refers to the medical devices described herein that include one or more
structures capable of piercing the stratum corneum to facilitate the transdermal delivery
of therapeutic agents or the sampling of fluids through or to the skin.

99 &

“Microstructure,” “microneedle” or “microarray” refers to the specific
microscopic structures associated with the array that are capable of piercing the stratum
corneum to facilitate the transdermal delivery of therapeutic agents or the sampling of
fluids through the skin. By way of example, microstructures can include needle or
needle-like structures as well as other structures capable of piercing the stratum
corneumn.

The features and advantages of the present invention will be understood upon
consideration of the detailed description of the preferred embodiment as well as the
appended claims. These and other features and advantages of the invention may be
described below in connection with various illustrative embodiments of the invention.
The above summary of the present invention is not intended to describe each disclosed
embodiment or every implementation of the present invention. The Figures and the

detailed description which follow more particularly exemplify illustrative

embodiments.

Brief Description of the Drawings

Preferred embodiments of the invention will now be described in greater detail
below with reference to the attached drawings, wherein:

FIG. 1 is a schematic cross-sectional view of a microneedle application device.

FIG. 2A is a schematic cross-sectional view of a microneedle application device
placed on an arm prior to insertion of the microneedle device.

FIG. 2B is a schematic cross-sectional view of a microneedle application device
in a stretched position during application and prior to detachment of the handle from
the band.
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FIG. 2C is a schematic cross-sectional view of a microneedle application device
snapping back to an arm subsequent to detachment of the handle from the band.

FIG. 2D is a schematic cross-sectional view of a microneedle application device
that has impacted and been inserted into the skin.

FIG. 2E is a schematic cross-sectional view of a microneedle device left in
place on the skin after removal of the elastic band.

FIG. 3 is a schematic perspective view of a patch microneedle device.

FIG. 4A is a schematic side view of one embodiment of a microneedle device.

FIG. 4B is a schematic cross-sectional view of the microneedle device of FIG.
4A.

FIG. 5 is a schematic cross-sectional view of a microneedle device in a
stretched position prior to detachment of the handle from the elastic band.

FIG. 6 is a schematic cross-sectional view of a microneedle array applied to a
skin surface after the handle has been detached from the elastic band.

FIG. 7A is a schematic side view of another embodiment of a microneedle
device.

FIG. 7B is a schematic cross-sectional view of the microneedle device of FIG.
7A.

FIG. 8A is a schematic side view of the microneedle device of FIG. 7Ain a
stretched position just prior to detachment of the handle from the elastic band.

FIG. 8B is a schematic cross-sectional view of the microneedle device of FIG.
8A.

FIG. 9A is a schematic side view of the microneedle device after the handle has
been detached from the elastic band and the array has been applied to the skin.

FIG. 9B is schematic cross-sectional view of the microneedle device of FIG.

9A.

FIG. 10A is a schematic side view of another embodiment of a microneedle
device.

FIG. 10B is a schematic cross-sectional view of the microneedle device of FIG.
10A.

FIG. 11A is a schematic side view of the microneedle device of FIG. 10A ina

stretched position just prior to detachment of the handle from the elastic band.
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FIG. 11B is a schematic cross-sectional view of the microneedle device of FIG.
11A.

FIG. 12A is a schematic side view of the microneedle device of FIGS. 10 and
11 after the handle has been detached from the elastic band and the array has been
applied to the skin.

FIG. 12B is schematic cross-sectional view of the microneedle device of FIG.

12A.

While the above-identified drawing figures set forth several embodiments of the
invention, other embodiments are also contemplated, as noted in the discussion. In all
cases, this disclosure presents the invention by way of representation and not limitation.
It should be understood that numerous other modifications and embodiments can be
devised by those skilled in the art, which fall within the scope and spirit of the
principles of the invention. The figures may not be drawn to scale. Like reference

numbers may be used throughout the figures to denote like parts.

