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MANUFACTURI NG METHOD THERECF 5
invention relates to A nedi cal

MEDI CAL DEVI CE FOR PLACEMENT | NTO A LUMEN AND

TECHNI CAL FI ELD [ 0001] " The present

steno and a catheter which 10 aced at
in an intravital lunmen to keep the [une
and a drug-dissolution type;

device for placenent into as a
st enosi s or occl am ﬂm mwm Si ng
open, which is coate

and a met hod BACKGROUND-# P Phe—curt+ t

advancenent of ned|C|ne bri ngs about a remar kabl e developnent of the o

treatnment/prevenon r'f ("eeesq qu-
20arteriosclerotic disease or the

rRe ﬁﬁ

tends to increase.ln particular,

such as nyocardial infarction,

patients of
angi na,

PERFT S causea by JWHIHMWWMIHW
stroke, and peripheral vascyl I sease

di sease are increasing nore and more in Ja an,

in connection with the

surely tréd@# ity sueh’ art erPoscheratfeTdi s
angi opl asty (hereinafter, as "PTA") is ge

easé. ~peEcutBheBbis" t fahstuhtna
nerally used, which is an

angi opl ast=TRCsWFgEeaPty expand the stenosis or occl uded part in bl ood
Svessel , for exanple, percutaneous translum nal coronary
5
TECHENICAL FIELD
[3001]
The present invention relates to & medical gcevice for
" placement Into a lumen such as & stent and & catheter which
ne is vlaced at a stencsis or occlucea part arising in an
intravital lumen tTo keep The lumen open, which Is coateo
with a drug and is a drug-dissolution type; and a method
Thered=
1z 3ACKGROUND ART
[06CO2
Th current advancement ¢ meailcine brings apout a
remarkakble development of <tThe <treatment/preventicon oI
varicus disezses such as infection disease, but patients oI
20 arteriosclerotic cisease cor the illke which Is caused by bad
lifesty>e <Zends tc increass In pariticular, patients of
arzericsclerotic <cissase such as myocardizl infarction,
angina, stroke, and peripherazl wvascular dissase are
increasing more and more In Capan, 1in connectlon with tne
2z westernization of lifestvie ana the acing 2s a method Zorx



angi opl asty in coronary artery which is typical. [0003] Th,==. DTA is
a tg.chncue for recovering the blood flow, in which a balloon catheter (a
tube having a balloon at its tip) or a stent is inserted froman arm or
fencr artery, it is placed at a stenosia in the coronary artery, then the
bal | oon attached at the tip is blown up“to expand the stenotic bl ood
vessel . This techni que can expand an intravascular lunen in a lesion site
to increase the blood 13flow in the intravascular |unen. -h- PTA is used
for the treatnent of arteriosclerotic disease as well as shunt stenosis
which ari sB&atY ant af frdf aURendHaPysPSCpaFPent. 119992} | ASHERERAFO Ehe,
PTA-treated bl ood vessel is damaged 2"sudet achment of endothelial cell and
injury el dstaeslarpar aRdILRBLRASEUl alSiustlinge “Grows e of t®hedheal i ng

reaction in the vascular wall, thereby patients whose stenosis Lesion site
i s opened BYIPTA cah sidferafromussst.enoliishaz ig rane ofgabpues80 t 6040 %
25[ 00051 3 In nore detail, the main cause of restenosis in human

bei ngs i s shought > be ehkezingf | @mmtoeycpiocass ¢adhes¢ontemasironbepod
nonocyte) arising 1 to 3 days after the PTA, and the form ng process of
intinal thekeal ng S¢snootdngiusc| @eceldanshose grewshuinsnthe nostnabput 45

days after the ..-7A. Once the restenosis cones ub, it is necessary to dr,
the | DT2, ageidelACEPrdhngbyonkihe establishientief cypecart hod for the
prevention and treatnent has been desired. 10[ 0006’ Then, it has been

suggested tootsy reducing the rate of restenosis by releasing a drug
topically for along tine at a site for placenent in a lunen, using a drug
di ssol ution type-of capmedi cal: devi:ee d ofo-pl aceent; Ahto,a d5.bamencwher ein
an anti-inflammtory aaent or an inhibitor of snooth-nuscle cell

proliferatjon.js-SUppRLl edoQn-Lhg. sUFfage- ghSLENIn QT - baLI PgBLCathet er
which is made of netal or polymer material. For exanple, Patent

R=fr,g.nc,¢, 1 spggests a drug-eluting-stent (bereipatter, abbreyiated as
70 ,"DES"; 3%%?e§n %he bgay of a steno Is coé?eﬁ‘mﬁtﬁ bTchnﬁafTbyé -

nanoparticle including a b
process ther edf 2 “whi ¢h df s

ballocon attach

Lve sypstance Lof . the Lreatment, and,a

I or 2Ty,
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Tip 1s blown up tTo expand the
stenctic Dblood vessesl. This <techniguse c¢a&n expand an

intravascular lumen in a lesiocn site to increase the blood

}__l
[@]]
tot
t
O
b3
f_
=
[w
)
0]
’_l
3
cl
[
83}
<
8%}
n
@}
ot
i_‘
j$J]
1
|
jusd
3
D
3
v
o)
(]
lv]
+3
=
‘_1
n
c
0]
D
Q.
Ity
@]
I
¢!
jo
(]

In general, the PTA-treated klood vesssel 1s deamaged



sphericai crystallization techni aue as a
nanoParticie. 4 However, a poorly
di ssolved in water such as probucol

and cil ost azol

process bi oconpati bl e
wat er - sol ubl e drug which is hardly
whi ch have anti-thronbus

activity is hard to be included in a bloconpatlble nanopartici e by

spherical crystallization 5 technique.
included in a particle by said spherical
content of probucol in a PLGA nanaparti cl
indicated that Little drug was included.

Actually,

when maki ng probucol
crystallization technique, the
e was only about 0.5 % which
Thus, according to the nmethod of

Pant Reference I W&se 9@~ rwpd§mlﬂ%%ch$W%pafe 2 hetiieat Sdevi 68eor

pl acenment

into a lumen wherein the surface is coated witl a sufficient

amount of &°pBEFEl y Wat e"SGPHBI e ©F ug. X 000BF Pat’entaTed €rBhce P2 OditSEl oses

a nethod of attaching a 15 drug on a carr

ier by dipping a stent or a

cat heter wHi€hsisgoa/earvppépnt o a2sBPUPFBRSOf 2a-di0§ whiceh3j siays after

wat er -i nsol ubl e and drying the carrier.

:n the method di scl osed i n Patent

Ref erence ZbehoaékerxﬂﬁhetQEtath@@xanowmpcwag | i tied; iracc ortdiindgley: 1 was

difficult to attach a sufficient anount 20 of a drug on a carrier.

addi t bon,

also difficult to control the releasing t

In

theoathaohked  dr uglwaswnekeasedwih asshoet mtismgeabbher éby ciety swas

i me. [0009] Pat ent

Ref erence 3 diescl oses za-dr ug- vakeasthg coattoho258ypeonés mulit, | ayer ed st ent
whose surface is coated with a 5 drug ingredient and a bi oconpati bl e

pol yner asnacseeenrg¢ caaiingel ayee, wier ei

agPrabucol ascbrsied as orecof the

exenplified active ingredients. Patent Reference discloses a nedical
coat eddevi e@-abzishment of the method for the prevention and
treatment has been cesired.
.
i0 r000¢:

Thern, it hes beer suggestsd to try reducing the zrate
0T restencsis by releasing a drug topically Zor a long time
at a site for plzcement in & lumen, using a drug-
dissoluticn type of 2 mecical device for plilacemsnt intc a

iz lumsern wherein an anti-inflammatcry agent or an inhibitor oI
smocth-muscle c¢cell ©proliferation 1s supported on the
surface of stent or balloon catheter wnich is made of metal
or polymer materiai Tor example, Patent Reference 1
stggests a drug-eitting sient (nereinaiter, abbreviated as

2¢ "DES"; wherein <the body of a2 stent 1s coatea with a
biocompatible nanoparticle including & biocactive substance
for the treatment, and a process thereof, which disclosss a
spherical crystallizaticn *echnicue as a process 2 a
blocompatible nanoperticle

25 [00C7]



a bioconpati ble 5substance conprising a nedicinal ingredient, and
D-..tent R .fr,=.nce 5 discloses a drug delivery systemthat uses a
bal | oon and an i nplant prosthesis (stent) which are at |east partially
coated with a coating agent conprising a drug and a crr Further, both of
Patent R=,r=n-c= 4 inand 5 disclose pré%ucol as a drug. [00101

However, the nethods disclosed in Patent References 3 to 5 had a problem
that it takes excessive tine to elute a drug and then it is difficult to
obtain an enough efficacy 13of a drug, because a drug ingredient is_

rel eased in tandewfWiFth EhéPECoNPB3TEF 0RO HELE Ae BilGcormstt ble peIyHer

| ayer. These nethods need to use a solvent which can dissolve both of a
drug i ngredieatiand anrbiwconpasiibhe ggol yrepuppeParichgeal 5 gakdl coatichg
agent of the drua ingredient and 20 the bi oconpati bl e polynmer. However, it
was restribtivee ang fHtnd ogucts satventtir am thervi ewpobat iofcltisecconbi mat i on
of a bioconpatibl polynmer and a drug. Consequently, the nethods had a
probl em of bl ackinpgt Viei sat hknbyaasialeoabivngspeehnicgue. c25s00L1E za6 ion

In addition, using cilostazol which is another poorly water-soluble drug
and has pl atehet gaad- r egatwon y nhivhieti omlactd oprandcso amclivesane =
application of the drug to a nedical device has been tried, there has been
the same Speethclbertrisdss (Pahent cRINGAS %216 it kiYn <£80h2que, <the

content of probucol in a PLGARZ nanopariticle was only about

0.5 %, which indicazed theaet little drug was included. Thus,
according to the method of Patent Reiersnce 1, 2t was
iC impossible to prepare a medical acevice for placement into a
lumen wherein <tThe suriace is coated witn a suificient

[000¢]
Patent Reierence 2 disclecses z method ¢ attaching =&
1z cdrug on a carxrier DYV 4l1oelng a stent cor a catneter which is
a carrier to =z scluzion c¢f a drug which is water-insclub_e
and drying the carrier,. _n the method disclicsed in Patent
Refierence 2, however, the atzached amount was limited,

controil the releasing time
[000¢]
Patent Reference 3 discloses a arug-releasing control
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[ Patnt Reference 1] JP 2007-215620 A
[Patent Rfrn ] JP

[ Patent RI'nce 21 JP 2005-538812 T

drug 1ingredient ana & Dbiocompatible vpolymer as a second
cocating Laysr, wherein probuccl 1is iisted as one oi the
exemplified active ingregients. Patent Relerence (&
discloses a medical device coated with a bilocompatibkle
5 substance comprising & medicinal ingredient, and Patent
Reference o disclcses a drug delivery system that uses a
pailoon and an implant prosthesis (stent) wnich are at
least partialily coated with a coating agent comprising a

drug and & carrier Further, both ¢ Paztent References 4
1C and 5 disclose propuccl as a drug.
[0C1G]
Howevar, the methods disclosed in Pztent References 3
to S had a prorlem that it takes excessive tTime o elute z
drug and then it is diffiicult to obtain &n enough eZiicacy
15 ci a drug, bscause a drug ingredient is released in tandem
witn the decompcsition oi the biocompatible polymer laver.
Trese methods need to use a solvent which can dissolve both
of a2 <drug ingrediernt anad 2z Dilocompatible polvmer In

20 the kilocompztible po_ymex
find such soiwvent from the

methods had & problem of
tecanigue.

(@]

of tThe arug ingredient anc
However, 1t was restrictive to
viewpeint ©I The compinatclion oOr



2006- 198390 A 10 [Patent Reference 41 JP 2007-528275 T [Patent Reference
5] JP 2007-529285 T [Patent Reference 6] JP 2007-117742

In aadition, using cilostazcl wnich is another poorly

water-solukble drug anc nas p_atelet aggregation inhibition
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[Patent Refesrence 3] JP 2006-198390 2

75 T

N
&}

10 [Patent Reference 4] JP 2007-528
[Patent Reference 5] JP 2007-528285 T

[Patent Refsrence o] JP 2007-117742 2

[Patent Reierence 8] JP 2001-190687 I
15 [Pztent Reiference 8] JP 4473390 B
[Patent Reference 10] JP 2010-506837 T
[Patent Reference 11] JP 2010-50684¢% T
1Patent Reiference 12] JPb 200¢%-5ii1¢85 T
[Patent Reierence 13] J?2 2002-5311205 T

[Patent Reference 15] J2 2008-503126 T
[Patent Reierence 1ol JP 2005-526632 7T
[Patent Reisrencs 17 JP 2003-53213%: 7T
[Patent Reierence 18] JP 2002-508057. 7T
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A [Patent 7] JP 2003-2900360 A [PatentRefnc.,, 8] JP 2001-190687 A
[ Patent Reference 9] JP 4473390B

SUMMARY Gz INVZINTION

(Problem o be solvaed by the invenzion)
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15 The present inventors have extensively studied in

Q.

order to solve the above-mentioned problems, an nave

JL R G-

succeedad in uniformly and sufiiciently coating the bedy of

a device with & drug which 1s difficult to be supported o

a biocompatible nanoparticle, by making the suriace of a

20 poorly water-soluble drug positive-charged o provide a

drug perticle and then coating the body of the device with

ie Together with a pilocompatible
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R - =ri-a- 10]
[ Pat ent Reference 12]

JP 2010-506837 T

[ Pat ent Reference 11]

JD 2009-571195 T

The <I.rst embodiment oI <The present
achieve tne zbcve purvcse is @ medical asvice
intc & lumen whose bocy 1s coated witn mixed

5 pocrly water—-soluble drug particles whoss
modified with positive-chargs and
nanoparticies. Wherein, tThe drug particles ma

JP 2010- 506849

0

carticies O:Z
sarrzace s

in two or more kinds oI drug particles using Two ©r more
kinds of drugs
10 ‘001¢6]

The second embodiment oI the present invertion 1s the
above medicel device for placement InzC & Lumen wherein the
surface oI the grug varticles 1s mnodiiiec with positive-
charge py attaching a cationic polymer to their suriace.

