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DESCRIPTION

Title of Invention
MICRONEEDLE DEVICE CONTAINING RECOMBINANT
FOLLICLE STIMULATING HORMONE
Technical Field
[0001] The present invention relates to a microteeddvicecontaining
a recombinant follicle-stimulating hormone.
Background Art
[0002] A microneedle device is known as one of tlevices for
intradermal administration of a physiologically imetsubstance. The
microneedle device has a plurality of microneediests main surface.
As one specific aspect thereof, for example, thera microneedle
having a coating layer containing a physiologicadlgtive substance
formed thereon and a self-dissolving microneedlentaioing a
physiologically active substance (for example, Fatateratures 1 and
2).
Citation List
Patent Literature
[0003] Patent Literature 1: JP 2008-528509 A

Patent Literature 2: JP 2014-507473 A
Summary of Invention
Technical Problem
[0004] The present inventors have found that in dase that a
microneedle is coated and a recombinant folliclengiating hormone is

used as a physiologically active substance, theeabrniformity of the
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recombinant follicle-stimulating hormone in the tog process is low,
and the recombinant follicle-stimulating hormonad®g to aggregate
during storage of the microneedle device.

[0005] When the content uniformity of the physiakadly active
substance in the coating process is low, the absorpof the
recombinant follicle-stimulating hormone is notdéduring the use of
the microneedle device. Consequently, a sufficteatapeutic effect
may not be obtained.

[0006] Therefore, an object of the present inventi® to provide a
microneedle device having a coating layer whichcasted with a
recombinant follicle-stimulating hormone so as #rdlly aggregate in
the coating layer and uniformly disperse.

Solution to Problem

[0007] The present invention provides a microneedlevice
comprising: a substrate; a microneedle disposeth®@substrate; and a
coating layer formed on the microneedle; whereia toating layer
comprises a recombinant follicle-stimulating hormdhereinafter, also
simply referred to as “FSH”), arginine, and glyocerwherein, in the
coating layer, the mass of arginine is 0.07 to @ofd, preferably 0.07
to 0.6-fold of the mass of FSH and the mass of ajlycis 0.1 to
2.75-fold of the mass of FSH.

[0008] When the coating layer contains FSH, arginand glycerin, an
effective amount of FSH can be continuously adrtenesl to a user, the
content uniformity and solubility of FSH are alsecellent, and the
dripping of the coating layer is less likely caused

[0009] It is preferable that the coating layer art comprises an acid
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selected from the group consisting of citric agdosphoric acid, boric
acid, tartaric acid, and lactic acid.

[0010] Further, the present invention provides #&hoe for producing a
microneedle device including the steps of: prowgdi microneedle
array having a substrate and a microneedle; mixiR§H, arginine, and
glycerin to obtain a coating composition; coatihg tmicroneedle with
the coating composition; and drying the coating position to form a

coating layer on the microneedle.

[0011] In the case of the coating composition @ pinoduction method,
the mass of arginine is 0.07 to 0.75-fold and pedfly 0.07 to 0.6-fold

of the mass of FSH, and the mass of glycerin ifepably 1 to 3-fold of

the mass of FSH.

[0012] It is preferable that the coating compositiorther comprises an
acid selected from the group consisting of citedaphosphoric acid,
boric acid, tartaric acid, and lactic acid.

[0013] The drying is preferably performed until, time coating layer,
the mass of arginine reaches 0.07 to 0.75-fold @eferably 0.07 to
0.6-fold of the mass of FSH, and the mass of gigceraches 0.1 to
2.75-fold of the mass of FSH.

[0014] Further, the present invention provides atiog agent for

microneedles which contains FSH, arginine, andeglycand in which,

in the coating agent, the content of arginine &7Qo 0.75-fold and
preferably 0.07 to 0.6-fold of the mass of FSH dhd content of

glycerin is 1 to 3-fold of the mass of FSH.

[0015] The coating agent preferably comprises ad selected from

the group consisting of citric acid, phosphoricdadioric acid, tartaric
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acid, and lactic acid.
Advantageous Effects of I nvention
[0016] According to the microneedle device of thregent invention,
when the coating layer comprises FSH, arginine, glygerin, an
effective amount of FSH can be continuously adrtenesl to a user, the
content uniformity and solubility of FSH are alsecellent, and the
dripping of the coating layer is less likely to acc
Brief Description of Drawings
[0017] FIG. 1 is a perspective view showing one ednment of a
microneedle device.

FIG. 2 is a cross-sectional side surface view k&. A taken
along the line II-II.

FIGS. 3(a) to 3(c) are pattern diagrams showinge on
embodiment of a method for producing a microneddiace.

FIG. 4 is a graph showing the content rate of Bg§Hregates in
a coating layer of a microneedle device of one afimbent.
Description of Embodiments
[0018] Hereinbelow, preferable embodiments will &eplained with
reference to drawings. It is to be noted thathm éxplanation of the
drawings, the same symbols are assigned to the stengents and
redundant explanation will be omitted. Also, ire tdrawings, some
parts are exaggeratedly drawn to make understamdisyg and thus the
size and ratio are not necessarily consistent thvéhdescription.
[0019] One embodiment of the present invention isniaroneedle
device comprising: a substrate; a microneedle dspon the substrate;

and a coating layer formed on the microneedle; @ihethe coating
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layer contains a FSH, arginine, and glycerin.

[0020] FIG. 1 is a perspective view showing one ednment of a
microneedle device. A microneedle device 1 showrrlG. 1 has a
substrate 2, a plurality of microneedles 3 that tare-dimensionally
arranged on the substrate 2, and a coating laj@nted on each of the
microneedles 3. The coating layer 5 contains a,F8binine, and
glycerin.,

[0021] The substrate 2 is a foundation to suppwet rhicroneedles 3.
The area of the substrate 2 is preferably 0.5 tord) more preferably
1 to 5 cM, and still more preferably 1 to 3 ém A substrate of a
desired size may be configured by connecting aaplyr of the
substrates 2.

