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15 [0003] For drug therapy, drugs such as a beta-blocker, a prostaglandin-related drug, a
carbonic anhydrase inhibitor, a cholinergic agonist and an epinephrine-related drug are
used. These drugs are administrated as eyedrops to an eye of a patient.

[0004] Eyedrops, however, have a problem of a short duration of action with a single
dose. Accordingly, a pharmaceutical preparation that has a longer duration of drug action

20 with a single dose has been demanded.

[0005] Meanwhile, a thin-film polymeric structure with an arbitrary shape and a method
for preparing the same are described in Patent Documents 1 and 2.

[0006] In addition, Patent Document 3 describes a kit of sustained-drug release contact
lenses.  Since contact lenses in this kit are made of a hydrogel material that has a

25  substantial thickness that causes uncomfortable feeling upon wearing them, they may be
unwearable for some patients.

[0007] Non-Patent Document 1 describes the effect of applying an antibiotic-loaded
nanosheet for perforative peritonitis.
[0008] Non-Patent Document 2 describes contact lenses that sustainably releases an

30  allergy medicine.
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SUMMARY OF THE INVENTION

Problem to be solved by the Invention

[0011] The present invention has an objective of providing a pharmaceutical preparation

15 or the like comprising a thin film loaded with a drug to be instilled into an eye.

Means for Solving the Problem

[0012] In order to solve the above-described problem, the present inventors have gone
through intensive studies and figured out that use of a pharmaceutical preparation

20 comprising a layer-by-layer thin film loaded with a drug that is to be instilled into an eye
can prolong the duration of drug action with a single dose, thereby accomplishing the
present invention.
[0013] Specifically, the present invention provides the following pharmaceutical
preparation and else. |

25 [1] A pharmaceutical preparation comprising a layer-by-layer thin film that is
produced by alternately layering a polycation and a polyanion, and one or more types of

drugs loaded onto the layer-by-layer thin film, which are to be instilled into an eye.

[2] The pharmaceutical preparation according to [1] above, wherein the polycation is
chitosan.
30 [3] The pharmaceutical preparation according to either one of [1] and [2] above,

wherein the polyanion is sodium alginate.

[4] The pharmaceutical preparation according to any one of [1] to [3] above, wherein
the layer-by-layer thin film has a film thickness of 5 nm to 500 nm without the drug.

[5] The pharmaceutical preparation according to any one of [1] to [4] above, wherein

35  the number of polycation and polyanion layers of the layer-by-layer thin film is 2 to 50.
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the layer-by-layer thin film further comprises a polyvinyl alcohol layer as a supporting film
layer on at least one surface thereof.

[13] The pharmaceutical preparation according to [12] above, comprising the
supporting film layer on the surface opposite to the surface layered with the drug.

20 [14] The pharmaceutical preparation according to [13] above, wherein the
pharmaceutical preparation is applied to the eye by bringing the drug-layered surface into
contact with the eye and then removing the supporting film on the opposite surface.

[15] The pharmaceutical preparation according to any one of [7] to [14] above, further
comprising, on the drug-layered surface, a drug release control film formed from polyvinyl

25  acetate, polylactic acid, polyglycolic acid, polycaprolactone or a copolymer of any
combination thereof.

[16] The pharmaceutical preparation according to any one of [1] to [14] above,
wherein after applying a drug control film formed from polyvinyl acetate, polylactic acid,
polyglycolic acid, polycaprolactone or a copolymer of any combination thereof to the eye,

30  the layer-by-layer thin film loaded with the drug is applied on said drug control film.

EFFECT OF THE INVENTION
[0014] The present invention provides a pharmaceutical preparation comprising a drug-
loaded layer-by-layer thin film. A preferable embodiment of a pharmaceutical

35  preparation of the present invention has prolonged duration of drug action with a single
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where the silicon substrate surface is on the left hand side while the LbL nanosheet surface

20 is on the right hand side. (b) shows the surface of the LbL nanosheet.

[Figure 4] Images of Latanoprost-loaded LBL nanosheets with AFM. (a) shows
an edge of the Latanoprost-loaded LBL nanosheet on a silicon substrate, where the silicon
substrate surface is on the left hand side while the Latanoprost-loaded nanosheet surface is
on the right hand side (white areas represents Latanoprost). (b) shows the Latanoprost-

25  loaded nanosheet surface (white areas represents Latanoprost).

[Figure 5] Schematic views showing an experimental maneuver for measuring the
release behavior of a Latanoprost-loaded LBL nanosheet. (a) A drug is loaded on the
upper surface of a LBL nanosheet. (b) A drug is loaded on the bottom surface of a LBL
nanosheet.

30 [Figure 6] Schematic views showing the results from measuring the release
behavior of the Latanoprost-loaded LBL nanosheet. (a) Latanoprost is loaded on the
upper surface of the LBL nanosheet. (b) Latanoprost is loaded on the bottom surface of
the LBL nanosheet.

[Figure 7] A graph showing changes in the intraocular pressure of a rat upon use

35  of a Latanoprost-loaded LBL nanosheet. (p<0.05 vs. control)
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Herein, a thin film may sometimes referred to as a "nanosheet".

20 [0017] 1. General outline of the present invention

The present invention uses a pharmaceutical preparation comprising a thin film
loaded with a drug that is to be instilled into an eye so as to prolong the duration of drug
action with a single dose.  The thin film is a layer-by-layer thin film (Figure 1), and rhay
be formed, for example, by a spin coating process (Figure 2), a dipping process, a spray

25  coating process or the like. |
[0018] In a later-described example, a drug-loaded layer-by-layer thin film (Figures 1 and
4) was applied to the eyes and was able to prolong the duration of drug action with a single
dose as compared to the use of eyedrops (Figures 6-8 and 10). Furthermore, in a later-
described example, the drug-loaded layer-by-layer thin film was confirmed to have lower
30 tissue toxicity (Figure 9).
[0019] 2. Drug-loaded layer-by-layer thin film

As shown in Figure 1, a layer-by-layer (LBL) thin film 10 of the present invention
is a thin film obtained by alternately layering polyelectrolyte layers with opposite charges
(polycations 11 and polyanions 12). Additionally, a supporting film layer 13 may further

35  be provided on the surface of the layer-by-layer thin film 10 of the present invention.
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chi tosan Ihe present invention can easily be handled. The water-soluble film may be dlssolved for
example, with physiological saline after applying the layer-by-layer thin film onto the eye.
The mesh-like film may be peeled off with tweezers or the like after application of the
layer-by-layer thin film onto the eye. ,

25 [0024] The layer-by-layer thin film of the present invention may further comprise a layer
of a polymer (e.g., polyethylene, polyolefin such as polypropylene, polyethylene
terephthalate, cellophane), paper, fabric or the like as a protective film on at least one of
the surfaces (preferably on both surfaces). By providing a protective film, the layer-by-
layer thin film of the present invention can physically be protected from friction, impact,

30  bend and the like. |
[0025] The order of layering and the number of layers of the layer-by-layer thin film of
the present invention are not particularly limited, and any order and any number of layers
may be selected. The number of polycation and polyanion layers (the number of pairs of
polycations and polyanions) is, for example, 2 to 50 layers (1 to 25 pairs), preferably 4 to

35 40 layers (2 to 20 pairs), and more preferably 6 to 30 layers (3 to 15 pairs) in total.
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chondroitin sulfate, polyglutamc acid, polynethacrylic acid, polyacrylic
acid,” polystyrene sulfonate and al kali netal salts thereof (e.g., sodium
al'gi nate, sodi um hyal uronate, sodium chondroitin sulfate, sodium

pol ygl ut fera inate, sodium

hyal ur on S(—)Igl um cﬁgﬁlcfyl g?‘lt %ﬁ' faz?rﬁé%eﬁ%nr gﬁtﬁe%&g%ﬂl{ ‘%r[? N bﬁraé ‘QP’XM y
sodi um ahxg]lurdahg forll abPS ] qhadiraygle; Dyirdlaydroval)iaribboh Bhaye, 4 beinpsEgRns

inventio further .conprise,sugport fil such asawa r-soluble film
of " pol yvAgRIat iRera ridy Shon s o) Bectnd ey S At @ ule edbie. 20 Adn? |1 ke
film of ﬂ@h%’ﬁiuh&ﬂa@@eh fify @Rt Balatike nylon, teflon, silk or the like on at

| east one he surfaces ? referably one surface, and nore preferably the

surfate OPP0di Farthegsmore tl@ﬁlaigerrkay@fy@r mﬁlna@%t}le prrersentp@vey@p@maydxaye 8s rray be
pol yel ethﬁWeM%ﬁﬁadé%ﬁg fitdnd cégjafx}fyer s ﬁ¥%¥?r HES fie elﬁXO(HE‘D%}{{SCgf