15 Wherein, the cationic polymer is preferably chitcsan or =z

attached <togetner with a
pclyvinyl aicohol To tThe s

20 The thirgd embodiment
above mediczl agevice for p

addition,

drug particles have a mean particle size ©
The &alternative third embodiment oI

inventicon is the above
25 lumenr wherein the plocom

is

water-sciluple polymer such as
arface ©f the drug particies.

cf the pressnt Znverition is the

lacement into a lumen wherein the
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[ Patent Reference 13] JP 2009-511205 T 20 , Patent Reference 141 JP
2008-533044 T RPF, =r==nce 15] JP 2008-505126 T [Patent Reference
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The Zourth embodiment of the present invention is the
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The f£ifth embodiment oI the present invention is the

above medical device for nlacement intec a lumen wherein the
biocompatible nanoparticle 1s compesed of any one  of

acid), and lactaie-azsparzate covolymer Wherein, the

TR = - < i P = ~7 N ~ o~ - T~ s

i5 Diocompatible nancparticie may be compcsed of 2 singls
3 = - = o~ = -— = T Am~— o

compound o©or & mixture of Twoc ©r more compouncs se_scted
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drug-dissolution type stent whose body is cozted with the

ct
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dru icles and the biocompatible nanoparticles.
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161 JP 2006-526652 T |[Patent Reference 171 JP 2005-531391 [ Pate 18] JP
2005-508671 25 [Patent Reference 19]
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5 coated with *the drug particles and the biocompatible
rancparticles. Wherein, =—he catheter with an extensible

The eignth embodiment o©I the present invenztion is a
10 liguid ccating agent Zor coating the above medicel aevice
for ovlzcement intoc a lumen. Wherein, the said liguid

coating agent is &

rTicles n a wazZer soluzion. Wnerein, +tnhe drug
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positive-chargse by attaching a
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20 may e also adhered with a cationic polymer by 2a2ding a

biocompetible nanoparticles. Wnerein, tThe drug vparticles
mocditiied with opecsitcive-charge by attaching & cation:ic
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25 poiymer mean the same as geiined in the above mediceal



JP 2004-523275 7 SUMVARY OF | NVENTI ON (Problemto be solved by the
i nventon) [0013 5In consideration of the above problem the object of .the
present invention is to provide a nedical device for placenent into a | unen
such as a stent and a catheter, whose surface is uniformy and sufficiently
coated with a poorly water-soluble drug-%hd wherein the drug has a
10certain sustained-rel ease property and can be sufficiently dissolved in a
necessary period, and a nethod thereof. (Means to solve the Problenm
[00' 141 15The present inventors have extensively studied in order to solve
t he above- RBREICENEETpFOBFERE “and ~Rave s0€Eeeded in uniformy and
sufficiently coating the body of a device with a drug which is difficult to
be supportedCer.a bl oconpati bl e nanoparticle, by nmaking the surface of a
20 poorly water-sol uble drug positive-charged to provide a drug Particle
and t hen coati ngreheribody efbbhendevi cel withk thesdeny parvtinclient oget ker
with a bioconpatible nanoparticle, w thout enbedding the poorly
wat er - sol ublrecdragzcn thecbi-aeonpaticblieznanepdrt dice. TBaset.cwpon rthe anew
25fi ndi ngs, the present invention has been conpl et ed.

5 lumen which comprises

() & step forminc & drug particle by adding =z

sclution oZ &2 drug in an organic solvent t0O an agueous
solution of =z water-solublie polivmer to provide a drug
particlie,

ic (2) & step forming & nanopaxrticle by adding a soluticn
©0IZ a piocompatible Dpolymer 1n an organic solvent to an

(3} a step preparing a lLiguid coating agent D)
15 dispsrsing the zabove-formed drug particle and the above-
formed Dbiocompatible nanoperticie tTo provide a2 liguid

with positive-cherge by disso:rving a cationic peolymer in

20 "the agueous sclution in step (1) and/or the liguid coating
agent in step {2}, anc

(3) a step coating the gevice with the above-preparsd

liguicd coating agent by contacting the liguid coating agent

and the Dbody o0f the desvice to Zorm a particle Zaver n =&
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8 [00151 The frst enbodi nent of the present invention to achieve the
above purpose is a nedical device for placenent into a | umen whose body is
coated with m xed particles of 5poorly water-soluble drug particles whose
surface is nodified with positive-charge and bi oconpati bl e nanopartici es.
Wherein, the drug particles may be prepdred in two or nore kinds of drug

particles using two or nore kinds of drugs. 10' 0016] The second
enbodi ment of the present invention is the above nedical device for
placenment into a |unmen wherein the s-r==(-= of the drug particles is

nmodi fi ed wthCcposiiiveschargeabyl éﬂﬁéchlng a cationic polynmer to their
surface. 15Werein, the cationic polynmer is preferably chitosan or a
chitosan déétyvéative.ln addition, the cationic polyner is attached together
with a water-sol uble polynmer such as polyvinyl alcohol to the surface of
the drug particles. tE@OL7ier2Pkhiend: 1t rdf enbediorerteraf thespresent si nnenti on
is the above nedi cal device for placenent into a | unmen wherein the drug
particl es havesapreanspantictledrsize ofe. 14épmite SuMiace of The druc
alternative third enbodi nentthe present invention is the above nedi cal

devi ce foroplacement si niania i & parthchbessikze=0-nk0Q0 M QL skessinpFrabi v
300 rimor |less. [0018] The fourth enbodi ment of the present invention is
t he cationic polymer ir both the aogueous so.ution in stes (1)

A =-

and the liguid coating agent in step (3)

[0025]
The eleventh embodiment o the present invention 1is
10 the above process which further comprises a step milling
the drug particles after step (1}.
[0026
The twelfth embodiment oI the present invention is the
process wharein in step (1) the water-soluble pclymer is
15 polyvinyl alcohol and the cationic polymer is chitosan
[CCZT]
The thirteenth embodiment oI the present invention is
the above process wherein step (3} 1s carried out by

a0
= -

ectropnoresis, ultrasconic mist method, spray method, air

20 brush method, wiping method or dipping method.
[GC28]
The fourteenth embodiment oif the vpresent inveniion 1is



5 above nedi cal
nanoparticie supports the sane or
surface besides the drug particle.
present invention above nedi cal

device for pl acenent

devi ce for placenent

into a | unmen wherein the bioconpatible
different drug inside and/or on its

[ 0019] 10The fifth enbodi ment of the
into a | unmen wherein

the tioc nparbl.-- nanoParticie is conpdsed of any one polylactic acid,

pol yalycolic acid, poL | acid),
the 15 bi cconpati bl e nanoparticle
m xture of two or

nor e conpounds sel ected fromthe above conpounds.

and | act ate-aspartate copol yner. Wer ei n,

may be cnnosed of a singleconpound or a
[ 0020]

The sixth enbodiheatdéft-ithe “PEesemSdmventVontignt hes0aheveomsdiceal:

device for placenent into a | unen

which is a drug-dissolution type stent

whose bodym¢gicaat egwiiceh fide dragemparti ¢hes and uime bboeonpadi bhe the

nanoparticles. [0021]

The seventh enbodi nent of the present

i nvention

is the abo¥konedntathdéwi Ceutbreptacementiimendsa | unen which is a 10
drug-di ssol ution tyoe catheter whose surface is coated with the drug

particles abd2ehe bfoconpati ble nanoparti cl es,

particul ar an extensible

drug-di ssol ution type catheter equi pped with an extensible attachnent whose

surfage is ;coated w:thcthe ~drdigp airid €1 es=anths herbioconpatthtecn
the catheter with an extensi bl e attachnent

a balloon egpthgtete [0822k1 device Zor placement

nnopart-ici =s. Wherein,
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The ei ghth enbodi nent of the present invention is a 10liquid coatina agent
for coating- the above nedi cal device for placenent into a | unen. Werein,
the said liquid coating agent is a suspension prepared by di spersing drug
par nodified with positive-chargeattaching a cationic polynmer to their sur?
and ..0OOconpatible 15 nanoParticles in & water solution. Werein, the drug
particles nodified with positive-charge by attaching a cationic -Polyner
their surface may be nodified by attaching a cationic polymer beforehand in
a step formng the drug particles, and/or the bioconpatible nanoparticles
20 may be @86 adRerddswrth aPedbi epdEigolopari ngy agdditng c& EatsSvemi e 3ol yer
in dispersing the drug particles and the bioconpatibl e nanopartcles.
Wer ei n, thaeddrug tPaetiickes modifised 4tdtds Posvendhargzebycattachi ndma
cationic polyner, the boconoatble polyners, ,---nr" the cationic 25pol yner
mean t he sahesasadef,i nedt hei @bovecoedical agkht dewi cee fosedl in( = F@nt into
a lunmen. [0023] The ni nth enbodi nent of the present invention is
a process fiorePreéRapirng haomech calmetemirceofosr ptasm thet meatieza 2iauer whi ch
conpri ses formng a Gug particle by adding solution
of a drug Foaraplergashe sakyent it@ean aqueous sol ution of a water-sol uble
polymer to provide a drug particle, 10(2) a step form ng a nanoparticle by
addi ng a solution of a bioconpatible polynmer in an organic solvent to an
aqueous solution of a water-soluble polymer to provide a bioconpa ible
nanoparticlessact of £(3) 1AvERECAREPaAring a liquid coating acent by 15

di spersing the above-fornmed drug particle and the above-forned

bi oconpat i bhgznanopartic_Le to Provide a liquid coating agent,

According to the first embodiment, 1t 1s possible to
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(4) a step nodifying the surface of the drug particle with positive-charge
by dissolving a cationic Polynmer in 20the aqueous solution in step (1)
and/or the liquid coating agent in step (3), and (5) a step coating
the device with the licuid coating agent by contacting the liquid
coating agent and the body of the devicefto forma particle layer in a
2bstate of mxed particles of the drug c--,,rtlol.=q and the 12

bi oconPati bl e nanoparticles. [0024] The tenth enbodi ment of the
present invention_is the above process wherein in step (4) the surface of
the drug 5parti €Féli §2RpdnFréd Wt h Positivel ehar §BSbyodyssdl ¢i AgVace
cationic polynmer in both the aaueolus solution in steP and the |iouid

coati ng agehtcPatstepifB) ea[c@025] a crug partThelel epeéntehbeppedireentl6f t he
present invention is 10the above process which further conpr a step mlling
the drug paztpeiesialteriseeplyl) tnp6026= Thestwdl fittvearbodi wemt o rithe
present invention is the process wherein in step (1) the

wat er - sol ubl eupdliyirenti sirispod yvinyty al cohok rand wilen catd om e pohyher i s
chi t osan.

5 c¢rug is included in & Dbiocompatible polymer layer, Dbecauss
it does not take so much timz tc maks a drug dissolved
10032
Accorcing o0 the second smbodimenc, 212 is DOssibie To
easily positive-chargse the surZace oI the crug particle in
_0 the mesagical gevice for placemsnt into z lumen o the IZirst
embociment by modifying the surZace of the drug partic-e

According to the third embodiment, it is possible to

15 increase the intravital incorporation of ths drug particle
in the medical device Ior p»lacement into a lumen oI he
first or second embodiment by making the mean particle size
of zZhe drug particle in the raznge of 0.1 pm to 2 um It is
pcssikble <o increase the stacking character oI a2 drug on

23 the surlZace o0f & device ana the permeability eifect of a

druvg intc a target c=21l, when & blocompatip.e nanoparticle
has 2 mean pzarticle size of _ess tThan 7,000 nm, preiexzbly
300 nm or less Thanks to sucn limitation of the size, it
s possible to meke a drug-dissoluilon Tyoe Of & medical
25 device for placement inTo & lumen wherein tThe drug particle



[ 0027] The thirteenth enbodi nent of the present invention is the
above process wherein step (o) is carried out by el ectrophoresis,
ultrasonic m st nethod, spray nethod, air 20brush method, wi ping nmethod or

di ppi ng net hod. [0028] The fourteenth enbodi nent of the present
invention is the process wherein the drudg particles are conposed of two or
nore kinds of drug particles which are in a 13 In addition, the

present invention also includes each nedical device for placenent into a

| umen prepared in the above ninth to fourteenth enbodi nents. [001' 9]

The f'==e-15,6 Un:eRBBAIYNEMYTIed he pResdst HIRATMT o V¥ Ehe abebe medical
device for Placenent into a lunen, |iau coating agent, or process wherein
the drug ofzthecdeugiparickedirsgcbhogitra?oneap8030net0Thersiixtleenths
enbodi nent of the present invention is the nedical device for placenent
into a Luneéarivhéch b femsepr evenfragtandfercatreatinng tdironbus; below,
stenosi s,and/or restenosis.Iln Particular, the '--77"-'"t of the present

i nvention £af bewherza stzenticiz cathwtef, zablibbahbeanbtat hehepaatitthe | i ke
is used as a nedical device, and e preferred drug in the drug particle is a
drug havi nacphat ek etmaggr egatri-onlenhisbizti odeactviean sychdagsagiilkostazek. In
addition, the enbodi nent of the present invention also includes a nethodr
Preventi ngsaagf orihgeating

1C device in the medicsl device Ifor placement into & Zumen of

— ~ ~ - = J 2 - -~ - -— o - ~
particle. _rn aagdition, the prassent Lnvention 1s & medica_

13 gevice Ior placement InTO & lumen WAalcn exhibits bota e
raplcly-reisasing properiy via & drug perticle ZIrom tne

the nside o¢r surZace oI & biocompatible nanoparticie,
aZter the medical device is placead in & fargst site And,
20 if using 2 drug aliferent Irom the drug in the drug
particie, ifor example, plurazal drugs wnhose efficacies znd
action mechanisms are aifierent; some drug poiencies can be
erhancea Dbecause o©f a svnercgistic effsct witnh o eacn
ingredient Iin the specification, it can Dbe czlled
25 "inciude" to support a drug in a piocompatible



