-1- [Docunment Nane] Specification [Title of the |Invention]
PROTEOGLYCAN- CONTAI NI NG M CRONEEDLE ARRAY 5[ Technical Field] [0001]

The present invention relates to a mcroneedle array that can be used as an
external preparation. Mire specifically, the present invention relates to a
10 microneedle array that is cosnetically or pharmaceutically effective.
[Prior Art] [0002] 15External preparations containing nedicinal properties
are conventionally used so that the nedicinal properties may exhibit

phar macol ogi cal activity under the skin._Solutions, ointnments, cream
preparations, tape preparations, patche§}"pou|tices, etc., are known as

such 20 ext p ions._. I re topically applied or attached, so
t hat nediciﬁ;. 6?%%@??%%%]a%§e€§?g§%§§8§usly absorbed to thereby exhibit

desi red pharffeddifogifcdheadtTagntyoidder the skin. [0003] 25However, such

ext ernal pr epOTEHOGIE AN CONTIPIINed MOCRatiEaohed akapnm have drawbacks, i.e.,
they m ght be renoved or | ost due to sweating, washing, external pressure,
and other factors while in use before the nedicinal properties are

per cut aneouslBeciisicrde dicAsdt her
[0001]

The present invention relates to a microneedle
array that can be used as an external preparation. More
specifically, the present invention relates to a

10 microneedle array that is cosmetically or pharmaceutically
effective.

[Prior Art]
[GCO2]

15 External preparations containing medicinal
properties are conventicnally used so that the medicinal
properties may exhibit pharmacological activity under the
skin. Solutions, ocintments, cream preparations, tape
preparations, patches, poultices, etc., are known as such

20 external preparations. These are topically applied or
attached, so that medicinal properties are percutaneocusly
absorbed to thereby exhibit desired pharmacclogical
activity under the skin.

[0003]

25 However, such external preparations in an
applied or attached form have drawbacks, i.e., they might
be removed or lost due to sweating, washing, external
pressure, and other factors while in use before the
medicinal properties are percutaneously absorbed. BAnother

30 problem of these external preparations is that the
medicinal properties are not percutaneously absorbed to a
sufficlent degree because of the barrier function of the
skin, and hence they fail to exhibit the desired
pharmacological activity. Particularly, when polymer

35 compounds are used as medicinal properties, percutaneous



30. probl em of these external preparations is that the nedicinal properties
are not percutaneously absorbed to a sufficient degree because of the
“barrier function of the skin, and hence they fail to exhibit the desired
phar macol ogi cal activity. Particularly, when polyner 35 conpounds are used
as nedicinal properties, percutaneous -2- absorption is difficult, thus
making it difficult for the external preparations to exhibit the desired
phar macol ogi cal activity. [0004] 5Recently, as a technique for solving

t hese drawbacks of external preparations, mcroneedle arrays having

m croneedl es conprising nmedicinal properkires are being actively studied

(Patent Docunments 1 to 3)..For, exanple, Patent Daocunent .l proposes,a
m croneed| e %?%EPT@%&/% rfbl‘%ﬁrjc?‘gﬁee %é’sg 1“5’3%&9 d‘% gl%g\?vcﬁgftef%fjﬁl %}ﬁ%i nly
conposed of eofdayeh. prarorati hngng d-a kenibgrtontéedidesdamealy of Pat ent Docunent

1, the m croneed} as, as& dselded 40 the skin surface layer and/or stratum
corneumto supply the medicinal properties contained in the m croneedl es 15
9004,

under the ski e inserted portions of the m croneedl es can dissolve or
bi odegrade under the Seaerandy t s ditssgppeae FEart serdlviwgenhielke

m croneedl| es t PO&%HEF’H 1, Ighhave venyJikeqsneedle parts, are
inserted i nt%%ﬁgés ?nosur ace &flafefrlg?;ﬁﬁtor st',ra,tlur% 510 cor nel]jmaeinei t her

pai n nor bl eV HP ek eethke HIRRTRAS W MRS iiedd RFicorry:1SPhare

m cr oneedl eshb@fndPad @it vdlog i €d affa ddnts Deuivnabltes flortosdppl yFag medi ci nal
properties ugggﬁ e i [ t sane ! ie. JH.ehgneedhearrays
are require o_%faé\}e. %p el%ntal[%)esfglgntgﬁdé{)%%& ng 6h's |,rr<13 i%gggsgsrgy skin
condi ti éfs. Mhekrg isierreedrimdidrest dfad ey KiiES 168 Medrdieedl e arrays.
However, the-¢rssaneest esc ofadgicr oneedi-@iagr apsthserliasonxeeiaahr3y

preparations are requited to .c rehensi ve| ve t .ol lowi_ng . perties:
(1) the st re%gt)%a %nvx,i[??'ucslfééenrat ioirTl’Eetﬁ}el grﬁlc:&%t%e% gessﬁr}r% slglrS z%\gg%l alpllrtgr8 and/ or
strat um cor neten sk) el F¢nekissr aidlAqeamatuy qagFnealsdonsYFRIL or

bl eeding in the mkdsneT geop el e Andia isidatitimthe microneedles

15 under the skin. The inserted portions of the microneedles
can dissolve or biodegrade under the skin and thus
disappear. Further, when the microneedles of Patent
Document 1, which have very fine needle parts, are
inserted into the skin surface layer and/or stratum

20 corneum, neither pain nor bleeding occurs, and puncture
wounds close quickly. The microneedles of Patent Document
1 are thus suitable for supplying medicinal properties
under the skin.

[0005]

25 At the same time, microneedle arrays are
required to have optimal designs depending on skin
diseases or skin conditions. There is thus a demand for
variocus kinds of microneedle arrays. However, the
microneedles of microneedle arrays used as external

30 preparations are required to comprehensively have the
following properties: (1) the strength to withstand
insertion into the skin surface layer and/or stratum
corneum, (2) the fineness and flexibility to cause no pain
or bleeding in the skin surface layer and/or stratum

35 corneum at the insertion site of the microneedles, and {3)



'35 corneum at the insertion site of the mcroneedles, and (3) -3-
solubility or biodegradability in the body of the m croneedl e portions
under the skin. Accordingly, it is very difficult to change the design of
the constituent materials of mcroneedl e arrays, and this is particularly 5
true for the main constituent material of the mcroneedles. For these
reasons, only a few constituent materials for m croneedl e arrays have been
reported at present. [0006] In recent years, nedical or cosnetic 10
applications of proteoglycan have attracted attention. Proteoglycan is
known as a gl ycoconj ugate conposed of a-éore protein and gl ycosani nogl ycan

(acid nucopolysaccharld bonded t Pr ot eog an i.s he princi pa
constit uent S WhHe it (QQQﬂ%%I%4§aﬂi%tyaﬁB %E é%éVeSEnF Fn skin tissue,
cartil age tinsisteyndeatie tdesuiensyascigrarthei ssde, eiccoRionebyl ycanid s

reportedly iny cfi MR & he gromp and la%@q ﬂgo@f tBubeuhaneeysneel | s
Mor eover, prot og ycan 1s reportedly useful vent i ng or .tr
E‘rlévéﬁt i

i nf | ammat or yeadiEasles %ﬁﬁqﬂqﬁﬁﬂﬁ?(ﬁ35§§§esan§0 §tFEPg§F Bn after
organ transplmami aidz_ortheprn@\/jﬂﬂtadagstolrtuamr auiteg ialll erfgiteés, rewdopeedéating or

i nproving dighetgs (see B HﬁﬁtéﬁﬁgP%P%%w4kon%QQQELn@OWE %E1a§§'@8r

proteogl ycan i'n nlcronee has not been studied. At present,
there is no wlarereedis et Wﬁ%ﬁéﬁﬁﬁ&é&@oééﬁdbétugéﬁS?Btform
m croneedl es o) or Art Documents] 30[ Patent Docunents]

In recent years, medical or cosmetic
10 applications of proteoglycan have attracted attention.
Protecglycan is known as a glycoconjugate composed of a
core protein and glycosaminoglycan (acid
mucopclysaccharide) bonded thereto. Proteoglycan is the
principal censtituent of the extracellular matrix, and is
15 present in skin tissue, cartilage tissue, bone tissue,
vascular tissue, etc. Proteoglycan is reportedly involved
with the growth and bonding of subcutanecus cells.
Moreover, proteoglycan is reportedly useful in preventing
or treating inflammatory diseases or autoimmune diseases,
20 preventing rejection after organ transplantation,
preventing or improving allergies, and preventing or
improving diabetes (see Patent Document 4}.
{0007]
However, using proteoglycan in microneedle
25 arrays has not been studied. At present, there is no clue
| as to whether proteoglycan can be used to form

microneedies.

[Prior Art Documents]
30 [Patent Documents]
[0008]
Patent Document 1: Japanese Unexamined Patent Publication
No. 2009-273872
Patent Document 2: Japanese Unexamined Patent Publication
35 No. 2009-254765



[ 0008] Patent Docunent 1: Japanese Unexam ned Patent Publication No.

2009- 273872 Pat ent Docunent 2: Japanese Unexam ned Patent Publication

35 No. 2009-254765 -4- Patent Docunent 3: Japanese Unexam ned Patent

Publ i cati on No. 2009-201956 Patent Document 4: Japanese Unexam ned Patent

Publ i cati on No. 2007-131548 5 Patent Docunment 5: Japanese Unexam ned Patent

Publ i cati on No. 2003-300858 [ Non-Patent Docunent] [0009] Non- Pat ent

Docunent 1: Watanabe H, Yanmda Y, Kimata K., Roles of aggrecan, a | arge

chondroitin sulfate proteoglycan, in 10 cartilage structure and function.;J

Bi ochem 1998 Cct; 124(4):687-93. Non-Patént Docunent 2: OQta S, Yoshihara S,

I shido K, Tanaka M Takagaki K, Sasaki M, Effects of proteoglycan on

dextran sul fRateerodiafisduced BaFeESTe MERaEeret] SatRNFafsPei 52810 g

&/ISDi s Sci. 298 Jyay-58(1ldHs 3176-83. Epub 2008 May 8. Non- Patent Docunent 3:
tsui T, S inam_ H. _Sato F, Ki].li H...l.shigur Euku : jhara S,

Hakamada K, a%arakeanra]te %c%n&c{)nﬁca‘ﬁéﬁn%g ’p[)Jrn 8?%%“3?*&?%%&% gggg& C%{%%Q}é

experi ment alNe¢ol334%5 kHrogh i nducti on of Foxp3+ regulatory T cells.;

20Bi ochem Bi mphys: Resc @G : 20Hee 1240224209+ :ht Bpwbiz2@iQofxt 20.