supporting fil he T ayer il mof the present 1nven |on can
easily berdsamtdhmmlofmbe viertpertirgofilnbinay hiavea meyedsurthics stodt Viedthe torvasxaopl e,

wi th phy calk_saline afte i thelayer by-layer thin filmonto
t he eye. %I?'hga%l hlhff:hl<sca1‘se’ltﬁl rOtecgggggrg q oef% qFith tweezers or the Iike

after ap[D(DOZS@t iAsrshodn ﬂIhElghﬂ:yE thédytrabyelayeithin filnk 00 onihe pl‘rdfse?tanﬁer?tibﬁ[lﬁozﬂ
The yer - by er thin fj f the p ent |nvent|on may further conprise
a l ai/@ crl)‘fadﬁd %}ﬂﬁ‘éfbl Tary, mg ﬁgi y Bt ﬁ?‘l‘%‘n‘g '& s dgveredsqichsuikacp 8f (hsr opy | ene,

pol yet hy |l§_y@?-b%r$£y%9 MR alat 6 .of gd ﬂr@%@ﬂﬁ/}nn&ﬁlﬁ% gurk qbfﬂeﬁ)r&%ntt iRGerdtioks ASt @
protective filmon at |east one of the surfaces (preférably on both

sur f aces partigplagly dimitadiig this passiaad eidyes wiy b 1ayeeed) t@p\éfrendwqyerlnttm ﬁasm | m of
th t
30bend oL B 6 DR AR o My B AR GPBTE e
of the Iaytmnﬂsyxp@;felrtommlmgl | mof the present invent| on are not

ticularly |imt
el clfed The EuRbErent OfalS lmr SR aRY ah PO e e R RER BBy

pai rs of lpet ﬁﬁ@ﬁlrﬂlﬂpmﬂﬁl@d@@ldﬁ@ﬁmﬁ&&hed the dﬁ%l’m@(mé(ﬁ}enﬁyb@n&x@teltﬁmrgﬁ (1to
25 pairs), preferably 4 to 3540 layers (2 to 20 pairs) Sn@preferably
6 to 30 MhemYise exerly-lagerfalm djigyrg 4ot Bhereforg i eqmerpkths ﬁmb@d@iem th -

| ayer - by ph%ceﬁtmapplfebir%&f ottth@ pFHsglﬁ‘?ﬁ'\t/en'nBH ecf'&l‘ugns @Xeﬁ‘ﬁtc@é Q?'% )ﬁg
i ncl udi n%érp or exanp guad ran%J a circl an oval n Shape, a

string s éuclath@bihgldmﬁlsmaqmtecbl QUIgQ ﬂsﬁh%mee bﬂYdr-bY‘r@}der ﬁkn;l and preferably a
uads angl| d arin or_the |ike.

g[ 00%@ g@%ﬁe%ﬁ%ﬁéﬁal ﬁ%ﬁq\‘{%r‘)—f?’“e (?mger T ilﬁﬁg ?fl bneﬁ N i ﬁew lg}gs%lﬁt ele?‘ﬁ?entl on
may have cantealfilmciosnitd dmenatibalty ;bmtcmgtth\edmuﬁmameg@étu&n Bxahmplds.of e some of
the enmbodi nents of th r ion, fhe s rt|n fi.l m may have a
curved sdfY&E af%‘é’tntrpfﬁ@’ E"d[fd‘rya %‘ Oc%ﬁr"@?@ﬁg s mjage Of{p y&’&éle t he
protecti eethte ;ﬂilﬂﬁ&hcbd%ldi p?-g(g lycbG028H, pstyceMttbik, Bicopd19mes theRBf or the
n

| ayer - by- Iayer t film of the presen invenfion i5 10l oaded with an
arbltranl/l @rug 14. Although the drug 14 is |l ayered on a surface of the

25 [0030] The drug release control film may be separated from the layer-by-layer thin film
of the present invention in advance so that the drug release control film is applied to the
eye first and then the drug-loaded layer-by-layer thin film is applied thereon. By doing so,
the layer of the drug 14 can further be covered with the drug release control film.
Alternatively, the layer-by-layer thin film may be applied to the eye in advance and then

30  the drug release control film may be applied thereon, or these procedures can be employed
in combination.
[0031] Although one or more types of drugs that are to be loaded onto a layer-by-layer
thin film of the present invention may be one or two or more types (e.g., two, three, four or
five types, and preferably two types) of drugs, it is preferably one type of drug. When

35  two or more types of drugs are to be loaded onto the layer-by-layer thin film of the present

|



" layer-by-layer thin film 10 of the present invention in Figure 1, the
present invention is not particularly limted to this case and a drug may
be | ayered between layers. In the case where a drug is |ayered between

| ayers of a layer-by-layer thin film the duration of drug action is

ted. I ' . t
et ween I ala? et il ey Bred diint Sy LTHREE Bl hCUEE R e
sonet i netkytied odrtbgsurfage $ayles edpile rid rgstpdlet drapeatehayrughbdtivecretht ilayers; or

| ayer-by-layer film (F gure .. Therefore, in sone of the odi nents of

t he phar Frgf?ﬁﬁ?id&lﬁs %%ye%%gg?rieg??e%‘feef’ﬁée lBydse n?WP Q0 BT BRSS %Ie‘iﬁ%mia% B? oaded
into a | ayyefedythayeie furfade sdyehor bedledr tBe 948 1dySrsPerBky aagbelifepdidh t he
entire layer-by-layer film 20[0029] Additionally, the layer of the drug 14

may fr t HEPRTARSEEGE FYE AT e ASaRATAS|l@¥s® control filmso as to
dramat i cald3¥) PERLONGa biderShiE REdbHinRnt 8f ¥8h b&ﬂicég%@ﬁ%?% Hthd gﬂ:sgif'tUQ
I egra l'e f11ns nade o

rel ease control filminclude hydrophobic bio ' _

pol yvi nyinvgniemearuglol bel contaimedas ndt, fixsol ty gllgyenibydayarithin filwl we aphohizat one, a
copol yne reof { j ke, 0p30] . Th rua rel eas ntrol film may
be separ g?rl(ia%%fbﬁgar%rg ]?1%6 %d;;gégf ay-q%géaeagﬁt |t0nth il%iyr%yg?’ I%ﬁ%?}blrgggrght invention in
advance $§@3BhaExdrgedolignher @rlmeas eypeopf dnlgs indlude cneapphdre dyped of iageytat f i r st

and en the drug-|oaded | ayer-by-layer thin filmis. applied thereon. By
doi ng sohaYefeny ’_é’Pa‘i‘f begpaitgt a§e>§tamgl§ﬁe<ilaw€ﬁ@rbﬂo5%m [OfYEH 'Phe drug
rel ease epdMiple] drigd donvAtddanRubadels\ropshe. ol ,aveds foy rka@rglddbmaf i | m nmay be
applied to.the eye in advance and then 3(§t he drug rel ease control film may

be appl i dmIEREenss. storpiledrpgso elduteahrymah seseetionstisyaling RgermtAntat i on.
0031 Soe P _ | t
[ ] Alir}'ﬁaﬁyer ?I%;E%C%% zmelr-?le:r%g% erf?d arfl] 18 §1kE, Efeﬂb&%ﬁg?ﬁ)r tfé@gﬁg onto a

Iayer-by- i _mo .resent I nvention ) e one or"~two or nore
types (eghucommantimimrelial Fgeats, anti-inflamniajprysagentn dng theflikeatmid/moreo t ypes) of

drug it fer ne e of drug.. Wien 35two qr nore types of drugs
or o b bRl BT YotnE AARSRg. | KiHHoiey BF Oacti s nd ¥ Aolad