20t hr onmbus, stenos's,
devi ce for placenent
into a lunen for preventing and/or thromnbus,
25Furt hernore, the enbodi nent of the present

st enosi s,
i nvention

and/ or restenosis which conprises using the nedical
into a | unen, use of the nmedica

devi ce for placenent
and/ or reqgrenosis.
| z al so i ncl udes

the above |iquid coating agent for preventina and/or treating thronbus,

stenosi s, and/or rest=noss. this case,

pl acenent into a | unen.
first enmboddénerértitlEs possible to

devi ce 5for

m xed particles of poorly water-soluble drug particles whose surface is

nodi fied wi€h3pobsitive-charge and bi oconpati bl e nanonartjci =,

Possi ble to provide a drug-dissolution type nedical

thereby it
devi ce for pl acenent

the liauid coating agent can be used
in a body directly or through a nmedium ot her than the nedi cal
(Effect of the invention) [0031] According to the
10 coat the body of a device with

is

into a | umen whdsecbaddygi $cunifor i y-iSandosufmenci entt] yi coated:mithta drug

wh-h has been

to be supported on a bioconpatibie nanoparticie before. The

surface ofppartiel erpr epatecabydeheceurientcsphetdcal iatystal lizahi on

techni c: Tue generally has negative zeta potential,
cel |

while the intravita

W =1ldal seorZOnegat t ve- chalsgeds ot husaAd1e enbbebheh eshnigite: hadcae

pr obl em
biocompatible nanoparticie 1s compcsed o0f &any one o=
polylactic acid (PLA), polyglivcelic acid {PGL),
poly(lactic-co-glycolic acid) (PLGAR), or lactate-aspartats
copolymer (PAL}, which has low irritant and toxic
10 properties for pioiogic bodies and can rslease & drug
cradually due tc the decomposition of the biocompatiblie
polymer in case that & drug is inciuded in the partic:e
[0036]
Accoxrding to the sixth embodiment, 17T is pcssiplils tTo
15 provide the medical asvlice for p-oacement 1intc &2 lumen oI
any one of tThe Zirst tTo Zifth embodiments wierein the arug
particie and the biocompatiples nanoparticle are coatsd on
the pody of a stent, thsreby 2T is possibie tTo relsase the
drug in the piacement oi & lumen Zor =z long time anc
2C locally to eifectively decreass restencsis
[CO371
According to the seventn embodiment, 1t is possible to
cozt a drug particle and a »niocompetible nanopzarticle on
the suriace o0if the meaical device ZIor placement into a
25 lumen of the Ifirst to Ziith embodiments, specifically the



t hat the adhesiven
repulsion.In the p
posi tive-charged,

ess of a particle to a cel
r,s=nt invention,
thus the cell -adhesi veness of

was
the surface of a drug p",,rt-i,-1is

| ow due to electric

= partici=c-'J a

negative-charged 15 in a cell (-=n increase.ln addition, the body of a
d.=vi-.= is coated with each of a drug pdrticle and a bi oconpati bl e
nanoparticle directly, thus the present invention can exert a sufficient
drug activity, conpared with the case that a 5drug is included in a

bi oconpati |e polyner Layer, because it does not take so nuch tine to nake
a drug di sSeFvVeds [B032E SXTensAdoor dPHYE t O t hecsebBiRE T erlErdivment With i s
Possible to easily positive-charge the surface of the drug particle in 10
t he medi calchded\xgefsomlg aecementthisnteow, | afear ol nshetinpsthenedimsEnrtr by
nodi fying the surface of the drug particle with positive-charge using a
cationi c pahyrmera [0@33%iAccor:h ngnt dlidies t hesdepbadidreakiehting possi bl e

to 15 increase the intravital incorporation of the drug particle in the .
nmedi cal devixeernkonh pl acerent iertana kurer ehdshe farst, ar secend emhedi nent

by maki ng the nean particle size of the drug particle in the range of 0.1
pmtos3 umcol toksppessid e sk@shrekLeasesthg-gt acking: eharagter Lfcrmdug on
the surface of a device and the perneability effect of a drug into a target
cel I, whenya:bfocanpatibl-e 1ngnepactisei & kasqa rRan -Par tyeleL Size ofs less
than 1,000 cm pr.==,---bly 300 nmor less. Thanks to such limtation of
the size, il L.spessible.taramke;a dryg-di:sgalution type of a nedical

device for placenent into a |lunen wherein the'rud particle _o
[0038]
Lccording To the eighth emboaiment, 1T 1s oessibkle zc
10 provide & riguid coating agent Ifor coating the above

above-mentionad stent

it is
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is uniformy layered.In the present invention, the nean particle size of a
drug particle neans a nean particle size derived by diffraction-scattering

ment i oned bel ow, and the nean particle size of a biocomatible
nanoparticle 5nmeans a nean particle size derlved by dynam c | dht
scattering. [COB4: According to thé fourth enbodinent, it is possi bl e

to increase the anobunt of a drug supported on the body of a 1C device in
t he nedi cal device for placenent into a |lumen of any one of the first to
third enbodi ments by supporting the same or drug inside bioqonPatibIe
nanoparti ctee ar@iencérni tss sar fees Pesi deprere rdnggrgancidc | elich daasti on,
the present invention is a nedical for placenent into a | unen

whi ch exhibbt sdbotihd ate apiei vomeleasing pfopefitygviracaadbigepapeicébésf r om
the surface of a device and a gradually releasing property fromthe inside
surface ofpaipneconpati bl e nanoparticie, the nedical device is Placed in a
target site. And, 70 if using a drug ,-;'ffr=n- fromdrug in the drug
particle, fopaexanple, plural drugs whose efficacies and action nmechani sns
are different; sonme drug potencies can be enhanced because of a svneraistic
effect wth P. Phebotagriedientnei rtbhe specidincatd oninitheanrbeceal Fed

preparing 2 medical device for placement into & _umen of

drug particie by dissolving a cationic polymer in both ths
1C agueous sclution in the step forming z drug particis and
the ligquid coating agent and alsco it is pcessible To enougnh
modify the surface of a drug particle with positive-charge
n addiztior, the surfzce o©f the bIocompatible nanoparticle
is alsc pesitive-charged in this embociment, hence, in cass

1> tnat the body of & device is conductive, 1t is possible %o
form a particle laysr uniformly on the body o©f a device
heving a2 complicated shape by contacTt a ligulc coating
agent with the body oi a device which is slectrified in the
process of zttaching particle In addition, it is possible

20 toc contrcl The thickness ¢f & particle lzayer py contro-ling
the slectric veoltage c¢r the time of the electriizcazion
[0041]

hccorcing to the elievenin embodiment, 1in he process

Zor prepEring & med:



17 nanoparticie. [00251 According to the fifth enbodinent, t- is
possbe to provide the nedical device for placenent into a |unmen of 5 any
one of the first to fourth enbodi ments wherein the bioconpatible
nanopartcle is conposed of any one 0= palylactic acid (PLA), polyglycolic
acid (P&), poly(lactic-co-glycolic aci&} (PLGA), or lactate-aspartate
copol ynmer (PAL), which has lowirritant and toxic 10propertiesor biologic
bodi es and can rel easea drug gradually due to the deconposition

of bi ocomati bl e polyner in case that a drug is included in the partir-7e.
[0036] Accbr®hi 735t otfRe Bi3tdP enbedi wreft O ttHS pE¥g2; R | COMPILSpREPvirde t he
nmedi cal device for placenent into a |unmen of any one of the first to fifth
enbodi nent st wheref pctihel Hrng pagt fche nadtihésbprbcenvahkeblézraneparnici e
are coated on the body of a stent, thereby it is possible to the drug in
the Placenemt dfua bamsncfler a I omgdithenand:-20socatdsiltie efbecbicveky
decrease restenosis. [00371 - According to the seventh enbodi nent, it

i s possibleote® coatoamdrug tparid cleyandca birccobpati blie snateparcti ckedon t he
surface of the nedical device for placenent a 18 surface of the extensible
part 8f a catheies euui pped:w tbhit hecexdnsd bberpacte tdherehysd ast- teat het er
into a stenosis part in blood vessel, and extending the extensible part to
expand thessdenesi s pafticd.t iBhpossbbkesSicr priepare; an extensizblacie
drug-di ssolution type catheter . which can topically release a --'"rug from
the extensibhe-part-to-gegduce:thenrestenpasisretlfgetibuelyg the medical

device for placement into & lumen and the liquid coating
agent of the Zirst to eighth embodiments, thus

i0 eifect is expected therein.
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[ 0038] According to the eighth enbodinent, it is possible to provide
a liquid coating agent for coating the above nedi cal device for pl acenent
into a lunen, thereby it is possible to coat various nedical: intravital
pl acenent such as the above-nentioned stent and catheter. [0039]
15According to the ninth enmbodiment, it 4 possible to coat the body of a
device with m xed particl esdrug partl havi ng hi gh cel |l ul ar adhesi veness
whose surface is positive-charued and a bi oconpati bl e nanoparticle to form
a uniformParticle |layer on the body of a device, thereby it 20 is
possi bl e tozPeepare eedrugrdi 986l tionptrypesef & nedteatidevicee tgries

pl acenment into a |lunen which can make the drug particle r-ff-i--nt'y
del i vered thraugkl kngndnescéasyetorhahdkesiby easy away iandiwict mdtowccost .
In addition, it is not necessary to use a solvent which can dissolve both
of a 19 therinvewthor,i six vierssati hecpoepaniing-methothadi ehddees ol
depend to the conbination of a drug and a bi oconpati bl e pol yner. [0040]
5Accor di ngmtenthe tenth enbodi ment, in the process for preparing a nedica
device for placenent into a lunmen of the ninth enbodinent, it is possible
to drasticabbysgdepress the aggregation of drug particles in the sten
formng a drug particle by dissolving a cationic polyner in both the 10

aqueous sol uti ofpckPrtihggstepchor Abng: QQQLygeggguth% -and it he d igyd coating
agent and also it is possible to enough modify the surface of a drug

particle weLh positivercharge,; - additbon.che, sprdace of \the. - ymen

bi ocomati bl e nanopart|C|e I's al'so positive- ch rged in thi's enbodinent,
hence, in gase, hat -t he bady deyj;ce | ang Ne il Ts.p &Slb|e
to forma %artl "}ay%r unlfg(rirﬂ?]fon th\é body of a ei\:’/éllcﬁ hav' ra” q
conpl i cated_sha e by contact a liguid coating agent wth the pod¥ of a
devi ce whi¢h Fs efectr itiddin p gessof attaéhlng %éf?rcfe

he“pro
2gﬁ;§ ||.n££ L§ Rﬂﬁf'blﬁako gg é%l Qg thlckness o aC-Fpa_rtlcle Ig¥Fr by

(|f—|>r—lﬂ

|_.r—|' ﬁ}_l

time oI two or more kinds c¢I drugs by forming & particle

' .
on

restenosis in using it in & stent through i1ts action ZIox

innibiting smocth muscle «c¢el: prolifsretion, platslst
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egation inhibition action, anti-inilammztory action and



the electric. voltage or the tine of the electrification. [0041]

According to the el eventh enbodinent, in the process =or preParcng a

nmedi cal device for placenent into a _unmen 90 increase the biologic uptake
of the drug by conprising a step micro-mlling the drug particle after the
step formng the drug particle. In addit4%n, it is possible to forma nore
uni form particle |layer on the body of a device, and 5increase the anount of
the drug particle attached on the body of a device. The process of mlling
.= drug particle can be carried out in the process for preparing the

nedi cal de%¥?cePFor Pracenttiditdla’ | umdh dhd'the MGIGAYF cGatHvd Sagént  of
the first to eighth enbodinents, thus the sane 10effect is expected
therein. [0DY4R3-ezo’l zp¢ -zbPdnaxPBHCERE tRelPt RXEAB6EGI-ment, in the process
for Preparing a nmedical device for lo:ac-="nFnt into a |unen of any one of
the ninth t@0ébeventh enbodi ments, t is _o possible to nake the
dispersibility of the drug particle to water higher, drastically depress

t he aggl uti nat i Bncofcingot parhieclse @kt hrereninct easet t hetyiel éxpatitedi n t he
step formng a drug Particle, by dissolving polyvinyl alcohol and chto=an
as a wat ertsolinhlrevpol junetcionthe Step-dorm ng 208 depplpact i ctean [ 00431
According to the thirteenth enbodinent, in the Process for preparing a
medi cal dewscegfore pilasesentnt bbaed hugenz0f dany cengoef plikeshienth ithao

twel fth enbodinents, it is 25possible to efficiently and easily forma

uni form pagtilghen.l ayer by cargydings out tihe -precessoeb:at tachipcpaskt

t hrough any one of el ectrophoresis, ultrasonic m st nethod, spray nethod,
air brush pethed: W ping-Jwihod and, g pbing. net had..:5{004. Lidfzrc-ion,
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20 Tig 3 shows a diagrammetic illustratiorn of the

electrornoresis apparatus used Ior vpreparing a DES in The
present invention

Fig. 4 is a crcss-sectionzal Zrame Zormat which shows

A}

state in which a particle layer is formec on & metallic
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According to the fourteenth enbodi nent, in the process for preparing a

nmedi cal device for placenent into a |unmen of any one of the ninth to
thirteenth enbodi nents, it is possible to prepare a nedical device for

pl acenent into a 10 Iunen whi ch can systematically control each

di ssolution time of two or nore kinds of¢drugs by form ng a particle layer
conprising dff,---r,---nr types of drug particles in a |layered or in a
-nosai c state, and by attachinc a drug particle which should be released in
a shoro tjm= after 5 placing a device in a biologic body in the outer

| ayer, and attath¢ngda dragcpartireeetnbieh shenked Zbereédl wased ahtes & gi ven
time in the inner |layer. [0045: According to thef'---1-nth enbodinent, it

i s possiblec20=tonprovidezt herabove- hreptironed rediicale sdediebeé =f or phacenent
into a lunmen in which cilostazol is used as a drug of the drug particle,
for exanpl eayahi clrd sfexpedt esht @ pneventitestienosi ssi ntiusi hgeiyt ¢h a stent
through its action for inhibiting snoboth nuscle cell proliferation, 22 so
on, and adgiséhonally the other various actions of cilostazo7 are al so
expected t be exerted. [0046 According to the sixteenth enbodinent, it is
expected 5 to inpsove fungtiopak-disondars ofatbke rappli-ednergannbysusi ng

t he above-nenti oned nedi cal device for placenent into a lunmen. t is
expected to.ipprove, spechfigal h¥gahedtt charged resin layer and =&

failure, nvocardi al i nfarction, cerebrallnfarctlon chr6n|c ki dney di sease
(CKD), and,sp:op: - 10, BRLEF DESCRI BT QN; OF, DRAVMN%; 0047] Figidlustrates a
frame fornat of the structure of a drug particle used for the

medi cal deyice.for placement 15into a |unen, whose particle surface is

Fig. 7 shows <The transitional resul:t of the minimum

the stent In Test 3
15 Tig ¢ shows <the resul:t irn <tThe clilcstazcoc--attached
stent group among HE-stalined pathological specimens oI The
cross-sectional vessel which was extirpated 28 days aiter
the placement of the stent in Test 3
20 ZXPLANATICONS OF LETTERS OR MERLZLS
(604¢]
11 arug vaerzicle
2: piocompatiblile nanoparticle
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Fig 2. 111,trates a franme format of the structure of a bioconpatinle
nanoparticie used for the nedical device for placenent into a | unmen, whose
particle surface is positive-charged. 20Fig. 3 snows a diagramatic

illustration eectroahoresis apparatus us%d for prep,--.7-nc a DES in the
present invention. Fig. 4 is &“cross-sectional frane format which
shows a state in which a particle layer is forned on a netallic 25fi ber as
the body of a stent. '); Sic. 5is a cross-sectional frane format

whi ch shows a state in which a Particle |aier and a bi odegradabl e Pol yner
| ayer are forned oRt@°TIoPBEEESas tRe2hddySof a stent. 5Fig. 6 is a
cross-sectional frame format which shows a state in which a

negati ve-charge®: redth and a particle |aver are |ayered on the balloon part
of a catheter. Fig.shows the transitional result of th m ni mum 10vessel

di aneter Fig. 8/shbigutdecpasuhty &@ethe control group anong HE-

pat hol ogi cal specinmens of the cross-sectional vessel which was extirpated
28 days after the ptacenentiyof the stent in Test 3. 15 - - shows the
result the c'lcstazoi-a stPni- group anong HE-stai ned pathol ogi cal

speci frens of the:cross=seettbnatrvessel which was extirpated 28 days after
the Placenent of the st,,,nl- in Test 3