Detailed Description

One embodiment of the microneedle application device is shown in Figure 1.
The application device 100 comprises an elastic band 150, a microneedle device 110, a
handle 120 which comprises a gripping member 140 and a connecting member 130.
Use of the application device is shown in Figures 2A-E. In Figure 2A, the application
device 100 is shown having been placed on an arm 200 prior to insertion of the
microneedle device 110 into the skin. In Figure 2B, the application device is shown
having been stretched so that the microneedle device 110 is pulled away from the skin
surface. At a predetermined level of force or level of extension, which may for
instance, be just larger than that shown in Figure 2B, the connecting member 130
detaches from the elastic band 150, thereby allowing the band to snap back towards the
arm (shown in Figure 2C). The microneedle device 110 subsequently impacts the skin
surface and the microneedles are inserted into the skin when the elastic band 150 has
relaxed to conform to the arm (shown in Figure 2D). The elastic band 150 may then be
subsequently detached from the microneedle device 110, thereby leaving the

microneedle device 110 in place on the skin (shown in Figure 2E).



10

15

20

25

30

WO 2006/055802 PCT/US2005/041870

-6-

As depicted in Fig. 2C, the connecting member 130 detaches from the elastic
band 150. In another embodiment, the connecting member 130 may remain attached to
the elastic band 150 and instead become detached from the gripping member 140. In
another embodiment, the connecting member 130 may also be configured so that it
breaks into two or more pieces so that the gripping member is released from the elastic
band and microneedle device. In this case, a portion of one end of the connecting
member may remain attached to the elastic band 150 and a portion of the other end of
the connecting member may remain attached to the gripping member 140. Other means
of connecting or attaching the band to the microneedle device are also suitable, such as
a thin perforated member that preferentially breaks at the perforation or a weak area of
bonding the connecting member to either the band or the gripping member. Other
suitable methods include releasable attachment connections, such as a repositionable
adhesive, a hook and loop (e.g., Velcro™) attachment, or magnetic attachment. Still
other suitable release mechanisms use mechanical arrangements involving spring-
biased and/or flexing members that disengage from a latch or hook at a given force.

As depicted in Fig. 2A, the connecting member 130 is a separate piece
connected to the band and the gripping member. In another embodiment, the
connecting member may be integrally formed with the band and/or gripping member,
such as for instance, by a narrowing section of the gripping member adjacent to the
band. Alternatively, the connecting member may be a projection extending from the
band that is configured to allow for detachment at a given force. In still another
embodiment, the handle and microneedle device may be formed as one integral piece
around which the elastic band is molded. The connecting member may be a small
section that passes through the elastic band. In this fashion, the microneedle device and
handle may both be attached to the elastic band by this mechanical connection without
any need for additional connection means, such as an adhesive. In a variation on the
foregoing embodiment, the microneedle device may be constructed with a small central
connection point to which the connecting member may be attached by, for instance, a
snap-fit type connection. In such a manner, it may be particularly convenient to
assemble the device by individually molding the microneedle device, the handle having
a connecting member, and piercing the connecting member through the elastic band to
attach to the microneedle device. In still another embodiment the handle may be

integrally formed with the elastic band, for instance as an elastic portion extending
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outward from the band and having a perforated or otherwise weakened section that
serves as the connecting member. In still another embodiment, the connecting member
may form a snap-fit connection with the gripping member, where the snap-fit
connection is designed to release at a controlled force.

In another embodiment, the elastic band need not encircle an appendage. The
device 300, shown in Figures 4A and 4B, has a microneedle array 320 attached to an
elastic band 310. The elastic band 310 and/or array 320 is attached to a handle 350
which has a gripping member 345 and a connecting member 330. The handle 350 has a
notch 340 at the connection between the gripping member 345 and the connecting
member 330. The notch 340 is designed to allow the handle 350 to break when a
controlled amount of force is applied to the handle 350. The elastic band 310 is held in
place by a housing 360. The elastic band 310 shown in the cross-sectional view of
Figure 4B is affixed to the bottom and sides of the housing, but it may be connected to
the housing by any other conventional means. As shown in Figure 5, the device 300
has been placed and held against a skin surface 370 and the handle 350 is pulled
upwards and away from the skin surface 370. As the handle 350 is pulled upwards, the
band 310 is stretched.  When a predetermined force is reached, the handle 350 breaks
and the gripping member 345 is freed from the connecting member 330 at the notch
340, thus allowing the stretched elastic band 310 to accelerate the array 320 towards the
skin 370. Figure 6 shows the gripping member 345 detached from the connecting
member 330, the elastic band 310 having recovered its initial, relaxed conformation,
and the array 320 having been applied to the skin. The array 320 may be releasably
attached to the band 310, in which case the housing 360 and band 310 may be removed
from the skin 370, leaving the array 320 in place. Alternatively, the housing 360 and
band 310 may be left in place on the skin 370 as a protective covering for the array 320.