[ Rvegti Ofreattig géﬂfclotnla&ndg&kg@t la%ymlﬂem:c Iﬁy@rtlypk:saﬂtmd‘s_elsslu&tﬁaﬁerd @g@?p rs]om; of
the drugs may. be | ayer on the surface_ |ayer, ile the rest of the drugs
are | ayeft g\%@ﬁ’“@ﬁ@“fj%el?eé? blgrkegs pndygar %C\é\/‘;}l}'éiéasﬁéﬁ}“%‘éorﬁ’aﬁ‘?ér”e‘é bet ween

the | ayepoferd¥ pedstdBrlirlsY PEXafbled 0¥ Bost¥anbfs i RSt pt e misiRopsn:f ace
| ayer or between the sane |ayers, or they may be |ayered on Sseparate
surface Isap@ps] woppstanseaympest.daBuprasterswell 8p3lacgn B andhDyo prasf(B).alsh. e

enbogj ment of b j - ' d ' ' a drug
o ba conpny et JRRIMIE R SRS IR Eblabiiel MRy RiESRRUTYERbb AR 5 0
bond, a broad henpferohcaiticgiprepanatie dfobapetson o ehtien, loay ef tHeye dagemayhi n
film [0033 anpl es of one nor e es .of drugs include one,or nore
types of PAIIGTRAY CTORATETEohpERToneH P B anEate SEmaifPaPh ) REHPEI nes
to be adphathitertksl grepeyes. for exanple, drugs conventionally used as drops
(e.g., druo%s for_treating gl aucons, _ . .
[0034] A film thickness of a layer-by-layer thin film of the present invention before
25  loading the drug is, for example, 500 nm or less, preferably 5 nm to 500 nm, more
preferably 10 nm to 200 nm, and still more preferably 15 nm to 100 nm. A film thickness
of a single drug layer is, for example, 10 nm to 400 nm, and more preferably 50 nm to 300
nm, where one or more, preferably one, of which is loaded onto a layer-by-layer thin film
of the present invention. When a drug is loaded onto the layer-by-layer thin film of the
30 present invention, the entire film thickness is, for example, 50 nm to 1000 nm, preferably
40 nm to 800 nm, more preferably 50 nm to 500 nm, and more preferably 60 nm to 400 nm.
- [0035] A film thickness of the drug release control film is, for example, 5 nm to 500 nm
and more preferably 50 nm to 200 nm.
[0036] A film thickness of the supporting film is, for example, 1 pm to 100 um and more

35  preferably 10 um to 30 pm.



~antimcrobial agents, steroid drugs, etc.), lachrymal secretion stimnulating
agents, anti-inflammtory agents, anti-allergic agents and the |iKke,
preferably drugs for treating glaucoma, antimcrobial agents,
anti-inflanmmtory agents and the like, and nore 15preferably drugs for

of auconsl el uadta RARS ST B PRl he R EhnBs L bR 0Pt b6 2" or oup

consi sti ﬂ@r@;ﬁreﬁ&rﬂﬂyaglmdjm urhet a bl ockers and car bon| c anhydrase

i nhibitors, an ef erably t agl andl ns. Exanpl es of pr ostagl andi ns
i ncl ude [%?éﬁoﬁ%%}?eo [?Q{FTOWE?Q’FT § Ism 8pi epaffﬁsbtrlag%wa m%er&pwgfty

taf | uprog¢ sel@e‘ied"@dcbrcﬁﬁ ?Sathéﬁlgzmc(a&n ar’[(ﬁ tht 0256 hefdThe I;iyeia b QHEF'l'ﬂﬂto'fon
agents of a prostagl andin an bl ocker, and It era

Lat anopr Bstpresent inventiongs apgliedrtera buman cae, for @pm;é@,um acmladﬂaeglp rveﬁweamde
inventio d e, r hem may
be used {ér? glgogrog{)?lﬁggé%c%ﬁng& % ?%Bl%nlﬁiﬁ 26 grg %gcrlmgtg%tqlgg%& &fa%%ra i on.

[ 0034] Atd3. Dnntdpr&ikmblsso o 20Icen)can dowed hamerlehgthrmfthel majof atibef pHesent

inventio bef e ing t f.or. exa m or Iess
prefer ab ﬁﬁ?ff éb@g tor%&@'“é?%‘f% é&’lgfl'SIOfltg qr&xfdﬁc% mAA4-5¢P 1 1 nore
pr ef er ab{pteftmbiyn.#@mlQ01.58in) A ddughhitthekdWaE a@ianfet&d JTH BmOdndt digvefer bs, for
exa | e, 10 nmt(f 40Q0_nm and npre preferably 50 nmto 300 nm where one or
ell pracermbhollonet 3gamypritglike | paded ont oal ayer- by-layer thin film of
the res n )/é@@,nt r thin
fil mpof ijg%o)gﬁﬂiﬁgﬁfm nventh?noﬁrnytggglégtl re 1{09 1%1 Jr:]ch}s(zg‘[ﬁla?}‘ué i(il;%/a(?lexarrpl e,
50 nm t oamOWy ainfor px%ﬂlelpdb2§/ug/©mnm® 2% ngeem’ nmd mfeeab;by @08 ghiny 53 wgferns 500

nm and 1 PR 9,409 5 h| ckness of.the

Grugr et (00280 CATERR|Lorialii: s Baficck T pleofllibn Bt i pEeRAF Gy Gion"

pr ef er abhgs H@rphih day26Bydager thin ﬁhb@ﬁ&(iis] supefiod 1mdxiftin®1bﬂﬂ§ Snd)ﬂefbhﬁalﬁhmypor ting
fil for ex le, 1 pmto 100 pm and nore 35pr ef, mto 30 pm
[ 003H) ° AAFFTHERY et Boh tYraripg SiBC AT Reener By TBAFBPEn: um o
1000 um a@nrescleBfebtsRuE] & lﬂ@d)d’sh@paryhﬁhlﬁé? 2P6ke tiised. 003&eovdiea ﬁio?@pl‘éi“eréble

| ayer-by-layer thin filmof the resen%, i nvention may approprl ately be

sel ect edelﬁb%ﬁ’&flh‘@f%Ié}laﬁlﬁécealﬂmllpé%aif%wn qfihe presenh swenfiay kastigh pxgen- by- | ayer
thin fil lied to a human eye, for exanple,
it is a g% ?glﬁllheaﬂl% gaslél d;%q{’ég&ldﬁsusspeg 4 cmto 3.0 cm (preferably 0.5
cmto 2. [DOéﬂr) M;ﬂhgdlf@rpﬁn ggchimgi}mtiedla@ér-lﬁ)y tyenthiofiBn 0 cm (preferabl y 0.5
to 2 c vaI wiith a .l th of the major ax

(prote anly o &R P8k oip Pk ¥ priGy A Rfo Einche lgrmed b Mty t o
2.5 cm (wyefisg ]&iﬂfy@deﬁrﬂy@r(pdjlgcahoﬁ agtpolyaniday Glyetstwidh@R@sité Elhrgesdinadmet er of 6

nun and a di aneter of 10a central hollow of 3 mm or the |like.
appropriate substrate.

[0042] Examples of the substrate include a silicon substrate, a plastic substrate and a
glass substrate, and preferably a plastic substrate. The substrate may have a curved
25  surface that fits the curvature of an eyeball.
[0043] A layering method is not limited but preferably it is a method of alternately
layering polyelectrolyte layers with opposite charges by a known film formation technique
such as a spin coating process, a dipping process, a spray coating process or the like.
[0044] Figure 2 shows an exemplary method for preparing a drug-loaded layer-by-layer
30  thin film by a spin coating process.
[0045] In the case where a spin coating process is used, for example, a predetermined
concentration (e.g., 0.1 to 100 mg/mL, preferably 0.2 to 50 mg/mL, more preferably 0.3 to
20 mg/mL) of a polyelectrolyte (chitosan in Figure 2) is applied to a substrate with a spin
coater at 100 to 10000 rpm for 1 to 60 seconds (4500 rpm for 15 seconds in Figure 2), and
35  then the substrate is directly rotated for 10 to 60 seconds to dry, thereby forming a



" [0039] The layer-by-layer thin filmof the present invention is |oaded with
a drug in an anount of, for exanple, 0.25 1.ig/cn2 to 25 pg/cnk, and
preferably 0.95 ug/cnR to 5 pg/cnR. [0040] A preferable enbodi nent of a
pharmaceutical preparation of the present invention has a very thin
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substr at urv S5surface that fits e curvatu of .an
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di pp BB CARIET, bY ingteasing the [qmpsrashise %glcbqas@ﬁéhq huyaaidity 9pEg likei gure 2 shows
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by a spin coating process. In the case where a spin coating process
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opposi te char E is for ?reon b¥1 t he sanme_ process %gi gure 2(b)). In
this nanFFé’Poveg £ eé%?‘? W‘@ Yigy et W@Wf)ﬂ’@bﬁf‘ét@%ﬁ? ers yyith eppogithat el y

formed (Elﬁéi%éseargﬁﬁér)lateingﬂﬁéd | rHeNRiRASSE oW@ﬁ:‘heel&tx% Qlaggfltnh?ge Bb:At 8 i's

enpl oyed, e thickness of each of the 5 el ectr ayers can
control | by Cba}ng(mmthgncwgcepmtlmoewps@x Dfﬁﬁcbfe ﬁelytﬁﬂqlmlmtheomee&gmhmel ons,

th t t th
e £ bRl e L SR O ks PNy b Pt 5P
t hi cknes k)wffrmlghbe l:mcemtramn obehmct&)sithlbymﬁbrthyng ﬂmmmsmﬂan@b@ent rations

of the pol eI ect e sol utions reasing the rotational speed of the
spi n coat®t? t@??‘g‘ﬂ‘éﬁSWQt‘?rﬂBer?‘era?‘thﬁgﬁ ®time of the 10spin coater, by

i ncr easi [I]])4'8!|'lehi BEReAV T Ea sty cORIRITLOGS Is%ﬂ]b'i@ddhbﬁly@l’ecﬁbl@té felee. [0047]