10: metaliic fiber
11: particle layer
12: biodegradable polymer leayer
12: palloon part
i0 ~5: negative-chargec resin rayer

[0049]
Hereinartter, the empodiments or The present 1nvent_.on
_5 are in detzil Zllustrzted, zeZerring To the Zrawlngs Tha

lumer: of the present invention comprises
(1) a step forming a drug particle tTc provide a drug
articie, (2} a sitep miiling the drug pazrticls, (3} a step
2C Zorming a nanoparticle to proviae a bioccomgaticle
nanoparticle, (4) =z step preparing 2 iiguld coating agent

formed Dpiloccmpatibkle nancparticis tTo provide & liguid
ccating agent {5} 2 step mocifving the suriace of the carug
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207XPLANATTON'. OF LETTERS OR NUMERALS [0048] 1: drug particle 2:

bi ocomati bl e nanopa ticle 3: polyvinyl

Paratus 6: bath 7:
el ectrode 10: netal

al
| iquid coating agent E:
lic fiber 11: particle

cohol 24 5: elecrrophorc--, a
stent body 59: positive

| ayer 12: bi odegradabl e pol yner

| ever bal |l oon part 1015: negative-charge® resin | ayer DESCRI PTI ON 07

EMBODI MENTS [ 0049]

device with <the above-prepared liguid coating agent by
coating the body of the device with the drug particie and
the bkiocompatible nanoparticie to Zorm a particle laver in
a state oI mixed particies of the drug particle and zthe
5 biocompatib_e nanoparzicise. Sereilnaizer, each process ' s
explainred from step Zorming darug parxticle To process of
attaching particle, seguentielliy.
[0C20]
(1) Step fo:ming drug particle
i0 The drug particle used herein can be prepared by
crvsteallization method.
In the crysitzliization method, two kinds of solvents,
a good solvent In which the pooriy water-scluble drug used
in the present invention 1s soZuble and a pooxr sclvent in
15 which <“he drug Is insclukle on the contrary, are used. Ls
the good sclvent, an organic solvent wnich cissc.ves the
drug and are well mixed with a poor sclvent such as acetone
1s used nerein. As the poor solvent, an agueous solution
of polyvinyl zlcohol or the like is generally used.
20 10051
In the operating vprocess, first oI all, the drug is
dissclved in a good solvent. The solution cof the crug is
addec dropwise in a poor solvent wiith stirring. When the
interaczTion {inter-scoiubility}! betwesen the good solvent ana
25 The crug 1s stronger than that cf the good solvent and the



Hereinafter, the enbodi nents of the present invention are in detai
illustrated, op cc 1-h= drawi ngs. process for preparing a nedical device
for placenent into a |unmen of the present invention conprises (1) a
step formng a drug particle to provide a drug particle, (2) a step mling
the drug particle, ("),) a s1-7, 20 forri®hg a nanoparticle to provide a

bi oconpati bl e nanoparticie, (I ) a sten preparing a |liquid coating agent by
di spersing the above-fornmed drug particle and the above-fornmed

bl oconpati bl e nanoparticie 7 Th provide a |liquid coating agent, (5) a step
nmodi fyi ng PRETs$FHAEE tof A heSTlt by ©23%d8vPed oWttt Stfe dboves pféparéd -1 i qui d
coatingcjr. t by coating the body of the device with the drug particle and
t he bi oconpatible samcparti ci €ned fiorim angareicE-enl ayeEvwiata Stat €°6L nmi xed
parts of the drug particle and the tioconptible nanoparticl. hereinafter,
each processlivenéxpiad nagd:<f r omugt eps f orqakwy drigrpartecl eof o PProocgosdof
attaching particle, seauentially. [0050] (1) Step formng drug particle
10The drugscartincl endsedeshereirn scdrv e preparesd-dy cf yshal Eirzagt eon seet hod.
In the crystallization nmethod, two kinds of solvents, a good solvent in

whi ch5t he pA0;ay wakerrsokubl endreapgyuseduspetiheopr eseptobneedti on is

sol ubl e and a poor solvent in 15 which the drug is insoluble on the
contrary, apeswsed. As the good solvent, an organic solvent which dissol ves
the drug and are well mxed with a poor solvent such as acetone is used
herein. As the paer solyvensc annagueeus sl Whonsehopaland: nyils al gohel: or
the like is generally used. 2010051] o

Zimized, but & poorly water-soluble drug which has been

hard to be incluaed in a Dbiocompatible nanoparticie or

1C coated on the suriace c¢ci a2 device Dbeicrxe can be used
her=sin The vooriy water-scluble drug used herein is not
cilearly deiined, but for example, it can be defined as the
solurilizy c¢i the arug in water is tnat "very siighit .y
soluble; tThe volume oI sco_vent reguirec Ifor dissoliving 1 g
i5 or 1 mL of solute is 1,000 mL or more" defined in the

Some exanples of ~he vpoorly waier-soluble crug
include, Dbut are not limitsd to, cilostazol, probucol,
simvastatin, tacrolimus, sirolimus, zoTarciimus,

20 everclimus, and paclitzxel
{0053]

above crystalilizaztion methoa is selected depending on the
drug used therein, but it is nscessary To select a solvent
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In the operating Process, first or all, the drug is dissolved in a good

sol vent. The solution of the drug is added droPwi se in a poor solvent with
stirring. Wen the interaction (inter-solubility) between the good sol vent
and 7 Rthe drug is stronger than that of _the good solvent and the poor

sol vent, an enul sion dropping arises in<t’he mxture. On the contrary, when
the interaction between the good solvent and the drug is weaker than that o
t he good sol vent and the poor solvent, a crystal of the drug arises 5in the
m xture and thereby a suspension is produced. [0052] = = = The drug used in
preparing thevdt@igipart Meferiglnot Mafited, Brtlce podrty watetessPuble drug
whi ch has been hard to be included in a bioconpatible nanoparticie or
10coat ed om bheasupbdge cfda device beforelcdr Besused herwisnt ThetPgorly
wat er - sol ubl e drug us.=,01 herein is not clearly defined, but for exanple,
it can be defimmed, asnt hegsoliobiskiltvgref dilkes driigd eswwatezss s shat:vesy
slight=v soluble; the volune of solvent required for dissolving 1 13or 1 mm
of solute #1000 im BImboretidefi ed dal e JaParfesel Rl macopeei-a " XXV.
Some exanpl es of the poorlydrug include, but are not limted to,

ci |l ostazol ; s probup®l prsi-meashatids,it agd®l veuscsir clifrus, Buize0ToH, the
20everol imus, and paclitaxel. [0033] A specific solvent anong the
good sol vent g1 used Tigbdhezabovige Trysd , Fihfh sory ORsMeb hofle F ShB€l ect @dle
depending on the drug used therein, but it is necessary to select a solvent

25whi ch isssafe-for achyamr bedyshecaus= indsem druacpasticl gcetons,
ethanol, l-butanol, ethyl acetate, diethyl ether, and
tetrahydroiuran which are oxganic sclvents having & 1ow

10 melzing pcint, vpreferably acetone which has littis adgverse
affect Zcr the environment and z numan body, ©r & mixturs

15 among tThs poor sclvents is alsc selected aepending con the
drug used therein, fcr exampis, T IZnc_udes water or arn
agu=sous solution of a surfacTant L preferrsd exampie

20 solucle volymer used herein other than polyvinyl zaicohol
inc.uces polyethylene glvcel, volyvinylpyrrzclidong,

nydroxyme-hy_celiulose, anc nyaroxypropylcellulcse.



is used as a materi al of nmedical

and Little harnful- to the environ
clasg="d as Class 3 solvents defi
Sol vent s” 5i ssued by Pharmaceutic

Heal th, Labor and Welfare M ni str
classified therein includes aceto
di et hyl ether, and Letrahydl -of ur,

| ow 10nel ting Point, n-ef=-bly ac

device which is placed in a human body)
ment. For exanple, an organic sol vent

ned in "lnpurities: Guideline for Residual
al and Medi cal Safety Bureau of the
y is preferable. The spar sol vent

ne, ethanol, 1-butanol, ethyl acetate,

--n wh I ch are organ'd solvents having a
etone which has little adverse

fo- the en¢PPreameAt ard atheémaR-bedy - -6radimxt e ofrcacetsorre dridadthanol

[ 0054 Li ke the case of the

good solvent, a specific solvent anong the

poor sol veat®ifsd al§e¢sekecueﬁ<ﬁepenﬂingLohabhE depgndsed Thertéien,drfugr

exanple, _t includes water or an
preferred efamPk. druthereoficiis, an
pol ynmer as a surfactant such as p

pol ymer usedeherieje:ot hee thanspakyviimyl af ceholvinyl

i ncl udespol yet hyl ene, f 1Vr. *. pol yv'
hydroxyaropgteetbule&QLeLQQSSLV,
al cohol in the aqueous 2550Iution
et hanol ,
the

re—-dispersibility

conce
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aqueous solution of a surfactant. A
haquecaus csel utizen odf tdanatrers-edl,uldte .
ol yvi nyl al cohol . The water- 20sol ubl e
alcohol in
nviPvrrolid n hydroxymethyl cel | ul ose, and
~he bettedhe:zgencentkatvefeel pazyvi nyl
the mxture ratio of acetone and
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but may be deci ded suitably ebendino on the drug of the drug particle, the
particle size of the crystal, etc. The higher the concentration of

pol yvi nyl al cohol in the 5aqueous solution is, the better the adhvness

pol yvi nyl al cohol to the particle surface is, and thereby the
re-dispersibilitv of the drug to water &t er drying it. However, when the
concentration of polyvinyl alcohol in the agqueous solution is beyond a
certain level, the viscosity 10of the poor solvent is enhanced so that the
di ffuseness of the good sol vent can be affected negatively.

Accordi ngly, t hE2gBneBAL at PEnSof ApBPYYi APF VaPEoRGIS PR thé Cad@eous S§6 ut i on
is preferably 0.1 % (ww to 10 % (ww), nore preferably about 2 % (w w)
when the orgapit $dLvEAES)sbpamoeeg el on prepaiiag phetdeugspar cizeice and
furthernore an excess of polyvinyl alcohol is renoved, but it depends on

t he PoIyneahiaﬁbéwedegré@:aﬁdﬁsapbﬂjfi@atboﬁidégﬁe@,oﬁrﬁﬁer@blyvﬁﬁyto

al cohol . And, when the organic solvent is renoved fromthe suspension after
form ng t he020par td=clersangbddhencihentesiedde 45 db r 260Dy mised ried epreédess of
attaching particle via the mlling process, the concentration of polyvinyl
al cohsl in3bhecaqueausnsotat kbr iodqu eferadty, 003r%i( W ) oOr —hespoorare
preferably about 0.1 C. (w w). 25[0056] 29 Each anount of said good
sol vent andazpeerssol:yest qused herein includes, but depends on the kinds of
the used drug and solve _, for exanple, 10 to 1000 ni, preferably 20 500 m
of the goo@osgkyent and 20 to 2000 nL, prefrbly 550 to 1000 m of the poor
solvent, per 1 g of the poorly water- soluble drug. [0057] I n
general , many of,the.particl es, QHspsr =ky. i P-a:kLguid arg,chatged , -
p05|t|vely or negatlvely, and ions 1OhaV|ng opposi te charge thereto can

strongly gfayi.tate,to the parhiclessurface to-forma fixed layer.