Non- Pat ent cu : inam H, Takagaki K, Nakane A., Salnon cartil age
pr ot eogl yca %Wa?f—ésomki ne responses to '

[Non-Patent Document]
[0009]Non-Patent Document 1: Watanabe H, Yamada Y, Kimata K.,
Roles of aggrecan, a large chondroitin sulfate proteoglycan, in
10 cartilage structure and function.;J Biochem. 1998
Oct;124(4):687-93.
Non-Patent Document 2: Ota 3, Yoshihara S, Ishido K, Tanaka M,
Takagaki K, Sasaki M., Effects of proteoglycan on dextran
sulfate sodium-induced experimental celitis in rats.Cta S; Dig
15 ©Dis Sci. 2008 Dec;53(12):3176-83. Epub 2008 May 8.
Non-Patent Document 3: Mitsui T, Sashinami H, Sato F, Kijima
H, Ishiguro Y, Fukuda 8, Yoshihara S, Hakamada K, Nakane A,
Salmon cartilage proteoglycan suppresses mouse experimental
colitis through induction of Foxp3+ regulatory T cells.;
20 Biochem Biophys Res Commun. 2010 Nov 12;402(2):209-15. Epub
2010 Oct 20.
Non-Patent Document 4: Sashinami H, Takagaki K, Nakane A.,
Salmon cartilage proteoglycan modulates cytokine responses to
Escherichia coli in mouse macrophages.; Blochem Biophys Res
25 Commun. 2006 Dec 29;351(4):1005-10. Epub 2006 Nov 3.

[Summary of the Invention]
{Problem to Be Sclved by the Invention]
[0010]

30 An object of the present invention is to provide
a novel and unprecedented microneedle array. More
specifically, an object of the present invention is to
provide a novel microneedle array comprising one or more
microneedles that have the following properties:

35 (1) the strength to withstand insertion into the



Escherichia coli in nmouse nmacrophages.; Bi ochem Bi ophys Res 25Comun. 2006
Dec 29;351(4):1005-10. Epub 2006 Nov 3. [Summary of the Invention] [Problem
to Be Solved by the Invention] [0010] 30An object of the present invention
is to provide a novel and unprecedented m croneedl e array. Mre
specifically, an object of the present invention is to provide a novel

m croneedl e array conprising one or nore m croneedl es that have the
foll owi ng properties: 35(1) the strength to withstand insertion into the
-5- skin surface |ayer and/or stratum corneum (2) the fineness
and flexibility to cause no pain or blee8irng in the skin surface |ayer
and/or stratum corneum at_ the insertion site of the mcroneedles, and 5(3)
sol ubi ity otk¥h ctEgragmpiayey and e BE@F UBf CORESHer oneedl e porti ons
under the skin. [Means(Forcrzolfdirmgheadie olilexdit[id@ti] to cause no

pain or bleeding in the skin surface layer and/or stratum
corneum at the insertion site of the microneedles, and

5 (3) solubility or biodegradability in the body
of the microneedle portions under the skin.

[Means for Solving the Problem]
[0011}

10 The present inventors conducted extensive
studies to solve the above problems, and surprisingly
found that proteoglycan can be used as a base material to
form microneedles, and that a microneedle array having the
microneedles can be produced. The present inventors also

15 found that the microneedle array has the excellent
properties described above in items (1) to (3), and is
highly useful as an external preparation. Additionally,

" the microneedle array is expected to effectively exhibit
proteoglycan-based useful pharmacological activity under

20 the skin.

The present invention was accomplished by
conducting further studies based on these findings.
[0012]

More specifically, the present invention

25 provides a microneedle array and a production method
thereof according to the following embodiments:

[0013]
(I) Microneedle Array

(I-1). A microneedle array comprising one or more

30 microneedles formed on the surface of a substrate, the
microneedles containing proteoglycan as a base material.
(I-2). The microneedle array according to (I-1), wherein
each of the microneedles has a konide-like shape or a
circular truncated cone shape.

35 (I-3). The microneedle array according to (I-1) or (I-23,



10The present inventors conducted extensive studies to solve the above
probl ens, and surprisingly found that proteoglycan can be used as a base
material to form m croneedl es, and that a m croneedl e array having the

m croneedl es can be produced. The present inventors also 15 found that the
m croneedl e array has the excellent properties described above in itens (1)
to (3), and is highly useful as an external preparation. Additionally, the
m croneedl e array is expected to effectively exhibit proteoglycan-based

useful pharmacol ogi cal activity under 20 the skin. The present
i nvention mas acconpl i shed by conductlng further studies based on these
findings.

eC|f|caII the sent invention
25 provi des @“#Wbm ey %oge&dg&&cﬁ ofi e %e‘r‘ieof accor di ng
to the fol |l owi-ng erffodiminteieddit] 3jr 1aly) aMC@rr@in@@dlt@ ArIWa_@ne of(I(I1})} A

m croneed| e @yr gy %Qrmrméf@n@n%a% nof e +3Q Mo aneesh Bss f apeed; orobhe

surface of a_ substrate e nlcr eedles containin rotepqgl as_a base
mat eri al . (ql%ﬂetq#mPﬁn%$%nE%d? arPay? aE&BrgFﬂﬁeESP % g t§h§@8|ﬁ Meach of

t he m cr 6neeshh®s shadeagkbnide- 10k shap20od amcirauﬁartheunmduéd dthe
shape. 35(1-3).¢ %@e@fw%gﬁ'& A AY AGGRIH NG djtaQ:e(nlt Jfalc%n(ekedabs 136-

wherein each o croneedles 1S a solid nee The m croneedl e
array accor di¥y t® HHP o of (1-1) to (1-3), mhereln each of the
m croneedl es(has) a Thet mdicasakerlef ak2Gyt Ok dgimg atei fldéapetdrerefinb to

100 pm 5 and. g | engii. of; 00.4.0:5000, m,, andddhe i tefy (dha adiostanse from

tipto tlp) ween nlcronee Is T00 to 1800 pm
100 to 1000 um.

(I-6). The microneedle array according to (I-4), wherein
each of the microneedles has a length of more than 1000 pm
but not more than 3000 um, or more than 1000 upm but not
more than 3000 pm. 7
15 (I-7). The microneedle array according to (I-4), wherein
each of the microneedles has a length of more than 1600 um
but not more than 5000 um, or more than 1600 pm but not
more than 3000 um.
The microneedle arrays shown in the (I-6) and (I-7)
20 comprise the needles having a millimeter-order length as
above mentioned, but a micrometer-order fineness (the root
diameter and the tip diameter of needle). The microneedle
array of the present invention includes such arrays having
the above needles having a millimeter-order length and a
25 micrometer—-order fineness.
(I-~8). The microneedle array according to any one of (I-1)
to (I-7), wherein the proteoglycan content in the one or
more microneedles is 20 to 100 wt.%
(I-9). The microneedle array according to any one of (I-1)
30 to (I-8), wherein the proteoglycan is chondroitin sulfate
proteoglycan.
(I-10)}. The microneedle array according to any one of (I-
1) to (I-9), wherein the proteoglycan is derived from fish.
(I-11). The microneedle array according to (I-10), wherein
35 the fish is salmon, shark or jellyfish.



(I-5). The mcroneedl e array according to (l1-4), wherein each of the

m croneedl es has a length of 100 to 1600 pmor 10100 to 1000 pm (I1-6).
The m croneedl e array according to (1-4), wherein each of the m croneedl es
has a I ength of nore than 1000 pm but not nore than 5000 pm or nore than
1000 pm but not nore than 3000 pm 15(1-7). The m croneedl e array according
to (1-4), wherein each of the mcroneedles has a length of nore than 1600
pm but not nore than 5000 pm or nore than 1600 pm but not nore than 3000
pm The m croneedl e arrays shown in the %I-G) and (1-7) 20 conprise the
needl es having a mllimeter-order |ength/as above nentioned, but a

m cr onet er - or der finZﬁ$S%é$}he rqot di ameter g tIH dlanet

needl e). Thellfii&lon Ay S %|%§r6¥e§589r an Poi ¥ neltid8s éuch
arrays havirg ttre Hbdﬂe,neédhESJhaﬂwn@n@ mrlWpﬁet@ﬂceﬁ@@ﬁdﬂeﬁg@hnéﬂana 25

m cronet er - Ofrﬁ%rdchtfa)%e Hd ot cHaa a6, oaeeqlteraébaﬁbae0ﬁbgymerto any
one of (I-1) mherel t he roteo can.content in the one or nore
i

nm cr oneed| esoquserﬂﬂ’ca& WR&O%’C% G- ) ! O‘f’ﬂ@ ni-érode8dl e array according
to any ose cﬁhdﬂmabedﬂldaiﬂy -Bceptadrlel metheiprdt poglbgcaw.i s chondroitin
sul fate protgf %h%gkﬁmz d%&%@eggbgraghgyt@cgggdbﬂg Le Tﬂy one of
(1) to (I- ereln

teoglycan’is derived from The
nm cr oneedl e Tr rtay @b@éﬂm|ﬂfqﬁﬁwl iﬁ3suﬁﬁéFé R 8585t hESf FERS s salnon shar k
or jellyfisfbompdéltﬁéhZE@ tHee miicarcoreellles .array according to any one of
(1) to (I-1 2pere|n the one or nore mcroneedles contain, in addition
to the prote é1 an, a mater-soluble oolyner other t han proteoglycan or a
cosnetléQIIy(n) yatts : csllp 2al property. (1-13).
The m croneedie-@array nﬁﬁﬂﬁ:fdild’lg ﬁx@c&i@&r@eh@f m(llcl’)DnTEQdo.le- B2yaywherein the
substrate has the sanme conposition the I I
Vet hod of Pﬁ%dﬁéﬁ%@ nq: Q@ ? gg?l ' Hﬂ %%@%%% %%mp&qg%%b 196rn)

tt o Ie Ar

steps of:
pouring an aqueous solution in which
15 proteoglycan for forming microneedles is dissolved into a
meld in which the form of a microneedle array is recessed,
so that a microneedle part and a substrate part are
formed;
evaporating the moisture to dryness at room
20 temperature or by heating; and
removing the formed microneedle array from the
mold.
[00151]
(II-2). A method of producing the microneedle array
25 according to (I-1), the method comprising the steps of:
pouring an agqueous solution in which
proteoglycan for forming microneedles is dissolved into a
mold in which the form of a microneedle is recessed;
evaporating the moisture to dryness at room
30 temperature or by heating;
laminating a substrate thereon and combining or
bonding the bottom of the microneedles and the substrate;
and
removing the microneedles combined or bonded
35 with the substrate from the mold.