In the case where a di ppl)gi%11 process is enployed, a substrate’is inmersed in
a pol yel 8{qsan)\goltion igsprayae anée agybsgateuinderpredsternipedsnsedpgicorditionsier t o

appl ¥5 t e Rl B dkitnd BpBHRAL EahGorty he Esi RIS b el RPAHA! ©

i mrer sed lpnt 0 a wash sol uPPfgn to renmove t ﬁ% excess po yeﬁ’ect r o% yte. Then,

t he subsselatien isspiayse prtedhé substrate fhorl a/priedetemuihgd 8medo gemove the excess
polyelectrolyte. Subsequently, a polyelectrolyte (e.g., sodium alginate) solution with an
opposite charge is sprayed onto the substrate under predetermined spraying conditions for
a predetermined time to apply the solution to the substrate surface, and thereafter a wash

30  solution is Sprayed onto the substrate for a predetermined time to remove the excess

polyelectrolyte. In this manner, polyelectrolyte layers with opposite charges are
alternately formed. The thickness of each electrolyte layer can be controlled by changing
the concentration or viscosity of each electrolyte solution, the spraying time, the washing

time or the like. The thickness of the layer can be made thinner by lowering the

35  concentration or the viscosity, by decreasing the size of the spray droplet, by shortening the

10



" 15sodi um al gi nate) solution with an opposite charge for a predeterni ned
time to apply the solution to the substrate surface and then the substrate
is imersed into a wash solution to renove the excess polyelectrolyte. In
t hi s manner, polyelectrolyte | ayers with opposite charges are alternately

formed. The_ thi.cknes eagh el ectrol yer may be controlled by
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t he soI Uptedéhtivehtién saHisd prapgegur f ace, and thereafter a wash 30solution is
sprayed onto.the substrate for a predetermned tine to renove the excess
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thin'¥i %{ ﬁlﬂb?’@‘gﬁﬁd (IFFﬁ(Pé%ﬂ? gg}arﬁ‘é W{?F‘PH’&*’&J ?4‘%@ layegpgayst thibr ni ng
an addl tﬁﬁﬂ@:lg{l@ﬁgﬁ))( p@'d&hwfor%&ﬂtﬂ diul IEh&Llhﬁlt&) to d-wﬁplﬁ'éigféﬂl@l al layer

may be forned pi ng pol yvi nyl al co 50r the and subsequently

per f or ni FRIUEH) ﬁn@: 6§f‘}gﬁ§a§éﬁ1§0 B¢ {9aded qu‘?@;h@tﬁ\lﬁﬁ f@rofrxafftpﬁ%bﬁgp@rﬁoa@@ﬁ 2io ]Elal

I t or
exanp! e O sqluiBh et Bl s Wit QR b bAR A PR, SPHfke | 2

[ 0050] AB¥6R Hi Aghdmghtthematimvleshdwscm thde Initdwchbddl‘rg/ dmmhﬁbyg h &;eﬂfodh hh nf
fil f t 0] 0 a_net ho or
oadhg I ErBGRRET Rt aisE il §ndGues AR opdirl e 4F ettt wlebprbed

above wi idveiilﬁnﬂi@&@f litaed thereto. A 1dyief- B%laﬁehﬁnﬂﬁﬂrﬁ&fa@ﬁlg'a&k@g b@M’eE@Mﬁr thin
filmis peeled off fromthe substrate(Flgue and the | ayer-by-I| ayer

2(e)
thin fil RYFS CBUPHBEPERFEr (OrRYRITHY-layenthun fitfehaving faéw@ bepegearibplayes cam Fi gure
2) is droppsdpRBhRdbhYenRHIHAL&Pbf IBGinE 3%ehs B¥tiween the layering steps (Figures

2(b) to (c)). As described above, the step of loading a drug is performed, for example, by
25 dropping and drying a drug, by subjecting a drug solution to spin coating, by subjecting a
drug solution to spray coating, by subjecting a drug solution to bar-coating or the like,
further repeating the layer-by-layer process, or forming a drug release control film by a
spin coating process, a spray coating process or a bar-coating process.
[0053] A supporting film, a protective film and a drug release control film may be
30 provided on the layer-by-layer thin film of the present invention, fof example, by a spin
coating process, a spray coating process or a bar-coating process. Alternatively, a film
prepared in advance may be compressed to the layer-by-layer film of the present invention.
The protective film may be provided by simply overlaying it on the layer-by-layer film or
on a film obtained by combining the layer-by-layer thin film with various films.

35 _ As described above, the drug release control film may be separated from the layer-
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" 15l ayer thin filmand dried (Figure 2(g)), thereby form ng a drug-| oaded

| ayer-by-layer thin film (Figure 2(h)). A nethod for |oading a drug is not

limted to dropping of a drug solution, and a drug may al so be | oaded onto

athin film for exanple, by spin coating a drug solution, by spray coating

a drug spl ution.. r,-coati adru ol ution r th 0052]
AlthoughBY'E e@%gﬁngﬁmrfeﬁ?ngﬁﬁﬁ?@nﬂ Vﬂggt:‘rnl%l@gh Bfiﬁegbée%%.r?l fig a met hod
20f or  pr emardl figmads hpplied-befortlayidhnd ten th¢ tifigtlbadednagerdydhyg thigddgdsonto its
surface, present invention is not limted thereto. A |ayer-by-I|ayer

thin fil mﬂqw.ﬂ#‘gﬂa dAETREY Ghvethe {3y T'Péis}@f% tfaarﬁlhsénwl&p@péad opthe eye
| ayer - by pL@ydhnd Mdthbh la{e J}ﬁg&agasec%mm&t 500 %@ﬁlehwé @l so be

prepared by inserting a ste |ng a t ween tté’e Iayeri ng steps
( Fi gur esprcpduresomey: by emAb)Ydésltmrb@datacbbve the step of loading a drug is

perforne ing and drying a drug, by subjecting a
drug sol gotosttﬁ 4%%L&mp %e‘%gg)ﬂsubj ecting a drug solution to spray
coating, by suhjpéaltmamguacaﬂptmamﬂbnlbf thie fresehiiny eiivini coghpdised hRytr-telayéur t her
repeating.t r or a drug rel ease nt r ol
film by ﬁ*%ﬁfnﬂ 9H%‘°5$%’§%E§Sal upilg- cﬁﬁfﬂﬂ@f("w%&é brgpargampt BB at i ng
process. pfe@ﬁﬁiﬁiveﬁhsmﬁml’dxltéiﬁalfméd’ﬂm@wﬂf&trﬁé?}t ba/gsell] foreRdifibla, fdf H@tiNpkaase
control filmmay be 30provided on the |a er-bylayer thin filmof the

prestht ARgano;ithheys 8?3 %%bﬁ‘rﬁl“’efaceb&heé’e@m‘ﬂafc%% susd apthscayshid onthsdikgy coat i ng
process pfef, r r ely, a filmprepared in advance
may be corfc'pe?gtggeﬁ FS?%E?%I %gg’?gﬁd“ﬂ@é%’rtﬂ?gﬁ of the present invention. The
protective filArepagingdo preauestotinygntingp yugog énstiflyd,fgr éxamphe, tlyepplying a

| ayer - by |ned by conbi ning the |ayer-by-1ayer
thin fil %JH\?\#% p&%’#'{lggggtlgpngyabgﬁgo %,@ ¥i bed above, the drug rel ease
control fG05A] nhmhbeaseezﬂmratmqahﬁmﬁﬁal beeperation ke pragedt inbvbimtionf is karbof t he
pres |nv vance, in which case the dru | ease control film
is aE[“BI i B%fd @Haﬁa i g Sy e ampl: Slogéktfe%“gsa‘?@&‘dﬁg %E‘Yﬁ’ nfilmis
appl i ed &(Blﬁfléﬁﬁ&lallﬁ\lbbéﬁ Adhinyér¥d ad BRAIP¥ N uch¥s Uﬁbg@rfortt%aﬂné glam:&ﬁé/ be applied
to the eye beforehand and then the drug rel ease control