[0022] The microneedles 3 each have a minute sireicand the height
(length) thereof is preferably 50 to 6M. At this point, the length of
the microneedles 3 is set at 90n or more, thereby ensuring
administration of the FSH contained in the coatmger. Further, the
length of the microneedles 3 is set at G0 or less, thereby avoiding
that the microneedles contact nerves so as to eetéc possibility of
pain and avoid the possibility of bleeding. Alsdien the length of
the microneedles 3 is 5@fn or less, the amount of the FSH to enter the
skin can be efficiently administered, and in certzases, administrating
without piercing the basement membrane is alsoilgess The length
of the microneedles 3 is particularly preferably 30 500um.

[0023] At this point, a microneedle 3 refers to ra@j@cting structure
including, in a broad sense, a needle shape ometste including a

needle shape. However, the microneedle is notddb a structure of
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a needle shape having a tapered tip, and may alsoskbructure lacking
a tapered tip. When the microneedles 3 each hawomiaal structure,
the diameter of the basal surface thereof is pabhgrabout 50 to 200
um.  Although the microneedles 3 are each in a ebnghape
according to the present embodiment, microneedlay e in a
polygonal pyramid shape such as a square pyramidather shapes.
[0024] The microneedles 3 are each typically disdospaced apart so
as to have a density of approximately 1 to 10 reseger millimeter
(mm) in a row of the needles. Generally, adjacemts are spaced
apart from each other by a distance substantiglyaleto the space
between the needles in a row, and the microne&lleave a needle
density of 100 to 10000 needles per’cmWhen a needle density of
100 needles or more is achieved, the microneedie®fficiently pierce
the skin. Meanwhile, a needle density of more th@BA00 needles
makes it difficult to maintain the strength of timécroneedles 3. The
density of the microneedles 3 is preferably 206@60 needles, more
preferably 300 to 2000 needles, and still more geddfly 400 to 850
needles.

[0025] Examples of a material of the substrate thermicroneedles 3
include silicon, silicon dioxide, ceramics, metg@ach as stainless steel,
titanium, nickel, molybdenum, chromium, and cobahy synthetic or
natural resin materials. In consideration of theigenicity of the
microneedles and the unit price of the materialpiadegradable
polymer such as polylactic acid, polyglycolide, ypattic
acid-co-polyglycolide, pullulan, caprolactone, polthane, and

polyanhydride, and a synthetic or natural resin emat such as
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polycarbonate, polymethacrylic acid, ethylenevinylacetate,
polytetrafluoroethylene, and  polyoxymethylene, Vkhic are
non-degradable polymers, are particularly preferabl Further,
polysaccharides such as hyaluronic acid, sodiunuhyaate, pullulan,
dextran, dextrin, and chondroitin sulfate are slsitable.

[0026] Examples of a production method of the galst2 or the
microneedles 3 include wet etching process or tityieg process using
a silicon substrate, precision machining using feeataresins (such as
electric discharge method, laser processing, digngcessing, hot
embossing process, and injection mold processiagy, machinery
cutting. By these processing methods, the substtatand the
microneedles 3 are integrally molded. Examplesaomethod for
hollowing the microneedles 3 include a method incWwha secondary
processing such as laser processing is applied pftelucing the
microneedles 3.

[0027] Although the microneedle device 1 has thatiog layer 5 on
each of the microneedles 3, the coating layergeterably formed by
coating with the coating composition. Examplethefcoating method
include spray coating and dip coating, and thecdgting is preferable.
In this regard, although the coating layer 5 ismfed on all the
microneedles 3 in FIG. 1, the coating layer 5 mayfdrmed on only
some of the microneedles 3. Although the coatiygi 5 is formed on
only the tip portion of the microneedle 3 in FIG.the layer may be
formed so as to cover the whole microneedle 3. thEuyrthe coating
layer 5 may be formed on the substrate 2.

[0028] FIG. 2 is a cross-sectional side surfacevved FIG. 1 taken
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along the line IlI-1l.  As shown in FIG. 2, the nooeedle device 1 has
the substrate 2, the microneedles 3 disposed osulb&trate 2, and the
coating layer 5 formed on each of the micronee@lesThe coating
layer 5 formed on each of the microneedles contaiSH, arginine,
and glycerin.

[0029] The mass of arginine contained in the coalyer is preferably
0.07 to 0.75-fold, more preferably 0.07 to 0.6-fdtll more preferably
0.07 to 0.3-fold, and particularly preferably 0.8 0.15-fold of the
mass of FSH.

[0030] The lower limit of the mass of glycerin caimed in the coating
layer is preferably 0.1-fold, more preferably Of@2t, and still more
preferably 0.5-fold of the mass of FSH. Furthiee, tipper limit of the
mass of glycerin contained in the coating layeprisferably 2.75-fold,
more preferably 1.6-fold, and still more preferaibifold of the mass of
FSH.

[0031] Further, preferred is a case in which theteot of glycerin is
40% by mass or less based on the total mass otdhgng layer,
because the dripping is less likely to occur.

[0032] The coating layer can be formed using, faaneple, a coating
composition containing FSH, arginine, and glyceriithe coating layer
contains FSH, arginine, and glycerin so that detation with time of
the coating layer can be suppressed when applyimey doating
composition or storing the microneedle device.

[0033] The recombinant follicle-stimulating hormomé the present
invention is a glycoprotein produced by the anterjtuitary

gonadotroph, and is a recombinant type of follatienulating hormone
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which is a kind of gonadotrophic hormones (gonaxwoir). In males,
FSH promotes seminiferous-tubule growth in theigeshd maintains
spermatogenesis. In females, FSH promotes folligtnvth in the
ovary.