(I'1-1). A nethod of producing the mcroneedl e array according to (1-1) or
(I-11), the nmethod conprising the steps of: pouring an aqueous solution in
whi ch 15 proteoglycan for form ng mcroneedles is dissolved into a nold in
which the formof a mcroneedle array is recessed, so that a m croneedl e
part and a substrate part are forned; evaporating the

noi sture to dryness at room 20 tenperature or by heating; and renoving the
formed m croneedle array fromthe nold. [0015] (I1-2). A nethod of
producing the mcroneedl e array 25 according to (1-1), the nethod
conprising the steps of: poufing an aqueous sol ution in which
prot eogl ycan for formng mcroneedles is dissolved into a nold in which the
formof a mid%Yfdedie is recessed; evaporating the noisture to dryness at
room 30 tenperiatiir.e Tre metheat iangording to (II-Lanpratfhg2h, substedte

thereon a”daﬁgéfﬂscfﬂer&ﬂlsorsoqq;@dﬁg shhgrheht ?%@prm?cﬁhcf@@e@gkﬁﬁn§nd t he

substrate; | , i renpvi n he m ¢roneedl es_conbi ned_or
bonded 35 witiF RS sHSSt 4 6 GthERe CHOEG2 15. Bho] BeTepodyoan at o

5 concentration of about 1 to 30 wt.%, preferably about 1 to
25 wt.%.

[Effect of the Invention]
[CO17]

10 The present invention provides a microneedle
array having one or more microneedles formed using
proteoglycan as a base material. The microneedle array of
the present invention comprises one or more microneedles
that have the above excellent properties, i.e., (1)

15 strength, (2) fineness and flexibility, and (3) solubility
in the body. The microneedle array, which thus has
sufficient properties for use as an external preparation,
can adequately supply proteoglycan under the skin and
underlying tissues. |

20 [0018]

Mcoreover, the microneedle array of the present
invention is suitable for cosmetic or medical applications
using the action of proteogiycan. Particularly, the
microneedle array of the present invention is expected to

25 an anti-aging activity such as a wrinkle-smoothing effect
based on the epidermal cell growth-promoting activity of

proteoglycan.

[Brief Description cf the Drawings]
30 [G019]
Fig. 1 shows a cross-sectional view of a mold
(1) having microneedle-like shape recesses (11} and filled
with a proteoglycan-containing agueous solution (2).
Fig. 2 shows a cross-sectional view of an
35 example of the microneedle array of the present invention



(1'1-3). The nmethod according to (II-1) or (Il-2), wherein the aqueous
solution in which proteoglycan for form ng m croneedles is dissolved
contains the proteoglycan at a 5 concentration of about 1 to 30 w.%
preferably about 1 to 25 wt.% [Effect of the Invention] [0017] 10The
present invention provides a mcroneedl e array having one or nore

m croneedl es fornmed using proteoglycan as a base material. The m croneedl e
array of the present invention conprises one or nore mcroneedl es that have
t he above excellent properties, i.e., (1) 15 strength, (2) fineness and
flexibility, and (3) solubility in the bédy. The m croneedl e array, which
t hus has sufficient propert| es for use_as an external aration, can
adequat el y sUPFTYP YR otleogMpCafiGraeeefhe §I€Fﬁyaﬁﬁlsuﬁd§\g gﬁ@r?lk%ues

20[ 0018] which a phieovery dihesdliiel oreddiee ldieayhabet e cpoasedt es

i nvention i S&Ewé%rf ]Ir&) d cf%rﬁ{elhcsﬂfa@%d'o“fala %Q@)I |tq_,%tt:ceor1% u5| pg ghe action

of proteoglyca icu e m croneedl hé “present

i nvention i sdexpeded i 2? arﬁ@drﬁ’qesadi}}?g 1§@t€’4t\ﬂ t)heé@(k}ﬁ a®fathe

ert nkl te- Sﬁ?%mf&u@édﬁ@tf&@@ﬂ & e apiderml; cilgn growdenpresothag
activity of proteoglycan r Descr i on of; the [ 0 ] Fig.
1 shows a cr%% %I Ona %/f:?)e%leofml i e%d(l % \# i ?gg%ge Iggl[el gijac shape
recesses (11<)l@n’4%lt¢1rl¢fecﬁw tm@CpTQﬁCH@gI VOl ¢ éht éii%%(j?sa&@@o@ésé‘rém?l on

(2). Fig. 2 {5@9&’@1)3 K 0sSers eCtp O ARt all cYorexaiTplse fefrmihe on
m croneed| € aﬁé aglu tltahte praensc?rglglmnvem Icf)enotes the thickness of the
10 substrate. Here, the “root diameter” of the microneedle
indicates the diameter of the bottom of the microneedle
attached to the surface of the substrate. DMore
specifically, in the cross-sectional view shown in Fig. 2,
the “root diameter” corresponds to the distance between
15 the tangent points (6) of the microneedle relative to the
substrate surface (5), which is regarded as the base line.
Fig. 3 shows a perspective view and an image of
the microneedle array of the present invention used in
Example 2. (A) illustrates a perspective view (a-1) and
20 an image (a-2) of the microneedle array before use. (B)
illustrates a perspective view (b-~1l) and an image (b-2) of
the microneedle array after use. Sign “77 denotes a tape
used to fix the microneedle array to the skin of the knee.
Fig. 4 shows the results of Example 2. (A) is
25 an image of a site to which the microneedle array of the
present invention containing a dye has been applied and
then removed, and (B) is an image of the subcutaneous
tissue of the site to which the microneedle array has been
applied.
30
[Mode for Carrying Out the Invention]
[0020]
The microneedle array of the present invention
comprises one or more microneedles formed on the surface
35 of a substrate, the microneedlies containing proteoglycan



-9- (Exanple 1). The microneedle array has a structure in which a plurality
of solid konide-like shape microneedles (4) are forned on the surface of a
substrate (3). In the drawing, Sign "a" denotes the length (height) of the
5 mcroneedl e formed on the substrate; Sign "b" denotes the root dianeter
of the mcroneedle; Sign "c" denotes the tip dianeter of the m croneedl e;
Sign "d" denotes the distance (pitch) between tips of adjacent m croneedl es
formed on the substrate; and Sign "e" denotes the thickness of the 10
substrate. Here, the "root dianmeter” of the mcroneedl e indicates the

di ameter of the bottom of the m'croneedﬂé)-attached to the surface of the
substrate. Mre specifically, %h chcj)ss secél onal. view showmn in Fig. 2,
the "root di%het &SI ESGd Al iPEt AR R DLt Weeh %%t he t angent

poi nts (6) oﬁlctﬂmueréct]realmid;e ofeltajta veetsentthényebstipat ensdetacé- (5), which
i s regarded e base line. Fig. 3 shows a perspective view and an i mge
of the mcro ed]le array of the present invention us d in lfx (A
illustrates a perspectBARESABWEE 1 &ndPETan tﬁﬁ&‘e P&- BpLefFu ﬁ@ &

m croneedl e vaﬁrcay dref ae nuse: IB)cddadsiogdtyesna peespe@alleet\lyewl(ibed) and

an i mage (b-2 eed a £t qd a tape
used to fix 1iar)1e i cror#geg{ (ca)ﬂlarrgEe Eg/?%e k?EOH?S?}Lg&%ee |ﬁ?0§1ﬁ§shows t he
resul ts of Bamgint Anyetiar Js éﬁfq W@?éléiﬂllérélyt élfﬂét\ﬁﬁ'cﬁnfih@nﬁl 8f oneedl e
array of thecpyasaldiyeny it GeHaiclivig &ud)f%ttf@a@rbeebgagplaned and then

d, d t f th te t
whi on the- mAtElRe R ot BB RS (0 g Out the
| nvent i 8A] [DORCIOIECa € ratik def e Tty @d]&atﬁ@r&t@%ﬁtyqaﬁ\/&@ﬂ 6% &6Rfri ses

one or nore éﬁ@éﬁ%@;@aﬁnﬁwm Prdhe gudaces3d of ahsubstsahe, the

m cr oneedl eslr?ggrgtaionr{ Lot Octl eoa%glceac%n, versican, neurocan, brevican,
decorin, biglycan, serglycin, perlecan, syndecan, glypican,
lumican, keratocan, etc. Among these, it is preferable,

15 in the present invention, to use chondroitin suifate
proteoglycan, and more preferably aggrecan, as a base
material for forming microneedles.

[0022]
The source of proteoglycan used in the present

20 invention is not particularly limited, and any of those
derived from mammals such as humans, cows, and pigs; birds
such as chickens; fish such as sharks, salmon and
jellyfish; shellfish such as crabs and shrimps; and the
like can be used. BAmong these sources, it is preferable

25 to use proteoglycan derived from fish, more preferably
salmon, and particularly preferably salmon nasal cartilage.
[0023]

Compared with protecglycan derived from cows,
pigs, and other higher animals, proteoglycan derived from

30 shark cartilage has higher transparency, and is effective
as a starting material for external skin preparations.

For the purpose of reducing dark spots, wrinkles, and
sagging, it is known to combine shark cartilage-derived
proteoglycan with a melanogenesis inhibitor and a crude

35 drug extract having an active oxygen eliminating effect



-10- as a base material. The follow ng describes the m croneedl e array of
the present invention in detail. [0021] Proteoglycan is a general termfor
nol ecul es in 5 which one or nore gl ycosam nogl ycans are coval ently |inked
to a core protein. The type of proteoglycan used in the present invention
is not particularly imted, and any of those belonging to chondroitin

sul fate proteogl ycan, dermatan sul fate proteoglycan, heparan sulfate 10
prot eogl ycan, and keratan sul fate proteoglycan can be used. Specific
exanpl es of proteoglycan used in the present invention include aggrecan,
versi can, neurocan, brevican, decorin, Hilglycan, serglycin, perlecan,
syndecan, glypican, |um can, keratocan, etc. Among these, it is preferable,
15 in the preddstt MPEMTISST, %' use chondroitin sul fate proteogl ycan, and
nore preferadlGZ4dggrecan, as a base material for form ng m croneedl es.

[0022] The source of piQf epdlacanrusedghl biieppbesept yéani ayeat igenchs not
particularly limted, and .any ,of those %erined frgnlngngalsnaugh as humans,
cows, and piRFESHRtr d&ERH OI5 ThiPOke REX PSS G¥h TAL8 SR8r k&M s&F non and
jellyfish; shelddfdlsh daisirrasiect.abBrahdoghytapshaaind thendldeunlosn be used.

Armong t hese AR ido o P"&f &cald), 085 chf YeBeRLILGOBLYG3BAARE ENeE: from
fish, nore preferably sal non, and partlcularlﬁggéi%erabbﬁysalnnn nasa

cartilage. [H00¥3EtESHTamd® MGHP Ly G566y AFc RN C &2fr 8 eB%s? pigs, and
ot her hi ghemaridml=s; wariefraog fy M A6 ved 2600m080, shadkmeaet i | age has

hi gher tranzﬁﬁ%ﬁggxgafqgﬁjqxﬁgfggngdbgo%% a starting material for external

skin prepar € purpose of reducing dark spots, winkles, and
saggi ng10it i%4&own to conbi ne shark cartil age-derived pr ot eogl ycan
with a nel anogenesi s imhidlid grreanrchta icrede i35, dthg exbtpactibavifig an active

oxygen elimﬁ%%éég§f§é§§nin the microneedlies is not particularly
limited as long as the microneedies contain protecglycan
as a base material. For example, the amount of

15 proteoglycan in the microneedles is generally 20 to 100
wt.%, preferably 50 to 100 wt.%, more preferably 70 to 100
wt.%, even more preferably 80 to 100 wt.%, and still more
preferably 90 to 100 wt.%.

