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DESCRIPTION

MICRO-NEEDLE SHEET FOR REDUCING WRINKLES AND METHOD OF FORMING

TECHNICAL FIELD

The invention relates generally to delivery of a polymer with high swellability and high
viscoelasticity using microneedles.

BACKGROUND ART

The Stratum Corneum (SC) constitutes the main barrier to exogenous substances, including small
molecular weight material. Substances permeating the skin must diffuse through the highly
organized intercellular lipid bilayers of the SC.  This intercellular microroute, which is lipophilic,
is the primary pathway for exogenous substances to pass through the SC barrier by passive diffusion
along a concentration gradient between a delivery vehicle and the SC.  The ideal property of a
molecule capable of effective passive diffusion, and thus, penetration through the SC barrier is
known to be a molecular mass less than 600 Da.

For high weight molecular molecules, techniques aimed at removing the SC barrier, such as
tape-stripping and suction, laser, or thermal ablation are impractical, while needle-free injections
have so far failed to replace conventional needle-based delivery.

The concept of using a microstructured device consisting of a plurality of microprotrusions to
breach the stratum corneum barrier was first proposed in the 1970s.  Various devices comprising
solid microprotrusions have been developed to produce a system that will puncture the stratum
corneum leaving microscopic holes and that will enable subsequent inward drug delivery or
outward migration of interstitial fluid. The production of solid microprotrusions and microneedle
arrays using for example silicon or polymers have been described in the art, for example see
W02009040548, US6743211 ,US6743211 , US6743211 , IE 2005/0825, US60/749.086,
US6924087, US6743211, US6663820, US6743211 , US 6767341, US6743211, US6663820,
US6652478, US6743211 , US6749792, US6451240, US6767341, US6743211 , US6230051 ,
US6908453, US7108681 , US6931277B1 , EP1517722B1 , US20060200069A1 , US6611707,
US6565532, US6960193, US6743211 , US6379324, WO2007/040938A1 , US6256533,
US6743211 , US6591124, US7027478, US6603987, US6821281, and US6565532.

The use of such systems presently known in the art is associated with a problem of a very small
amount of drug delivery.

Clearly, a robust alternative strategy is required to enhance high molecular weight transport across
the SC.

DISCLOSURE OF INVENTION
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As demonstrated, the present inventors have shown that microneedles according to the invention
can puncture the stratum corneum with a high swellability and high viscoelasticity polymer.

Thus, in a first aspect of the present invention, there is provided a microneedle comprising a
plurality of portions, wherein the plurality of portions comprise a distal end portion and a proximal
end portion, at least two of the plurality of portions are made of different polymers, and the distal
end portion is made of at least one polymer with high swellability and high viscoelasticity.

In one embodiment, at least one polymer with high swellability and high viscoelasticity has a high
molecular weight between 500 kDa and 100000 kDa, preferably between 1000 kDa and 20000 kDa,
and more preferably between 2100 kDa and 15000 kDa.

In one embodiment, the polymer with high swellability and high viscoelasticity is selected from the
group consisting of hyaluronic acid, cross-linked hyaluronic acid, polyethylene glycol cross-linked
PMVE/MA, a copolymer of methyl vinyl ether and a mixture thereof, and preferably the polymer
with high swellability and high viscoelasticity is selected from the group consisting of cross-linked
“hyaluronic acid, polyethylene glycol cross-linked PMVE/MA, a copolymer of methyl vinyl ether
and a mixture thereof. In one embodiment, the polymer with high swellability and high
viscoelasticity is polyethylene glycol cross-linked PMVE/MA. '

In one embodiment, the distal end portion contains a pore-forming carbonate agent. In one
embodiment, at least the proximal end portion is water-dissolvable. In one embodiment, the distal
end portion detaches following insertion into skin. In one embodiment, at least the proximal end
portion degrades more rapidly than the distal end portion. '

In one embodiment, the microneedle can puncture the stratum corneum of a mammal. In one
embodiment, the distal end portion is an active ingredient. In one embodiment, the distal end
portion comprises an active ingredient. In one embodiment, the distal end portion swells upon
insertion into the skin. In one embodiment, the distal end portion swells upon insertion into the
skin in less than 1h. In one embodiment, the diameter of the distal end portion increases at least 2
times in one hour after insertion into the skin. "

In a second aspect of the present invention, there is provided a sheet mask comprising a plurality of
the microneedles. )

In a third aspect of the present invention, there is provided a use of the microneedle in a cosmetic
field and/or for reducing skin wrinkles.

