1 POLYMERI C M CRONEEDLE ARRAY AND APPARATUS AND METHOD FOR MANUFACTURI NG OF
THE SAME Field of the Invention [0001] The present invention generally
relates to nedicine delivery devices and technol ogies, and nore
particularly to polyneric mcroneedl e arrays and apparatus and nethod for
manuf acturing the same. Background of Tthe Tnvention [ 0002] Medicine
delivery is critical for nmedical treatnents, and different nedicines may
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has a big dimension, due to the skin histology. Human skin consists of three layers. The
outermost layer is called Stratum corneum (SC) consisting of dead tissue with a thickness
of about 10-15 wm. This layer is often the primary barrier to fluid transport to the body.
The layer beneath the SC is called Viable epidermis (VE), wherein the VE has a thickness
of about 50-100 um, and it contains living cells, but is devoid of blood vessels and contains
few nerves. The layer beneath the VE is called Dermis of about 1-3 mm, wherein the
Dermis forms the bulk of the skin volume and contains nerves and blood vessels.

[0003] Hypodermic needles are widely used in the medical field for injection into
and extraction from human skin. Hypodermic needles generally have a relatively large
diameter. For example, conventional needle is about 20-50mm in length and 0.5-0.7mm in
diameter, and it will easily penetrate into the Dermis of the skin, causing pains and tissue
damages.

[0004] Furthermore, targeted drug delivery or the application of a high
concentration of one or more drugs to a specific target area within the body has become of
paramount importance to the fight against tumors, restentosis and similar life threatening

medical conditions. For example, it would be very desirable to deliver medicines into the




pl aque sites during angioplasty surgery. It is apparent that conventional
hypoderm ¢ needl es cannot be used in such operations. [0005] There are
certain attenpts to design and manufacture nedicine delivery devices that
are capabl e of delivering nedicine directly and effectively but not causing
pai ns or tissue danages. Moreover, the desired nedicine deli very devi ces
may be enployed to deliver nedicine into certain sites inside the body.
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delivery can be accomplished without pain, leading to increased patient compliance, and
without bleeding. Further, patients may apply the drug delivery devices themselves
without extensive training.
[0007] Polymeric materials are suitable for manufacturing of microneedle arrays.
However, the polymer microneedle arrays cannot be manufactured in a cost-effective
manner using currently available techniques. For example, injection moulding of
microneedle arrays requires expensive, dedicated micro-injection moulding machine. In
addition, US 2002/0020688 A1 discloses manufacturing procedures for creating plastic
arrays of microneedles including “self-moulding,” micromoulding, microembossing, and
micro-injection techniques. All techniques need a mould containing a micropillar array so
that the melted plastic materials will form the microneedles according to the micropillar
array.
[0008] Therefore, there is an imperative need to improve the apparatus and method

for manufacturing of microneedle arrays.




for manufacturing of mcroneedl e arrays. 3 Summary of the Invention [0009]
The present invention provides an apparatus for manufacturing a polyneric
m croneedl e array. In one enbodi nent of the present invention, the
apparatus conprises a formng nmould having a surrounding wall so as to
forma cavity and a bottomintegrated3 with one end of the surrounding

wal |, wherein the bottom has an array of openings; a top nould having an

array of apertures that are HBungnafy uf the Inbentiudeni ngs in the form ng
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[0011] The present invention further provides a polymeric microneedle array
manufactured by the apparatus provided herein. The present invention also provides a
medicine delivery device for delivery liquid and/or fine powdered medicines, where the
medicine delivery device comprises a polymeric microneedle array manufactured by the
apparatus of claim 1; and a medicine reservoir connected to the polymeric microneedle
array; thereby the medicines may be stored in the medicine reservoir and ready to be
delivered through the microneedles.
[0012] One advantage of the present invention is that the microneedle arrays may
have substantially sharp tips which make it easier to penetrate through stratum corneum
layer of the skin.
[0013] Another advantage of the present invention is that the microneedles of the
microneedle arrays could be of various dimensions and shapes. By changing the design of
the forming mould, various geometry and shape of microneedles can be formed, for
example, pyramidal shaped needles.
[0014] Yet another advantage of the present invention is that the fabrication

procedure does not involve expensive micromachining process or require dedicate micro-