[0026]

20 More specifically, the microneedles of the
present invention comprising proteoglycan as a base
material may be composed only of proteoglycan, or may
contain components other than proteoglycan in an amount up
to 80 wt.%, and preferably 50 wt.%, as long as the

25 following properties of the microneedles composed of
proteoglycan are not impaired:

(1) the strength to withstand insertion into the
skin surface layer and/or stratum corneum,
(2} the fineness and flexibility to cause no
30 pain or bleeding in the skin surface layer and/or stratum
corneum at the insertion site of the microneedles, and
(3) solubility or bicdegradability in the body
of the microneedle portions under the skin.
In the present invention, “comprising
35 proteoglycan as a base material” indicates the above



(Patent Docunent 5). [0024] The nol ecul ar wei ght of proteoglycan used in
the present invention is not particularly limted, and is 5 suitably
determ ned. Proteoglycan having a nol ecul ar wei ght of 80,000 to 3000, 000
can generally be used without limtation; preferably used is proteoglycan
havi ng a nol ecul ar wei ght of 200,000 to 2500,000, and nore preferably

300, 000 to 800, 000. 10[ 0025] In the present invention, the
proportion of proteoglycan in the mcroneedles is not particularly limted
as long as the mcroneedl es contain proteoglycan as a base material. For
exanpl e, the anount of 15 proteogl ycan-ildthe microneedl es is generally 20
to 100 wt.% preferably 50 to 100 wt.% nore preferably 70 to 100 wt. %
even nore préEraBllcy 80 to 100 wt. % and still nore preferably 90 to 100
w. % [0026][@0re specifically, the mcroneedles of the present invention

conpri sing proteoglycan %%nﬁ‘aol?l%%%s”%ttﬁrehfalthﬁﬁ}’p%téggm9§§ﬁ only of
pI’Ot eogl ycan, oOr nma contal n corrponents ot her @rrgﬁé, égo an in an -

amount up t CBT-AMRL AR pEr SHEBIYCSELES of'2 %%e¥%llomnng
propertigs aftHdre thagr ereedices yeanpasedbef upedt eo@hcyf@avma’aele—mubhﬁpai red:

(1) the str rﬁntr% \Ma@%ea%as%s il 00 Gs5RE VKGR SGEaRe liaygivand/ or

stratum COI’

fi.neness and b ﬁ¥ t o cause
no 30 paln<ﬁﬂ4ﬂ%ﬁﬁﬂ%ﬁ}q ﬁ&ﬂ%@@ﬁé FP§cénFé9§? Bﬂ&ﬁﬁ?cg Fﬁ?ﬁ cOFARum at
the inserti o 9ijAuwfortite adiet,onteticesitdnd sulfate, glyco@8p,sdeubrinty or

Chododr adaiddistad) s ay h ddhie T S;d%%ggksgg@r heeRguader1bbe, skin. In
t he present |nven conpri si rote n_as a base mat er | al "
i ndi cat &8 tfﬂ;qﬂﬂﬁﬁ;aCld chltln, chltosan, d pullulan; protelns

such as collagen, gelatin, and hydrolysates thereof;
synthetic high peolymers such as polyvinyl alcohol,
polyvinyl pyrrolidone, polyacrylic acid, and carboxyvinyl
polymer; and the like.
15 00281
When the microneedles contain a water-scluble
polymer other than proteoglycan, the amount of the water-
soluble polymer in the microneedles is generally 1 to 30
wt.$%, preferably 1 to 25 wt.%, more preferably 1 to 20
20 wt.%

, and further more preferably 1 to 10 wt.%
[00289]

o

Moreover, in the present invention, the
microneedles may contain cosmetically or pharmaceutically
acceptable medicinal properties as the above other

25 components.
[0030]

Among such medicinal properties, examples of
cosmetically acceptable medicinal properties include
whitening agents such as ascorbic acid, sodium ascorbyl

30 phosphate, magnesium ascorbyl phosphate, ascorbyl
palmitate, kojic acid, rucinol, tranexamic acid, licorice
extract, and vitamin-A derivatives; anti-wrinkle agents
such as retinol, retinoic acid, retinol acetate, and
retinol palmitate; blood circulation accelerators such as

35 tocopheryl acetate, capsaicin, and nonylic acid



-12- nmeani ng. [0027] As conponents other than proteoglycan containable in
the m croneedl es, water-sol uble polyners 5 other than proteoglycan can be
used. Such water-sol uble polyners may be those that can dissolve or degrade
in vivo, and specific exanples thereof include polysaccharides such as

hyal uroni ¢ acid, chondroitin sulfate, glycogen, dextrin, dextran, dextran
sul fate, hydroxypropyl nethylcellulose, 10 alginic acid, chitin, chitosan,
and pul lulan; proteins such as collagen, gelatin, and hydrol ysates thereof;
synt hetic high polynmers such as pol yvinyl al cohol, polyvinyl pyrrolidone,
pol yacrylic acid, and carboxyvinyl polyney; and the |ike. 15[0028]

When the m croneedl es contaj.n a water-sol ubl ol yner . ot her .t han
pr ot e0gl ycart ARG SR of (e Nt e E6l GHEE pol JREPEER-T b GF

. _ . PR thé®m’crbneed! es
i s gener al | yeviertiond3®@nitm¥gsepreeferealsl, y ahdt se2beat. ¢gtmers ;preferably 1 to 20

20 wt. % and, further, e Jysfier ablon Lt 6 518 rwby¥ mk@829] phenol,
Moreover, in the present invention, the m,croneéedl es nt ai n.
cosneticalI)PQﬂtﬁﬁ%ﬂqﬁﬁﬁﬁﬁiHﬁ%W%PQicc@ﬁpaﬁﬁgcnﬁéFgFﬁaﬁggﬁgﬁgpﬁFgg185 t he
above ot Ber Abcicompandnics:1i0630]d; vitamins sushnag yithmasdbei nal
properties, examples,of .gasgetigall ¥ acgaptpbl i gedicinal properties

i ncl ude whitenin agéﬁts sugﬁ as ascorbic acid, sodi um ascorbyl 30
phosphat e, nﬁﬂﬁﬂgiun1ascorbyl phosphat e, ascorbyl palmtate, kojic acid,
rug:?a}ini[gnexanlc aq%@mﬂdfxn¢mﬁmpxﬂmﬁ@bpy&nmeﬁﬁtambﬂrprd@ekvaesves;
?gti nol pal rﬁ)}% a e;éeo%o%lgl&r caﬁ#dae{b?éoar? 13{%&5213‘;%1 %(rilsgs,rg %trlgsqgls 59t 86 and

10 other than the cosmetically acceptable medicinal
properties described above, medicines used in the
pharmaceutical field. Specific examples of medicines
other than the aforementioned cosmetically available
medicinal properties include antipyretic analgesic

15 antiphlogistics, such as ibuprofen, flurbiprofen, and
ketoprofen; steroidal anti-inflammatory agents, such as
hydrocortiscne, triamcinolone, and prednisolone;
vasodilators, such as diltiazem hydrochloride and
isosorbide nitrate; antiarrhythmic agents, such as

20 procainamide hydrochloride and mexiletine hydrochloride;
antihypertensives, such as clonidine hydrochloride,
bunitrolol hydrochloride, and captopril; local anesthetics,
such as tetracaine hydrochloride and propitocaine
hydrochloride; hormone drugs, such as propylthiouracil,

25 estradiol, estricl, and progestercne; antihistamines, such
as diphenhydramine hydrochloride and chlorpheniramine
maleate; anesthetics, such as pentobarbital sodium;
soporific analgesics, such as amobarbital and
phencbarbital; antiepileptic agents, such as phenytoin

30 sodium; antipsychotic drugs, such as chlorprecmazine
hydrochloride, imipramine hydrochloride, chlordiazepoxide,
and diazepam; skeletal muscle relaxants, such as
suxamethonium hydrochloride and eperisone hydrochloride;
autonomic drugs, such as neostigmine bromide and

35 bethanechol chloride; antiparkinson agents, such as



35 tocopheryl acetate, capsaicin, and nonylic acid -13- vanillylam de;
dietary agents such as raspberry ketone, evening prinrose extract, and
seaweed extract; antim crobial agents such as isopropyl nethyl phenol,
phot osensitive pignents, and zinc oxide; antiphlogistics 5 such as
salicylic acid; vitamns such as vitamn D2, vitamn D3, and vitamn K; and
the like. [0031] Furt her, anong the above nedicinal properties,
pharmaceutically acceptabl e nmedici nal properties nay be, 10 other than the
cosnetically acceptable medicinal properties described above, nedicines
used in the pharnaceutlcal field. Specifli‘ exanpl es of nedicines other than
t he af orenenti oned cosnetlcally avallgéle medi ci nal , properties include

[

anti pyretic EGEEnE TGSt PesE e§&8ﬁ 'a89FBupFof en, fl urbi profen,
and ketoprofmydrdﬂknmﬁuhﬂazmde,|uﬂds@EWaﬁ@nyaageﬁusossmcdeas hydrocorti sone,

trianci nol ong, Ong; .1V 280 segardihi bazan
hydr ochl ori de éﬁgg}sosgﬂ%ﬁgé e &% ng%&Q%éhr 98r

nitrate; antlarrE é mc. a entﬁ h as 20
procai nam de SRRIFGEIRTOR iSte TRHE TRk IS8GN & Shy BPELANEr PYELCS EP g%rten5|ves,
such as Slcwuihdupﬂnmkmxﬂﬁ(nanﬁandmmmom@ohthbyﬁﬂochﬁerldercandcsaptopriI;
o capest Mldif e G &ﬁ Q%%hri%ﬂ&r 0Bt hdengAdoBROBL! AEAI 6

hydrochl ori , such as opylthi ouraci estradio
estriol, an@%f@g@g’@er}m@oc&wﬁq%@ arﬁnﬁeélhesl}éll?eas B phRe Rt 2mi He
hydr ochl or | dﬁléﬂﬁﬁké‘éﬁrﬁi phenidtardme raliedhes anedehetides, tsucheas

pent obar bi t al. SOdIU %? &k? %ﬂﬁkﬂ?%%%% t%ggg %%eﬁﬁ?@% thgboegd

phenobarbltéT aﬁ}le i I"c adents, sodi um
antlpsyéﬁot|QiQﬂQEﬁﬁakﬁﬂﬂﬁQi#WﬁﬂRﬂﬂﬁ |@%§ ﬁﬁ&ﬂ@éﬁﬁ@ﬁ@d@heFﬁPﬁraﬁPﬁe
hydr ochl ori deyadgh iz epaxidie; aadldisjl azepamucikeletials, mastligenel axant s,

such as suxanet%%§%¥l&ﬁ¥%{ochlorl%%ge %glsgggmﬁ¥?£0ﬁflgu%g aut ononmi ¢

drugs, such &5 5romi‘de an et hanéec
ant|park|nsdmmq@ggmqalkmﬂﬁﬁtﬁye g@ptldes and derivatives thereof

include calcitonin, adrenocorticotropic hormone,

15 parathyroid hormone (PTH), hPTH (1—34), insulin, secretin,
oxytocin, angiotensin, B-endorphin, glucagon, vasopressin,
somatostatin, gastrin, luteinizing hormone-releasing
hormone, enkephalin, neurotensin, atrial natriuretic
peptide, growth hormone, growth hormone-releasing hcermone,