[0034] Similarly to a natural follicle stimulatingormone, the structure
of FSH is a heterodimer glycoprotein composedacind § chains
bound by a non-covalent bond, and each of dhend 3 chains is
saccharified, namely, glycosylated. Tlwesubunit consists of 92
amino acid residues, tiesubunit consists of 111 amino acid residues,
and the subunits has two potential glycosylatiotessibound to
asparagines.

[0035] FSH can be obtained by, for example, cultyirrecombinant
human FSH-producing cells produced by transfecangexpression
vector having human FSk-chain cDNA incorporated therein and an
expression vector having human F3Hchain cDNA incorporated
therein with mammalian cells in a serum free medsanas to allow the
FSH to secrete in the culture medium, and purifyimg FSH from the
culture medium.

[0036] After removing recombinant human FSH prodgccells from
the culture medium, FSH is purified by recoverir§H-active fractions
using a combination of cation-exchange column clatography,
dye-affinity column chromatography, reverse phas®lumn
chromatography, phenyl-sepharose column chromaibgra or
gel-filtration column chromatography. Thus, higlpiyre FSH can be
obtained (for example, JP 2523843 B and JP 2000823& and JP
2009-273427 A). The resulting FSH is highly usefsince
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recombinant human FSH producing cells are cultumed serum free
medium, thereby preventing the contamination afses.

[0037] The purified FSH is subjected to SDS-PAGEctbphoresis
under non-reductive and non-heat conditions, fadidvey staining the
resulting gel with coomassie. Then, a single bandbserved at a
molecular weight of about 45 kDa. This band isngtd by Western
blotting using an anti human FSH antibody.

[0038] Further, the purified FSH is analyzed byeisotric focusing
electrophoresis and a multiple of bands at isoetepoints (pls) of 3.5
to 5.5 is observed.

[0039] FSH administration results in induction ofvutation in
anovulation or infrequent ovulation associated with
hypothalamic-pituitary dysfunction or polycystic avy syndrome.
Therefore, the use of the microneedle device of ghdodiment is
effective in treating anovulation, infrequent ouida or infertility
associated with hypothalamic-pituitary dysfunctmmpolycystic ovary
syndrome.

[0040] The content of FSH in the coating composiii® preferably 21
to 39% by mass, more preferably 29 to 37% by masd, still more
preferably 30 to 35% by mass based on the totak rahshe coating
composition. When the content of FSH is 21% bysmaismore, a
pharmacologic action of FSH is sufficiently exertedereby easily
producing a desired therapeutic effect.

[0041] Further, the coating composition further teams arginine,
which makes FSH less likely to aggregate in thelieghpcoating

composition. The formation of FSH aggregates caaseecrease in

10
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the amount of FSH which can contribute to the theréhereby hardly
obtaining a desired therapeutic effect.

[0042] The content of arginine in the coating cosipon is preferably
0.07 to 0.75-fold, more preferably 0.07 to 0.6-fatill more preferably
0.07 to 0.3-fold, and particularly preferably 0.8 0.15-fold of the
mass of FSH contained in the coating compositidWhen the content
of arginine is 0.07-fold or more of the mass of F&8H aggregates are
hardly formed in the coating composition or thetrwplayer. Further,
the content of arginine is 0.75-fold or less (marttrly, 0.6-fold or less),
thereby further improving the solubility of FSH ithe coating
composition.

[0043] The coating composition contains glycerintsat the content
uniformity of FSH is improved when microneedles eoated with the
coating composition. The content uniformity of FS$$improved,
whereby FSH is stably released from the coatingrlayring the use of
the microneedle device and a desired therapeufiecteican be
continuously obtained. Further, since glycerin &dsgh solubility of
FSH, it is suitable as a component of the coatorgposition.

[0044] The content of glycerin in the coating corsifion is preferably
1 to 3-fold, more preferably 1 to 2.75-fold, stiiore preferably 1 to
1.8-fold, and particularly preferably 1 to 1.2-faddl the mass of FSH
contained in the coating composition. More pref@ris a case in
which the content of glycerin is 1-fold or more toe mass of FSH,
because the content uniformity and solubility af #5H in the coating
layer are excellent and the dripping is less likielyoccur when being

applied to microneedles.
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[0045] Further, the coating composition preferabfntains an acid
selected from the group consisting of citric agdosphoric acid, boric
acid, tartaric acid, and lactic acid. Particularlthe coating
composition more preferably contains citric acid.The coating
composition contains a specific acid so that then&gion of FSH
aggregates tends to be further suppressed.

[0046] In the case of the coating composition cointg citric acid,
phosphoric acid, boric acid, tartaric acid or laetcid, the formation of
FSH aggregates tends to be further suppressed,atedhio the case of
the coating composition containing hydrochloricdagulfuric acid or
acetic acid.

[0047] The content of the acid is preferably 1 #% 6y mass, more
preferably 1 to 3.5% by mass, and still more peddr 1 to 2% by mass
based on the total mass of the coating composition.

[0048] The content of the acid is preferably 0.2 0&-fold, more
preferably 0.3 to 0.6-fold, and still more prefdya.3 to 0.4-fold of the
mass of the arginine contained in the coating camipa.

[0049] The coating composition may further contansolvent, a
polymeric carrier (thickening agent), a solubilgiaid, an absorption
promoter, a stabilizer, an antioxidant, an emusifa surfactant, and
other components such as salts, as needed. BE)awiptbe solvent
include water such as purified water and distileater; and alcohols
such as methanol and ethanol. The coating conostbntains a
solvent so that the handling properties when ag@piee microneedles
can be improved and the solvent can be easily rethty the drying

step.