exanpl e, pyram dal shaped needl es. [0014] Yet another advantage of the
present invention is that the fabrication procedure does not involve
expensive m cromachi ni ng process or require dedicate mcro 4 injection
machine, resulting in |low fabrication cost as conpared with other known
technol ogi es. [0015] Yet another advaﬁtage of the present invention is that
the fabrication requires |ess steps, resulting in easy inplenentation.
[0016] Tijectodn eathives reantirgdimhdwdebricdtionheost g ertnimmedviwith béeokmoappar ent
from the faollowi ng detail ed description of preferred enbodi nents thereof
in conn&ChPYAEIFFth the acconpanying drawings. Brief Description of the
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[ 0020] Bt@npaghiogsirawingst ual nmicroneedle in a mcroneedl e array nmade of

pol ypropyl ene (PP). [0021] FIG 4 shows anot her m croneedl e made of

pol yvinyl chloride (PVC). Detailed Description of the Invention [0022] The

present invention may be uBgef Beq@iptivarst thePdawingby reference to the
foll ow ng detail ed description of certain enbodi nents of the invention.
[ 0023] Throughout this application, where publications are referenced, the
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elements.
[0018] FIG 1 is a schematic cross-section view of the apparatus in accordance with
one embodiment of the present invention.
[0019] FIG 2 is a schematic cross-section view of a medicine delivery device

having the polymeric microneedle array manufactured in accordance with one embodiment

of the present invention.

[0020] FIG 3 shows an actual microneedle in a microneedle array made of
polypropylene (PP).
[0021] FIG 4 shows another microneedle made of polyvinyl chloride (PVC).

Detailed Description of the Invention

[0022] The present invention may be understood more readily by reference to the
following detailed description of certain embodiments of the invention.

[0023] Throughout this application, where publications are referenced, the
disclosures of these publications are hereby incorporated by reference, in their entireties,
into this application in order to more fully describe the state of art to which this invention
pertains.

[0024] In the following detailed description, specific details are set forth in order to

provide a thorough understanding of the invention. However, it will be understood by




pertains. [0024] In the follow ng detail ed description, specific details
are set forth in order to provide a thorough understanding of the

i nvention. However, it will be understood by 5 those skilled in the

rel evant art that the present invention nay be practiced w thout these
specific details. In other instances, 9well-known methods, procedures,
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lines can be on the undersurface of the forming mould 10 or inside the forming mould 10.
It is noted that the configurations of the channels will determine the dimensions of the
openings through which the polymeric microneedles are made. In one embodiment, the
cooling and heating channels are provided in the same moulding apparatus so that the
apparatus will have a heating and cooling process that is evenly distributed across the
bottom of the forming mould. The cooling and heating channels may be implemented in
any suitable way that is well known to those skilled in the art.
[0026] The top mould 20 comprises a moulding plate 21 with an array of apertures
that are in line with the openings of the forming mould when the top mould and the
forming mould are closed, and an array of boss 22 that can prevent the melted polymeric
material from spilling into the apertures of the top mould, but permit the micro pins (to be
discussed later) to penetrate. Boss 22, a circular rounded projection, is employed to press
the melted polymeric material. The press of the boss is immediately followed by pins’
penetration. Each boss has one bore in which a pin can slide up/down, where the bore is in

line with the aperture of the top mould and the opening of the forming mould, and has




that are in line with the openings of the form ng nould when the top nould
and the formng nould are closed, and an array of boss 22 that can prevent
the nelted polyneric material fromspilling into the apertures of the top
noul d, but permt the micro pins (to be discussed |later) to penetrate.
Boss 22, a circular rounded projectiof, is enployed to press the melted
polynmeric material. The press of the boss is imediately followed by pins
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cavity R>f02§]he For {00 gy lid prdﬂded a brief description of the method of using the
aforementioned apparatus to manufacture polymeric microneedle arrays. When the top
mould and forming mould are separated, polymeric materials may be introduced into the
cavity of the forming mould formed by the surrounding walls. In one embodiment, melted
polymeric materials may be directly presented into the cavity of the forming mould. In
another embodiment, when the forming mould has the heating channels as shown in FIG 1,
polymeric materials in the form of pellets or granules may be put onto the bottom of the
cavity of the forming mould, and the polymeric materials will be melted by the heating
channels. Alternatively, the melting process may be done after the mould has been closed.
In another embodiment, polymeric materials may be pre-cut sheet of plastic which may be
directly placed upon the bottom of the cavity of the forming mould, pressed down by the
top mould, heated in the mould to a temperature slightly below the melting point, and then
penetrated by the pins.
[0029] After the polymeric materials are melted onto the bottom of the cavity of the
forming mould, the top mould will be pressured sufficiently so that all the air gaps between

the top mould and the forming mould are closed, leaving minute protruding droplets at the




anot her enbodi nent, when the form ng nould has the heating channel s as
shown in FIG 1, polyneric materials in the formof pellets or granules my
be put onto the bottomof the <cavity of the form ng nould, and the
polymeric materials will be nelted by_the heating channels. Alternatively,
the nelting process may be done after ’t he noul d has been closed. In