b lied
t her et o, a‘éﬂmllﬁfﬁbliﬁlBE‘?fﬁﬁz’é‘ﬂ[}rlégafﬁfﬁ*ﬂt%bam yydeanti-¢llesgiprBRoms: i cﬂiefe[‘é’(b&lﬂfe pr '€
Phar maceyfj,Gal 4hf, r%efggfr@ﬁtln%:gaucopa o ﬁ%ﬂg?&%ﬁ#gﬁﬁﬁhrﬁg @&ﬁ%@ig iglne)pa tlge

present 1 nventio l"ayer m an o4ded
onto said ptdstaglalhdinman Ilhtencpthragammlth esah bpuaéaﬂ)mkat, ia@arbomctalnhyqlmmahﬂntor

necht 1 Ayl AR e R EYER of S BaliteEat BB es o R 4 o oo

such as pRfershig lcblﬁiams atpréstadldielin &Y &f tiablelemdnt. | BxangRes dfProdtalfiindiad Ng a
drug into he e According to the present invention, a drug is

instillelh¢ uﬂsﬁa@aﬂ@% Bimggtogrgst. y5oREP Pl BRIRIOTtPRSnigNeRAH cleliupioal angr epar at i on
to the ex@lacdHQRPhnd Dub’hf‘av‘{ﬁgq eWREHhBinahen Qg@ﬁé‘@%&%bﬁ@lh@ﬁ%ﬁ@%%%iaon the

present invention is to uséd for instrlling a drug into the eye,
exanpl esblerkarrnddrelgemblnbatagerrastugs t hat have

25 [0056] Other than the active element, these drugs may also contain a pharmaceutically

acceptable carrier or additive. Examples of such carriers and additives include water,
pharmaceutically acceptable organic solvents, collagen, polyvinyl alcohol,
polyvinylpyrrolidone, carboxy vinyl polymer, carboxymethylcellulose sodium, sodium
polyacrylate, sodium alginate, water-soluble dextran, carboxymethyl starch sodium, pectin,
30  methylcellulose, ethylcellulose, xanthane gum, gum arabic, casein, agar, polyethylene
glycol, diglycerin, glycerin, propylene glycol, vaseline, paraffin, stearyl alcohol, stearic
acid, human serum albumin, mannitol, sorbitol, lactose, and surfactants acceptable as
pharmacéutical additives.
[0057] A dosage of a pharmaceutical preparation of the present invention differs

35  depending on the age, sex, weight, type of disorder, conditions, number of doses and the
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" eonventionally been admini stered as eyedrops, such as drugs for treating
gl aucoma, antim crobial agents, anti-inflammuatory agents and anti-allergic
agents. Preferably, the drug is a drug for treating glauconma. A drug for
treating glaucona contains, for exanple, a prostaglandin, an autononic

agent su a bl ocker., a rbonic an rase, j nhi hit.or,. 20an

oght hal mﬁge't ﬁ%"?aﬁ’%ﬁ@ }ecwglé%ﬁtls gslfgﬁgra%eazﬁmgfpc?gﬁgp@’?lg’t' ng&?l‘%@bglag%o%% 4acti ve
el emelnt , pha;rd]apaefoar Ifibb%taﬁmnﬂqai i|@$o&aled) matht B¢ ppdd H pgg0.48 patdn’e saleermht i
Exanpl es o r.ost andi ns i ude ,Lat angprQst, Bi nat Qpr ost, ,i sSopropy
mopr oot BRIy AP OB S RE 4 DS HEGEY G Ban SR TP TG Sntip | e
combi nat hsylicads ﬂ{eseg%{ foR eRARSIE At B Meltwo BRirey 85 rfePbiEbnceARdhlt &f er ably

Lat anoprost. 25[00 Cther than the active el'ement, these drugs may al so
cont ai n BVt davse arvd erd profesabbepregin sevarrtpiteentydagddi ti ve. Exanpl es of such

carriers [(ﬁﬁ@} ag 'r&fe}’a%%ﬁ érﬂﬁddﬁﬂsmvé%ﬁ{hﬁnﬁ&%pﬁ&? ﬁﬂi&)iax%ﬁloh bf gl%ﬁ)%’steﬂpih@exﬁf ani c
sol vents, cof |l agen, pol yvinyl "al cohol, pol'yvi AyFpyrroli done, carboxy vi nyl
pol ymer , heglobex yethddnytbxieity sndloagaahiratinon fadiiemwiblaysaplydaee, sodi um

al gi nate ek-sol ubl xt rnan, carhoxynet hyl .starch sodi ectin,
30net hyl éoeq\g?ill gglg? aé’f‘?%‘?ﬁaggeﬁ“thc’gé“&?“%)?iﬁtpﬁa acé’fﬂﬁa} %Wﬁﬁ%‘b?g{ﬁe@g?g?tn, agar,
pol yet hyireetied kel longérgluytidhiofl actiinywith b Ringhy &y fonex@hple,al docv@seh ifie,

par af({i n, steafr I l?l cohol, stearic¢ acid, hunman serum al bum n, mannitol,
sor bt § ol 2 dPg6q dé%? %H&C%WPHE?%@%%@& PPESE IRECIHAR FHRBEIRN BEAVERUdi ti ves.

[0057] Ap8sap6isi@bo thap HRIPIBER WAL fehed SRABIdnARIsRAiddhe present invention
di ffers 35dependi ng on the age, sex, weight, type of disorder, conditions,

nunber of0098s el adddtiam ¢he preseat inpentioaedsataanprisae s methadgforreatingardisqasait i ng an

adul t (wej - ' . Wo ar ati.on. t is
oaded vt FIginjaeit el ol iR RP ekl SenB P AL it 02 o2
ji1g to 5ofihg tfedtn®mt pfja disBase0 Theigibjat? s ®humpamatragHamntinmmaeamat Boush) rat, f i | m
is applied.to,the eye, for example,.once jn tw to thirty days, preferably
oncelTn FRPitedds Saf WEhet PhAFE MR aterabE phril ool disest F b anBE ™ wont 5
days. [ 00&#ir dsqase{es. pflogcorid) Reliatiig) tuvedtis fetph @ etittitic a4 the&padnat i on of the
present invention has lower cellular toxicity and | onger duration of action
with a sPiftrablygdaicomeosd)dospgeandgheliks @ﬂtaapga@ws@mc epyptien is as

phar maceytd-g8bq MHRaration of the present invention has a |onger duration

of action wth a single dose, for exanple, a doctor can give 10a dose of
t he phar RSt Incerdeptogdainisicotw odr mpre tppessdirugsro epation, a singlepated ent  at

Cer 1 MhanpirhBratlcdlfrepaboftort B R BR R Bmlr ol RS My bretmipispieg o

conpr i ses sebjedtonoelo bomokd Bptd sipharmlacanss papatdivhd sheohfghiag phagagsdt i cal
preparation of tg:t)a esent C'angnti on to a subject in need of the treatnent
of a di s85dYE May, GS%{S?‘BE,S{C“? 0hq:3HPIGEE a non- human mamml (nouse, rat,

15r abbi t [00#0Y, IIf®¥me @h6ddiMEnts BEa bhéhacaitftaPprRpRAAGH ¥f Be BHIBR-inVdpBiofl] szease
's, for gf):(s%pigfl:de éboa\l/re], a supporting film layer is included on a surface of a layer-by-layer thin
25  film that is opposite to the drug-layered surface. In this case, the pharmaceutical
preparation may be administered by bringing the drug-layered surface into contact with an
eye, and thereafter removing the supporting film on the opposite surface. When the
supporting film is water-soluble like polyvinyl alcohol, the supporting film can be removed
by washing with physiological saline or the like. Alternatively, it may be left as it is so as
30  to be naturally removed with tears.
[0063] Furthermore, the present invention provides use of a drug-loaded layer-by-layer

thin film for producing a pharmaceutical preparation. The pharmaceutical preparation

and the drug-loaded layer-by-layer thin film are as described above.