12
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[0050] When the coating composition contains aealythe solvent is
removed in the drying step. Accordingly, the cosipon ratio of the
components in the coating composition is not nesdgseflected in
the coating layer.

[0051] Hence, a coating layer is formed by dryinge tcoating
composition applied to microneedles when a micrdieeelevice is
produced. In the drying step, the solvent conthiire the coating
composition is removed and glycerin evaporatesa assult of which
the content of glycerin may also decrease. Glgcé@self is not
converted to a solid by, for example, drying unatuced pressure at
ordinary temperature.

[0052] Examples of the polymeric carrier includdyethylene oxide,
polyhydroxymethylcellulose, hydroxypropylcellulose,
polyhydroxypropylmethylcellulose,  polymethylcellsle  dextran,
polyethylene glycol, polyvinyl alcohol, polyvinylpwlidone, pullulan,
carmellose sodium, chondroitin sulfate, hyaluroated, dextran, and
gum arabic. The weight average molecular weighpaliyethylene
glycol to be used as a polymeric carrier preferablgeeds 600 but is
500000 or less. As the polymeric carrier, a cainighly compatible
(having properties of being uniformly mixed) withpdysiologically
active substance is preferable. Particularly prefe are
hydroxypropylcellulose, dextran, polyvinyl alcohgullulan, and the
like.

[0053] The content of the polymeric carrier in t@ating composition
10 is 0.005 to 30% by mass, preferably 0.01 to P§%nass, and more
preferably 0.05 to 10% by mass based on the tadaksmof the coating

13
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composition 10. The polymeric carrier may neech&ve a certain
degree of viscosity that does not cause drippind) the viscosity is
preferably 100 to 100000 mPa:-s at room temperéd%&). A more
preferable viscosity is 500 to 60000 mPa-s.

[0054] In addition to the above, to the coating position 10,
propylene carbonate, crotamiton, L-menthol, pepp#roil, limonene,
diisopropyl adipate, and the like may be added sslabilizing aid or
absorption promoter, and methyl salicylate, glycealicylate,
L-menthol, thymol, peppermint oil, nonylic acid viaramide, chili
pepper extract, and the like may be added as ama&ffsupplement as
needed.

[0055] The surfactant may be either a nonionicastdnt or an ionic
surfactant (cationic, anionic, and amphoteric); éesy, from the safety
aspect, a nonionic surfactant, which is normallyedusfor a
pharmaceutical base, is desirable. Examples afeth@ompounds
include sugar alcohol fatty acid ester such asosecfatty acid ester,
propylene glycol fatty acid ester, polyoxyethyles@rbitan fatty acid
ester, polyoxyethylene glycerin fatty acid esteslypthylene glycol
fatty acid ester, polyoxyethylene castor oil, andlypxyethylene
hydrogenated castor oll.

[0056] A method for producing a microneedle devommprises the
steps of: providing a microneedle array that hasubstrate and a
microneedle; mixing a FSH, arginine, and glycearobtain a coating
composition; coating the microneedle with the cgattomposition; and
drying the coating composition to form a coatingela on the

microneedle.
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[0057] As for the drying conditions to form a coagfilayer, the drying
is performed until, in the coating layer, the ma$sarginine reaches
0.07 to 0.75-fold and preferably 0.07 to 0.6-foldtlee mass of FSH,
and the mass of glycerin reaches 0.1 to 2.75-fbldhe@ mass of FSH.
In this regard, the lower limit of the mass of gyia in the coating layer
is preferably 0.1-fold, more preferably 0.25-foldnd still more
preferably 0.5-fold of the mass of FSH. The uppeit of the mass of
glycerin in the coating layer is preferably 2.7%dfomore preferably
1.6-fold, and still more preferably 1-fold of theags of FSH.

[0058] Under the drying conditions, the decomp@ssidegree,
temperature, and time can be appropriately adjustadiit is preferable
to perform the adjustment so that the mass of mgiand the mass of
glycerin are within the above range. The drying ba performed, for
example, under the following drying conditions: diepression degree
of 1 to 100 Pa, temperature of 0 to 40°C, and toh& hour to 100
hours. The drying is preferably performed at aodgmression degree
of 5 to 20 Pa and room temperature for 10 to 50rdiouMore
specifically, for example, the drying conditions as follows: room
temperature and 10 Pa.

[0059] Subsequently, the method for producing aroneedle device
will be explained with reference to FIGS. 3(a) {©)3 In this regard,
the production method shown in FIGS. 3(a) to &&lso referred to as
“dip method using a mask plate”.

[0060] FIGS. 3(a) to 3(c) are pattern diagrams shgwone
embodiment of a method for producing a microneedkvice.

According to this method, first of all, as shownrAIG. 3(a), the coating

15
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composition 10 is swept with a spatula 12 in threaion of the arrow A
on a mask plate 11. By doing so, openings 13 ezl fwith the
coating composition 10. Subsequently, as showirl® 3(b), the
microneedles 3 are inserted into the openings ltBeimask plate 11.
Thereafter, as shown in FIG. 3(c), the micronee@leme pulled out
from the openings 13 of the mask plate 11. By gl@a, the coating
composition 10 adheres to the microneedles 3. his fegard, the
coating composition 10 may adhere to the subsfateThe volatile
substance in the coating composition 10 on the anexdles 3 is
removed by a method such as air drying, vacuumndryor a
combination of these methods. By the above protessoating layer
5 strongly adheres to each of the microneedlea®typically becomes
glassy or solid, whereby the microneedle device produced. The
water content in the coating layer 5 is normally®by mass or less,
preferably 30% by mass or less, and more preferd@¥ by mass or
less based on the total amount of the coating layerBy the above
method, dripping of the coating composition 10 rafieing coated is
prevented. The dripping indicates dripping of ¢hating composition
from needle tips and means that an H part in H&.18ngthens.