anot her enbodi nent, polyneric materials nay be pre-cut sheet of plastic
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t enper atiigis hAsidl vdid dOBFM at B8 WRHbELh temperature so as to not harm the mould
itself. The preferred material is a polymer such as PP, PVC or nylon, although many other |
types of polymer material certainly could be used to advantage. Other potential materials
include: polyester, polyethylene (PE), acrylonitrile butadiene styrene (ABS) or
polymethylmethacrylate (PMMA). Of course, one important criterion is that the material
which makes up the microneedles does not chemically react with skin, or with the fluidic
substance that is being transported through the hollow interiors of the microneedle array.
[0031] Now referring to FIG 2, there is provided a medicine delivery device 50
comprising a polymeric microneedle array 51 manufactured in accordance with the
apparatus and method disclosed herein, a medicine reservoir 52 connected to the polymeric
microneedle array, and a medicine 53 is stored within the medicine reservoir and ready to
be delivered through the microneedles. The connections between a polymeric microneedle
array and medicine reservoir can be achieved by any plastic joining means such as laser
transmission welding or ultrasonic welding.
[0032] The devices disclosed herein are useful in transport of material into or

across biological barriers including the skin (or parts thereof); the blood-brain barrier;




itself. The preferred material is a polyner such as PP, PVC or nylon,

al t hough many other types of polyner material certainly could be used to
advantage. O her potential materials include: polyester, polyethylene
(PE), acrylonitrile butadiene styrene (ABS) or polynet hyI nmet hacryl ate
(PMMA). Of course, one inportant crit8rion is that the material which
makes up the m croneedl es does not chemcally react with skin, or with the
fluidi Cmusodai;ttiame(etgn,adsral shabai ogular, anagipml, twedthidly ganybiﬁtminlablrbwatmy)ari ors
of the cronee arra Now referrin FIG 2, there is provided
a medi cPied yesse e YRbay ez%ssgl@ %er%?lpglic aaﬂ%%%% DS LT YRSy ay 51
manuf achpigaghaid) mm&%mevuévlibet Og b@zﬁ@ﬁe&wasﬁeqnﬂzﬁ{a@%% ﬁfé' Agedaherein,
a nmedi ci ne reservoir 52 connected meric oneedl e array, and
a nedi ceatbet&Sor lapabsmope Wot bértain lapplmdom rseclr assfor doig delivdryr waadyintapnalbe

del i vered th{l H\g"h t he microne dl es. ae connections between a polyneric
mi cr oneBEHUe TG (Faces cal ﬁé‘&fﬁlﬂa B1pRRREdoi r can be achi eved by any plastic

joini ng[lgﬁﬁzﬁ}ns SUCTh@%oll ARRE cxAthpRSTIpRSVias ?&'sﬁb@ﬁugoﬂhe lél:iuaﬁ?&@h@e ¥eidi ng.
[0032] The ‘devices disclosed herein are useful intranspor mat eri al

i nto or preaertogseisial. o@‘ﬂl@aﬂctttvérdﬂmnsonm@ndudqonﬁgumos kand l(n@terqwr nsedt #rer eof ) ;

t he bl ood- (%? . artrl F mucosal tissue (e.g., oral, nasal, ocular,

vagi nal Pro¥ ﬁ?raf us baé@PPBynt estinal, respirat ory); bl ood vessel S;

| ynphat [0034;jessel SExJHﬁebi ol ogical barriers can be in humans or other types
of animals. The m croneedl e device can be applied to tissue internally with
the ai dl9g85la cat Henisronsedle apay sesopanuizgired sithdha appasrtie shavania, Fl6ubh as

for dru €5 ically
ot ant S5 BplbEaE el it POGPREVIcr BPE *Thé B s ShiiePneifsdfis OS2, Y L
practi cgeddiest Mhe nfic@aestled a¢@nhically skfiedaritivalbogd. "EBsdth s naibtbneedléd gur at i on
and materials used are provided for illustration only 0034] Exarrpl es

[0035] &batt OrohfaumdonpengiratipgsintmAermie o1 86 Onnpm f@h@ﬂﬂ&ffﬁ S VERIW in FIG
L. TheD?QJi%%E&{rﬁlc te?&lb% abSutRPOY. Brzgp)/é&{aé’r&g&gm Cae%}ﬁu%{ Y3 gfod{] kgneedl es

has abou nee e m cronee shape a bore.
Lengt h péneltranng)nﬁ@&ﬂEamly.sPlteibmﬁmio@or&edleﬁ)1smb‘oﬁm.7$9r8erhnatl?an@1 sird 8 ablewtmi s or

0. 06- 0. :ngrmeorzpenetrati ng into VE only.