In a fourth aspect of the present invention, there is provided a method of forming a sheet comprising
an array of microneedles, comprising the steps of:

(a) providing a mold with cavities corresponding to a negative of the microneedles,

(b) filling a blend of materials comprising a polymer with high swellability and high viscoelasticity
into the mold to mold a distal end portion, '

(c) drying the mold,
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(d) casting the mold with a blend of soluble materials,
(e) drying the mold, and
(f) unmolding the microneedles.

Brief Description of Drawings

.Figure 1 shows swelling ratio of the PEG cross-linked PMVE/MA (F1~F4) prepared from the
formulations specified in Table 2.

Figure 2 shows swelling ratio of the PEG cross-linked PLAs specified in Table 2.

Figure 3 shows swelling ratio of hyaluronic acids, cross-linked hyaluronic acid and PEG
cross-linked PMVE/MA.

Figure 4 shows viscoelasticity of the gels in dynamic frequency sweep test.

Figure 5 shows OCT images after insertion of MN-1 (420 um) prepared from F2 (A) and F3 (B)
formulations and MN-2 (280 um) prepared from F2 (C) and F3 (D) inserted across full-thickness
neonatal porcine skin by applying pressure for 30 s.

Figure 6 shows OCT images of MN-F2 and MN-F3 swelling over 48 h into full-thickness porcine
skin.

Figure 7 shows volume (in mm?/cm?) of the MNs at different time intervals (Mean + SD, n = 5).

Figure 8 shows swollen MNss left inserted in the full-thickness porcine skin after the removal of the
transparent adhesive tape.

BEST MODE FOR CARRYING OUT THE INVENTION

A microneedle for use in transport of a high melecular weight polymer across a biological
barrier

According to the invention, a polymer with high swellability is a polymer able to swell at least over
10 times in a 1-hour in vitro incubation in a physiological saline solution or phosphate buffered
saline, preferably at least 20 times in 1-hour incubation, more preferably at least 30 times in 1-hour
incubation, even more preferably at least 40 times in 1-hour incubation, and most preferably about .
45-55 times in 1-hour incubation. This swelling ratio can be calculated by the method described in
the example section below.

According to the invention, a polymer with high viscoelasticity is a polymer that will form a gel
after the in vitro incubation in a physiological saline solution or phosphate buffered saline. The
- gel exhibits a high elastic modulus G’, a high viscous modulus G”’, a Tangent (8) (Tangent () =
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G’’/G’) of less than 1, and a high consistency G* (G**=G** + G**%) even at low frequency (0.01 Hz)
in a dynamic frequency sweep test with a Rheometer.

In this application, reference is made to "microneedles” as the type of microprotrusion or
microprojection which is being employed. It will be understood by persons of skill in the art that
in many cases the same inventive principles apply to the use of other microprotrusions or
microprojections to penetrate skin or other biological membranes. Other microprotrusions or
microprojections may include, for example, microblades as described in U.S. Patent No. 6,219,574
and Canadian Patent Application No. 2,226,718, and edged microneedles as described in U.S.
Patent No. 6,652,478. In general, it is preferred that the microprojections have a height of at least
about 100 um, at least about 150 um, at least about 200 um, at least about 250 pum, or at least about
300 um. In general, it is also preferred that the microprojections have a height of no more than
about 1 mm, no more than about 800 um, no more than about 500 um, or in some cases no more
than about 300 pm. The microprojections may have an aspect ratio of at least 3:1 (height to
diameter at base), at least about 2:1, or at least about 1:1.

In one embodiment, the microneedles are conical in shape with a circular base which tapers to a
point at a height of the microneedle above the base. Suitably, in embodiments of the arrays of the
invention, the microneedles can have a diameter of 1 - 500 um at their base. In one embodiment,
the microneedles of and for use in the invention can have a diameter in the range 50-300um, for
example 100-200 pum. In another embodiment, the microneedles of the invention may be of a
diameter in the range of 1 um to 50 pum, for example in the range of 20-50 pm.

Proximal end portion

In one embodiment, the proximal end portion is made of one or more soluble polymers. The
proximal end portion is a portion comprising proximal end. Examples of suitable polymers
include, but are not necessarily limited to, hyaluronic acid with low molecular weight (preferably
less than 50K Da, more preferably less than 10KDa); monosaccharide (for example, glucose,
fructose, galactose); disaccharide (for example, sucrose, lactose, maltose); oligosaccharide, dextrin,
dextran, polyethylene glycol, polyvinyl alcohol, poly (methyvinylether/maleic anhydride),
polyvinylpyrrolidone, and Gantrez-type polymers.