20 bradykinin, substance P, dynorphin, thyrotropic hormone,
prolactin, interferon, interleukin, G-CS5F, glutathione
peroxidase, superoxide dismutase, desmopressin,
somatomedin, endothelin, salts thereof, etc. Examples of
the above antigen protein include HBs surface antigen, HBe

25h antigen, etc.
[0032]

The micrcneedle array of the present invention
has a siructure in which one or more microneedles are
formed on the surface of a substrate. In the micrcneedle

30 array of the present invention, the larger the number of
microneedles, the higher the desired pharmacological
activity. BAccordingly, the substrate is desirably
provided with a plurality of microneedles.

[0033]
35 The form of the microneedle may be suitably



amant adi ne hydrochl oride; diuretics, such as hydrofl unethi azi de,

i sosorbide, and furosem de; vasoconstrictors, such as phenyl ephrine
hydrochl ori de; respiratory stimulants, such as |obeline hydrochloride, 5
di nor phol am ne, and nal oxone hydrochl ori de; narcotics, such as norphine
hydrochl ori de, cocai ne hydrochl oride, and pethidi ne hydrochloride; and the
| ike. Furthernore, in the present invention, nedicines to be added to the
m croneedl es nay be, other than those exenplified above, 10 biologically
active peptides and derivatives thereof, and fragnments of nucleic acids,
oligonucleotides antigen proteins bactléyi a, viruses, etc. Exanples of

such bi ol ogi cal a i and derlvatlv s.ther u

cal ci tonin, égk%ghﬁﬁﬁ4léb3$§%i 5@ﬁbﬁe lfgeﬁg?atﬁ?gglgg%oﬁﬁghegﬁﬁTH) hPTH
(1-434), i nglil 3 1 ve drettibe, byt ddimn th&n@ﬂ(@@eﬁ@dnUnﬂésréﬁéégpﬁilﬁSU@l ucagon,
vaiopL eISSI n,axﬁp@% QA I;Jzutrgaasidl iNedddin@ Blozhbg Becaene- F&L e@sah gl 4101 mone, )
enkephal i n urotensin, atria riuretic or none, grow
hor nmone- relégg? &S5 f§Q£%§ YnifRS %?Eéﬁgelﬁ%ed$%8pﬁhlﬁ
thyrotroﬁicdmrauﬁ&x qnuﬂqanad1cmmﬁeﬂkemonorlmherﬂeﬁmr1TMEckﬁhl@ﬁvtathione

peroxi dase, supe F¢§ Al s8R, r S NRPLESSBa1180pBI eAREI Bhagadot hel in,
salts thereo etc npl es of the above antlﬁgoﬁﬁrOtﬁln |n | ude, HBs

surface antigEH: Be 5253%1111‘%% trneatEso cPofiEedhe 3F?a§7sof t he
pr esent |nveﬂfuqnndmﬁyetuﬂvadntﬂsashmwmhumhFUQe ar. ndoecover pneedl es are

formed on the suf eoflsa %Jﬂg - %otm% poghareedbendd anpayaof the

pr esent |nvent|on m croneédi es, the higher the
de5|redlﬁhaﬂm&ﬁﬂWxﬂﬁﬁﬂl%mtlV|ty Accordlngly, the substrate is desirably
provided wi tjo@s4l urality of m croneedl es. [0033] 35The formof the

m croneedl e may b§%sHié?gAgedI&51nd%;q{ Jgggr%% apd g@n b% IRseLt-ed

into the skin and dissolve in the b d% the skin nd underlying tissue),
and so that paincairRf breedi iglars nBre @Eﬁ]PlYFélraSex%nﬁoé’t diameter’ of
about 120 to 400 pm, and more preferably about 150 to 300

15 um, because a thin microneedle supplies a smaller amount
of proteoglycan into the skin, and is easily broken when
inserted into the skin, whereas a thick microneedle is
hard to insert into the skin. The “root diameter” of the
microneedle indicates the diameter of the bottom of the

20 microneedle attached to the surface of the substrate.
[0035]

A microneedle in a konide-like shape or a
circular truncated cone shape preferably has a tip
diameter of about 5 te 100 um, and more preferably about

25 10 to 80 um, because a thin (sharp) microneedle is easily
broken when inserted into the skin, whereas a thick
microneedle is hard to insert into the skin, thereby
causing pain.

[0036]

30 A microneedle in a konide-like shape or a
circular truncated cone shape preferably has a length of
about 100 pm or more, preferably about 150 um or more, and
more preferably about 200 pum or more, because a short
microneedle is shallowly inserted intc the skin and

35 therefore makes it difficult to supply proteoglycan. The



the m croneedl e preferably has a konide-1ike shape, a 5 circular truncated
cone shape, or the like. The konide- |ike shape as used herein is a
so-cal l ed vol cano shape, that is, a circular truncated cone whose side
surface is internally curved, as shown in Fig. 2. Mreover, the mcroneedle
is preferably a solid needle, rather than a 10 hol | ow needl e. [0034]

A mcroneedl e in a konide-like shape or a circular truncated cone shape
preferably has a root dianeter of about 120 to 400 pm and nore preferably
about 150 to 300 15 pm because a thin mcroneedl e supplies a snaller
anount of proteoglycan into the skin, add-is easily broken when inserted

into the skin, r.ea i needl e i nser nto the skin.
The "root dﬁﬁﬁ?ie it fﬁ%qﬁ¥%ﬁgﬁl Ie%ln |c% gg?ﬁﬁe %aﬁgtg?tof t he bottom
of the 20 nirermwrieedlaslat tldehded @st RengupfatbeofirhensaBder afen°f 0035]

A m croneedlig-dubA Y derdd KR Shape Qheasﬁhhcmﬂﬁetlﬁ}b@l@ﬁtﬁﬁnﬂﬂnﬁ shape

preferably h di.anmet er of abo nd nDr bl
about 25 10 % %Hagﬁﬂﬁﬁ¥15€%§ﬁ§§§faﬁ¥ i 3% %g?ﬁnP@ nee8F g§%§é?%gigroien
when i nsért edbdutt &adfe \8kiar, hw%mea@dampmecprﬁf@ﬁéhé&dﬁbou§ hare ﬂ@ i nsert
into the skig, fé},eremsee%%aglpal Phel 993611 39A Aherpieech&edre & s,

angt h of | abG: SHEUEHR o HbFe, L0t Srerdily " RnoRE LB By or B el UBnEE mor e
preferably amt 1200 mneomlnmoeeebéeauselacsu@¢d phernvheedhtecdke shal | oWl y
Lpzfgge? Lg; Qé?ﬁ'%#ﬁféﬁﬂ%%.%ﬁfkﬁﬁﬂd%fQ@% rakasg oot pai f birewbt-aboySHBBLY
g % 150 to 1200 pm, or more preferably about 150 to 1000 um,

and the microneedle having a length of more than about

1000 pm but not more than 50060 um, preferably more than

about 1600 pm but not more than 5000 pm, or more

preferably more than about 1600 um but not more than 3000

15  jum.

{00371

In the microneedle array, as for the distance
between one microneedle and an adjacent microneedle, a
shorter distance makes it difficult to insert the

20 microneedles into the skin, while a longer distance
results in a smaller number of microneedles per unit area,
causing an insufficient supply of proteoglycan into the
skin. From this viewpoint, the space between the
microneedles arranged in the microneedle array is

25 preferably such that the distance between the tip of one
microneedle and the tip of an adjacent microneedle (this
distance is referred to as the “pitch” in the present
invention) is about 100 to 1800 pm, and preferably about
150 to 1200 pmn.

30 [0038]

The number of microneedles per unit area of the
substrate surface of the microneedle array is suitably
determined depending on the pitch described above, and
other factors. For example, the number of microneedles

35 per cm® of the substrate surface of the microneedle array



upper Iimt of the length of the mcroneedle is not particularly limted as
|l ong as the mcroneedle is not broken when inserted into the skin. The
upper limt of the length is generally about 5000 pmor |ess, preferably 5
about 3000 pmor less, and nore preferably about 1600 pmor |es.
Specifically, the length of the mcroneedle is, for exanple, about 100 to
5000 pm preferably about 100 to 3000 pm The m croneedle is included the

m croneedl e having a |l ength of about 100 to 1600 pm preferably about 10
150 to 1200 pm or nore preferably about 150 to 1000 pm and the

m croneedl e having a Iength of nore thantabout 1000 pn1but not nore than

5000 pm preferabl han 0 0 ut t r Q0 m or
nore preferabl ¥ tbé’t?&u%% %@033%%1 b%{:e SFaﬁgVegBﬁ gggﬁ SQ%dr?ﬁ
[ 0037] and mord rpﬁetf@rrakdmraéae:dﬂte 120r &yp, 149 - foﬁ‘sltlh@u@ﬁl stlzce between

one m crone At i agrntmGnangedireniarshacheesdist apee makes it
difficult tgaq%%sert the 20 m croneedl e?el nt R a |l onger

di stance redWIEONGPH & AHY%t IFumPer PG TS ﬁéﬁé@dﬁé@llﬁ@gﬂuﬁg?ya?ég causi ng

an i nsuf bi cierdfestgiply ofr proetcedgl yecariidnpettkenskin. From thi s vi ewpoi nt,
t he space belt,d,tﬁm the m croneedl es arranged in the mcroneedle array is 25
preferably s hat the di stance between the tip of one m croneedl e and
the tip of an adj acentIMitdroAEed®saHics a&“ré‘tyaﬁéetp§ PEFEFFED to as the

"pitch" in tlhﬁre}aﬂﬁ&ﬁnt uhwemil:ismﬁa‘des iabowtt PRGtticula@Qypiimanddpr efer ably
about 150 t & Je0q P, 30 QI The. nher of Jalichoreedhes Bak-HaLE afea of

t he substrate ace e mcroneedle array Is sujita %/ det erm ned
e

dependi A§ omqm@ﬁ)qu&ﬁ@@sﬁbrlk@@ratﬁ&/éorﬁﬁ@ ot he? ?%%?BF% FBrY Xarfl e, the
nunber of mgrnnesdlfs%ad meriantmf dde sdhpsdid supkacaeof the

nicronEEdlefagfgﬁeééfgs, or it may be a film or sheet having a
different composition from the microneedles. Specific
examples of films or sheets having a different composition

15 from the microneedles include films or sheets made of
polymethyl methacrylate, cellulose acetate, ethyl
cellulose, polyethylene resin, polypropylene resin,
ethylene-propylene copolymer, ethylene-vinyl acetate
copolymer, vinyl chloride-based resin, vinylidene chloride

20 resin, vinyl acetate-vinyl chloride copolymer, polyamide-
based resin, polyester resin, acrylonitrile-butadiene-
styrene copolymer, styrene-isoprene-styrene copolymer,
styrene—ethylene-butylene-styrene copolymer, urethane
resin, silicon resin, aluminum, etc. In terms of the ease

25 of production, the substrate is preferably formed of a
film or sheet having the same composition as the
microneedles. In this case, the substrate can be
integrally formed with the rmicroneedles.