The top of the housing 360 may be optionally configured as a solid surface
having a hole through which the connecting member may be drawn upwards. The hole
may be sized so as to be small enough to prevent the elastic band 310 and array 320
from being drawn upwards beyond the top of the housing, thus serving as a stop or
limiting mechanism determining the maximum extension of the elastic band 310. The
amount of force needed to raise the array 320 and band 310 to the stop or limit
mechanism is preferably less than the force needed to break the handle 350 from the

remainder of the connecting member. Thus the band 310 may be stretched to a
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predetermined limit before further application of upward force to the handle breaks and
releases the connecting member.

In another embodiment, an alternative means of connecting the handle 450 to
the array 420, as shown in Figures 7A and 7B, is employed. The handle 450 has an
easily graspable, disk shaped gripping member 445 which is connected to the band 410
and array 420 by a connecting member 430 that terminates in a flange 440. The band
410 surrounds a portion of the connecting member 430 and holds the handle 450
adjacent to the array 420. The device 400 is shown in a partially activated or cocked
state with the band 410 partially stretched away from the target, skin surface. The
device 400 is shown at its maximum extension in Figures 8A and 8B. The downward
force applied by the stretched band 410 is then large enough to cause the flange 440 to
slide past the band 410, thereby detaching the handle 450 from the array 420, allowing
the array 420 to be accelerated towards and make contact with the skin, as shown in
Figures 9A and 9B.

In still another embodiment, the handle 550 may have a gripping member 445
that is attached to cutting members 540 that can grasp the connecting member 530, as
shown in Figures 10A and 10B. As the handle 550 is drawn upwards the cutting
members 540 are pressed towards each other by the tapered shape of the housing 580,
as shown in Figures 11A and 11B. The cutting members 540 sever the connecting
member 530, thereby allowing the elastic band 510 to accelerate the array 520 towards
the skin 570 and causing the array 520 to make contact with the skin 570, as shown in
Figures 12A and 12B. Any suitable mechanism may be used to perform the function of
the cutting members, such as a scissors mechanism, sharp blades, or the like. As
shown, two cutting members act in opposition, but the cutting function may be
performed by a single blade moving across the connecting member 530 or by more than
2 blades acting together. A feature such as the notch shown in Figures 4 to 6 may be
used in conjunction with cutting members to help align the leading edges of the cutting
members and reduce the force needed to sever the connecting member.

In one embodiment, it may be desirable to allow the elastic band to be
temporarily held in a partially or fully stretched orientation by a stop mechanism. For
example, as shown in Figure 7B, the gripping member 445 and the housing serve as a
stop mechanism. The gripping member 445 contacts or interferes with the housing of

the device at rest (i.e., as the device would be prepared during manufacture), thereby



WO 2006/055802 PCT/US2005/041870

10

15

20

25

30

-9-

holding the elastic band 410 in a partially stretched state and keeping the microneedle
array 420 in a recessed position from the exterior of the housing. This recessed
position allows for maintenance of a protective distance between the microneedle array
and the target surface prior to application, thus protecting the microneedle array from
inadvertent damage by the user. Removal of the gripping member 445 during use will
then allow the elastic band to press the microneedle array 420 against a target surface.
Any number of suitable designs may be used to provide such a “pre-stretched” position.
For example, the device shown in Figure 10B has protrusions along the inner surface of
the outer casing that combine with the cutting members to serve as a stop mechanism.
The protrusions interfere with the cutting members and the device would be prepared in
a pre-stretched state with the cutting members resting on the protrusions so as to keep
the device in a partially stretched state prior to application.