In a particular embodiment of the invention, suitable polymers are Gantrez-type polymers such as
poly(methyl/vinyl ether/maleic acid) (PMVE/MA) and esters thereof, and poly(methyl/vinyl
ether/maleic anhydride) (PMVE/MAH).

Distal end portion

In one embodiment, the distal end portion is made of one or more hydrogel-forming polymers.

The distal end portion is a portion comprising distal end. Examples of suitable polymers include,
but are not necessarily limited to, hyaluronic acid with high molecular weight (preferably more than
500kDa, more preferably more than 1000 kDa, even more preferably more than 2100 kDa);
cross-linked hyaluronic acid; cross-linked polyethylene glycol; polyethylene glycol cross-linked
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poly-lactic acid/poly glycolic acid/poly-lactic-co-glycolic acid/poly dioxanone;
poly(styrene)-block-poly(acrylic acid); polyethylene glycol cross-linked poly(methyl/vinyl
ether/maleic acid) (PEG cross-linked PMVE/MA); cross-linked polyvinylpyrrolidone; sodium
starch glycolate; cellulose; natural and synthetic gums; alginates; sodium polyacrylate; and
PEG-crosslinked- Gantrez-type polymers (PEG cross-linked Gantrez).

Gantrez-type polymers include poly(methyl/vinyl ether/maleic acid) (PMVE/MA) and esters
thereof, and poly(methyl/vinyl ether/maleic anhydride) (PMVE/MAH).

In a preferred embodiment of the invention, the polymer with high swellability and high
viscoelasticity contains different percentages of a pore-forming agent, such as sodium carbonate

(N3.2CO3).

According to the invention, a pore-forming agent is an agent able to cause free acid groups on the
polymer to ionise, thus repelling adjacent groups and opening up the structure even further.

In order to be used in transdermal delivery, microneedles must be capable of creating openings in
the stratum corneum.

Suitably, the microneedles do not fracture with manual force when a pressure of insertion of less
than 50.0 N cm?, for example less than 20.0 N ecm?, such as less than 10 N cm? is exerted on
microneedles along their length. '

Release of the distal end portion

According to the invention, the proximal end portion is made of a polymer capable of being
dissolved after insertion into the skin.

Thanks to the solubilization of the proximal end portion and the volume expansion of the distal end
portion, the distal end portion will separate and remain in the skin.

Optional external water can be added to accelerate the dissolution of the proximal end portion
combined with the application of a microneedle sheet which is applied before or after the
microneedle sheet.

Drug delivery

Optionally, crosslinking of polymers may be used to further vary the strength and swelling
characteristics of microprotrusions as well as the release characteristics of the microprotrusions for
delivery of an active agent. For example, a lightly-crosslinked hydrogel microprotrusion could
rapidly deliver a drug where only one dose is required. A moderately-crosslinked hydrogel
microprotrusion could be used to allow prolonged drug delivery, thus facilitating a constant drug
delivery into the skin.
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Use of microneedle in a sheet mask

A microneedle can be any suitable size and shape for use in a sheet to puncture the stratum corneum.
The microneedles of the sheet are designed to pierce and optionally cross the stratum corneum. ‘
Suitably, the height of the microneedles can be altered so as to allow penetration into the upper
epidermis or as far as the deep epidermis.

The apical separation distance between each of the individual microneedles in a sheet can be
modified to ensure penetration of the skin while having a sufficiently small separation distance to
provide high transdermal transport rates. In embodiments of the device, the range of apical
separation distances between microprotrusions can be in the range of 50-1000 um, such as 100-400
pum, or 200-300 um. This allows a compromise to be achieved between efficient penetration of the
stratum corneum and enhanced delivery of the polymer with high swellability and high
viscoelasticity.

It will be apparent to those skilled in the art that the microneedles of the invention can take any

~ reasonable shape, including, but not limited to, cones, rods and/or pillars. - -As such, the -
microneedles may have the same diameter at the tip as at the base or may taper in diameter in the
direction from the base to the tip. '

Cosmetic support for the sheet
Supports are, for example, chosen from masks, wipes, patches, and in general all types of porous
substrates. Preferably, these supports have an oblong structure, namely with a thickness smaller

than the dimensions of the plane in which they are defined.