35 EXAMPLES
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" ocular disease (e.g., glauconmm, keratitis, uveitis, etc.), conjunctivitis
or the like, and preferably glaucoma. A dosage and the |ike of the
pharmaceutical preparation is as described above. [0061] In order to
adninister two or nDre types of drugs to a patient, a single type of 20

phar mace I on _contai ni.n ugs _may be
b ot T, BRESRHT PSR b BORuhES: HsetBifmpERReBealy tEi=VBY

pr epar at b)@&ﬁﬁple@,(zhh@ughttﬁe PieBght anventigh ehctuy@ﬁotqa‘e Iehhigetl tﬂ&lies@%x@{dﬁleéll stered to
t he subject. [Q062], I n one enbodi msnt s of har maceutl ca pr epar atl on of
the present i nvzeHtPeR s Hald : eddayex-byela asaset i s

i ncluded on a All’lréﬁﬁ@o&fratﬂ)nk %%p&%rhﬁ:ﬁ‘%&lthtemﬁ?n géitérl (@p&l'@@&t MS-Qpapsite to
the drug-layered surface. In this case, the pharnmaceutical preparation nmay

be adnm nMKASA) Mycadrin aglasg redre (dlagy 0, QQQSr ed siligdngubstiate (produvedby K& h an
eye, andw&ﬁ%%fs_tcﬁ{ inf AL P B AUREPI d At 'c'a@? %%P%%F&?J;] qeat%{*(g,nace

When t he supporting mi's water
s_upportl mgy) ffod mmﬁrmtdsand&rmh@ﬂwblydmahemgzavar(xfesxpﬂmw BMicod] saline or the

i ke. t be l.eft as i be aturally

r emoved t\(ﬂ6ﬁ? Zﬁ'tss%bg[tﬁ%ﬁs‘é‘? El?etdﬂgrar‘?BP’ecaneﬁeonb? g@gﬁta (iq’r‘ut@ °;5‘r ovi des use
of a drugvinosgidnl Nayrl Téyue,ayey/mihi v/ ¥4 emeﬁ@ﬁmammcagﬁ@ua thrsaaﬁ@@t i cal
prepar ation. The ?har maceut i cal uﬁrepar ation and the drug-| oaded

| ayetl by WaagepPehiaf 1601k arlbesgsulfaricrsvrehicalsd e spinspatmertEe) mroges]

Her ei naf {&bndd)Nrdas@Nthe isibseiate Wi Whdhlkd aﬁlcg%ﬁrdeﬂﬁgzmgexsﬂﬁ%ufebﬁfl ly by
way of exanples al t hough the present 1 nvention should not be

t hgse exHipied for Mﬁwdfé tqdrm@ng\@@ﬂfaa} pﬂﬂémuﬁm'@; , disadiuiozl giedtel sajpsion by - | ayer
LbL t
(oot coal AT g bt Hhdfle b RaAL MR BB Ol s FbBeficta

silicon $ﬁ|(b;aLr ailbe (qsnivatu ced shimed(&]’ to/Mpinh cating $4 300 rphm) 1 6 s2comids )X aerovhich

d | f d/ h t 3/1, vl f
ot o, s ReBie ARl s ol ihiesd Petnd Tty e eyl seBuEy i s
subst r at grp\@Sguit a | SpirdcainBs 69@{1%@ ST R ddh ﬁl@lrﬁt&\bhﬁeqaé’ééteﬁ% Wrdpare
(Mwv. 881W Nacal ai es ue, | ng 1 viv %acetic acid ueous NaCl

sol uti on} Moéie@bb%’dng H- 53 Psigs Qﬂ laymye) of dlagmn (Hgeredde)) suﬁﬁil%ﬁh@&llﬂ@esspl n
t dt
coating (AsQR 68 wi 28 SEANARde P?Jr&@ogg‘@%ﬁplgt(ﬂg% X SR tl‘gﬁ‘%lq ?Ee wice

wi th deionized water and direct r ot econ i gure
2(a)). SkKisyenpgenappmg mpdspatidifonnd tf et ket Isoh (Fiigore 3OMN 106 | cD, Nacal ai

Tesaye, : UeQus wa 50 L. The

r esu#t{sanfodg%inb aip egfll%[a 5% Olr}la ’851?4??1(81 2% Sroz f@P‘gégé)ﬁhs%amgf ter which
Chemical, 100 mg/mL) was dropped onto the LbL nanosheet and dried, thereby forming a
PVA film on the LbL nanosheet (room temperature, overnight) (Figure 2(d)). The LbL

-nanosheet, together with the PVA film, was peeled off from the silicon substrate (Figure
2(e)), and applied to another silicon substrate with the PVA film facing down (Figure 2(f)).
25 10 pL of a Latanoprost solution (Mw:432.6, SIGMA, 1 mg/mL, methanol) was dropped on
the LbL nanosheet as the upper surface and dried (Figure 2(g)), thereby producing a
nanosheet loaded with Latanoprost in an amount of 2.5 pg/cm?” (Figure 2(h)). When
observed with AFM, Latanoprost was loaded such that Latanoprost aggregation with an
average thickness of 248 + 58 nm and an average size of 6.2 + 1 um was confirmed to be
30  loaded and thus a L.atanoprost-loaded LBL nanosheet was prepared (Figure 4). The
Latanoprost-loaded LbL nanosheet, together with PVA, was peeled off from the silicon
substrate and subjected to the following example.
[0067] Example 2: Measurement of release behavior of Latanoprost-loaded LbL

nanosheet (1)
38 The Latanoprost-loaded LbL nanosheet (1x1 ¢cm?) prepared according to the
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" 15t he substrate was washed twice with deioni zed water and directly rotated
for 30 seconds to dry (Figure 2(b)). Spin coatings of chitosan and sodi um
al ginate were repeated to prepare a LBL nanosheet having 10.5 pairs (21

| ayers) of them (Figure 2(c)). The filmthickness was nmeasured with an atom

force m G F noScal ri Cr o) even i ng node
and foung’{et?%c’dgéé%i‘%@pnwn% %Vg%ﬁjﬁée%ﬁfi %%%8% "W?%qwg?g?t'%é%to Eﬁ%oo@?g’ol 3vi nyl :
al cohol CkA)wslothetliatamopidat-BadedyrfdsaritberGacing davn ot QP (Righres 5(ayand d(pped
onto the_lbL. nanosheet .and dried, thereb Io ing. a PVA fjl _org tﬂe LbL
nanosheetl NE SYEHVERERIRNCA tY1heR tapg &9 A GHTsY Feﬁ[ﬁg’}?“gf}ﬁ)s)qes-Th OFrBé’"I_’ ah8Sheet

t oget her El’i&sﬁ&loéi@@l sENfe Whi BAdeAasr RS Md LAhREPrbfiQosiei 1B hanbiREl at e
(Figure 2(e)), and applied to another sSilicon substrate with the PVA film

faci ny déwreipFi Hliee3@inutes offmmessionfthaphysiclpgiptloelingisl the plore watenizgy 6,

SIGA, 1 ' ) : t hg:upper
surface gﬁ%{%dl %’EF%@?%SP e Z?g\{r&?E@g%l%glI%ér]g’a%%édﬁgquﬁgﬁ%tgﬁ@f ::tglzlasged wth
Lat anopr osliection aas agpeatet 102, 3, .6and@AdwRry feillgwires tA¢ midial iihemsiolhs€fived Wit h

AFM Lata rost was | oaded sugch,that Latanqprost regation wth_an
aver age Fﬁﬁégclt(e ePSCIGFIORSTC 81 ﬁ?%‘ﬁ’gggr{mﬁ(/o@#%géeagF’i@g%Furgfnfnt ‘Xav\%ﬁﬁf\%ﬁ‘sk
confi r meek 406-420 ) Bagelthtaiphrddd ESA &itl(@hanap ChsihidabReaNuber 3an9sheet was
prep%\gd Figure 4). The Latanoprost-1loaded, LbL nanosheet, together wth
PVA, has AROPFOSt WaHPR HiS UPFET RBiRcebs entie suars of lisfawepiogt Yes felrased

fol | owl ngh SHARIBY ErindtBOF(durEXeITPhBeréas WhaSLAGRBHbst as/oh (RAB& 1A Baydcer of
Lat anoprost - | oaded LbL hanosheet (1) 35The Lat anoprost-|oaded LbL
nanosheetlLafangprogtivys shyvelyaelsased cod atmosg theovhele ameuntives refeageddnpbeutL4nas
appl i ed te (6-well plate [flat botton], POG6F01S, Stem) with
t he Lat a?\lg%x%g%#&hgd surface either facing dowm or up (Figures 5(a) and
5(b)). TIipe06sS] dEsampled: Evalsetiondf fhaamicbeica balsaviar gfflevannprdseiedéd Dibh t he

Si de}s1 To this, 5 nmL of physiological saline was added for i mersing the
Lat a %prB%?—’l%%QS ded LbL nanosheet 5therein. After 30 minutes of irmmersion,
the physi ol ogi Taé peatiabSlofidalt dffecPivad & alviSedthf hdi®d YarL@Hafled River, AMdtaginot her 5
nm. of physi ol 0511i cal saline was added for reinmmersion. This collection was

repeated 1, 2, 18¢Latagepiosidopdsdras Letmppigstaplededi LBl panoshepiel@bpy?x3The

col | ect ed;SPSEHIERAS, L ' e reasur ement
wavel engt h: pl)ﬁ(% 12&40%%%%*%%%%3@32\?%%%%? g]stér%agﬁl Ee{attb?%;&?#ae%gghem cal

| t em Numibefraosulespreysuresovire mdasuradh bpfousthe wpplication hed Lph e 4surth 4c8,9, 10e

enti suyr f oRf:0st _was rel eased in about 30 m nutes (Figure
6(a)?fmg?(ﬁegzﬁﬁea#éﬁg%%gﬁgg?aggp‘ was on the bottom surface, Latanoprost was
sl owl y r ¢06x®@3 etlenn) thedhtrmgular pecspdred we@menstiredasith Ehredsboh presabout 24 hour s

(Figure %egglkring device for small animals from ICARE FINLAND. Measurements that were

judged to be highly reliable by automatic reliability judgment were repeated in triplicate to
obtain an average thereof.