Alternatively, the elastic band may be provided in a non-stretched state from the
manufacturer and during storage, but may be partially or fully stretched by the user to a
“cocked” position prior to placing the device on a target surface. In such an
embodiment, the array may be protected during storage by a cover that is removed prior
to application. Cocking of the device prior to use may be accomplished by any number
of means known to one skilled in the art. For example, the type of device generally
shown in Figures 10A-B could be optionally configured so that the elastic band would
be flat, the array would protrude from the housing during storage, and the cutting
members would initially be positioned just below the protrusions along the inside
surface of the outer casing. As the gripping member 445 is lifted the cutting members
540 would be pressed inward by the protrusion and allowed to slip over the protrusion
due to the sloping angle of the upper surface of the cutting member. The cutting
members 540 would be prevented, however, from sliding downwards past the
protrusion due to the interference between the square protrusion and the flat lower
surface of the cutting member 540. Thus the device could be placed into a partially
cocked position (as shown in Figure 10B) by the user and held in place temporarily by
the stop mechanism (i.e., interference between cutting members and protrusion).
Further extension of the gripping member 445 would ultimately result in the cutting
members 540 severing the connecting member 530 and allowing the microneedle array
520 to be deployed against a skin surface. In another example, the gripping member

shown in Figures 7A-B could be configured so that it is free to rotate about the axis
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along which it is pulled. In the rest (“unstretched”) state the gripping member could be
aligned such that it does not interfere with the housing. The band could then be pulled
upward to partially stretch the band and then rotated to a position where the gripping
member would now interfere with the housing, thereby leaving the device in a cocked
position (as shown in Figure 7B). Pulling upward further on the gripping member
would then detach the gripping member from the elastic band and allow the elastic
band to press the microneedle array 420 against a target surface. Similar stop
mechanisms, such as a ratchet, could be used, for example, where the detachable
gripping member could be raised upwards and away from the device and prevented
from recoiling due to interference with the ratchet. Detachment of the gripping
member from the array would then allow the elastic band to press the array against a
target surface.

It is desired that the elastic band be stretched to a predetermined force and/or
extension before the connecting member releases the band and microneedle device.
This allows for a consistent force of application when the array is impacted into the
skin upon relaxation of the band. Delivery of a patch using a patch application device
in accordance with the methods of the present invention may involve acceleration of
the patch application device itself to a desired velocity.

A method of applying a microneedle device using an application device of the
present invention involves having the microneedle device reach a desired velocity that
is effective to pierce the microneedles into the skin. The desired velocity is preferably
controlled to limit or prevent stimulation of the underlying nerve tissue. The maximum
velocity achieved by the microneedle device upon impact with the skin is often 20
meters per second (m/s) or less, potentially 15 m/s or less, and possibly 10 m/s or less.
In some instances, the maximum velocity be 8 m/s or less. In other instances, the
minimum velocity achieved by the microneedle device upon impact with the skin is
often 2 m/s or more, potentially 4 m/s or more, and possibly 6 m/s or more.

Because of the variability in the location of skin and the size of different
individual’s appendages, it is optional that the application device be designed such that
the microneedle device travels at a velocity at or above the desired minimum velocities
over a distance that is sufficient to accommodate the variations in skin location and
appendage size relative to the application device. For example, the microneedle device

in the application device may move at or above the minimum velocity over a distance
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of one millimeter or more. In some embodiments, the microneedle device may move at
or above the minimum velocity over a distance of 5 millimeters or more.

The force required to reach the desired velocities may vary based on the mass of
the microneedle device, the size of the appendage to which it is applied, and the size
and shape of the elastic band. The mass of the microneedle device may be controlled
or selected to reduce the likelihood that nerve tissue underneath the delivery site is
stimulated sufficiently to result in the sensation of pain. For example, the mass of the
microneedle device be about 6 grams or less, possibly about 4 grams or less. In some
instances, it may be desirable to provide additional mass onto or around the area of
releasable attachment between microneedle device and elastic band. This additional
mass can provide additional force to aid in insertion of the microneedles into the skin.