Another support may, for example, be a flocked applicator. This applicator comprises, for
example, a body made of elastomer or of plastic, covered on its surface with a flocking.

The support may be cut so as to be in the form of a disc, a mask, a towel, a glove, a precut roll, or
any other form suitable for a cosmetic use.

Use of microneedles in the cosmetic field

The microneedle sheet is used to deliver a polymer with high swellability and high viscoelasticity to
improve the aesthetic appearance of the skin, by reducing the appearance of wrinkles.

A reduction in the amount of matrix leads to a decrease in skin thickness and deterioration of skin
elasticity, causing the formation of wrinkles.

The distal end portion located in the skin will further swell and increase volume along with its
absorption of water in the skin. Such volume expansion beneath the skin surface of a wrinkle site
pushes the wrinkles from inside the skin and makes the wrinkles become shallower and wider.
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In a particular embodiment, the microneedles of the invention can be used to apply semi-permanent
or permanent marking to the skin.

Method of manufacturing microneedle

A method of forming an array of microneedles, comprising the steps of:

(a) providing a mold with cavities corresponding to a negative of the microneedles,

(b) filling a blend of the materials with high swellability and high viscoelasticity into the
casting mold to mold the distal end portion,

(c) drying at room temperature for several hours,

(d casting the mold with a blend of the soluble materials,

(e) drying at room temperature (and optionally heating), and

® unmolding the microneedles and cutting the sheet into desired shapes.

The invention will be better understood on reading the following descriptions, given solely by way
of example, and with reference to the drawings.

EXAMPLES

The swellable materials of PEG cross-linked PMVE/MA, PEG cross-linked poly-lactic acid,
hyaluronic acid, and cross-linked hyaluronic acid were screened in test 1 and test 2 to select the
material for distal end portion of the microneedles from the point view of the swelling property and
the viscoelasticity which is indicative of suitability for plumping and fixation in the skin. The
swellable materials selected based on the results in the tests 1 and 2 were used in the prototyping of
the microneedles. The insertion and the in-skin swelling of these prototypes over 48 hours were
further investigated in test 3 and test 4.

Material selection for distal end portion: in vitro swelling property

Test materials

PEG cross-linked PMVE/MA: Samples F1-4 were prepared by drying the aqueous polymeric
blends (Table 1) for 48 hours at room temperature and curing at 80°C in an oven for 24 hours to

induce chemical crosslinking between PEG and PMVE/MA (Gantrez® S-97):

Table 1. Formulation for PEG cross-linked PMVE/MA (PEG-PMVE/MA)

Sample (wt %) PMVE/MA PEG 10 kDa Na,COs Deionized water
F1 20 7.5 3 69.5
F2 20 7.5 5 67.5
F3 15 7.5 3 74.5
F4 15 7.5 5 72.5

PEG cross-linked poly-lactic acid (PEG-PLAs)
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Table 2. PEG cross-linked poly-lactic acid (PEG-PLAs) for test

EDL-40 (DL) PEG-PLA, PEO 40 mol%
EDL-50 (DL) PEG-PLA, PEO 50 mol%
EDL-60 (DL) PEG-PLA, PEO 60 mol%

EL-40 (L) PLA-co-PEG, PEO 40 mol%

High molecular weight hyaluronic acid and cross-linked hyaluronic acid

Table 3. High molecular weight hyaluronic acid (HA) and cross-linked hyaluronic acid (HA)

Cross-linked HA Cross-linked hyaluronic acid
HA-1 Hyaluronic acid, molecular weight of 1300-1800kDa
HA-2 Hyaluronic acid, molecular weight of 1800-2150kDa
HA-3 Hyaluronic acid, molecular weight of 2200kDa
Test method:

The test materials were weighed as W, and were swollen in a physiological saline solution over 7
hours at room temperature. At regular intervals, the materials were removed, wiped with filter
paper to eliminate excess water and weighed as W,. The swelling ratio was calculated using the
following equation and then plotted into a graph.