[0040]

30 The substrate is not particularly limited;
however, it is preferable that the microneedles can be
attached or held on the surface of the substrate, and that
the substrate has a thickness that allows the microneedles
to be inserted into the surface layer and/or stratum

35 corneum. Although the thickness of the substrate may be



is generally about 50 to 300, preferably about 100 to 200, and nore
preferably about 120 to 160. Although the arrangenent of the plurality of

m croneedles in the mcroneedle array is not particularly limted, they are
5 preferably arranged in a grid pattern. [0039] In the

m croneedl e array of the present invention, the substrate is not
particularly limted, as long as it is a filmor sheet on which the

m croneedl es 10 can be attached, held, or fornmed. The substrate may be a
filmor sheet having the sanme conposition as the mcroneedles, or it may be
a filmor sheet having a di fferent conpdéition fromthe mcroneedl es.

Specific exanples of fjilnms ar s eet ng_a diff t copposition 15 from
t he ni cr onecHt &E d-nel FHHME ﬁé ihﬁaaénaﬁ Bg ﬁgPﬁyanﬁ?haﬁrylate,
cel l ul ose aamdmﬁxafqnthampﬂdﬂnnmﬁethp@kyeshyhenereégrﬁblpoaypmbp§®eh@
resin, et hy'sgﬂﬁﬁm ga%loe'ﬁ%xfeo éﬁ@%ra,bl%t laz)b%@esw Ryl 386eLAL eccepakyner,

ase

vinyl chlori resi_n VInyng@ WE g de 20 resin, vinyl
acet at e- vi nyIO%h RS I 3o I1aRmt | v&ni“d8bATed resi n, polyester resin,
acryl oni gri |l g3dutjadi enestyrene copol yner, styrene-isoprene-styrene

copol ymer, styrene- et kyld E%t@l@&'o@gﬁfdxl&%s %ﬂgow@bneea%héggapeéfn

silicon resin, alum num etc he ease Ero uction, the
substrate i st STeasaty oiaRed oF 18 ﬂoltnpélr%ﬁélétarllré(vnlﬁﬁ’l RE’ sahg the
conposi ti on masciditeddier eneed) esin le thicslucasie byt he ksolat matbodan be

integrally fg%{a[}a?ﬁqt c!khtﬁ% %CJL%%%%%S ff[r%gﬁglm%%@?oﬁuﬁé%%eokstﬂé’t

particul arl owever, I's prefe e m croneedl es can
be attaéRed RﬁeﬁﬁﬂﬁikﬂVﬁqﬁ%QﬂuﬁQﬁ%FQﬁ mefdogghdtn af8d did)t HEECtRBSdubstrate
has a thickngssow.hat allows the mcroneedles to be inserted into the
surface | aye @ﬂg{or stratum 35 corneum Al though the thickness of the
substrate nag 18- generally determned within the range of about 50 pm
or nore, for exanple, tihe ArhiadUresss isolptdfosr 4B yhilsbucospopgnts for

forming the microneedlies are dissolved is poured into a

15 mold in which the form of a microneedle array is recessed,
so that a microneedle part and a substrate part are formed.
The moisture is evaporated, and the resultant is dried at
room temperature or by heating. Then, the formed
microneedle array is removed from the mold. According to

20 this method, a microneedle array whose microneedles and
substrate have the same composition can be produced.
[6043]

(ii) An aqueous solution in which components for

forming the microneedles are dissolved is poured into a

25 mold in which the form of a microneedle array is recessed.
The moisture is evaporated, and the resultant is dried at
room temperature or by heating. Subsequently, a substrate
is laminated on the microneedles formed above, and the
bottom of the microneedles and the substrate are bonded or

30 combined with each other. The microneedles are then
removed, together with the substrate, from the mold.
According to this method, a microneedle array whose
microneedles and substrate have different compositions can
be precduced.

35 [0044]



500 pm and nore preferably about 80 to 300 pm further nore preferably
about 100 to 200 pm 5[ 0041] The nmet hod of producing the

m croneedl e array of the present invention is not particularly limted, and
the m croneedl e array can be produced by a known net hod. Exanples of the

m croneedl e array production nmethod of the 10 present invention include

met hods (i) and (ii) described bel ow. [0042] (i) An aqueous
solution in which conmponents for formng the m croneedl es are dissolved is
poured into a 15 nold in which the formof a mcroneedle array is recessed,
so that a microneedle part and a substrat® part are forned. The npisture is

evaporated, and the resultant .is dri t room.t erature _or hy heating.
Then, the fornmed mcr ddi%e a&’rorvfquegcq‘rogr?o\}é Pgmlﬁz'm%ﬁ& @ 8%8‘?1 ing to

20 this net hoolutsian cirondeidite comrayraicsdomi dosndadl sheandcsabseraed have

the same conpasidin,Gay be HRdyeed: 10043l 1imited as lobigl hsAraqueous
solution in which conponents, for form.ng thé m rgneedl gi are dissolved is
pour ed i nt o BED5 (I STH Nt G tsﬁleé RO SRONIEr Sfle&8FEGrray is recessed.

The noi sbur epistavaporat edy dirnbdlhe .r eSolkt anempsedriedagtereodm t enper at ure

or by heating,; gubsequant!y.a &:34081d18l& N $Indntaked 8N drhapBler enegdl es
formed above, and the bottom.of the m’croneedl es _and tg)e substrate are

bonded or 30°%dibi fredHGHFaRIch 3N 1 Fi%e am dfofe&dlebCalESCthen renoved,
t oget her w tf0@4®) substrate, fromthe nold. According to this method, a

m croneedl e array whosg, ugg%@&gge[@o% ma?;{aﬁft weep%%%n@éil fif.eLaRrt on

conposi tions can be pro [ 0044] = - , n the above
met hods 10i ) &hd'$89 )Y tarplagdsbdd 48 dthicos kiR Wi dhatopSnent s for forning
t he m croneefi @sordelXhssoteveichdes-teat iperd it adiy Isumfed dsveong as it

has a Conce”éﬁﬁ}&o”séfﬁédr&ié&neﬂﬂrg.ugﬂo Q @géé'ifié piotepglycan to dissolve.
For exanpl e, "an aqueous sol ution having a rqteog?yc n concentration of
about 1 to 3JvigEomEedrefaz ywihddit Prasss WwVendas Be Gddédchrdoss)

the skin so that the microneedles are inserted into the
15 skin surface layer and/or stratum corneum, and the
microneedle array is left in this state. Thereby,
proteoglycan in the microneedles dissolves in the body
because of the subcutaneous temperature and moisture and
is eluted under the skin and underlying tissues to exert
20 useful pharmacoclogical activity based on the proteoglycan.
When microneedles contain water-soluble polymers or
cosmetically or pharmaceutically acceptable medicinal
properties, as described above, these components in the
microneedles are eluted into the skin, together with the
25 proteoglycan, so that useful pharmacological activity
based on the proteoglycan and these components is exerted
under the skin.
[0046]
In order to more effectively achieve the
30 pharmacological activity of the proteoglycan, etc., it is
preferablie that the microneedles inserted into the skin
surface layer and/or stratum corneum are held as they are
for generally about 30 minutes or more, preferably 30 to
300 minutes, and preferably about 60 to 180 minutes. This
35 allows the proteoglycan forming the microneedles to



The m croneedl e array of the present invention 10 is used by applying it to
the skin so that the mcroneedles are inserted into the skin surface |ayer
and/ or stratum corneum More specifically, the mcroneedle array of the
present invention is attached to the skin so that the mcroneedles are
inserted into the 15 skin surface |ayer and/or stratum corneum and the

m croneedl e array is left in this state. Thereby, proteoglycan in the

m croneedl es di ssolves in the body because of the subcutaneous tenperature
and noisture and is eluted under the skin and underlying tissues to exert
20 useful pharmacol ogical activity based%n t he pr ot eogl ycan. Wen

m cr oneedl es_ cont ai - s0l.uhl ol r.S (o] tigally or
pharnaceuthﬁﬁ ﬁéé%éh%ﬁ%gﬁéﬁﬁg‘ic%ﬁa e%EESeP??gg,%gg Eggcfibed above, these
conmponents iP&%E microneedl es are eluted into the skin, together with the

25 prot Fogl ycanEjl sg thad desefilbphabareq! egiecali caehiewdt ¢ base? on the

prot eogl ycan and these cqnpaonents is_exerte e [ ] In
order to mord S ¥ ectiVEN athieVe IHE §0a%hé?%%@ongggggKggFFvgﬁégof t he

pr ot eogl Pcartheetskin jand ainstesfleriatgl & issagesy hangi ésohbed Bsefn$efted into
the skin surdagedayefr s StHRUMgaReUImake thekd aasahhayeare for
general ly ang% 30 .m nutes or re,ypreferably 30 to 300 m nutes, and
preferably & thﬁqugiMﬁ?qﬁ This 35 allows the proteoglycan forning
the mcroneedl®&Sto -20- sufficiently dissolve and elute under the skin.

[0047] As described ahewe.e:idig18,craneed aanay soknbhe poesgAtpiavention
can supgl)loy apErc!n?oatstorProog eeopgilc}/ecrz?nnaf r!:te(?Ll growth {Non-patent Document 1}.
Hence, the microneedle array of the present invention can
be used for cosmetic purposes, such as skin whitening,
moisturizing, and antiaging based on the proteoglycan
actien.
15 [0049] ‘
Proteoglycan is also known to exhibit actions of
immunostimulation, anti-inflammation, etc. Accordingly,
the microneedle array of the present invention is also
effective for medical purposes, such as skin tissue
20 immunological adjuvants, antiphlogistics for inflammation

of skin tissue, etc.