[0036] FIG 3 shows an actual microneedle in a microneedle array made of

polypropylene (PP). The microneedle has a hollow inside and a sharp tip. The precision
pins were tungsten micro pins with a tip diameter of 0.1 mm. The microneedle shown has
a base diameter of 1 mm, tip diameter of 0.28 mm, and height of 1.49 mm. FIG 4 shows
another microneedle made of polyvinyl chloride (PVC), having a base diameter of 1 mm,
tip diameter of 0.45 mm, and height of 0.76 mm. It is noted that the tip is not sharp.

[0037] While the present invention has been described with reference to particular
embodiments, it will be understood that the embodiments are illustrative and that the
invention scope is not so limited. Alternative embodiments of the present invention will
become apparent to those having ordinary skill in the art to which the present invention
pertains. Such alternate embodiments are considered to be encompassed within the spirit
and scope of the present invention. Accordingly, the scope of the present invention is

described by the appended claims and is supported by the foregoing description.




D anmeter of mcroneedles is about 0.08-0.2 for penetrating into derms or
0.03-0.06mm for penetrating into VE only. Pitch of m croneedl es is about
0.75-0.8 mm Patch size is about 15x15 mm2. [0036] FI G 3 shows an act ual
m croneedl e in a mcroneedl e array made of pol ypropylene (PP). The

m croneedl e has a hollow inside and a%harp tip. The precision pins were
tungsten mcro pins with a tip diameter of 0.1 nm The m croneedl e shown
has a base dianeter of 1 nm tip dianeter of 0.28 mm and height of 1.49
mm FIG 4 shows another m croneedl de of polyvinyl chloride (PVC,
havi ng a base dianmeter of 1 mm t#ﬁﬁgﬁﬂ§Eter of 0.45 mm and hei ght of
0.76 mm It is noted that the tip is not sharp. [0037] Wile the present

i nvention has been described with reference to particular enbodinments, it
wi || be Wirdés dbiowd is:hat t he enbodi ments are illustrative and that the
invention scope is not so limted. Alternative enbodi nents of the present
invention will becone apparent to those having ordinary skill in the art
to whi ch t he Aoy gpanitus BY BRhURAUriRES bolyhieric PhicfonsédI@ iiaf, @oﬁBﬂﬁﬂ%ﬂEnt s are
considered to be enconpassed within the spirit and scope of the present

i nvention. Aedomdingghguld hivdng e speowidinghwallse getn forming eayityiand adwéiem bed by
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m croneggbfngy:ray, conprising: a formng nould having a surrounding wall so
as to formng a cavitﬁ and a bottom integrated with one end of the

sur roundi ng WPp monid having emerrapof apariwes WAt aredignest with temopsgangsdnlsp noul d
havi ng an_ar i ertures that are aligned with the openings in the
form‘ng%0 ‘P%%%E%%aﬁﬁ array of mcro pins being able to be noved through

array of openhn@sydf miteo pfrerbinygatreud e anchddntiraighayragfofapenings S tid t he
top noul d; thereby, when a polyneric material js placed onto the bottom of
t he cavif@rgimégntoﬁgmddhﬁﬁﬁ@’ ploaperures REthedpp ASYIW and the forming mould will

be closed so tﬁ&eﬁﬂ wifdla ﬁélbmﬁ:ﬂ@ nf¥drial is placed onto the bottom of the cavity of the

forming mould, the top mould and the forming mould will be closed so as to seal all the air
gaps, and then the micro pins will penetrate the polymer through the apertures, resulting

forming microneedles around the micro pins.

2. The apparatus of claim 1, further comprising a holding plate to which the array of
micro pins are integrated so that the holding plate will move the micro pins through array

of openings of the forming mould and the array of apertures of the top mould.

3. The apparatus of claim 1, wherein, when the polymeric material is placed onto the

bottom of the cavity of the forming mould, the polymeric material is in a melted state.

4. The apparatus of claim 1, wherein the forming mould further comprises a plurality

of cooling channels and heating channels.