25 [0070] As aresult, when the Latanoprost-loaded LBL nanosheets was used, the
intraocular pressures of rats were significantly decreased on Days 1 to 5 as compared to
those with the Latanoprost-unloaded LBL nanosheets (Figures 7 and 8). Specifically, the
Latanoprost-loaded LBL nanosheet was able to sustain the action of Latanoprost to lower
the intraocular pressure for 5 days. On the other hand, when Latanoprost was applied to

30 the eyes in a form of eyedrops, the action of Latanoprost to lower the intraocular pressure
only sustained for about a day as described in the written material from Pfizer.
Accordingly, use of the Latanoprost-loaded LBL nanosheet can greatly prolong the action
of Latanoprost to lower the intraocular pressure as compared to the use of eyedrops.

[0071] Example 4: Evaluation of tissue toxicity of Latanoprost-loaded Lbl. nanosheet

35 Tissue toxicity was evaluated using a Wistar rat from Charles River and a New



" [0068] Exanple 3: Eval uation of pharnacol ogi cal behavi or of

Lat anoprost -1 oaded LbL 15nanosheet The pharmacol ogi cal effect was

eval uated by using rats (Charles River, Wstar). The

Lat anopr ost - | oaded or Lat anopr ost - unl oaded LBL nanosheets (about 3x3 nmm)

roduced i.N e 1 were applied to rat corneas.
lIontraoculzgeP ggvlg%rrggb‘\%\grpg’nﬁﬁ glrgeﬂﬁg(:?o W-the application and 1, 2, 3, 4,
5 6, 7, 8, 9 The L2fabprodisloddatSordtdtfopkdie ualoRlié Citinb et pro@8R dc6singt he
|ntraocul ar tﬁscgmeﬁ)éqv\ere measur ed vvlth TonoLab, a pressure neasuring

devi ce fd& h-§> %PFrld’rﬁrPembE tp therqameaniend conihrgitvas phile rater éhy udged
to be hi gt I @edfr&e hi RUEPIRK afref ﬁ%kﬁ&%%&y B?H%B-ﬁnﬁle%{u% t&\&}ﬁ%& ed in
triplicate to obtain an averag ereo aresu

Lat an®pr 3&¥e pxaamised wish arﬁéltrdﬁwteemgomse usedne tyre dfsterascefiamigosspe rthm of )
rats wer t 1 to 5 as conpared to those wt

t he Lat aﬁ%géﬁgh{l%ﬁ@ 118 8%@%}%% II%D%Xt?qP rgures 7 and 8). Specifically,

t he Lat ahopr2gstAtlanpde doBits Bﬁﬁahdﬂﬁﬁiosh\m aplicatib® boustadhmd £BBit Aed tien of

Lat anopr E t.o |l ower the intraocular pressure for 5 days. On the other
hand, wh %q_"%{f’ﬁﬁ?\,\fﬁst was applied to 30the eyes in a formof eyedrops, the

action of LataBiydebdt dfehd Widr shifecel Bérnafl @idopder PAnBS o cBarABénin SMainalifed for
about a da}/h_zﬁ(&descrl hed in the witten material from Pfizer. Accordi ngly,
Cat

use of tIE B8 faunddeghe ayes applisd stidethe parosheesa (Higurss 8(apand PAY). act | on
of Lat an@ﬂ:’i@ﬁ 7%-1.1:1'99 a‘?‘éﬁéwé ﬁﬁ% rétﬁﬁtlr QRN eg?ﬁ&?ﬁ% @a}@%ftgrotﬁgg Qf)@?cah(c?n bpfeuse of

eyedr ops. qrx 4: uati on fissue’toxic ' .
Lat anopré@tanpbfa)@teléad_ LBk mosdsbedt widkTHigwad(b)chbws the ma@)rmealspmmdl using a

Wstar r r, § New al ite rabbit fromOiental
Yeast CO%VCEtdg.% i tﬁggppﬁfaﬁét?(f_na@g%g?tgg?grf)égla %‘gﬁ%&r%’?ﬁ?ﬁ’ﬁé ost - unl oaded
nanosheet[OQ?Bﬂ)diﬁheHelmms df the ritant hiee miBbiodrodbseratpkier the weficshaqpl i ed to the
corn S an can vas of Fhe rat r the rabbit. One, three and seven

days f t 8PP fCﬁBO a ‘ég‘ias 386 ?rkgﬁt"ilg‘r? ehpwor thatssm &g Pe Faused builier e exani ned

with a shhfoshedtRpplicatiesCOPMce theGat an@Be tabBR dod n&tsﬁf)@%%g@&‘a&hmgQﬁ&?&P pe that
is frequently used for ophthal nol ogi c exam nati on any trme

poi nt s aﬂtee“ran?ﬂ“@e'ﬁa’?f‘& residesgshioirratife puitisisnty comfastabilerwigning fonidiesche
fol | ow ng n%l t’l%fls ?F?Qcﬂﬁnﬁ}edo@ 6%?13{: Eocf'ﬁ]e reft%grfs x?aglthe%P{hQFﬁiovg tﬁg eyL%O

anterior c ammat | on ound
appl i ed b bhriedhiam thatﬁashereltsso(t}ﬁtgwmﬁlsa)m &retl n8 ) tpringjand duEtgthe digh a)

Show?(] t h%x{/g%plble}mga% %\/aolf th ea(r:llos ect tfh tﬁlogv%%gsse}}cléz{esgontipl% tﬁg géﬁlgrattlslsgen of the
These results were the same for both Latanoprost-loaded and Latanoprost-
unloaded nanosheets.

[0074] Example 5: Evaluation of pharmacological behavior of Latanoprost-loaded LbL

nanosheet '

25 A Latanoprost-loaded LBL nanosheet (0.25 cm?) produced according to the
method of Example 1 was applied to a white rabbit. Then, one, three and seven days after
the application, the aqueous humors were collected. The aqueous humors were suctioned
by inserting a 30-gauge needle provided on a 1 mL syringe into the anterior chamber from
the corneoscleral limbus while carefully avoiding a liquid substance such as tears from the

30 ocular surface to enter. The amount to be collected was about 0.15 mL in average.

[0075] The concentrations of the collected specimens were measured with a microplate
reader (measurement wavelength: X = 405-420 nm) using Latanoprost EIA kit (Cayman
Chemical Item Number 516811) (Figure 10). One day (24 hours) and three days (72
hours) after the application, the Latanoprost concentrations were 52.1 nM and 49.4 nM,

3o respectively, while the Latanoprost concentration seven days after the application was 5.5
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" Lat anopr ost -1 oaded LBL nanosheet while Figure 9(b) shows the rat corneal
speci nen seven days after the application of the Latanoprost-|oaded LBL
nanosheet. [0073] The behaviors of the rat and the rabbit were observed
after the nanosheet 15application. There was no change in the behavior that

seens to C y nanosheet applicat.ion.. nce. rat and .the
rabbit di gf @l{ﬁ%g%%z%?f ?%‘toz%‘hﬁyﬁgf E‘i‘%‘ﬂﬁ@’tlﬂénﬂlﬁ Jifield B%Croé‘ E‘gﬁ’gi"ﬂer ed
to provi detheugheaisdmidoy of diEfege abbersweirr indglldtn dfES eyeafipIad s .repdited tas
considered o be due to the very thin nanosheet that allows the sheet to be

buri ed i REERELLXRM %%W%Solot”ﬁéiha{‘ that oh hediadanegrpst-nsded bBRdiepeshedidy and

due to tRgok 1gm02Q@ermam4qwge&fehﬁlbqa/wefthsmamﬁérb%@etr dER&forfdilnAVS 'eSS
|nvaS|on into the ocular tissue. These results were the sane

bot h Lat dysepidangly.|siwedee batandpaesihensed $ Bimapastedt alkovoshisteined rfleﬂsilb]faEx arrpl e