The elastic band 150 may be constructed of any conventional rubber or
elastomer. Examples of suitable materials include butadiene rubber, nitrile rubber,
styrenic block copolymers, ethylene-propylene-diene (EPDM) rubber, silicone rubber,
and natural rubber. It should be understood that the elastic band need not be in the
shape of a conventional rubber band (i.e. a flat, narrow, cylindrically shaped layer of
rubber). Any elastomeric or rubber member that may encircle a body part may be
suitable for use as the elastic band of the present invention. Alternatively, the
elastomeric or rubber member may be a flat layer of rubber that can be affixed to a
housing. For example, such a flat layer may be in the shape of a rectangle, square,
oval, or circle.

The gripping member may be constructed so that it is convenient for handling
by a healthcare provider or patient. This may be for example, a flat tab that can be
pinched between thumb and forefinger, a cylindrical section that may be easily gripped
by a full hand, a ring attached by a string or wire to the elastic band, or any number of
other equally suitable constructions readily apparent to one of skill in the art.

In one embodiment, the microneedle device shown schematically as 110 in
Figures 1 and 2 may be in the form of a patch shown in more detail in Figure 3. Figure
3 illustrates a microneedle device comprising a patch 20 in the form of a combination
of an array 22, pressure sensitive adhesive 24 and backing 26. A portion of the array
22 is illustrated with microneedles 10 protruding from a microneedle substrate surface
14. The microneedles 10 may be arranged in any desired pattern or distributed over the

microneedle substrate surface 14 randomly. As shown, the microneedles 10 are
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arranged in uniformly spaced rows. In one embodiment, arrays of the present invention
have a distal-facing surface area of more than about 0.1 cm? and less than about 20 cm?,
preferably more than about 0.5 cm? and less than about 5 cm®. In one embodiment (not
shown), a portion of the substrate surface 14 of the patch 20 is non-patterned. In one
embodiment the non-patterned surface has an area of more than about 1 percent and
less than about 75 percent of the total area of the device surface that faces a skin
surface of a patient. In one embodiment the non-patterned surface has an area of more
than about 0.10 square inch (0.65 sz) to less than about 1 square inch (6.5 cmz). In
another embodiment (shown in FIG. 3), the microneedles are disposed over
substantially the entire surface area of the array 22.

The microneedle devices useful in the various embodiments of the invention
may comprise any of a variety of configurations, such as those described in the
following patents and patent applications, the disclosures of which are herein
incorporated by reference. One embodiment for the microneedle devices comprises the
structures disclosed in United States Patent Application Publication No. 2003/0045837.
The disclosed microstructures in the aforementioned patent application are in the form
of microneedles having tapered structures that include at least one channel formed in
the outside surface of each microneedle. The microneedles may have bases that are
elongated in one direction. The channels in microneedles with elongated bases may
extend from one of the ends of the elongated bases towards the tips of the
microneedles. The channels formed along the sides of the microneedles may optionally
be terminated short of the tips of the microneedles. The microneedle arrays may also
include conduit structures formed on the surface of the substrate on which the
microneedle array is located. The channels in the microneedles may be in fluid
communication with the conduit structures. Another embodiment for the microneedle
devices comprises the structures disclosed in co-pending United States Patent
Application, serial no. 10/621620 filed on July 17, 2003 which describes microneedles
having a truncated tapered shape and a controlled aspect ratio. Still another
embodiment for the microneedle devices comprises the structures disclosed in United
States Patent No. 6,091,975 (Daddona, et al.) which describes blade-like
microprotrusions for piercing the skin. Still another embodiment for the microneedle
devices comprises the structures disclosed in United States Patent No. 6,313,612

(Sherman, et al.) which describes tapered structures having a hollow central channel.
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Still another embodiment for the micro arrays comprises the structures disclosed in
International Publication No. WO 00/74766 (Gartstein, et al.) which describes hollow
microneedles having at least one longitudinal blade at the top surface of tip of the
microneedle.