Swelli tio at t — W,
welilng ratio a = —

Results

Figure 1 shows the swelling ratio of the PEG cross-linked PMVE/MA (F1~F4). The swelling
study of F4 was interrupted after 10 min because F4 was dissolving instead of swelling; however,
the addition of Na,COs led to a significant increase in swelling. F2 and F3 had high fluid uptake
capacity and also good mechanical strength when swollen. |

Swelling property of PEG cross-linked PLAs:
Figure 2 shows the swelling ratio of the PEG cross-linked PLLAs specified in Table 2. The
swelling properties of these materials was found to exhibit the following order: EDL-60 > EL-40 >

EDL-50 > EDL-40.

Swelling property of high molecular weight HA, cross-linked HA and PEG cross-linked
PMVE/MA (F2 and F3):
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Figure 3 compares the swelling property of hyaluronic acids (HA-1~3), cross-linked hyaluronic acid,
and PEG cross-linked PMVE/MA (F2 and F3). High molecular weight HA showed better
swelling over the 7 hour-incubation, and HA-3 showed the quickest swelling and highest swelling
ratio among the three HAs with high molecular weight. The swelling properties of these materials
was found to exhibit the following order: cross-linked HA > F3 > HA-3 > HA-2 > F2 > HA-1.

Conclusion:

The swelling property of selected materials was found to exhibit the following order: cross-linked
HA>F3 > HA-3 > HA-2 > F2 > HA-1.

Material selection for distal end portion: in vitro viscoelasticity

Test materials

Cross-linked HA Cross-linked hyaluronic acid
HA-1 Hyaluronic acid, molecular weight of 1300-1800kDa
HA-2 , Hyaluronic acid, molecular weight of 1800-2150kDa
HA-3 Hyaluronic acid, molecular weight of 2200kDa
prepared by drying the aqueous polymeric blend F2 in Table 2 for
F2 48 h at room temperature and curing at 80°C in an oven for 24 h

to induce chemical crosslinking between PEG and PMVE/MA
prepared by drying the aqueous polymeric blend F3 in Table 2 for
F3 48 h at room temperature and curing at 80°C in an oven for 24 h

| to induce chemical crosslinking between PEG and PMVE/MA

Test method:

The test materials were put in strainers and incubated in a physiological saline solution at room
temperature to mimic the swelling in skin.  After 7 hours, the test materials swelled and formed
gels in the strainers. These gels were removed and wiped with filter paper to eliminate excess
water. The viscoelasticity was measured with a Rheometer in a dynamic frequency sweep test
under the following conditions:

Geometry: Cone and Plate Geometry

Test setup: Dynamic Frequency Sweep test (strain control)

Strain: 0.1%

Temperature: 32°C

Initial Frequency: 0.01 Hz
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Final Frequency: 10 Hz

Points Per decade: 10

The tan (3) and G* were calculated using following equation and then plotted into a graph.

G" loss modulus

Tan(5) = 3
) G’ storage modulus G¥ =67 +6"

2

Results:

Figure 4 shows the viscoelasticity of the gels measured with Rheometer. Tan (3) with a value lower
than 1 means more elastic behavior than viscous character, in which the material behaves more like
a gel. This physicochemical behavior is indicative of suitability for plumping and fixation in the
skin, especially in the case of low frequency 0.01-0.1 Hz that mostly mimics the contact with skin.
Therefore, according to the value of tan (), the gel behavior of the materials for fixation exhibited
the following order: cross-linked HA, F3, F2, HA-3, HA-1 and HA-2. A higher G* means higher
firmness of the gels, which indicates the potential to resist compression by skin to maintain the
shape. According to the value of G* especially at low frequency, the firmness of the materials is
exhibited the following order: F3, cross-linked HA, F2, HA-1, HA-3 and HA-2.

Conclusion

Most of the materials evaluated have a low tan (8) and a high G*, which is good for shape
maintaining and fixation in skin. The three best materials were found to be F3, cross-linked HA,
and F2. Since the swelling property exhibited the order of cross-linked HA > F3 > HA-3 >
HA-2 > F2 > HA-1, the swelling property and viscoelasticity need to be balanced to select the
materials for the distal end portion of the microneedle. F2, F3, and the cross-linked HA were
found to be the best for the distal end portion of the microneedles.