[Examples]
{0050]

25 The present invention is described in detail
below with reference to Examples. However, the present
invention should not be interpreted as being limited to
the Examples. The proteoglycan used in the following
Examples was chondroitin sulfate proteoglycan derived from

30 salmon nasal cartilage (eluted from salmeon nasal cartilage
using acetic acid; produced by Kakuhiro Corporation,
Japan) .

[0051]
Example 1 Production of Microneedle Array
35 An agueous solution containing 20 wt.% of



5 the skin and underlying tissues, and is thus used for cosnetic or nedical
appl i cations that take advantage of the proteoglycan activity. [0048] For
exanpl e, proteoglycan is known to exhibit 10 pronotion of epidermal cel
growt h (Non-patent Docunent 1). Hence, the m croneedl e array of the present
i nvention can be used for cosnetic purposes, such as skin whitening,

noi sturi zing, and antiagi ng based on the proteoglycan action. 15[ 0049]
Proteogl ycan is al so known to exhibit actions of inmmunostinulation,
anti-inflammtion, etc. Accordingly, the mcroneedl e array of the present
invention is also effective for nedicaP2GUTposes such as skin tissue 20

i mmunol ogi cal adj uvants, antiphl ogistics_for |nfla f i SSsue,
etc. [Exanpﬁ%é%% G LA e 6?%§%%ﬁntﬁv3n PSR 8 escrlgh§ 8§%e?£ bel ow
with ref er enciestan e laey.a Howesy erecesisedpr eBent 1rﬁ@@ﬂ$cﬁl@#ﬁﬁﬁij not be

interpreted as.deing g} ef o d ke iExanp! % whhenpeateegkycan ysed in the
fol |l ow ng Exanpl es s chondroitin sulfate %Eogg can derived from 30
sal non nasal™ %l%@ G e d 5 5ﬁ1c§§lsr?81n ¥t| "Fage using acetic

aci d; prédugectnoKatasnraereripomat Ia@rmeOMpanﬂutFOCSIP} Examspbeute®r oducti on
of M croneeq} & Ard 3540 1aqueaysSal Uk @14C0At ahpkBet2Q W n¥a8f in
which concave portions (11) for forming microneedles are
formed in such a manner that a pattern of microneedles in
a predetermined shape is formed on the surface of a
10 photopoliymer by a lithography technique (light
irradiation), followed by electroforming to transfer the
pattern of the microneedles in the predetermined shape.
The concave portions (11) for forming microneedles shown
in Fig. 1 each have a concave portion in the form of a
15 konide-like shape having an open end diameter
(corresponding to the root diameter of the microneedle) of
200 pm, a2 bottom diameter (corresponding teo the tip
diameter of the microneedle) of 40 um, and a depth
(corresponding to the length of the microneedie) of 800 um.
20 The concave portions are arranged in a grid pattern at
intervals of 800 pm on the photopolymer, and 144 concave
portions are formed per cm?.
{0052]
Sign 2 in Fig. 1 indicates an agqueous solution
25 layer fermed by pouring the 20 wt.$% proteogiycan-
containing agqueous solution into the mold (1).
[0053]
The 20 wt.$% proteoglycan—-containing agueous
solution poured into the mold (1) was dried in this state
30 in an oven at 35°C for 5 hours to evaporate the moisture.
The dried product formed on the mold (1) was then removed
from the mold (1). The microneedle array of the present
invention shown in Fig. 2 was obtained in this manner. In
the microneedle array, a number of fine solid konide-like
35 shape microneedles (4) are formed on the surface of the



-21- proteoglycan was poured into a nold in which the formof a mcroneedle
array was recessed. Fig. 1 shows a cross-sectional view of the nold (1) in
which the formof a mcroneedl e array was recessed and the 20 wt. % 5

pr ot eogl ycan- cont ai ni ng aqueous sol ution (2) was poured. Mre specifically,
Sign 1inFig. 1 indicates a nold in which concave portions (11) for
formng mcroneedles are fornmed in such a manner that a pattern of

m croneedl es in a predeterm ned shape is forned on the surface of a 10

phot opol yner by a |ithography technique (light irradiation), followed by

el ectroformng to transfer the pattern-§f2'the m croneedl es in the

predet erm ned shape. oncave port (1)), ng_m croneedl es
shown in Fi GUPE Ster%ctf‘? gﬁ Y PSS %1 ?Qn |an tREOfL' %ﬁgg *& 15 koni de-1i ke
shape havi ng:carrtaapemgermmmcametsem(toamr égponthrgcroceie postidnametel of

the mcr one J:e)foq_‘fm ?r%ona@ro%e%%ﬂe%m %@Lﬁ_‘%ﬁ,«%& (agfoaﬁ_» spgndifigeto the tip
di anet er e mcro pm..a %Brres ond| ngfto t he

n
| ength of th%ﬂ?ﬁtcﬁad??ee((ﬁ e)ar{Sﬂf Woﬁ]ﬁ\ed’é@sTﬁg cBE@a{? ofPBRES4r &% ar r anged
inagrig paitetavgitydant.er ¢abspobd806dpmionodded phot opay yherin ante 144

concave porti,ons are fordmd te a[QQQ%]of 6 mm {shorte§'gﬁlg ip Fig. 1

i ndi cates an agueous ol uti 2 ayer formed by pqurin wt. %
pr ot eogl ycancbitij ﬁ"ﬂlwe&h@é@@ rs&%ei”@ﬁrﬁgm@é‘ ltﬁé ﬁﬁlzﬁ (’%) [30053]

The 20 w . %qrdeegd/c@@-.cont ai ni ng aqueous sol ution poured into the nold
(1) was driepodlfg this state 30 in an oven at 35Cfor 5 hours to evaporate
the noisture e]drled product fornmed on the nold (1) was_then renoved
fromthéOmold (1). Thélhf cHeEERE 1@ dyf loRrEnE3FFedBNE PRVERL FBRISROWN in
Fig. 2 was obtiad nachged «ihits arangfch | (Biighe ani erfoseed e, anr apota nunber of

fine solid konifedikesdh H1PR% B UECUnes o D28 RETRA @3ghhe) surface
of 40 pm; and the distance (Sign d) between the tip of one
microneedle (4) and the tip of another adjacent

15 microneedle {(4) is 800 um. The microneedles (4) are
arranged on the substrate in a grid pattern at the above
intervals, and about 144 microneedles are formed per cm?.
The thickness (Sign e) of the substrate (3) is 200 um.
[GO55]

20 The microneedles of the thus-produced
microneedle array were fine needles, had good strength and
flexibility, and could be inserted into the skin surface
layer and/or stratum corneum with almost no pain, as
described above. Moreover, the microneedles, which were

25 composed only of protecglycan except for residual moisture,
exhibited excellent solubility under the skin by
maintaining them under the skin for about 90 minutes after
subcutaneous insertion.

[0056]

20 Additionally, the microneedle array having
microneedles composed of 100% proteoglycan except for
residual moisture, as described above, is expected to be
effective for cosmetic or medical purposes based on
proteoglycan activity. The microneedle array is also

35 expected to be effective for cosmetic purposes, such as



substrate (3) by pouring the 20 wt. % pr ot eogl ycancont ai ni ng aqueous
solution into the concave portions (11) for form ng mcroneedles, followed
by drying. The substrate (3) and m croneedl es (4) are both conmposed of 5
prot eogl ycan. The produced mcroneedle array is in the shape of an ellipse
with a size of 6 mm (shorter axis) x 10 mm (|l onger axis), depending on the
size of the substrate (3). [0054] 10The mcroneedles (4) are each in a
solid konide- |ike shape with a length (Sign a) of 800 pm a root dianeter
(Sign b) of 200 pm and a tip diameter (Sign c) of 40 pm and the distance

(Sign d) between the tip of one mcroneede (4) and the tip of another
adj acent 15 m.cr.aneedl e i s,800 pm_ The croneed| 4) are arranged on
the substrat®itlE g gérﬁagﬁdtﬁe gﬁgteol% egga?8§lg %Yabout 144

m croneed| es[H>/ If orned per cnR. The thickness (Sign e) of the substrate

(3) is 200 pm [00551pag. éﬁ?Q&%ﬂ%@%&%ﬁegalbharkays poadueedipi croneedl e
array were fine ee

treﬁg%h ag IexE |I|t§ eand coul d be
i nserted i ntf r?qgﬂq%i? %§§%' &r S8¢P5t UACESPREUNTR t B al most no
pai n, asSdemmuﬁmnb&ﬂMweunﬁQre@WlesHMQ wiccohesdtesncahicdhcapee 25

conposed onl Qb end e %Qle% %r deskdugl uERLSt UBE-a0%hi bited
excel |l ent so %héﬁﬁl ty under_ the skin % m |ntaln?nu %g% gggr tEe skin for
A

about 90 mrﬂﬂ?%%%ﬁ%e?]§uﬁEﬁi§ﬁ§ﬂk?q Relip lFéo%%] gt 8hafly, the
m cr oneedl e @irrayl drvawi mghartercdoreed.es conposed of 100% pr ot eogl ycan except
for residual noisture, as described above, is expected to be effective for
cosnetic or nedi cal purposes based on proteoglycan activity. The

m croneéfll e 43/ i s al so 35 expected to be effective for cosnetic

pur poses, suBumsle -23Fsalriilnkdve 2srmotdiiony, dfasiedronepddeedglirgygan activity.
[ 0057]

Using an agueous solution containing 20 wt.% of
proteoglycan and 10 wt.% of Evans blue dye, a microneedle
array in the shape of an ellipse with a size of 8 mm

15 (shorter axis) x 10 mm {(longer axis) (length of
microneedle: 800 um) was produced in the same manner as in
Example 1. The produced microneedle array was cut into
pieces about 7 mm in size, and they were applied to the
knees of rats to examine how the Evans blue dye penetrated

20 into the surrounding tissue of the knees.