[0061] The height H of the coating layer 5 formed each of the
microneedles 3 is adjusted by a clearance (gag)o@rs in FIG. 3(b).
This clearance C is defined as a distance betweehdsal surface of
the microneedles 3 and the surface of the mask fihi(a thickness of
the substrate 2 is not involved), and is set adegrthb a tension of the
mask plate 11 and the length of the microneedlesTBe range of the

distance of clearance C is preferably O to p60 When a distance of
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clearance C is 0, it means that the coating cortiposlO is applied to
the entire microneedles 3. Although the height Htlee coating
composition 10 formed on the microneedles 3 vategsending on the
height H of the microneedles 3, the height H igwadly 10 to 50Qum,
preferably 30 to 30@m, and more preferably 40 to 2hh. In order
to effectively administer the FSH in the coatingnpmsition 10 to the
skin, the substance is preferably concentrated ipaa of the
microneedle 3 (i.e., the tip portion of the micredie 3). From
viewpoints of the stimulation to the skin and thensferring efficiency
of FSH to the skin, the FSH is evenly located, gradbly at up to 200
um, more preferably at up to 1p@n, and still more preferably at up to
120 um from the tip of the microneedle 3. When the icgat
composition 10 has a high viscosity, the coatiygid is easily formed
on a part of the microneedle. By the method, theticg composition
10 adhering to the microneedles 3 after removalitef volatile
components can form preferably an approximatelgspal or teardrop
shaped coating layer 5 at the tip portion of therameedle 3. Then,
the coating composition is inserted into the skitha same time when
the microneedles 3 pierce the skin.

[0062] The thickness of the dried coating layes prieferably less than
50 um, more preferably less than dfh, and still more preferably 1 to
30 um. Generally, the thickness of the coating layerefers to an
average thickness as measured over the surfadee ahicroneedle 3
after drying. The thickness of the coating layeca® be optionally
increased by applying a plurality of films of th@ating composition 10,
namely, by repeatedly performing the step of cgatith the coating

17
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composition 10.

[0063] When the microneedle 3 is coated with thatiog composition
10, temperature and humidity in an installation iemment of an
apparatus are preferably controlled at a constewl.l When the
coating composition 10 contains water, the envirenthmay be filled
with water, as needed. By doing so, evaporatiothefwater in the
coating composition 10 can be prevented as mupssble.

[0064] The formation of aggregates can be suppdebgethe coating
composition according to the present embodiment. thé evaluation
of the content rate of aggregates, the coating ositipn is separated
using chromatography and the content rate of agfgegcan be
calculated from a peak area. The method for etialyahe content
rate of aggregates is, for example, a method inmujudhe steps of:
extracting aggregates from the coating compositiyoplied to
microneedles using a phosphate buffer containi®d.%. polysorbate
80; separating the obtained extract using size uskah
chromatography; and evaluating proteins as aggrsgaintained in the
fractions whose retention time is shorter than th&SH.

[0065] The method for using the microneedle dewéethe present
invention in therapy is, for example, a method fdlowing the
microneedle device to collide with or adhere toghdace of the skin of
a user using the apparatus described in WO 20183197
Specifically, at least a part of the tip of the miteedle is inserted into
the skin, and the recombinant FSH may be absorbé#tetbody of the
user from the coating at a portion into which thé&roneedle is

inserted. After maintaining the state in which tleeombinant FSH
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may be absorbed to the body of the user, the needle device is
removed from the surface of the skin. The timeerngng time)
required to maintain the state with the microne@werted into the skin
may be within 10 minutes, 1 minute, 30 secondsOoselconds, or may
be 0.5 second or longer.

From the viewpoint of reducing the burden on teerua shorter
piercing time is preferred. As the piercing tinecbmes longer, there
Is an increased risk of damaging the dermal tissueausing a small
amount of bleeding of the skin.

For example, there is provided a method for adstening
recombinant FSH comprising a step of applying aromeedle device
which includes a coating layer formed by coating tip of the
microneedle with the composition containing theorabinant FSH (30
to 600 IU) to the skin of a user by the above metfmercing time, for
example, 0.5 second to 1 minute). The time (Trnegired until the
concentration of FSH in the plasma reaches a mawim@fter applying
the microneedle device is, for example, about@ours. Taking into
consideration that endogenous hormone is physadigi released in
pulses, it is assumed that when the Tmax is witiegnabove range, the
microneedle device easily exerts an expected dfficaey and side
effects are less likely to occur.

EXAMPLES

[0066] Hereinbelow, the present invention will beors specifically
described by providing Examples.

[0067] (1) Content Uniformity Test 1

The coating agents of Reference Examples 1 toepaped
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according to the description of Table 1 were appt® microneedles.
Each number in Table 1 means mass percent relaivibe whole
coating agent.

Subsequently, the coating agents of Reference feam and 2
were applied to ten sheets at an RH of about 4@%tlee coating agent
of Reference Example 3 was applied to twenty sheteds RH of 90%.
The coating agents applied to microneedles werevithally
recovered. The content of recombinant folliclerstiating hormone
(hereinafter, simply referred to as “FSH”) in eafhthe coating agents
was measured. The average, standard deviation é&sid)coefficient
of variation (CV) of the content of the resultin@H were calculated.
In this regard, the coefficient of variation (C\$) a value obtained by
dividing the standard deviation by the average.

[0068] [Table 1]

Reference Reference Reference
Example 1 | Example 2 | Example 3
FSH 40 40 40
Glycerin 60 - -
Base Propylene ] 60 i
material glycol
Pullulan - - 15
Water - - 55
Total 100 100 100

[0069] The results are shown in Table 2.