10 having oppcsite cherge thereto can strongly greavitate to
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_n addition, there is a diffuse |ayer outside the fixed layer, and then so
called "diffuse electric double |ayers" are forned. Thus, it is guessed
that a partial inside of the diffuse 15l ayer and the fixed | ayer nove
together with the particle. The zeta potential neans an el potenti al
on the glide plane arising by the above ¥vbvenment, which is based on the
electric potential on the electrically neutral range enough depart fromthe
partcl=. The hi gher the absol ute 20val ue of the zeta potential becones, the
stronger the repul sion between the particles becones, and thereby the
stability of the Paspeckescgetsttocberenhianced.. contrary, when the zeta
potential nakes an approach to zero,theparticl escanbeeasil yaggl uti nated.
25Arro, -dngly, TheszetwsPol erti akocanube ausied ias: apfi ndi eat-er - sof cbRe

di spersing state of particles. Thus, using an adueous solution of a
wat er - sol ubbeypetyner tinet he quraocessotntntngi:draigopattetees :as a Boor
sol vent, the surface oz the drug particle can be coated ..., with the

wat er - sol ubbevpot ynere andrtheeehys t beezetaaxgpobentt alcofca-hendr udzparti cl e
beconmes higher and the dispersibility to water becones hi gher, then the
aggl usi natiophof chhe devugrpactuehe i Botheem, | | izRg processyrerti-onedbel ow
suppressed. In particular, when a 10 cationic Polyner such as chitosan is
used as a yeies:sol uble Poymey-doggbher -wit hypebyuiknyl: aheohalns thee
sur=P-P- of the fornmed drug particle is nodified wth poSitive-charge with
the cationiesfz,0d,70FE, 0 pave @, positiye.zela potential, thereby-the
aggl utination can be 15renarkedly suppressed. [00581 (2) MIIling process

drug partiQ&&l@%fﬁéﬁ?gnb$fcgﬁﬁ§P&Jﬁ&'pggtggﬁgoqu the milling process
mentioned Dbelow 1s suprressed In particular, when 2
10 cationic polymer such as <chitosan is ussed as a waier-
sclukle ©polymer <Togsther with pelyvinyl &alcohol, the
suriace oI tThe IZormed crug parzicle 1is modifiec with
positive-cnarge with the <cationic polymsr o have =z
pocsitive zeta potentiel, therepy The aggrutination can Ds
15 remarkedly suppressed
[CCHE

The drug particle prepzred by crystallization method

often has a perticle size cI a broad range oI a nuagdred nm

20 to several hundred um, unless the crug is an amorphisz
When fhe <crug particle is layered on the body 0I a device
without any treatment, the biclogic uptake of tThe arug is

low, zand 1t 1s impossibis tTo coat the body of a device with

an approprizts amecunt oI the arug because the drug pariicls
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often has a particle size of a broad range of a hundred nm 20 to several
hundred um unless the drug is an anorphia. Wen the drug particle is

| ayered on the body of a device wi thout any treatnent, the biologic uptake
of the oruc _31 physically mlling procs can be set so that the nean
pa-1-(--] size of the drug particle carflbe suitably in a gi ven range.

[ 00591 When the nean particle size c= the drug article is adjusted
to 5 pmor less, it becones possible that the drug particle is nore

uni formy Iayered on the body of a device together with a bioconpatible
nanopar - ®hiheaProcass loinat PaehEAg Pagti dlce A®ht isonedbel owe cBApar ed
with an un- 10 mlled drug particle. And, when the drug particle of the
present inventiorei sigsedointasstenty opzatcathetmm apd the tdéevivceid sapaced
in a biologic body, the affinity between the drug and a target cell is
enhanced andv4herdororogi ¢ uptake of the drug particle is also enhanced. On
t he ot her 15hand, when the nean particle size is 0.1 pmor less, difficult
to maintai eHhe] di spersibility of particle as a single particle, then the
drug particle is apt to beauickly to lose the effect of the mlled drug
partigl e. Accorwhagl ynst he-4meapzpattiel &:isizec73ehet heud |46 drug particle

is Preferably in a range of 3.1 pmto 5 pm [0060' The nmethod of m |

used herelyui@\pé@fe$agly termkksa deugsparntscheskpassugpenshengstiat e

with a wet nl such 25as Disperse M| (HCSCKAWA NICRCN CORPORATI ON)

AQU, -, M 73far-icie is more uniformly iayered on the body cf a device
Together with & biocompatible nancparTticle in the process

1C m:zlled drug parzicle Anc, when ths drug particle o0 the
present invention 1s usaed in a stent or a catheter and the
device s placed in & biologic body, the aiiinity beiween
the drug and & target cell 1is enhanced and the Dpiologic
tptake ©of The drug particle is alsc enhanced Cr. ths other
i5 nancd, when tThe msan particle size is 0.1 um or less, 1t is
cilificult to maintairn the dispersipility of <the drug
perticle as & single particle, then tThe drug pearticle is
apt to be re-agclomerated guickly to lcse The efiect 0I tThs
millecd cdrug particle Lccordingly, the msan particle sizs
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[C060
The method ©f mill used herein is preierabliy to mill =z
drug parTicie in a suspension state with & wet mililer such



32 (HOSOKAVWA M CRON CORPORATION), MSC mill (Mtsui Kozan), and

deskt op-type ball mll (7R17 SHOKAI). [00611 (3) Step form ng bi oconpatible
nanoParti ci e 5Thbi oconpati bl enanoparti cl eof t hepresent invention can be
prepared by emul sion solvent diffusion nmethod (ESD net hod) which is a kind
of crystallization nethods to prepare a dtug particle. The 7Sn nethod is a
nmet hod whi ch can control the preparation and growh of a 10crystal in a
final process ci a conpound svnthes's to design a spherical crystalline
particle and directly prepare it while controlling its physicality. The
spherical (HpySrakki YaCRON CeBRARgUeOTan ®&ES| ky :forMionbfioKnzpalti ehe

W t hout considering a Problem such as the 15 residue of a catalyst or a
mat eri al coapeund;--beeause’i hitan (farm aHokeroparticle via a
Physi cal - chemi cal approach and the obtained particle is a substantially
spherical paoticle. [0062] 20l n the ESD nethod, two kinds of solvents are
used, a good solvent- which can dissolve a bioconpatible polyner and
a poor sol yentswhbchoadverset y-eappet pdessahve=a-bogonpati bi e polyner The
good sol vent used herein which can di ssolve a biroconpati bl e polyner is an
organs(-- 33 afnztors:oARghihe,poor solvent: used heyein s generakhy an
agueous solution of polyvinyl alcohol or the like. [0063] Wien a sol ution

obtained by.dissoby¥ing,.a Rocompatible py omulsion scivent diffusior
method (2SD method) which is a kind of crystalliization

methods tTc prepare a drug varzicle. The ESD method 1is =&

method which can control the preparztion and growth of =z

10 crystal in a <final process ¢Z a compound svnthesis o
design & spherical crystelline wvarticle and directly

prepare it while controlling its physicality The
soherical crystallization technigue <can easily ZIorm a

15 residue of & czatalyst cr a materieal compound, because =t
can Zorm & microparticle via a physical-chamical avproach

perticle
[0062]

20 I tne IZSD metnod, <—wo kKinds o0f sclvents are used,
.e a good solvent which can dissolve & biocompatiblie
olyvmer and a 200xr solvent wialch adversely canno:t dissoclve
2 Dbiocompaiibls polvmer. Tne good solvent wused herein
which can dissolve & piocompztible pclymer s an crganic



5 polynmer in a good solvent is added dropwise with stirring into a poor

sol vent whi ch cannot dissolve the bioconpatitle polyner, the good sol vent
in the mxture cones to diffuse rapidly into a poor solvent. Then, the good
solvent is self-emlsify to forman enulsion drooping of the subm cron 10
good solvent. Furthernore, the interdiffdsion between a good sol vent and a
poor sol vent can make the solubility of the bioconpatible polynmer in the
enul si on dropping Iowed, then to forma crystalline particle of the

bi oconpati bl e pol ymer having a mean particle size of 1,000 nmor ness.
_0[0064] @c2TOThe EBDRCnERRO®OEEN SForAtE nefohdltiTie vfadanera-1iy an
physi cal - chem cal approach wherein the nanooartcle is P substantially
spherical parepebesothelaet hodehakesnit posshblecroteasiiysforma uniform
particle wthout considering a problemsuch as the residue of a catal yst or
a ma]-=r'=[00fpound. Then, the organic solvent which is a good solvent is
renmoved in vacuo and the residue is dried to give a nanoparticie powder.
The types of a gooed sobventiandoatPooed-bgolivess:ivihe eontenvmationlef an

aaueous 34 as defined above. [00651 The bi oconpati bl e pol yner used
herein i s pe=gmeablv a hoconpat+dhe pel wreechasndgedow & 1tht ant bkoxbC
properties r bo' ogi ¢ bodi es which can be netabolized in vivo after

admi ni st er edtcAadppref esabty: whesht bennapopastbtl-e tRel vdesoapdrug; et he
included drug is dradualy released. The material used herein for such
purpose i s,preferablkyPlLEAL copalynd achi enacidighyeol dsmaci g . ¢10Thee
nmol ecul ar wei ght of PLGA is preferably a range . 5,000 to 200,000, nore

preferably-a.range :0f 515, 098,t0 25,000, Theconposiki gpJzatd O vfnd agki c
acid and alvcoliT acid is 1:99 to 99:1, preferably lactic acd/clycolic acid

Is 1:3.333,.1pThg,bLosompat bl & EQ' YPEE < DESI des LEGA Lackydes Bricron

cheni cal | y-synt hesi zed” b" oconPat bl epol yner suchas®

p0|ygbVCO|58§8|QKHR¥¥h§Ct|%%%E%é@%E¥g?|I&@&'Qh:erdiffusion between &
gocd solvert and & poor scivernt can meke tThe scolubiiify of

then tc form a crystzlline particle of the biocompatible
polymer having a mezn particle sizs of 21,000 nm or less
e 10064]
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substantially spnherical particle, +the method makes it
pcssible  to  easily form a uniicrm varticie withouc
20 considering a vroblem such as the residue oI 2 cazalyst ox
& rmater_ali compoundc Then, the organic solvent which is &

to give & nancpzriicle powder The types of a good solwvent
and 2 poor sco.veni, the concentraticn o©of &an  aguaous
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pol yhydroxy aci d, Pol yhydroxybutyric acid, polybutyl ene succinate,
pol vcaprol act am These copol yners can be 20used directly or after

with a charge group such as _

anam noaci dor functional i zed. Thel-)2i Or"' ") ML3.
pol yner sbhesi dest heabove- nent i onedonesi nélfude
nat ural | y-occurringacetvl cel | ul ose, chitin, chitosan
as well as mcrobJ allv-derived [0066] Then,
of nanoparticle is used in the next step preparing
wi t hout anystieatmehtzO®fcafter renmoving the organ

and
nodi fi ed
= "H hii-1,
gel atin, ann coll agen,

t he obt ai ned suspensi on
a liquid coating agent,
c solvent as a 3good

solvent if necessary and then powdering it once by lyonhilization

nPC'' SS-=,Iy06Preferably, if the nanona,-t-ir-j-, is used in the next sten
as a suspension, the |yoph7-tion becones unnecessary to simlify the
process. [0067]7THOThecmainpapubpesecodfyrehe Usicat dngadirbl s neaneparéreleaused

herein is to increase the coating anount of the drug particle by layering
t he nanopabictenon: 1ihee body votrandevinree liagw ai statenof coxk Xt ngrwbth-the drug

particle. Accordingly, in the above step form ng a nanoParticie, the
15pr ogess of-thecbboconpatitkewnanopali QL Lo d gk ONtY vivo after

bi oconpati bl e polyner is explained.In addition, _t
nanoparti ci@rwheseie@. dr ugzsuppertetd idisivde ofnon

is possible to prepare a
i tg=SUrkaegaby:c e

di ssolving a drug together with a bioconpatible Polyner in a good sol vent.
70 V\en usjhgusuchananopar ticd e; nit h8spessigbles t o- nmke: thertotakeanount

of a drug coated on the body of a device increased
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36, [0068] The drug supported in a bioconPati bl e nanoparticle can be
a drug whose efficacy and action nechanismis the sanme as That of the drug
in the drug partjcle or d f-07 that thereof. The ingredi ent having a
diff,--nt efficacy or action nmechanismincludes, but not limted thereto,
for exanple, an ancifiatel ec drug such as’ aspirin, dipvridanole, heParin,
antithronbin drug, and fish oil; an inhibitor of snpboch-nuscle
proliferation such 10nol ecul ar-wei ght heparin, and anui ot ensi n-converting
enzyne inhibitor; an anticancer agent such as vincristin,==

vi nbl ast i neStiPPat e, vi ndesi nesul fate, i r. Hhoecan hydrochl ori de, paclitaxel,
docet axel hydrate, nethotrexate, and cycl ophospham de; anti biotics such as
mtonvcin C anT25ni misospPressi v spami®uchs agasppakianss and used
tacrolinmus hydrate; an anti-inflammtory agent such as a steroid; a

| i pi d-reguliatithg asent ssuch rasweringss at i ausddraatiapdabevast atiitmouR gene
conpound such as plasm d DNA gene, siRNA, decoy nucleic acid nedicine
(decoy), Pehynucleeatietize, or aZter removing the organic sclvent as a

200l i gonucl eot i de, anti senseol i gonuci eoti de, ri bozyne, aptaner, irukin, and
i ntereelll gomasserngem{ cvtokiame)ssaand anteceptorodbytoesing kicnasectnhivi t or
such as imatinb and DTK787. The bi oconpati bl e nanopart-icle can support one
i ngredi ent 12pBRg -t he-abave drugsse®EsEXOy0Or NOI e HgSadtay] ng i f f esrent
4, ==i cacjes and action nechanisns to try to nmake sone synergistic effect
based on therdibtterent diuases :in —nhe,&mupt-of sthg drug-supperted.on the
bi oconpati bl e nanoparticie depends on the type of drug, but, it is, for
exampl e, 20,% (Wi -0k Lhess - [QQ69hnecesszbk) ¢ase:that stheHdrug has a
relatively %igh solubility for water and an extrenely | ow solubility for an
organic solgg@gﬂ t he drug candi ssol ved in a poor solvent 10beforehand, then
a solution of a biocomatibie polymer in a good solvent can be added

drol owi se theretg, Ar;r:rm . nato thissll, it is Bessifle. Lo GRS A,
nanoparticie R Yo Louhe pariple noparTicdle

device in & state of mixing with the drug particls
EAccordingly, in the apove step IZorming a nanoparticlis, the
1z process c¢i the pklocompatikle nancparticle comprising only =z
pioccompatible porymer is explained In acaition, 1T 1s
pcocssible to prepare a nanoparticle wherein a drug Is

together with a biocompatible polymer in a good soclvent
290 When using such nancparticle, 1t i1s possibis to make the

increased and &also make the therapeutic eiiec:t 2enhanced
throuch the cdifferenrt efificacies and action mechanisms Ot
The drugs supporzed in zhe crug varticle ancz The
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having a water-soluble drug in a high concentration because the drug can be
supported on the particle surface as well 15as partially in a matrix

of bi oconpati bl e polymer. The above-nentioned poor sol vent or good sol vent
means a Poor solvent or a good solvent for a bioconPatible polyner. [0070]
I n preparing a nanonarticie including ar@nionic drug 20 which exists as
an anionic nolecular in water, the water-soluble anionic drug which is

di spersed/ m xed in a good solvent is suppose:, |eak out and solve in a

: Door solvent, and only a polyner for =ormi ng a nanoparticle can
precipitatéd9thus as a result the nanoparticie can include 38 polyner
such as chitosan in a poor solvent, the cationic polyner adsorbed on the
nanoparti ci e sufhacércgnsiupperaet wrt b thecamoenii® ldr ugnomparhe csur face of
t he enul sion drooping to orevent the | eakage of the anionic drug to a 5
poor sol vent, at hernesbywidwes | acfudedyr ahe eic@mameanen deud: Enshde same
nancparticie can be enhanced. The above-nenti oned poor sol vent or docci

sol vent neasszazpoafs selevemturira goodasatventtfonlcachi acareatinhi & ol yner.
[0071] 10The bi oconpati bl e nanoparticie used hereinis not l[imted as |ong
as the meagnpar tinel:@csi.ze ther eabres:ikess dhamdl, H08ieme-But teFeicacy

bi oconpati bl e nanooarticie is necessary to cc uniformy |ayered together
with -rua parti-eke omdhe surf ace afqas deyicensuchias-agstenk-wand @ -

The nanonarticie supporting a drug needs to be incorporated in a cell to
provi de theg,drugein astengsis sitie-whereip.a.steng.qr cathetersd:s..pl aced.