[0059]
{1) Test Animals

SD rats (Crl:CD, male, 5 weeks old, 164 to 183
g: Charles River Laboratories Japan, Inc.) were kept

2% overnight (lighting hours: 12 hours, non-lighting hours:
12 hours) under the conditicns in which the temperature
was 23 + 2°C, and the humidity was 60 = 10%. They were
then subjected to the following experiments. The test

animals were treated in accordance with the guidelines for
30 animal experiments of Otsuka Pharmaceutical Co., Ltd., and
they were allowed to freely take food (MF: Oriental Yeast
Co., Ltd.) and water (tap water).
[0060]
(2) Test Method
35 The hair of both knees of the individualltest




Al t hough the mcroneedl e array produced in Exanple 1 conprises konide-Ilike
shapé m croneedles, a 5 mcroneedle array conprising circular truncated
cone-shape m croneedl es can be produced by using concave portions (11) for
formng mcroneedles in the formof a circular truncated cone. 10[ 0058]
Exanple 2 Usability Assessnent of M croneedle Array Usi ng an
aqueous solution containing 20 wt. % of proteoglycan and 10 wt. % of Evans
bl ue dye, a mcroneedle array in the shape of an ellipse with a size of 8
mm 15(shorter axis) x 10 mm (| onger aXi|5$Z) (length of mcroneedle: 800 pm
was produced in the same manner as in mpl e 1. The produced m croneedl e

array vas cut, {iliQ PE8s R0 G M 2y S%egzée@r&eegh%éf apal bggh L0 the

knees of rat® & éxam ne How vans enetrated 20 into the
surroundi ng tasiEsl ofitthe ldeedd atpgosorepr)y TEIE W?}%FP%E dlh FLHYY Cr | : CD
mal e, 5 weekgrhth 716 0 718@)g prodaickeas aBover wbaboappmneastdapna I nc. )

wer e kept 25 vern| ht‘iﬂf‘bﬁ’? hrégktﬁ%%rs t%% QO%I% (flPP@aiieg }{]% hour s:

hour s) under dg i WS o he C, and the
hum di tySM%morﬁmlérWamr‘@st Pee SSEl é@fﬂeéppélﬁﬁetpolthémﬁhgn of
experi ment s.ijhecdLsts AR $Hehf dricgated eisnwageordaageewi htbhehe

gui del i nes féﬁin and the mi -fi
' icroneedle array was press-fixed to the
skin by taping. The microneedle arrays were applied to
the test animals in this manner, and the test animals were

10 secured in Bollman restraining cages to prevent movement.
[G0e1]

After two hours from the application of the
microneedle arrays, the test animals were released from
the cages, and euthanized under ether anesthesia.

15 Thereafter, the microneedle arrays were removed from the
skin, and the form of the microneedles, the surface and
subcutaneous tissue of the skin of the knees to which the
microneedle arrays were applied were observed to evaluate
the solubility of the microneedles under the skin and the

20 penetrance of Evans blue dye staining in the skin surface
and subcutaneous tissue.

[0062]
(3} Test Results
(3-1) Form of Microneedle

25 The 800-pm microneedle portions of the applied
microneedle array all disappeared. This confirmed that
the microneedles inserted into the skin subcutaneocusly
dissolved because of the body temperature and the
surrounding moisture.

30 [0063]

(3-2) Observation of Microneedle Array-Applied Site
(Knee)
In all the test animals (n=5), the surface and
subcutaneous tissue of the skin of the microneedle array-
35 applied site were stained by the Evans blue dye, while the



30 ani mal experinents of O suka Pharnmaceutical Co., Ltd., and they were
allowed to freely take food (ME: Oriental Yeast Co., Ltd.) and water (tap
water). [0060] (2) Test Method 35The hair of both knees of the individual
test -24- animals (n=5) was shaved with an electric shaver and then renoved
with a depilatory cream The mcroneedle arrays (about 7 mmx 7 nmm
produced above were applied to the dehaired skin of the knees. Mire
specifically, the 5 mcroneedl e array was pressed and applied to the skin
of the knee so that the microneedles were inserted into the skin, and the
m croneedl e array was press-fixed to t € 3ski n by taping The nicroneedle
arrays were appli.ed b’ the“}es% %n%ggh edn t@ﬁs nennes ., and the

ani mal s wer &UTGUEES 851 iven °rés rai ning cages revent nnvenent

[ 0061] Componenmﬁtdpﬂgmﬁomdwﬁgnfﬁ@ﬁ\Eﬁénépbﬂpéa@V@h @quﬁ@ W cr oneed! e

arrays, the 4iesdo13iR Svene Er@lc%&@ddﬁé@Wkéh@h@agaﬁdeandh@uglaaﬁu zed under

et her anesthesj.a., 15 _Thereaft i.cr.oneedl e arra d from
the skin, ﬁﬁf Yof Fhé ﬁPEF@ﬁegéPg%nthée$arfa%zegﬁgggtbcu¥§neous
ti ssue of thdbskivedfin thskméexcneemiechrrhg-aPelondedibedr Kajsnwer e

appl i ed wer e, ghserye0 {0 g\ahiat e fhauselulicl ikyeef bherpkcteseedl es under
the skin and the 20 penetrance of Evans bl ue dye staining in the skin
surface and 2UFJtSaneous tissue. [0062] (3) Test Results (3-1) Form of

M croneedl e 25The 800- pm mi croneedl e portions of the applied m croneedle
array all disappeared. This confirnmed that the m croneedles inserted into
t he skin subcutaneously dissol ved because of the body tenperature and the
surroundi ng noi sture.



30[0063] (3-2) Cbservation of Mcroneedle Array-Applied Site (Knee)

In all the test animals (n=5), the surface and subcutaneous tissue of the
skin of the mi croneedl e array-35 applied site were stained by the Evans

bl ue dye, while the -25- nuscular |ayer was not stained. This confirned
that the conponents (proteoglycan and Evans bl ue dye) eluted by dissolution
of the m croneedl es reached under the skin. Additionally, no abnornal
findings (e.g., bleeding) were 5 observed in the mcroneedl e array-applied
sites (skin, subcutaneous tissue, and nuscul ar |ayer) of the test aninals.
-26- [Docunent Nane] C ains 1. A micr@feedl e array conprising one or nore
m croneedl es fornmed on the suyrface of a substrate, the 5 m croneedl es
conpri si ng meRQHﬂﬁnicaﬁi &153%€ material. 2. The nicroneedl e array
according to claim1l, wherein each of the mcroneedl es has a koni de-1ike

shape or a gjrcular tpuppalbed cone %Q%B?-Fé?ﬁr§siﬁaeoHECBQnﬁ§Qée array

according to claim1 or 2, wherein each o e Elcron%e Ie§ i's solid
needl e. 4. THEGANGESHESIIO BSGCa P addsr GG EEE CFaPnP2P8F 3 15 ifer ei n each
of the nierongediresdias admgoti dinanptrert coty1$28nt es480bpse matepidi anet er of
5to 100 pm and a length of 100 to 5000 pm and the di stance between tips
of adjacent m croneedles is 100 to 1800 pm 20 5. The m croneedl e array
accordi ng t ®.any one d&hemHigrpnEadd &4 2nKRETr 8CROTRENFr 6Pe64PyBahy cont ent in
the one or nEiEe-dnrCrRrgedfescHes i@ riomeb@ewt h%s a konide-like shape

_ or a circular truncated cone shape.
10
3. The microneedle array according to claim 1 or 2,
wherein each of the microneedles is a solid needle.

4, The microneedle array according to claim 2 or 3,

15 wherein each of the microneedles has a root diameter of
120 to 400 pm, a tip diameter of 5 to 100 um, and a length
of 100 to 5000 um, and the distance between tips of
adjacent microneedles is 100 to 1800 um.

20 5. The microneedle array according to any one of
claims 1 to 4, wherein the proteoglycan content in the one

or more microneedles is 20 to 100 wt.%.

6. The microneedle array according to any one of
25 claims 1 to 5, wherein the proteoglycan is chondroitin

sulfate proteoglycan.

7. The microneedle array according to any one of

claims 1 to 6, wherein the proteoglycan is derived from
30 fish.

8. The microneedle array according to claim 7,

wherein the fish is salmon, shark or jellyfish.

35 9. The microneedle array according to any one of



6. The m croneedl e array according to any one of 25 claims 1 to 5, wherein
the proteoglycan is chondroitin sulfate proteoglycan. 7. The mcroneedle
array according to any one of clains 1 to 6, wherein the proteoglycan is
derived from 30fish. 8. The microneedle array according to claim?7,
wherein the fish is salmon, shark or jellyfish. 35 9. The m croneedl e array
according to any one of -27- claims 1 to 8, wherein the one or nore

m croneedl es contain, in addition to the proteoglycan, a water-soluble

‘pol ynmer other than proteoglycan, or a cosnetically or pharmaceutically
accept abl e nmedicinal property. 5 10. TheZficroneedl e array according to any

one of clai 1 to_8, erein the bstrate_has._the. sition as the
nicroneedlegiafﬁmli.ﬂcﬁ@fhg e&FlBriﬁﬁcPﬁa ?ﬁemﬁfgr%h§g§¥%g§$$§y accor di ng
to claiml aont@inthénmedkodiconprei shagprhbesgepsani @lyatertsylwrlg 1) to

(4"): fid ol yti gnci ; | f
f orm ng nicfgﬁégﬁf(%khgguth%& 3R oREHEIYEa80l Ut aNchbemuwhiehlpyoseogl ycan for

( es I.s di,ssolved into a 15 nold in which the formof a
nlcroneedleFﬁ@ﬁ@?qa§tﬁ€€g§§éﬁpc§8tﬁﬁi? Qeﬁ%8%8ﬁ3e8F8985f¥-and a substrate
part aresforned, - (2) evaporating the noisture to dryness at
room tenperature or by, heating, and. array according to any one of

claims 1 to 8, wherein the substrate has the same

composition as the microneedles.

10 11. A method of producing the microneedle array
according to claim 1 or 10, the method comprising the
steps of (1) to {3) or (1') to (47):

(1) pouring an aqueous solution in which
proteoglycan for forming microneedies is dissolved into a

15 mold in which the form of a microneedle array is recessed,
so that a microneedle part and a substrate part are
formed;

(2) evaporating the moisture to dryness at room
temperature or by heating, and

20 (3) removing the formed microneedle array from
the mold; or

(1’) pouring an aqueous solution in which
proteoglycan for forming microneedles is dissolved into a
mold in which the form of a microneedle is recessed;

25 (27) evaporating the moisture to dryness at room

| temperature or by heating;

(37) laminating a substrate thereon and
combining or bonding the bottom of the microneedles and
the substrate, and

30 (4") removing the microneedles combined or
bonded with the substrate from the mold.

12. The method according to claim 11, wherein the
aqueous solution in which proteoglycan for forming
35  microneedles is dissolved contains the proteoglycan at a



20(3) renoving the formed mcroneedle array fromthe nold; or

(1') pouring an aqueous solution in which proteoglycan for formng

m croneedl es is dissolved into a nold in which the formof a mcroneedle is
recessed; 25(2') evaporating the noisture to dryness at roomtenperature or
by heati ng; (3'") lam nating a substrate thereon and conbi ni ng
or bonding the bottom of the m croneedl es and the substrate, and 30(4')
removi ng the m croneedl es conmbi ned or bonded with the substrate fromthe
nol d. 12. The nmethod according to claim1l, wherein the aqueous solution in
whi ch proteoglycan for fornmng 35 nicroféédles is di ssolved contains the

-28- i 0
prot eog| ycarzzoaf%ce?’ltra 81c>nc% %%to'ﬁ%t Ilo@oogoagggt%. 1to 30 wt.%