In-skin insertion of the microneedles (MN) with PEG cross-linked PMVE/MA (F2 /F3) as the
distal end portion

Test samples:
> Gantrez® S-97

\‘fvr > F2and F3 (PEG-Gantrez®)

Sample | Needle length Distal end portion Proximal end portion
MN-1-F2 420 pm F2 in table 2 PMVE/MA (Gantrez® S-97)
MN-1-F3 420 pm F3 in table 2 PMVE/MA (Gantrez® S-97)
MN-2-F2 280um F2 in table 2 PMVE/MA (Gantrez® S-97)

" MN-2-F3 280um F3 in table 2 PMVE/MA (Gantrez® S-97)

10
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Test method:

Preparation of the microneedles:
The microneedles (MN) were prepared in a two-step process according to the following
diagrammatic representation using the molds of MIN-1 with a height of 420 um and the molds of

MN-2 with a height of 280 pm:

0.05 g of the F2 or F3 blend (Table 2) was put into the molds and the blend was spread with a
spatula to cover the entire area of the MN holes.

The MN molds were centrifuged to force the blend into the MN holes.
The MNs were left to dry at room temperature.

Then, PMVE/MA (Gantrez® S-97) was cast into the molds.

The MN molds were centrifuged to force the blend into the MN holes.
The MNs were then left to dry and put into the oven at 80°C for 24 h.

Then, the MNs were removed from the molds and the side walls were cut with a warm scalpel.

FX or F3 blands

— 1 t to dryr 2t room: tmperatore

c [L“T Sartre=® polyrmer matrix

centrifugation

E lqv 24 h in the oven at 80°PC (crosslinking reaction)

| | . ——

Silicone mould pecled away
MN arrays after
remmoving side walls

Ex vivo penetration of MN into the skin
11
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Full-thickness excised porcine skin was set onto a bed of tissue wetted with phosphate buffered
saline to simulate the underflow of interstitial fluid. The skin was tensed and fixed with metal pins
onto a support to simulate an in vivo situation. The MN samples were manually inserted with a
thumb for 30 seconds into full-thickness neonatal pig skin applying a force similar that the used
when pressing a button to call an elevator. Transparent adhesive tape was used to keep the MNs in
place. Optical coherence tomography (OCT) was used to assess the penetration depth of the MNs
into the skin.

Results

Figure 5 shows the penetration depth of the MNs (MN-1-F2/F3 and MN-2-F2/F3) across
full-thickness neonatal porcine skin, and Table 4 shows the average insertion depth of the different
MNs. The observed penetration variability can be explained by the different penetration rate
observed from the different MNs of the same MN array. All the needles made of F2 and F3
successfully penetrated into skin as indicated in the OCT images below (Figure 4). Approximately
74 % of the length of MN-1-F2/F3 (~310 pum) and 72 % of the length of MN-2-F2/F3 (~200 um)
penetrated into the skin.

Table 4. Average of the penetration depth the different MN arrays (Mean + S.D., n=4).

Test sample Insertion depth (um) |  Penetrated skin layer
MN-1-F2 313+ 13 Dermis
MN-1-F3 309+ 4 ‘ Dermis
MN-2-F2 198 + 16 Epidermis
MN-2-F3 207+9 Epidermis

Conclusion

Two prototypes were successfully prepared using F2 and F3 materials as the distal end portion with
the soluble Gantrez as the proximal end portion. Both prototypes penetrated into the skin without
breakage as shown in the OCT images with an average of 72-74 % of their total length.

In-skin swelling of the microneedles (MN) with PEG- PMVE/MA (F2 /E3) as the distal end
portion

Test samples:

Sample | Needle length Distal end portion Proximal end portion
MN-F2 600 pm F2 in table 2 PMVE/MA (Gantrez® S-97)
MN-F3 600 um F3 in table 2 PMVE/MA (Gantrez® S-97)

12
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The microneedles were prepared in a two-step process following the procedure detailed in Test 3 on
page 8 using the molds of MN with a height of 600 pm.

Test method:
Swelling of MNs into the skin

Full-thickness excised pig skin was set onto a gel wound dressing, and pre-equilibrated in phosphate
buffered saline for 24 hours in order to simulate the underflow of interstitial fluid. ~The skin was
tensed and fixed with metal pins on a support to simulate an iz vivo situation. The MNs were
manually inserted into the skin. The set up was kept in an incubator at 37°C during the experiment.
OCT was used to monitor the swelling of the MNs into the skin, and the variation of MN volume
was studied at set times: 0, 0.5, 1, 3, 6, 24 and 48 h.

Results

MN-F2 and MN-F3 were prototyped in line with their dimensions using the molds of MN with a
height of 600 um. Figure 6 shows that MN-F2 and MN-F3 exhibited a change in shape and
swelled in the skin at different time intervals. The distal end portion of MN-F2 and MN-F3 was
observed to keep plumping the skin and staying in the skin at least for 48 hours.