5: Evalu f ogll I opr ost oaded
manos heet Sl P ARIARGOLLRL €00 (R RIS Blid of b 5 BliBhed @05 Sknl Bl
accor di ngytdropdidt atletvsachigh dfag appdeatratiorns l&pphmeﬁlddon ahemtntérﬁ)rrcabrhbér fodhen,

one, three nd even S af t he | i.cati an, ueous hunprs were
col | ect ed™ ﬂ%g aﬁeagﬂgﬁ% ti’e\ﬂfétﬂoé’ %ﬂgg’figﬂ%ﬁlegg,trqq?ggf Pﬂ’ﬁﬂ‘rﬁl%@“ﬁ‘gﬁﬁg Peedl e
provi ded smaia far aongpetiogef tifieo the anterior chamber fromthe corneoscleral
i rrb:ﬂq? W?QQY carefully avoiding a |i qU| d substance such as tears fromthe
300ct¥ ar (01 ads desrribisd e thephaveersmmies; a Lgianeproptecaniaining danesbeet voas15 nl in
aver age. t asured
e Tt D AR PO R Ol 6 A5G IRE R IRTa BEP S

Lat anopr &4th q’t_smglmappl(ceaymthmeqmdnmng apparay nﬁbﬂarsmesrmpn (I utag stidyce. One

day (24 E% ( urs p cha i 0

Lat anopr ?)g: cen %g%ogﬁég?te % egé%atl RYP raﬁml g é’gﬁsgg{]’il\‘/’%?qﬁﬂn whi | e
t he Lat amppmdmmhm lroageraimrasm\neﬁ ddag/&tnaﬁtvath 4 §inglaplpkd.cati on was 5.5 nM
In tzﬁ case of Latanoprost eyedrops currently in clinical use, the drug
concentration in the agueous hunor of the eye 24 hours after instillation
of the eyedrops was reported to be about 0.5 nM which was | ower than that
of the Latanoprost-|oaded LBL nanosheet by about 1/100, and after 24 hours
becanme | ower than that of the |ower detection I[imt. 5Accordingly, since

t he Lat anoprost-| oaded LBL nanosheet all ows sustained rel ease of a drug
fromthe nanosheet to the eye for a long period of tinme as conpared to
conventional eyedrops, it allows a high drug concentration to be naintained
in the anterior chanber for a very long tinme and therefore the action of

| owering the intraocul ar pressure is considered to sustain for a |ong
period of tinme. 10[0076] As described in the above exanples, a

Lat anopr ost - cont ai ni ng nanosheet was capabl e of prolonging the duration of
Lat anoprost action to |lower the intraocular pressure with a single
application without exhibiting apparent cellular toxicity on the ocul ar
surface. Hence, a preferable enbodi nrent of a pharmaceutical preparation of
the present invention was proved to have a |l onger duration of drug action
with a single dose.



~ 15 ' CLAI M5 1. A pharnmaceutical preparation conprising a |ayer-by-Iayer
thin filmthat is produced by alternately |layering a polycation and a

pol yahi on, and one or nore types of 5drugs | oaded onto the |ayer-by-Ilayer
thin film which are to be instilled into an eye. 2. The pharnaceuti cal
preparation according to Caiml, mhgggbn t he pol ycation is chitosan.

103. The pharnaceuti cal preparation a %ﬁ%g to either one of Clains 1 and
2, wherein the polyanion is sodiumal ginate. 4. The pharnaceuti cal
preparation according to any one of Clains 1 to 3, wherein the

| ayer - by-lt ayer A PhasmpsquiicH psenergtjonrpoptprisiogaslayesfbyslapien thin Hoothahiswi t hout t he
drug. 15 i.cal rat] I di f.C ains
1o 4 ity PRARIBAAER o RIEAR:RhE R aBR AR, 8 R Flor®Bed e

| ayer b by-dragsdpadediontd the hayies-b-1ayer Bin fil, which aphiarbedasiliéddatdo apregpar at i on
according to any one of Clains 1 to 5, wherein 20t he shape of the

| ayer-by-layer thin filmis a quadrangle, a circle, an oval, a doughnut

shape or 2a ri ng"hs@ﬁﬂ@mceﬁicaﬂﬁ%pﬁﬂﬁbﬂ&%kﬁih%ﬁﬂ CRIB pakvbiefthe peBLCalidigist 0 any
one of Clajnms 1 to 6, wherein the drug is loaded by being | ayered onto one
surface GMHE- | ayer-by-layer thin film 25 8. The pharnaceuti cal
preparation according to any one of Clains 1 to 7, wherein the drug is

| oaded at an anmount of 0.25 ng/cnR to 25 1, Wn?.
10 3. - The pharmaceutical preparation according to either one of Claims 1 and 2,

wherein the polyanion is sodium alginate.

4. The pharmaceutical preparation according to any oné of Claims 1 to 3, wherein

the layer-by-layer thin film has a film thickness of 5 nm to 500 nm without the drug.

5. The pharmaceutical preparation according to any one of Claims 1 to 4, wherein

the number of polycation and polyanion layers of the layer-by-layer thin film is 2 to 50.

6. The pharmaceutical preparation according to any one of Claims 1 to 5, wherein
20 the shape of the layer-by-layer thin film is a quadrangle, a circle, an oval, a doughnut shape

or a ring shape.

7. The pharmaceutical preparation according to any one of Claims 1 to 6, wherein

the drug is loaded by being layered onto one surface of the layer-by-layer thin film.

8. The pharmaceutical preparation according to any one of Claims 1 to 7, wherein

the drug is loaded at an amount of 0.25 pg/cm? to 25 pg/cm?.

0. The pharmaceutical preparation according to any one of Claims 1 to 8, wherein

30  the one or more types of drugs are one or more types of drugs for treating glaucoma.

10. The pharmaceutical preparation according to Claim 9, wherein the one or more
types of drugs for treating glaucoma are at least one type of drug selected from a group

consisting of prostaglandins, beta blockers and carbonic anhydrase inhibitors.
35
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" 9. The pharnaceutical preparation according to any one of Caims 1 to 8,
wherein 30the one or nore types of drugs are one or nore types of drugs for
treatlng glaucoma. 10. The pharnaceutical preparation according to Caim
9, wherein the one or nore types of drugs for treating glaucoma are at

beta bl odker o ARuPRAPHGRTESEARpuPASR Ral e T Bim D, whdyR ubpicor ol "

phar macetipes of dfuge fidtaiating ghocahshied dtshoptat.m 10, wherein the one or nore
types of drugs for treating glaucona are Latanoprost. 12. The
pharmaceutical preparation according to any one of Clains 1 to 11, wherein

St he | aygp- by- l L : i Lyl | ayer
as a SUPpOT ¢ n'gfbfy? Plaehidbhulcal SR b} UELCoSRITRE LD AP 10F] SR Gk

phar ncethd lagir-tyrleperrthin fdm fcther dinmyises a @bhivinyl 2lcobaripyer 85 aguppoeting fiipor t i ng
fi'"]'ay%ﬁw98h5ﬂ§?§85%3&%m8@ﬂ9§h¥e to the surface |layered with the drug. 10
ar

14. The p naceut 1 cal preparation according to Caim 13, wherein the
pharmaceutical preparation is applied to the eyeball by bringing the

drug-layered syrface into contact with the eye and_then renoying the
supporti ﬁé- fil #&ﬁﬁﬁfﬂ’éwﬁaﬁﬁ’fﬁaargw agear 11185?5&% L orampsisug the sypporting

pr epar at ifitid 1&@€ oh the@irfade 8posRB® BF stifaddTByefed With4he Akt her conprising, on
the drug-1layered surface, a drug release control filmfornmed from pol yvi nyl

acet l e, pol yl actic acid, polyglycolic acid, polycaprolactone or a

copol yner 4of a@MeEgﬂyﬁgghkgﬂx%&%&ﬁgj%%Qﬁﬁﬂggqjgﬁgpga&ﬁgghﬁgg preparation

according to any one of Clains 1 rein after applying a drug
cont rol Phirmatertivebprepaatigoisyapphsd togbe ysbell by biripgmgtthe dagilayergbéurficycol i ¢

v, t ho HSSBBSEIENE B¢ oft BOR R Bhe s RPYrtRREIEAnge oPriSiF Pt oo o
drug control filn1
15 15, The pharmaceutical preparation according to any one of Claims 7 to 14, further
comprising, on the drug-layered surface, a drug release control film formed from polyvinyl
acetate, pol&lactic acid, polyglycolic acid, polycaprolactone or a copolymer of any

combination thereof.

20 16. The pharmaceutical preparation according to any one of Claims 1 to 14, wherein
after applying a drug control film formed from polyvinyl acetate, polylactic acid,
polyglycolic acid, polycaprolactone or a copolymer of any combination thereof to the eye,

the layer-by-layer thin film loaded with the drug is applied on said drug control film.
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