[\ RAROEEY

Thus, in order to enhance the Tayering property on the surface of a device

and the pepe -(faEEQﬁolj_,)e‘?f h@cdrug i mnabia-:ﬁracfpgek el cell,  20fhe-gean partigle
size can be de to Preferably 300 nmor 1ess so that the nancoartcle
delivered to,the taro==t- __site can _be easily_-taken intq a.cell by __ _
pIasnalenngr'%ﬁaéégtc§rs.”F§872]%%gv'“ BROTE SLERE o BB P on
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(4) Step oreoarina liauid coating agent p~-eoared as above is dispersed in
wat er to a susoension thereof to prepare a liquid coating agent for using
in the process of attaching particle nmentioned below. [00731 5The m xture
ratio of the drug particle/bioconpatible nancoarticie in the liauid coatina
agent is 10:90 to 90:10 by weight, o-e-'®rably 15:85 to 83:15 by weight,

whi ch can be deci ded based on the tvoe of drug Partcle, pa-ttle size, the
anount of drug oa-t'ce coated on the body of a 10 device, or the rel easing
rate. For exanple, when raising the amount of tioconpatible nanoparticle in
the m xtur@Schgnismgupposed tRamakfe sRINEYotr¢heteoatéd=drugapactirdl e is
increased and the releasing rate of the drug Particle fromthe body cf a
device i s detagetizeCanthereontrary, when 5 raising the anobunt of drug
particle, it is supposed that it comes out the opposite result. In case
that cil ostazol Tirs asednhepéi nmhe hierug x$upeot heddoug tpar oiiclcetiplzadbdieat bl e
nanopar ci cl e mayas above, oreferably 50:50 to 15:85, in Particular, the
rati o 20ofndn2peanibréngebbnasgeod efd ectp=[ BG74]rUpH) Siep of medi fioeat i on
wi th positive-charae The surface of drug carticle is nodified W

posi tve- chasgel by beiag:cpated-Wi tbhsa cationic polymer 40 conventi onal
spherical crystallization technique has a negative zeta potential in
general, thepeby the conventional technique has a problemchat the cellular
adhesi veness of the particle is worsened due to electric 5 r.=,,p=. 11lna
force because theciptrayitalngell wablsig aksg-negati vegharged. hence,
when the surface of drug Particle is electrically charged by using a’

cationic polymgr Lo have positivezel: e fhe adhesiiveness. of drug particle
to a negative-charged cell ‘wall can be increased and’then 10the ~

tranSitiVi£¥19£n9,dr%§Eirgf%gi(ggﬁ &an Q?sggg%ggedin a poor solvent
10 beforehand, then & sclution of a bioccompatible polymer in a
good sclvent can be addec dropwise tThereto. According to

this method, it is ©pcssible to preparse & nanoparticle

In oreparing & nanoparticle including an anionic drug

20 which exists zs an anionic molecular in water, The water-
soluble anionic drug which 1s dispersed/mixed in a2 good
sclvent 1s supposec ¢ Leak out anc solve in a poor
solvent, and only & vpolvmer Zor IZorming a nanopzariicie can
precipitated, thus as a result the nanoparticle can incliuds
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rnn-7-1 Luu/oj The cationic polyner used hereinr-h'toar :=nd chtosar
oerivative, ca-on7ed cellul ose, a polyam no conpound (suchpol yethyl eni m ne,
pol yvi nyl am ne, 1 13pol yal |l yl am ne), pol yam no acid (such as pol yornithine,
pol yl ysi ne, andPci var gi ni ne), pol yvi nyl i m dazol e,

pol yvi nyl Pyri di ni unthl ori de, al kyl am nonetthacryl ate quaternary salt pol yner
(DAM, and al kyl am nonet hacryl ate quaternary salt. acryl am de copol yner
(DAA), preferably 20chitosan or a derivative thereof. [0076] The
chitosan is a natural cationic polyner having many glucosam nes that is a
k' nd of a ulgarehavhAg @f adithocgrbup: whi PROKs scomsditned-is &Rtéarer

envel ope of shrinps 25and crabs. The chftcsan is broadly used as a nateri al
for 41 cosweines, afleodsgdclat helss phacpaceutileal sijristas bertausesitchas
sonme propert'.es such as enulsion stability, shape

ret enti on,vwiodegrredalkinliicni,di ccogpathbi thev, amdiamt | batt <beactmviityofhe
chitosan can be added to a

dropping tc prevent the leakage oI the anionic drug to a
5 poor sclvent, thereby <The Included rzte of an anionic drug
insice a nancparticie car e enhancea. The zbove-mentioned

than 1,000 nm, but the Dbiocompeatible nanoperticle 1s
necessary to be uniiormly layerea together with a arug
particie on the suriace of & asvice such =23 a2 stent and a
iz cetheter "he nanovarticie supporting & drug needs to be

and the penetrating eifect of a drug into & target ceil,
20 the mean particie size can be made to preferably 300 nm or

[0C72]
(4) Step prevsring _1guiG CoaTlng aden
25 The Gcrug ©opzriicle and biocompatible nanovarticls



5 solution of a drug in a Poor solvent for the drug to prepare a drug

particle which has unharnfu
When using a nore strongly cationic polyner,

nore stronger

Positive-charge,

effect to human body and high safity.
the zeta | npotenti al

then the electrical

[ 0077
becones a
adsorbabilfty in the

step attaching particle nmention
bet ween particles is enhanced t
exanple, a partial
prepare a chitosan derivative (

site of a cationic

ed bel ow3i% enhanced and the repe'llng force
o stabilize particles in suspension.or

15 chil -osan can be auaternzed (Th
cationic chitosan) such as N 2-hydroxy- 3-

(trimet hylamoni @) PREpydh e t dsarfcttoride, 1whivcirds prefeer abbestdrclise in

the present invention. [00781
posi tive- cliagigeoi ntt herppesent
cationic polynmer in an agueous

In order to nodify 1.,7th
deRuiict wat by actarevetb:hycdissolvi ngea
solution in the step formng drug particle

ment i oned @ahovess ost agldt aghangaps oni ¢l pohynetonadabdioui d coati ng agent

prepared in the step preParing
a cationicigpotynrer is dissolved

drug particle and furthernore a ca-ion'r-
ua partinel es-hd the:stea/foppbingdadiHas

| i cuigl coati ngaggs egat:i-or=0f-dr

nartfcl.= can be remarkedi v sun

charge aniuH-gan: be1 obtai ped 1kRui hHRR iMEeRYdNg is 10:90

by weight,
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[00791 coating agent, which In addition, when a cationic
polymer is dissolved in 10the liguid coatiaa.n7the slir==-= of a

bi oconpati bl e nanoparticie which is aenerallv negatfve-chardcan be
positive-chargedw t hdrug particle. R beconme cossible - r
ttach the drug nartfcie and the bi ocométi bl e nanoP=irt'cle to the body ci
a device =."ectr'cf_ -(-onduc=-' in tn.= particle nentioned bel ow, and then
enhance the efficiency for attaching Add'tiona'lv, the attached particle
is-n--v fixed, th-iit _is possible to prevent . renoval me p_eparf-,"
----.s. orcPngeRtiAgeandsSeRkpahctang tRevdéviéezaf0oOP0- techniqupj ghas apd Fig.
2 show tructures of a drug Particle and a bioconpatitie nanonarticle which
are d' p=r=c¢séhizel i apftacoarphgnagent, rLespectinveaWhereinerehg sukhaces

conventiocnal technigue nas &a oproblem <tThat the celilular

adhesiveness oI the parTicie 1s worsened cue o electric

5 repeiling Zorce bscause the intravizal cell wall 1is zalsc
o Fave—rchraryoan dence ihen -—he T aa T arucg narticle
negaciy crercec nence, when The surZace OI arug Darolcle

positive zeta potentizl, the adhesiveness oI drug particls
to & negative-charged cell wall can be increased and then

ic the tTransitivity o©of & drug into a cell can be enhanced
[0C75]

The cationic polymer used herein inciudes chitesan and
chitosan «gerivative, c¢cationized celluleose, & polyamino
compound (such as ©Dclyethylenimine, polyvinyvliamine, and

1> polyallviamine!, poclvaminc acid such as polyocrnitinine,
poly-ysine, anc pcoclivarginine), po_vvinylimiczzole,
polyvinyipyridinium cnloride, zlkylaminomethacrylate
guaternary salt vpclymer (DAM), anca alkylaminomeinacryiats
guaternazry saitracrylamice copolymer {DAA), preferably
20 chitcsan or a derivzative thereof.
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43 coated with pol yvinyl alcohol 3, and further the surfaces are -optaH
with cationic polymer L in which cationic polynmer 4 has positive zeta
potential. [00811 5(6) Step attachna The next explanation , --is drer.1-cl
to a method for formng a particle |layer by attaching a drug particle and a
bi oconbati bl e nanobarticie to the body df a device. In the pr esent
invention, the fornmed particle layer is in a state 10 that ,4"c, rartlolLes
and bi oconpati bl e hanoPartic-es are m xed, wherein the drug particles have
a :relatively-broad particle size and the bi oconpathl e nanocartices have a
smal | di an@PaPetThis, 2095 1=C{ ptBPEpakR2 6T 2 ERB paft Fel 8sCi sPSRAFPSsH -t hat
the cl ose packing is possible. Consecuentiv, the present invention can nake
a particl enpayesohayearerberties such coPacdd lWitch t kel&yerichlg ofPFPEr ug
particles, thereby the particle layer is a uniformone, the anount of the
coat ed drugepantiche is micheThadppotess, of abtachivngtpartiéle usednBerein
i ncludes a wi ping 20nmet hod (coating the body of a device with a liouid
coati ng agentibtbheardeyi ngand iaydi ppithg net hods£di ppinngct hedbedy of a
device in a _Liquid coating agent, taking it out and drying it). [0082] In
the step ofctheiondidi cationuwm tih pasidtowve- chdrngent for the drug to

prepare a drug particie which has unnarmful effect to human
body and high sziity
[CC77
Wnhen using a nore strong_y cationic polymexr, tThe zeta
10 potential becomes a mCre stronger positive-charge, then tne
electricel adsorbability in <tThe step &attaching partic-e
mentioned below is enhanced and tThe repeliling force between
particles s enhanced to stabilize 9particles in 2
suspension For exampls, a wpartial site of & cationilc
15 chitosan can be guaternizad TO prepare a chitecsan
derivative (cationic chitosan) such as N-{2-hydroxy-3-
(trimethylammenio)}propyijchitesan chloride, which is
preferaple for use in the present 1nventlon
[0C78]
2C _n order tc modify with positive-charge in the present
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44 menti oned above, when the surfaces of drug particle and bi oconpatibl e
nanoparticle nodified with positive-charge via dissolving a cationic
polymer in a liquid coating agent, the process of attaching particle can
be 5 carried out by a method of =1=c----ily-attaching the drug particle and
t he bi oconpati bl e nanoparticle to the bé&y of a device. Hereinafter,

nmet hods of attaching a particle to the body of a conductive stent, and

met hods of attaching a particle to the extensible attachnment (balloon part)

of a 10nonconductive catheter are expl ai ned. ~ The nethod for preparing
a T---_-q ¥h Bhe yresert FhventPoniwhi€if aft aehéeParti (4653 t BaFReChEdy r-,
a conductive steric includes an=, -0 .,,,es ,