Figure 7 plotted the volume taken up by the MNs per cm? over 48 hour-insertion in skin. The ‘
calculations were carried out using the average volume of a single MN at the different time points;
the MN arrays cover a surface of 0.5 x 0.5 cm, in which there are 361 MN.  After 48 hours of
insertion in the skin, the volume of fluid taken up by MN-F2 and MN-F3 on a surface measuring 1
cm? was 21.02 £ 5.29 and 23.08 + 4.65 pl/cm?, respectively.  As shown in Figure 7, the overall
volume taken up by MN-F3 was found to be greater at the different time points in comparison to
MN-F2, indicating the swelling of the distal end portion of both MNs begins immediately after the
insertion into skin and lasts for at least 48 hours.

After the application, the distal end portions of MN-F2 and MN-F3 were left inserted in the skin
due to the dissolution of the soluble proximal end portion as shown in Figure 8.

Conclusion

MN-F2 and MN-F3 were prototyped in line with their dimensions using F2 and F3 as the distal end
portion. The distal end portion of the two MNs was successfully left in the skin after the
application. The swelling of the distal end portion of the two MNs was well observed during the
48 hour-insertion in the skin, and MN-F3 showed better swelling (about 5 times swelling) than
MN-F2. Their plumping and fixation in the skin were observed to last for at least 48 hours.
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11.
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CLAIMS

A microneedle comprising a plurality of portions, wherein the plurality of portions
comprise a distal end portion and a proximal end portion, at least two of the plurality of
portions are made of different polymers, and the distal end portion is made of at least one
polymer with high swellability and high viscoelasticity.

The microneedle according to claim 1, wherein said at least one polymer with high
swellability and high viscoelasticity has a high molecular weight between 500 kDa and
100000 kDa, preferably between 1000 kDa and 20000 kDa, and more preferably between
2100 kDa and 15000 kDa.

The microneedle according to claim 1 or 2, wherein said polymer with high swellability
and high viscoelasticity is selected from the group consisting of hyaluronic acid,
cross-linked hyaluronic acid, polyethylene glycol cross-linked PMVE/MA, a copolymer of
methyl vinyl ether and a mixture thereof, and preferably said polymer with high
swellability and high viscoelasticity is selected from the group consisting of cross-linked
hyaluronic acid, polyethylene glycol cross-linked PMVE/MA, a copolymer of methyl
vinyl ether and a mixture thereof.

The microneedle according to claim 3, wherein said polymer with high swellability and
high viscoelasticity is polyethylene glycol cross-linked PMVE/MA.

The microneedle according to any one of claims 1 to 4, wherein said distal end portion
contains a pore-forming carbonate agent.

The microneedle according to any one of claims 1 to 5, wherein at least the proximal end
portion is water-dissolvable.

The microneedle according to any one of claim 1 to 6, wherein said distal end portion
detaches following insertion into skin.

The microneedle according to any one of claims 1 to 7, wherein at least the proximal end
portion degrades more rapidly than the distal end portion.

The microneedle according to any one of claims 1 to 8, wherein said microneedle can
puncture the stratum corneum of a mammal.

The microneedle according to any one of claims 1 to 9, wherein the distal end portion is an
active ingredient.

The microneedle according to any one of claims 1 to 10, wherein the distal end portion
comprises an active ingredient.
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The microneedle according to any one of claims 1 to 11, wherein the distal end portion
swells upon insertion into the skin.

The microneedle according to any one of claims 1 to 12, wherein the distal end portion
swells upon insertion into the skin in less than 1h.

The microneedle according to any one of claims 1 to 13, wherein the diameter of said
distal end portion increases at least 2 times in one hour after insertion into the skin.

A sheet mask comprising a plurality of the microneedles according to any one of claims 1
to 14.

Use of the microneedle according to any one of claims 1 to 14 in a cosmetic field.
Use of the microneedle according to any one of claims 1 to 14 for reducing skin wrinkles.

A method of forming a sheet comprising an array of microneedles, comprising the steps of:

(a) providing a mold with cavities corresponding to a negative of the microneedles,

(b) filling a blend of materials comprising a polymer with high swellability and high
viscoelasticity into the mold to mold a distal end portion,

(©) drying the mold,

(d) casting the mold with a blend of soluble materials,

(e) drying the mold, and

® unmolding the microneedles.
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