The ogatagent of

Reference Example 1 containing glycerin had a coefft of variation
of 7.2 and had a small variation in content, coregaio the coating
agent of Reference example 2 containing propylelyeoh and the

coating agent of Reference Example 3 containintyiau.
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Reference| Reference| Reference
Example 1| Example 2| Example 3
Environmental humidity 40%RH 40%RH 90%RH
for coating
Average ig] 58.2 78.1 21.9
Standard deviation (SD)f] 4.2 23.1 4.5
go]efﬁcient of variation (CV) 79 29 6 205
% : : :

[0071] (2) Aggregation Test 1

Coating agents of Reference Examples 4 to 7 arample 1
were prepared according to the description of Table Each of the
obtained coating compositions was applied to the df each
microneedle in the microneedle array by the diphmgtusing a mask
plate, and the microneedle array was dried undeucesd pressure.
Subsequently, the obtained microneedle device waelsgol and stored at
40°C for two weeks. Thereafter, the content rdteggregates was
evaluated in the following manner. In this regand, protein was
contained in the fraction whose retention time Vager than that of
FSH.

<Method for Evaluating Content Rate of Aggregates>

Extraction was performed from the coating compasiapplied
to microneedles using a phosphate buffer contai@ifg% polysorbate
80. The obtained extract was separated using sizgusion
chromatography, followed by evaluating proteins (@ggregates)
contained in the fractions whose retention time slawter than that of

FSH.

21



10

15

FP15-0577-00

[0072] [Table 3]

Referenc¢Referenc¢Referenc¢ Referencs
Example
Example| Example| Example| Example 1
4 5 6 7

FSH 33.3 31 31 31 31
Glycerin 53.3 49.7 49.7 49.7 49.7
Trehalose - 5.5 - - -
Glucose - - 5.5 - -
Maltose - - - 55 -
Arglnlne/cnrlc ] i ) ] 55
acid
Purified water 13.3 13.8 13.8 13.8 13.8
Total 99.9 100 100 100 100

[0073] The results are shown in FIG. 4. As shownFIG. 4, the
coating composition of Example 1 obtained by usirggnine and citric
acid was excellent in terms of suppressing formatioFSH aggregates.
[0074] (3) Aggregation Test 2

FSH, glycerin, arginine, acid, and purified wategre mixed
according to the description of Table 4 to preparating compositions
having a pH of 8. 5N hydrochloric acid, phosph@aid, 5N sulfuric
acid, boric acid, citric acid, tartaric acid, acetcid, and lactic acid were
used as acids. Each of the obtained coating catigmsswas applied
to the tip of each microneedle in the microneedimyaby the dip
method using a mask plate, and the microneedlg aras dried under
reduced pressure. Subsequently, the obtained meiedbe device was
packed and stored at 40°C for two weeks. Thenegdlfte content rate
of aggregates was evaluated. In this regard, th@ent rate of
aggregates was evaluated in a similar manner toefgdgion Test 1.
[0075] [Table 4]
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Example| Example| Example| Example
2 3 4 5
FSH 33.6 33.6 33.6 33.6
Glycerin 38.6 40.3 37.3 40.2
Arginine 4.5 4.5 4.5 4.5
5N hydrochloric
) 4 - - -
acid
Phosphoric acid - 1.4 - -
5N sulfuric acid - - 6 -
Acid |Boric acid - - - 1.6
Citric acid - - - -
Tartaric acid - - - -
Acetic acid - - - -
Lactic acid - - - -
Purified water 19.3 20.2 18.6 20.1
Total 100 100 100 100
Example| Example| Example| Example
6 7 8 9
FSH 33.6 33.6 33.6 33.6
Glycerin 40.3 40.2 40.6 39.5
Arginine 4.5 4.5 4.5 4.5
5N hydrochloric
acid ) i i i
Phosphoric acid - - - -
5N sulfuric acid - - - -
Acid |Boric acid - - - -
Citric acid 1.5 - - -
Tartaric acid - 1.6 - -
Acetic acid - - 1 -
Lactic acid - - - 2.6
Purified water 20.1 20.1 20.3 19.8
Total 100 100 100 100

[0076] The results are shown in Table 5.

In c@pttompositions of

Examples 2 to 9, a small amount of FSH aggregats farmed in

coating compositions of Examples 2, 4, and 8 camtgi 5N
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hydrochloric acid, 5N sulfuric acid or acetic aciddowever, no FSH
aggregates were formed in Examples 3, 5to 7 and 9.
[0077] [Table 5]

Content rate of

aggregates [%]
Example 2 11.5
Example 3 0
Example 4 2
Example 5 0
Example 6 0
Example 7 0
Example 8 0.3
Example 9 0

[0078] (4) Property Test 1

Coating compositions of Examples 10 to 13 and iRefz
Examples 10 to 12 containing FSH, glycerin, argniatric acid, and
purified water were prepared according to the dieson of Table 6.
Each of the obtained coating compositions was eg@pb the tip of each
microneedle in the microneedle array by the diphametusing a mask
plate, and the microneedle array was dried undeucexr]l pressure.
Subsequently, the obtained microneedle device waelsgol and stored at
40°C for two weeks. Thereafter, the solubilityF$H in the coating
layer as well as the content rate of FSH aggregye¢es evaluated. In
this regard, the content rate of aggregates wakiaed in a similar
manner to Aggregation Test 1.
[0079] [Table 6]
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FSH Glycerin| Arginine | Citric acig Purified
water
Example 10 100 120 7.5 2.5 30
Example 11 100 120 15 5 30
Example 12 100 120 30 10 30
Example 13 100 120 60 20 30
Reference
Example 10 100 120 3 1 30
Reference |4 120 90 30 30
Example 11
Reference |4 120 120 40 30
Example 12

[0080] The results are shown in Table 7. In thesecaf the
microneedle device using the coating compositidnExamples 10 to
13, the solubility of FSH in the coating layer wascellent and the
formation of FSH aggregates was also suppresse@&anwhile, in the
case of using the coating composition of Referdfxample 10, FSH
aggregates were contained therein. In the casesiofy the coating
compositions of Reference Examples 11 and 12, dhéisity of FSH
was decreased.