=, --Lropn,2%s wherektnmbhe body ofcrda Stemt vasr alaegatsiovelied sotroteiisa
electrified in a suspension of drug particles =nd bioconpatible

nanoparti clesy andcat spraycrg-nethed aghersgiat ‘aorl | @i drdg opacontaeni ng drug
particles and bi oconPati bl e nanopart'cles is atl-,--ch=r-' to -.n=

negat i ve- chias gedesufdacen of saigcent - 20showsadkageaamatiici| kustratikedof t he
el ectrophoresi s apparatus used for preparing a DES in the present

i nventi on. &£hecttophosesl 5y appan afig: semt t Brarsuspeashoncthi gui d-eaahiedg
agent 7) of drug particle 1 and bi oconpati ble nanoParticie 2 in its bath 6,
whi ch is 2bcomposedsofp Seeppady; 8 QAN - icozi e sp=gat vewr4sne7=s -rod=
side of ancircuit as a negative =1=cl-rod= and positive odeconnect edt he
positive electrode side of an electrical circuit, both of which are dipped

therein.In the illustration, stent body 58 used herein is nmade in a
net-like cylingrical shape usina a netallic fiber.
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[ 0084] As mentioned above, drug particle 1 prepared in Step
formna drug particle and MIling process and bi oconpati bie 10nanoti art.e,,
= 2 Pr=Paredstep form ng n=nop=rl-1- = -are . nodified (coated) with a
cationic polyner in Step nodification wthPositive-chargeso that thezeta
potential ofparticle surface is positiveétTharged. Thus, when the el ectrical
cirl'c =1=-tr'fied in a state 1Sci Fig. 3, n=g=tive Potent=1 arises on the
surface stent body 9 so that positive-charged Uy,, particle 1 and

bi oconpati bl e nanoparticie 2 can attract to the surface to actively adhere
to- surfaceo¥ater "aslredit e iimyl gul goleoat Png sagentuyther akbe decomsssed by
an electric current 70 and the |iberated hydroaen 'on ed to stent body 8
to get an efrectrontd¢domitie sarfioni= opostart bédy By thHercthydrdgemigas is
generated. On the other hand, hvdroxy ion (OH4) is culled to positive 9 to
an el ectropctompr-4"htgeresétiredesgs bbhteptoxygen and water are 46 [00851
with progression of the chem cal reaction, a particle |layer is forned,
which is coatedjon the surface of scent body 8 in a state of m xed
Particles of drug particle 1 and 5 biOOOnpatible n.anoparticle 2. And, the
part of thesfossed earakelegl e¥yer:ks=no | onger conductive, thereby it is
possible to forma uniformparticle Layer because formno the |layer is not
devel oped any mpre. daxadditdiemhadiord S i:@asyitecautomabi cal In=proceedin the
process of attaching 10 enH it is possible to easily control the Layer

thi ckness by madhysti pgr-thecetgctrigyvaktage:ay theeleetri-fivding ting,
thereby the nethod is suitable for industrization. Furthernore, in the

invention,,2,c0ated: BPLeRLELRE POCY @oSLARt hoks used as.aJlegayivern,

present invention, the Tformed varticie layer is in a state
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agenz, then drying it) and & dipping methoc {dinping <the

pody ©f a device 1in a2 liguid coating agent, taking it out
and arving it
[0Cg2]
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15 el ectrode, thus there no dissolution netal ion. Consequently, it is
possible to attach the particle to iron, magnesium etc. [00861 Fig. 4 is a
cross-sectional magnified drawi ng which 20 shows e state in which
Particles are attached on a netallic fiber which is a conponent materel of
the body of a scent by el ectrophoresis. %the surface of the negative-charged
nmetallic fiber 10 is Perfer'tTy coated with the positive-charged drug
particle 1 and bi oconpat bl e nanopartcle 2 to z 7 =l=ctronhoresis, which is
densely layered in a mxed state of drug particle a and biocomatible
nanobarti cl@rRionas a&hyosd unifor iy, sadheseen, cand reer rost bhckesiasicance,
comar=d with a pa-tio'layer which is 5exanple, by dipping the body of a
stent in aclpqoirdacoal Engragent-andleakieng i thogat iwict heutth ymg stiheg visody of
a stent. [0087] Thereby, possibleis possible to prevent the peel-off of 10
particle | ayergil framsiestlhody 8 i ncdheomrepardangr ocess 20r liiguid
inserting a a_.ailL into a biologic body and =xp=n?inc = steno. The cause
of increastng=the adfesion:ot pardiede bayerzddcitonst ent-bady 8 be

el ectrophoresis is van der Waals' force between the particles, etc.

15[ OBR] carr:dhecconbigur atdiibdfca sizat-boedy:pay-hecrade hy.ebraidi ng a
fiber material or cutting a netal pipe in a netlike appearance with | aser,
etc., whicpzhascascenanaheshapsomsadiile shapssa 0f: & yatbetyeobody of
conventi onal shapes known well. And, the steno body may be a

bal | oon- extensi9Rt YPQ 0L 18 58ld- extansi on Lype:-andihhe size ot khe stent
body may be suitably chosen depending on the applied site. For exanple, in
case of using' 4k, ceronaiy Ardery. dhe, O =x7irad-auber o4 aneLer hefqre
extended is generally about z:8 [00P91 i

particle to the extensible attachment {(pallioon part) o a
16 nonconduccive czineter are explained
[G08Z]
The method Zor ©preparing a DES 1in  the present
invention which &ttaches pvparticles to the bodv ¢ =&
onductive stent includes an electrophoresis wherein the
15 body o a stent as 2 necative electrode is electrified in a
SUSPSNsSion of drug particles and biocompatible
nanoparticies, and & spraylng method wherseir a liguid drop
containing drug particles and piocompatible nanoparticies
is attached to the negative-chargea surZace oI & stent
20 Fig 3 SNOWS = diagrammatic illustretion o1 the
electrophcresis apparatus used for preparing & DoS in the
present invention Electrophoresis apparatus O is filied
with 2 suspension {iiguid coating agent 7) ci drug particle
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_n attachina partcLes by el ectrophoresis, it is necessary to use a
conductive material such as a netal for the stent body. The netal used ''or
the stent body includes 5 stainless, magnesium tantalum titanium

ni ckel -titaniumalloy, inconel, geld, platinum iridium tungsten, and
cobalt systemalloy. In case that the stént is a sel f-extension type, the
Pre f=rr=r; netal is a hyperela=tr alloy or the |ike such as nickel
titani um because it is no: 1Onecessary to re-formto the original hape.On
the other hand, in case that the stent is a ball oon-extension type, the
preferred sretald8e stmide ess Oent helbikeiwhilchcischard @ re- hepmitost he
origi nal shape after the ball oon extended, in particular, SUS 3161 which is
t he nost 1&tectoséen- EBS|sp@mL44ya::é:ev_:v1@099] connecTheé conduchieve
material for the stent body besides a netal includes a conductive pol yner
such as pobyantlvaeslpokyByer digje potf ykhi ephene;: ol y¢ sothi anapbthene, and
7n pol yet hvl enedi oxyt hi ophene, and conductive ceramcs. In addition, it is
accept abl ewhict he-praseptdi ryentdion t ordsena noncerddetbve kesha tedwhi ch

t he conductiveness is given by adding a conductive filler or
condustivestreating-the surfase whth geaLlngaoanﬁ@dhlk%l 25:0R91L: 49
When an un-bi odegradabl e material such as stainless is used as a materi al
of the stnt hody;1it €ap-cause retencsis because the steno is supposed to
be placed for a long tine and then can inflame the inner wall of a blood 5
vessel . In;ghat; case, the patient has the necessity to be given PICA
(percutaneous ttansi uni nal coronary angi opl asty) every a few nonths to
re-place a steng hus SWas, ne b he Ta.conbat fhis,.by I G

bi odegr adabl e nateﬁlgr‘gg a né?gilal ¥¥&tﬁe”§fégf'gbd%‘ “fhe |n$ﬁan%a?1on

10 caused byv;heﬂsteno placenent can cg sugpressed Dbecau SE OL%%wSLGQQ body

i s gradual Ty de bnﬁosed-f -dsaol dear” eW vont hs “art &r SCREFIace

[ 00921 In U§1Dgﬁ§ ectrophor§§l§ the hl% er the el ectr Lgm“§vyol_

bet ween t he® posTirve el ct¥ode>and the Megat ive "eiect FoueFs:t
amount of particles attracted to the surface of a stent in unit tineﬂis.
Accor di ngl§°9t he=fret FOF Has’ a frebit 3 hdtd tﬁ%“¥0rﬁ%1+%%F%f-é‘péﬁfrtl €M ayer
on the surface of a stent can be carried out 0 in a short tine, but it is
di fficult ¥o%forfealohi f simpar PPELE-VayEFaBECauseCt 0o Nigny %%Tt|é+e§ can
be attached to the 'n one tine. Thus, the electric voltage applied in

el ect rophoP@seB=hay bef suit@ablBe seic {ﬁ)nsﬁhﬁ@rqm tife meGassary clisirténi ty or
a particle layer and the

Thus, when the electrical circuiz is electrified in a state
G o Tig 3, negzative potential arises on the surface oFf
stent body 8 so that positive-charged acrug particie 1 and
biocompatible nanoparticle 2 can attract to the suriace tc
actively adhere to the surface Water moleculie in liguid
coating agent 7 is alsoc decompesea by an electric current
2C and the liberzted hydrogen fon (H') is pulled o stant body
€ To get an electron IZrom the surfzce of stent body €, tThen
hydrogen gas is generated On the other hand, hydroxy Ion
(OH"}) 1s pulleg tc positive electroae ¢ tTo relezse an
electron to positive electrode 9, tThen oxygen and weter ers
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25=, rmHrcparticle layer. 50 [0093] Next, the spray nethod is
expl ai ned. The sp-,-ay nethod is a nethod wherein a small suspension drop
of positivecharded drug O,-,ttcle and bioconPati bl e nanoparticle is
S5attached to the surface of a scent body which is nedative- charged by
being which includes ultrasonic nist féthod which is carried out by
maki ng a m st of a coating agent by ultrasonication, spray neth-,d wherein
a liduid coating agent is sprayed to the surface of 10e sten,- by using a
spray apparatus or an air brush, and air brush nethod. [00941 In the
spray netho#}Sihe stent body is al so negative-charged by being

electrified Thus, just |like the case o= 154-"1-7":00hOrPCl, it is possible
t oprepare a DES'Whi chrhas=aséonrdcddhési omdetweenraascenmt, badyzandcas
positive-charged particle and a good corrosion-resi stance, conpared with

t he spray hetdodini thowtedl eet i ¢ ying ddre dabdynofina stueritaceAddi t sorakly, in
the spray nethod, it is possible to 20 enhance the adhering efficiency of
particles sedt he st de otateverse:ikadecat-acskent:whene pvsrditfecul tntio nmake
e mst or a sPrayed lid-aid drop thereof directly attached because a drug
partisl e nghi acdmest opPat hbhevaanepakt el e A#x t hend i g€ €f opheanoaskkvel y
adhere to the stent body. T.ris=

particle laver is no longer conductive, <Thereby 1t is

the layer 1s not developed any mcre In addition, it 1s
easy to automatically proceed in tThe process oI attaching
10 particie, and 1t 1s pcssible to easily control the layer
thickness Dby adjusting the electric vocltage oxr the
elsctrifving <Time, <hereby <he method 1s sultakle for
incdustrizlization Furthermore, in the invention, a coated
object (the Dboay oI &a stent) 1s usec as & negative
15 eiectrode, <thus there 1s nc dissclution o©of metzl Zon
Conseguently, it 1s possible to attach the §article to

iron, magnesium, etcC.
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51 used in the soray nmethod are as defined in case of electrophoresis. \Wen
the particle layer fornmed on the surface 5 stent is placed into a biologic
body wi t hout any processing on the surface, the drug is released in a short
time, phereby it is also difficul-" to control l-he releasind tine. In
order to obviate the problem pr=f. —rably, after formng a Particle |ayer
in the above process of attachinp- 10 particle, the Part(-1= laver is

i nprednateo with the solution of a biodegradabl e pol yner before the
particle Iager is consletely dried (inpregnation process), then the partcle
is (dry prBeBSSFOPBCSBERErf Y tRe biSodegjttabl €2 pof §fett and-t6°f 6rmta

bi odegr adabl e pol ymer 15,1 ayer. [0096] Fig. 5 shows a state in which
a bi odegr a@abr&ugolbpver: digyer 3% frpedbhi dogh TARCOPAPE eghat Ponhproéess
and dry process on the s+-eni- coated with a particle layer (Fig. 4). 20
When parti gbedl ayeriid¢rfiorped odhdel sur f acedf metaldsiiorf-irger st@nics.,

i npregnated with a solution of a biodegradabl e pol yner before particle

| ayer 11 iscwoapkky dited,zt pe-saclaitd odagkra bhodegrasablemppoladver foxr
penetrates into the gap betmeen drug Particle 1 and bi oconpati bl e

nanoParti ckea@p2bwhbghdfiepmmBarhiecbedlvayer z1ktEhen,inby diyung ebkitihe 52
sol vent which was used for dissolving a bi odegradabl e pol yner and the water
remai ni ng Sgenpakhidcle d:ayeri tll:4 he: gaput nepacticke: tayer=1doaanchesfill ed
wi t h bi odegradabl e pol yner |ever 12. Thus, each of drug particle

bi oconPat i bkenpanoparticie 2 can be kepo There Wthout agglutination thanks
to the bi odegradabl e pol yner. Then, after placing a DES into a biol ogic
body, drug[pagticle 1 can be gradually = u-=d w thdeconposition

bodegr adabl e polyner |ayer 12, and then the drug can be 10taken into, for

exanpl e, a vascyganﬁwall Lell éiﬂéﬂg_v 0 Dprevenit The psel-0Zi oI
i0 particle layer 11 zIfrom stent body 8 1in the preparing
procsss or in inserting & stent into & biologic body and
expanding 2 stent The cause ¢f increasing tne achesion of
particle layer 11 to stent body 8§ by electrophcresis is van
dex Waals' force between the perticles, etc
13 10088]

brzicing & Zibsr materliel or cutting a metel pipe in a
netlixe apopearance with laser, =tc., which hzs =z coronal
snape, & roll shape, or z variety of conventional shapes
2C xnown well Anc, the stent pody may be @ balloon-extension
type or & seli-extension type, and the size of the stent



The bi odegr adabl e pol yner used herein includes, for

exanpl e, m crobi al | y-deri vedpol yner ssuch

pol yhydr oxybl i tyrat e, andPol yhydr oxyval er at e; and

15nat ural | y-occurringpol ymer ssuchascol | agen,

acetyl cel | ul ase, bacteri al cel | ul ose, hi gh-“&hyl ase cornstarch,

chi t osan. Anongst them collagen and the |ike whose biol ogic

starch; and
deconposi tion

rate is fast are nore preferable than a bioconpatible polynmer used for 20

form ng a nanoparticie such as PLGA. It is Possible to cont
di ssol uti oh®¢f8Ffeé of drug particle 1 attached on the surface
through a suitable s=:=(--,”n of th= type these bi odegradab

rol the
of a scent,
| e Pol yners,

mol ecul ar wei ght it hereefniand s6roackesi sbpossiblétohusesPGA, DEA, 153

preferable to use a bi odegradabl e pol yner having a small no
so that theedecoeapysiti aser & edritbraofvecare er fastercit has &
bi oconpati bl e nanoparticie 2. [00981 5Next, a nethod ci att

particle teonthe:bakl podypar tnef mateal uhedi Scexphai nedntheonst

part includes a th,=.rnoolat'c resin such as pol yet hyl ene,

et hyl ene- psePyhenescopal gty uret hykaneiviknyl-aceiraten CoOpakwarr

et hyl ene- propyl ene 10 copol yner, bridged et hyl ene-vi nyl acet

| ecul ar wei ght
hattef for
achind a
inchakkaeon
pnly-Thro-v7n=
hendged
at e copol yner,