3. The apparatus of claim 4, wherein, when the polymeric material is placed onto the
bottom of the cavity of the forming mould, the polymeric material may be in a solid state

so that it can be melted within the mould by the heating channels.




gaps, and then the mcro pins will penetrate the polynmer through the
apertures, resulting formng mcroneedles around the mcro pins. 2. The
apparatus of claim1, further conprising a holding plate to which the array
of mcro pins are integrated so that the holding plate will nove the mcro
pins through array of openings of th&forming nmould and the array of
apertures of the top nould. 3. The apparatus of claim1, wherein, when the
pol yner bc nmatlae apparatas pf claiads onhereinhtke pdlgineoomateriah® pelsts by gahulefie f or m ng
moul d, the polymeric material is in a nelted state. 4. The apparatus of
claim1l1, wherein the formng nmould further conprises a plurality of
cool i ngychan hiRgs chrGoe! ; f i:m 4,

wher ei n,7' V\hegﬁgg %%ﬁ%%ﬁgﬁgérl?@g ?r’at erlgiglltﬁel g&g}inggggﬁ%%tﬁgﬁia@e&gg? %ag{rlrg]of t he
cavity dfer¢tdyahé shieet oitplasiielisihedtdteuptol a/empemturatléghtlyl beivewy theenéltingpaiol. i d st at e
so that it can be nelted within the nould by the heating channels. 10 6.
The apparatus of claim5, wherein the polyneric material is pellets or

granul eg. 7. ThBGp@RRAs 8f UginPl, WhAEI Re pIRERE MatdiBl RPIMABri c material is a
sheet of plastic, thereby the sheet o? plastic is heated up to a

tenperature slightly below the nelting point. 8 The apparatus of claiml,

wh [ h I ' ial_js pl i C. T . f.claim1,
whor ei n%t ho LR RGGS PLreRbr whsieR B lobdrod ufier SRR G A ot oa

for mangpacturing a polynmeric mcroneedl e array using the apparatus wth a
form ng nould having an array of openings, a top nould having an array of
apertures that are aligned with the openings of the form ng nould, and an

array of . mcr,o i heij ble to.be moved through the peni ngs
of the 191 m AoeBet o 4 P BB EErohRAR Gy ibeth sl

conpri siwith d foemileepsul@having e bty of GEnitEe) 4 ©p HRsed halisg tPatrficobot t om of the
cavity of the formng mould; closing the top nmould and the faorm ng noul d;

movi ng @BwHIreHbatAre alggqﬂd rréith thg operjnghef the farmingyppyldesndeanmirayqf anigro
Wi t hdr a‘ﬂﬂr@%eﬁl@eabieoﬂ vaWa through the array of openings of the forming mould and the
array of apertures of the top mould, comprising the steps of:

providing polymeric materials to the bottom of the cavity of the forming mould,;

closing the top mould and the forming mould;

moving down the micro pins;

curing the melted polymeric materials;

withdrawing the top mould;

retracting the pins; and

obtaining the polymeric microneedle array.

11.  The method of claim 10, wherein the polymeric materials may be in a melted state

when they are provided onto the bottom of the cavity of the forming mould.

12.  The method of claim 10, wherein the polymeric materials may be in a solid state
when they are provided onto the bottom of the cavity of the forming mould, and will be

melted within the mould by a heating means within the mould.

13.  The method of claim 12, wherein the heating means may be a plurality of heating

channels provided by the forming mould.




retracting the pins; and obtaining the polyneric mcroneedle array. 11. The
nmet hod of claim 10, wherein the polyneric naterials may be in a nelted
state when they are provided onto the bottomof the cavity of the formng
nmoul d. 12. The nethod of claim 10, wherein the polyneric nmaterials may be
in asolid state when they are provitied onto the bottom of the cavity of
the formng nmould, and will be nelted within the nould by a heating neans
within the nould. 13. The nethod of claim 12, wherein the heating neans nay
be a plurality of heating channels provided by the formng nould. 11 14. A
pol yner ilé. ni drmipedienaressediveamal aemufastired by the agpyararisless lcl ai m 1. 15.
The polyneric mcroneedle array of claim 14, wherein the polyneric

m croneedle array is nade of plastic. 16. A nedicine/liquid delivery
device figr dehi yekmerBhicioneédlé avayofiahor4, Wheein pRWoBmedicaidideads,
conprising: a polyneric mcroneedl e array manufactured by the apparatus of
cl ai m 1arrani maderpd@lastitie/ | i qui d reservoir connected to the polyneric

m croneedl e array; thereby the nmedicine/liquid nay be stored in the

medi cine/liquid reservoir and ready to be delivered through the

m cronegd] es A medicine/liquid delivery device for delivery medicine/liquid and/or fine

powdered medicines, comprising:
a polymeric microneedle array manufactured by the apparatus of claim 1; and
a medicine/liquid reservoir connected to the polymeric microneedle array;
thereby the medicine/liquid may be stored in the medicine/liquid reservoir and

ready to be delivered through the microneedles.