Microneedle devices suitable for use in the present invention may be used to
deliver drugs (including any pharmacological agent or agents) through the skin in a
variation on transdermal delivery, or to the skin for intradermal or topical treatment,
such as vaccination.

Microneedle devices of the present invention may be useful when applied to the
skin as a “pretreatment” step, that is, when applied to the skin to disrupt the stratum
corneum layer of skin and then removed. The disrupted area of skin may then be useful
for allowing enhanced delivery of a solution or patch containing a pharmacological
agent that is applied to the disrupted area. Microneedle devices of the present invention
may also be useful when coated with a pharmacological agent that dissolves from the
microneedles after they are inserted into the skin. Microneedle devices of the present
invention may also be useful when provided with a fluid reservoir of pharmacological
agent that can pass through one or more conduits in the device to be delivered into the
skin after the microneedles are inserted into the skin.

In one aspect, drugs that are of a large molecular weight may be delivered
transdermally. Increasing molecular weight of a drug typically causes a decrease in
unassisted transdermal delivery. Microneedle devices suitable for use in the present
invention have utility for the delivery of large molecules that are ordinarily difficult to
deliver by passive transdermal delivery. Examples of such large molecules include
proteins, peptides, nucleotide sequences, monoclonal antibodies, DNA vaccines,
polysaccharides, such as heparin, and antibiotics, such as ceftriaxone.

In another aspect, microneedle devices suitable for use in the present invention
may have utility for enhancing or allowing transdermal delivery of small molecules that
are otherwise difficult or impossible to deliver by passive transdermal delivery.
Examples of such molecules include salt forms; ionic molecules, such as
bisphosphonates, preferably sodium alendronate or pamedronate; and molecules with
physicochemical properties that are not conducive to passive transdermal delivery.

In another aspect, microneedle devices suitable for use in the present invention

may have utility for enhancing delivery of molecules to the skin, such as in
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dermatological treatments, vaccine delivery, or in enhancing immune response of
vaccine adjuvants. In one aspect, the drug may be applied to the skin (e.g., in the form
of a solution that is swabbed on the skin surface or as a cream that is rubbed into the
skin surface) prior to applying the microneedle device.

Microneedle devices may be used for immediate delivery, that is where they are
applied and immediately removed from the application site, or they may be left in place
for an extended time, which may range from a few minutes to as long as 1 week. In
one aspect, an extended time of delivery may be from 1 to 30 minutes to allow for more
complete delivery of a drug than can be obtained upon application and immediate
removal. In another aspect, an extended time of delivery may be from 4 hours to 1
week to provide for a sustained release of drug.

In one embodiment, the present invention is a method for applying a
microneedle device comprising the following steps: providing an elastic band; placing
the elastic band in circumferential proximity to a body appendage having a skin
surface; placing a microneedle device in proximity to the skin surface and the elastic
band; stretching the elastic band; and releasing the elastic band, such that the
microneedle device is accelerated into the skin surface, thereby inserting at least a
portion of the microneedles of the microneedle device into the skin surface. In one
aspect the microneedle device is releasably attached to the elastic band prior to the step
of stretching the elastic band. In one aspect it may be desired to remove the elastic
band from circumferential proximity to the body appendage subsequent to the
microneedles being inserted into the skin surface while leaving the microneedle device
inserted into the skin surface.

In another embodiment, the microneedle device may be placed directly against
the skin prior to the steps of stretching and releasing the elastic band, such that the
elastic band impacts the microneedle device thereby inserting at least a portion of the
microneedles of the microneedle device into the skin surface. It may be desirable to
provide additional mass to the elastic band so as to provide sufficient force for
impacting and pressing the microneedles into the skin.

In another embodiment, a handle is attached to the elastic band and the step of
stretching the elastic band is effected by pulling on the handle.