[0081] [Table 7]

Content rate of

Solubility aggregates [%6]
Example 10 O 0
Example 11 O 0
Example 12 O 0
Example 13 O 0
Reference Example 10 O 0.4
Reference Example 11 X
Reference Example 12 X

[0082] (5) Dripping Suppression Test
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According to the description of Table 8, FSH, @iy, arginine,
citric acid, and purified water were mixed to pnepacoating
compositions of Examples 14 to 16 and Referencenl@13. The
presence or absence of insoluble substances imlteened coating

5 compositions was visually observed. The absencéhefinsoluble
substances was rated as “O”, while the presencéhefinsoluble
substances was rated as “X".
Each of the obtained coating compositions wasiegpb the tip
of each microneedle in the microneedle array bydtheanethod using a
10 mask plate, and the microneedle array was driedrurdluced pressure
to produce a microneedle device. Then, the prppafithe coating
layer on the obtained microneedle device (presemca@absence of
dripping) was observed using the digital microsc@panufactured by
KEYENCE CORPORATION.). The case of observationddpping
15 was rated as “A”, while the case of non-observatbrdripping was
rated as “B”.
[0083] [Table 8]

FSH | Glycerin| Argining Citric acid Purified
water
Example 14 100 275 134 4.5 69
Example 15 100 177 134 4.5 44
Example 16 100 118 134 4.5 29
Reference | 4 471 13.4 4.5 118
Example 13

[0084] The results are shown in Table 9. In thesecaf the
20 microneedle device using the coating compositidnExamples 14 to

16, the FSH was sufficiently dissolved. Meanwhitiipping was
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observed in the microneedle device using the cgatomposition of
Reference Example 13.
[0085] [Table 9]

Solubility Property

Example 14 O A
Example 15 O A
Example 16 O A

[09)

O B

Reference Example 1

[0086] (6) Influence by Drying

After coating microneedles with the coating conmp@s of
Example 17, the content of FSH, arginine, glyceaing citric acid in
the coating composition before drying under redupeessure was
measured by gas chromatography. Subsequentlydryiag under
reduced pressure was performed at room temperande 10 Pa.
Similarly, the content of FSH, arginine, glycerand citric acid in the
coating layer was measured by gas chromatographlge coating
composition of Example 17 is obtained by mixing FS#lycerin,
arginine, citric acid, and water at the percentagtre drying under
reduced pressure shown in Table 10.
[0087] The results are shown in Table 10. Theauntate of each of
the components in the coating composition befoyendrunder reduced
pressure was almost the same as that of the bigratio of each of the
components when the coating composition was prdpargleanwhile,
in the coating layer after drying under reducedsguee, not only the
content rate of water but also the content ratgyaferin was decreased.

Hence, glycerin evaporated together with wateg essult of which the

27



10

15

FP15-0577-00

content uniformity of FSH was excellent and drigpiwas further
suppressed. The content rate of glycerin was durttecreased by
lengthening the time of drying under reduced pnessu

[0088] [Table 10]

Content rate [%]
Before
drying under Drying time| Drying time| Drying time

reduced | (15 hours)| (30 hours)| (50 hours)

pressure
FSH 37.8 53.6 67.7 74.4
Glycerin 45.5 36.8 20 12.3
Arginine 5.1 7.2 9.2 10
Citric acid 1.7 2.4 3.1 3,3.
Water 10 0 0 0
Mass ratio
(glycerin/FSH) 1.2 0.69 0.3 0.165

[0089] (7) Content Uniformity Test 2

Microneedles were coated with the coating agehtxamples
18 and 19 prepared according to the descriptioifatiie 11. Each
number in Table 11 means mass percent relativeegovhole coating
composition.

Subsequently, the coating agents of Examples ti818nwere
applied to twenty sheets at an RH of about 40%.e ddating agents
applied to microneedles were respectively recoverddhe content of
recombinant follicle stimulating hormone (hereieaftsimply referred
to as “FSH”) in each of the coating agents was oredals The
average, standard deviation (SD), and coefficiéntapiation (CV) of
the content of the resulting FSH were calculatdd. this regard, the

coefficient of variation (CV) is a value obtained llividing the
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[0090] [Table 11]

Example 18| Example 1¢
FSH 35.0 21.6
Glycerin 40.0 59.5
Arginine 5.0 2.9
Citric acid - 1.0
Purified water 20.0 15.0
Total 100 100

[0091] The results are shown in Table 12.

\\)
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The ingatgents of

Examples 18 and 19 had a small variation in content

[0092] [Table 12]

Example 18| Example 19
Environmental humidity 40%RH 40%RH
for coating
Average [ig] 17.4 4.6
Standard deviation (SD)§] 0.7 0.3
Coefficient of variation (CV)
(%] 3.8 6.3

[0093] (8) Aggregation Test 3
A coating agent of Example 20 was prepared accgrth the

description of Table 13. The obtained coating ages applied to the

tip of each microneedle in the microneedle arraythsy dip method

using a mask plate, and the microneedle array wad dnder reduced

pressure.

and stored at 40°C for two weeks.