The present invention has been described with reference to several

embodiments thereof. The foregoing detailed description and examples have been
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provided for clarity of understanding only, and no unnecessary limitations are to be
understood therefrom. It will be apparent to those skilled in the art that many changes
can be made to the described embodiments without departing from the spirit and scope
of the invention. Thus, the scope of the invention should not be limited to the exact
details of the compositions and structures described herein, but rather by the language

of the claims that follow.
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We claim:
1. A microneedle application device comprising:
an elastic band, and
a microneedle device, wherein the microneedle device is attached to the elastic

band.

2. A microneedle application device according to claim 1 further comprising a
handle connected directly or indirectly to the elastic band and a release system

thatreleases the band at a predetermined level of stored energy.

3. A microneedle application device comprising an elastic band attached to a

microneedle device.

4, A microneedle application device according to claim 1 or 3 wherein the elastic

band is releasably attached to the microneedle device.

5. A microneedle application device according to claim 1 or 3 further comprising a
handle affixed to the band, wherein the handle is adapted to allow the band to be
stretched.

6. A microneedle application device according to claim 5 wherein the handle
comprises a connecting member connected to a gripping member, characterized in that

the connecting member is detachable from the gripping member.

7. A microneedle application device according to claim 5 wherein the handle
comprises a connecting member connected to a gripping member, characterized in that

the connecting member is detachable from the band.

8. A microneedle application device according to claim 6 or 7 wherein a

predetermined force is required to detach the connecting member.

9. A microneedle application device according to any one of claims 6 to 8 wherein

the connecting member and gripping member are integrally formed.
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10. A microneedle application device according to any one of claims 6 to 8 wherein

the handle and microneedle device are integrally formed.

11. A microneedle application device according to any one of claims 6 to 10

wherein the elastic band is configured so as to encircle an appendage.

12. A microneedle application device according to any one of claims 6 to 10
wherein the device further comprises a housing and the elastic band is attached to the

housing.

13. A microneedle application device according to any one of the preceding claims
wherein the device further comprises a stop mechanism that allows the elastic band to

be partially or fully stretched and temporarily held in place.

14. A microneedle application device according to claim 13 wherein the elastic
band is partially or fully stretched and held in place by a stop mechanism, thereby

protecting the microneedle array from external contact.

15. A method for applying a microneedle device comprising:

providing an elastic band;

placing the elastic band in circumferential proximity to a body appendage
having a skin surface;

placing a microneedle device in proximity to the skin surface and the elastic
band;

stretching the elastic band; and

releasing the elastic band, such that the microneedle device is accelerated into
the skin surface, thereby inserting at least a portion of the microneedles of the

microneedle device into the skin surface.

16. A method for applying a microneedle device according to claim 15 further
comprising the step of removing the elastic band from circumferential proximity to the

body appendage, wherein the microneedle device remains inserted into the skin surface.
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17. A method for applying a microneedle device according to claim 15 or 16,
wherein the microneedle device is releasably attached to the elastic band prior to the

step of stretching the elastic band.

18. A method for applying a microneedle device according to claim 15 or 16,
wherein the microneedle device is placed directly against the skin prior to the steps of
stretching and releasing the elastic band, such that the elastic band impacts the
microneedle device thereby inserting at least a portion of the microneedles of the

microneedle device into the skin surface.

19. A method for applying a microneedle device according to any one of claims 15
to 18, further comprising the step of attaching a handle to the elastic band and wherein
the step of stretching the elastic band is effected by pulling on the handle.

20. A method for applying a microneedle device comprising:
providing an elastic band attached to a housing and a gripping member;
placing the housing adjacent to a body appendage having a skin surface;
placing a microneedle device in proximity to the skin surface and the elastic
band;
stretching the elastic band; and
releasing the elastic band, such that the microneedle device is accelerated into
the skin surface, thereby inserting at least a portion of the microneedles of the

microneedle device into the skin surface.

21. A method for applying a microneedle device according to claim 20 wherein a
person uses one hand to grasp and hold the housing adjacent to the skin surface and

another hand to pull the gripping member away from the skin surface.

22. A method for applying a microneedle device according to claim 20 or 21
wherein the elastic band is at least partially stretched prior to placing the housing

adjacent to a body appendage.
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