Subsequently, the obtained microneedlieed was packed

Thereafter,crtent rate of the

aggregates was evaluated in the following mannkr.this regard, the

content rate of aggregates was evaluated in a asinmlanner to
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Aggregation Test 1. No protein was contained m filaction whose
retention time was longer than that of FSH.
[0094] [Table 13]

Example 20
FSH 35.0
Glycerin 40.0
Arginine 5.0
Citric acid -
Purified water 20.0
Total 100

[0095] The content rate of aggregates in the cgadment of Example
20 was 3.8% even after being stored at 40°C fonieeks.
[0096] (9) Property Test 2

Coating agents of Examples 21 and 22 containindd, FS
glycerin, arginine, citric acid, and purified watevere prepared
according to the description of Table 14. Eackhefobtained coating
agents was applied to the tip of each microneedlhe microneedle
array by the dip method using a mask plate, andrticeoneedle array
was dried under reduced pressure. Subsequentty, othtained
microneedle device was packed and stored at 40fGwio weeks.
Thereatfter, the solubility of FSH in the coatinggda as well as the
content rate of FSH aggregates were evaluatedthi$nregard, the
content rate of aggregates was evaluated in a asinmlanner to
Aggregation Test 1.
[0097] [Table 14]
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Example 21| Example 22
FSH 100 100
Glycerin 120 120
Arginine 6 75
Citric acid 2 25
Purified water 30 30

[0098] The results are shown in Table 15. In tlesec of the

microneedle device using the coating agents of k@21 and 22, the

solubility of FSH in the coating layer was excetl@amd formation of

FSH aggregates was also suppressed.
[0099] [Table 15]

Content rate of

Solubility aggregates [%]
Example 21 O 0.2
Example 22 9) 0

[0100] (10) Application of Microneedle Device

The tip of the microneedle was coated with a ogatgent

prepared by mixing 100 parts by mass of glycerihparts by mass of

arginine, and 100 parts by mass of other componetsive to 100

parts by mass of FSH, followed by drying to obtainmicroneedle

device. An application apparatus was used to apipdy obtained

microneedle device to the skin of the user. A$ time, the piercing

time was set at 10 seconds.

The blood of the wasrcollected with

time and the concentration of FSH in the plasmamaasured.
[0101] The time (Tmax) required until the concemdra of FSH in the

plasma reached a maximum was about 8 hours.

Reference SignsList
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[0102] 1 ... Microneedle device, 2 ... Substrate,. 3licroneedle, 5 ...
Coating layer, 10 ... Coating composition, 11 .adM plate, 12 ...
Spatula, 13 ... Opening.
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CLAIMS
1. A microneedle device comprising:
a substrate;
a microneedle disposed on the substrate; and

a coating layer formed on the microneedle;

wherein the coating layer comprises a recombinant

follicle-stimulating hormone, arginine, and glyceri

wherein, in the coating layer, the mass of argns 0.07 to
0.75-fold of the mass of the recombinant folliclersilating hormone
and the mass of glycerin is 0.1 to 2.75-fold of timass of the
recombinant follicle-stimulating hormone.
2. The microneedle device according to claim 1, retme in the
coating layer,

the mass of arginine is 0.07 to 0.6-fold of thesshaf the
recombinant follicle-stimulating hormone.
3. The microneedle device according to claim 1 ,owvRerein the
coating layer further comprises an acid selecteamfrthe group
consisting of citric acid, phosphoric acid, bormda tartaric acid, and
lactic acid.
4, A method for producing a microneedle device casig the
steps of:

providing a microneedle array having a substratel a
microneedle;

mixing a recombinant follicle-stimulating hormonatginine,
and glycerin to form a coating composition;

coating the microneedle with a coating composjtard
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drying the coating composition to form a coatiager on the
microneedle;

wherein, in the coating layer, the drying is parfed until the
mass of arginine reaches 0.07 to 0.75-fold of thassnof the
recombinant follicle-stimulating hormone and the smaf glycerin
reaches 0.1 to 2.75-fold of the mass of the recoamti
follicle-stimulating hormone.
5. The method for producing a microneedle devicsoting to
claim 4, wherein the drying is performed until,tire coating layer, the
mass of arginine reaches 0.07 to 0.6-fold of thesnwd the recombinant
follicle-stimulating hormone and the mass of glycereaches 0.1 to
2.75-fold of the mass of the recombinant follictersilating hormone.
6. The method according to claim 4 or 5, whereinthie coating
composition, the mass of arginine is 0.07 to 0a18-bf the mass of the
recombinant follicle-stimulating hormone and thesmaf glycerin is 1
to 3-fold of the mass of the recombinant follictevailating hormone.
7. The method according to any one of claims 4, twierein, in
the coating composition, the mass of arginine @ @o 0.6-fold of the
mass of the recombinant follicle-stimulating horraon
8. The method according to any one of claims 4, tawherein the
coating composition further comprises an acid setkérom the group
consisting of citric acid, phosphoric acid, bormda tartaric acid, and
lactic acid.
9. A microneedle device produced by the methodrdaog to any
one of claims 4 to 8.

10. A coating agent for microneedles comprising:
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a recombinant follicle-stimulating hormone; argi and
glycerin;

wherein the content of arginine is 0.07 to 0.7i6-@f the mass
of the recombinant follicle-stimulating hormone atiee content of
glycerin is 1 to 3-fold of the mass of the reconain
follicle-stimulating hormone.
11. The coating agent for microneedles accordingcléom 10,
comprising:

a recombinant follicle-stimulating hormone; argii and
glycerin;

wherein the content of arginine is 0.07 to 0.&Hot the mass of
the recombinant follicle-stimulating hormone.
12. The coating agent according to claim 10 or firther
comprising an acid selected from the group comgjstf citric acid,

phosphoric acid, boric acid, tartaric acid, andi¢agcid.
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