£

and pol yvi ayhoghl ophdeacand gononcosiductri e, r esiimisuch asirpeliean dend

pol yur et hane, pol yester, and bol yaryl ene sul fide. Accordinc

ly, it is

i npossi bl ectgsnegatisescharge,t he bal Loon Rart by,beipanel ecirifised:-

150099]
extension type, the preferrec metal is & hvpsreizstic zliocy
cx tThe 1ike such as nickel <=itarlum Dbecause 1% 1s noc
10 necessary tco re-form tce the original shzape Cn the other
hand, in cese that the stent is z bzlloon-extension tyve,
the preierrad metal 1s stzinless or the liks which is harc
to re-form to the originzl shazpe aiter the balicon 1is
extT=andeg, In particuler, SUS 31%L wnich 1s the moest
15 corrosion-resistent is preisrable
[0280]

The conductive materizl for the stent body besides za
metal includes & conductive polymer such as polvaniline,
polypoyrrole, polythicophens, polyisothianapnthene, and

20 pciyvetnyLenedioxythiophens anc conouctive ceramics In
adcition, it 1s acceptable in the present invention to use
& nonconduciive resin to wnich tThe conductiveness 1s given
by &adding a2 conductive zfiller or conductive-treating the
surface with coating or the like

25 [0031]



Then, the balloon part can be nodified with negative-charge beforehand, and
a positive-charge drug particle and bi oconpati bl e nanopa.ticle can be
electrcally al-1-,=ch.=-6 to the balloon part to nake the particle tightly
and uniformy 20 attached to the balloon prt. Preferably, the method for
modi fying a ball oon part with negative-c&farge is a nethod to form

negati ve-charged resin |l ayer on the surface of the balloon Part by a

negati ve-charged resin such as plycarboxylic acid and a Pol vcarbonaze
derva7-iv=. The r- lycarboxylic acid used for the nodification with
negat i ve- char ge¥nael adesrabpobyaeprdaciyl netaciid]l suthaesybiceiadkeds nal eic
acid, fumaric acid, asparaainic acid or glutamc acid; a carboxynethyl
derivativeuvetd5starch, cvetdulose @rf polyvishdnal cahnl,; adltgnicaracicd;:sand
pectin, and one or nore kinds of themcan be used. [0101 I n addi ti on,
t he pol ycarbenahesderbyati:ve wsedstencthe suopcsed to be placed for a

nodi fi cati onw t hnegati ve-chargei ncl udesanacid | C anhydri de or ester of the
above- ment iened tpalsy cardboxythc cagl dsf ArNgsiie t haRkrracizd 1andy dei des cer
esters of polyners of acrylic acid, nethacrylic acid, and naleic acid can
make @ | owykkkktati ve andit @de modid ication wiih pegahk¥esshargedfoe a

bi ol ogi cal body. The pref=.-rd ool vcarbonace derivative includes a

copol yner of ol mraphydeide-sUeR:8Scransiuminzl coronary angioplas=y)

mal ei canhydri de- met hyl vi nyl et her copol yner, anhydri de-styrené copol yner, and
mel ei ¢ anhydei-de-ethyl ene, .copol ymer. ,yhich are Jgadily, avajl @Eée pnd easy
to handle. In particular, m---1Pr- %-1hydride-nefhy1viny1 et her copol yner
20i s Prefegable,. [Q102] - o TR thad .foor ,coating a_neca-/ ve-charged
resin Ieve%’u§§d hé?éTﬁ'ihclUde§8§?§ni%g'FHe \al%og%‘parggggvg%éggﬁéfer in
a solution of negative-charoed resin; .spraying a small.Lliquid drop.of a

sol ution oFcﬁgééfrvéfchargéfﬁ%ﬁﬁrf%ﬁF?he “B5° S- - SRS LOn
10 caused by the stent placesment can pe suppressed beczuse the
stent body 1s gradually decompecsed to disappeer in a ifew
menths after the placement
r0c9z]
In wusing electrophoresis, the higher the electric
1z voitage &epplied Dbetween tThe positive electrode and the
negative e_ectroae 1is, the more the amount oI particies
attracted to the suriace .cf & stent 1in unit time :s
Accoraingly, the method nas 2z merxlt that the formetion oI &
varticle lzyer on the surface of a stent czan be carried ocut
20 in a snort tims, but it is difficult to form & uniform
perzicie layer because toc many particles can be attacned
“c The suriace In one Time Thuas, the electric voltags
applied in electrophoresis may be sultably set considerint
tne necessary uniformity ¢Ii a particle laver zanda ths
25 esfficiency IZorming 2 particls Zavser



slir'ace of the balloon par:
brush nmet hod and so on;
sol ution of negative-charged resin. 5
particle to the balloon pariused herein._in dipping the
neaat i ve- charged-resinl eyered ball oon p

by ultrasonic m st nethod,

spray nethod, air

and wi pina the surface of the balloon part with a
The net hod of attaching a

agent ;

and attaching a _iauid drop of

of a caheter in a liquid coating
| i quid coating 1l0agent to the ball oon

spray nme-hod, air

brush net hod and so on.

part by ultrasonic m st nethod,

[ 01041

6 is a cross-sectional

magni fi ed draw ng whi ch shows a

stare in

F
WL

articles are attached ,n the 15 balloon part of a catheter.

The surface of balloon
7-1 ea- - -ve- charaedtr esSh
| ayer 15 is conpletely
bi oconpat i bt e anaroPard i
, -hereon. [01051

particle |ayergcdd fdom
inserting a catheter in

e."..pssr= ofisdceeaspax

negati ve-charged resin

part 13 is negative-charge-nodified with _
A Payer Ns:hefHe-suekaceivkdnegabeverehar §€d PEsi n
coated with positive-charged drug particle 1 and

eher2;ranrd Inkeh- pantpeheibayearrckl ¢35 20F6rnwe-

Thereby, it is possible to prevent the ceel-o0 of
balslradrlpar 143 i tdrecpr ephbs | nGuErECESS o7 il
to a biologic body and 25expandi ng the bal | oon. The
htheurF6cadhesionoinpasddel ehl ayet it hegative-

| ayer 15 is van der Waals' force between the

Darricies, cL8196t S5Jhe meonfe gurattenrokda cathet erimeyudss selieectednficom a

variety of conventional

mist method
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catheter may be suitably chosen depending on the applied For
exanple, in case of using in coronary arter the prrr.Pd outer dianeter
before the balloon is extended is generally about 1.0 to 3.0 mm the
prefrrPd 1PnWh is about 5.0 to 50 nmm [0107] Li ke the case in the
Process of attaching particles to a sceﬁf—body, bi odegr adabl e pol yner | ayer
12 may UP fornmed 15via inpregnation process and dry process in the process
of attaching particle to balloon part 13 of a catheter. [01081 In the

medi cal device frn- placenment into a Lumen prepared herein, thcellular
adhesi vene'$3=of the g SKOFEF t i9 B ut?eE f riom e 1HS adé off2&Sdefifce is
i ncreased because the surface of drug particle attached on thedy of a

devi ce i s pbsftrvenehasyged. Thereby, it is possible stenotic cells in
whi ch a nmedi cal device should be than before. 57 [01091

[r\ﬁ.C:'

Voo

Whenrn the pzarticle lazyer ZIformed on the suriace o©if a

5 stent is placed into a2 biclogic body without zany processing
on the suriace, Cne crug is released 1n a snorxt time,
theresy 1t 1s also ciffiicult Tc ceontrol the releasing tims
In order to obvizte the problem, referably, after forming
a vparticie layer 1in the above ©vprocess of attaching

10 particle, <the ©verticle lzyer 1is Impregnated with the
solution of a kilodsgradaple polymer befcre tThs particle

layer is completely dried (impregnation process), then tne
article laver 1s dried (dry pzxrocess} tc so-idify the
kLiodegracarle volymer, anc To Zorm & bkiodegradable polymer

13 ileyer
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process on the stent coated with a particle lzyer (Fig. £)
290 When particle layer -1 :Zormed on the surface oI metallic
fiber 10 is Impregrated with z sclution oI a kiocdegradapbls
polymer peiore particle layer 11 is completely drzed, ths
solution of a biodegradabie polymer penetratses nto the gaco
between drug particle 1 ana pbiocompatibie nanoverticle Z
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In addition, two or nore kinds of drug particles may be prepared, which may
be attached in a |layer state or a nosaic-like state. In this case, it is
pncq.ibi=to 5 systematically control each dissolution tinme of two or nore
ki nds of drugs, for exanple, by attaching a drug Particle which should be
released in a short tine after placing @%evace an a .biologic body in the
outer layer, and attaching a drug particle which should be rel eased after a
given tinme 1Cn the inner layer. rni LU -LU Furthernore,of formng a

bi odegr adabl e pol ymer | aver, when also adding a drug in a solution of a

bi odegr adapPeveol yner= o t Wavhi cheethe par t il dlayers | ¢ 15iiomsceghiaidd, each
drug enbedded in a drug particle and a bi odegradabl e pol yner | aver can be
act ed si nubtapeouskydands apitthy. rFheitnype ofr dramrio de  adeedifo ans

sol ution of the biodegradabl e polyner and the anobunt thereof can be
suitably .deci ded dsased en tdesaclionamedrani shief whendmuga=20anepéssary
gui ckeffect, anecessaryrat.--f- L- substantivity, and so on. [0111l1

For exanpl gslwhen ilzis- naecessarynto, mekeci hes 2f tirg¢acycofct heedriuganca
sustained for a long tine after the 58 biocomatible nanoParticle or on
the surfaceideconegs:pisr wWhesbdtciSioecessany be exert tdeeffhcaeyuef the
drug from begi nning soon after the admnistration, the drug may be

agglutination thanks to the biodegradable polymer. Then,
after placing a DES into a bicologic body, arug perticle 1
can be gradually eluted with ~he decompcsizion of

1C Takern inztc, Ifor example, a vascular walil cell
[00S7]

Tne biodsgradable polymer used nerein inciudes, :or
example, mizcrobially-derived polymers such as
pclvhyaroxybutyrate, and polyhydroxyvalerate; ana

1z neturally-0oCCLIrring polymers sucn as ccllagen,
acetylcel’ulose, bactexrizal celilulicse, high-amylose
coranstarch, stearch, and chitosan rmongst them, ccillagen
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included in a drug particle or in a biodegradabl e Polyner 5l ayer. The drugs
to be added into a bi odegradable Polyner |s.ver include the various drugs
exemn, ' =Hed i n bi oconpati bl e nanonarticle. EXAYDT-78 11[0112! The present
invention should not be limted to the above-nentioned enbodi nents.. The
present invention can be and henoe the technical scope of the

i nvention also includes enbodi nents obtai ned by connecti ng

15di f f erent 7echn’ cal neansai sc sea enbodi nents.-:iereinafter, the ore sent
invention is in deta'il-=--a s_t - the follow ng exanpl es using probucol or
c' | ost aTo:PesfarFpbe | Fowat e - Solaulsice Brafplakel PRGAMAS &3 ingc=hathélpol yner
for formng a nanopartice, about the 20preparati onsdrug particles

(i ncl udi ngncechlzooke cfhossazohtwhosedsupfhaceiics onpdeteetdhwuicehict cee- 59
Exanpl e( Prparaton of suspension containing drug particle, 1) 1 g of
crobucol wss fhsisot veldanhnthaznmxtutecofrpd@ibls oknagetoneiand.20 ml, of

et hanol which are a good sol vent for

[ooce]

5 Nexit, & mezhod ¢ attaching a particle to the palloon
part of &a catheter 1s explained The material oI the
belloorn part incliudes a Thermoplastlic resin such as

ethylsne-vinylacetate copoiymer, bridged ethylene-propyizsne
10 copolymer, Dpridged etnylene-vinylacetate copolymer, and
polyvinyl <chloride; and a nonconductive resin such &s
polyamide, polyuretnane, polyester, and polyarylens
sulfide hccordingliy, 1T 1ls 1impossible to negative-cheargs
the balloon var:t by peing electriiied.
1:s 0C2¢%]
Then, the balloon oart can be modifisd with negative-

charge befcrehand, and a pcsitive-charged drug particlis anc
biocompatinle nanoparticle can be electricelly attachea o

the balloon part to maks the particie tightily and uniformly

to form negative-charged resin layer on the suriace oi the
balloon part bpy using & negative-charged resin such szs

to
w
@)



5probucol to prepare a solution thereof. Separately, to 100 nL of 2 % (w w)
aqueous solution of Polyvinyl alcohol (GOHSENCOL EGOS, N PDON GOESEl) was
added 15 g of 2 % (ww) aqueous solution of chitcsan (CH TOSAN GH 400EF,
NOF CORPORATION). to Prpare a solution which is a poor solvent for
probucol . To the solution at 40C with sti4ring at 400 rpm af or e- pr epar ed
sol ution of probucol was added dropwi se in a constant speed (20 nL/mn) to
gi ve suspension of crvstalln drug(---,buc-,1), which was prepared by
so-called "d ffion of a good solvent into 15a poor solvent".

Consecunt | y, thBhacererezahdxgthanekineierdefovedhienmedédacaThernzetah
potential on the par Ca surface was neasured with an el ectrophoresis

(Mal ver n imsgeuheatshaZSTASZER Naits- Z) ¢ Thelrvesul t showedryhat theiZeta
20potential on the drugnmV, which was a good disPersibility to water.
ConsequenthytbhheexcéessRol yi nykakcohod and, clittaran weris r easvedahynic
(-1-itrifug,=.1 separation (20,000 rPM LC) mn).The precipitated drug
particle wasid gbhe ptepafed sdspensi en ardpt3@ng-of1zi reenathakl sof0 |
mT) were out into a 100 mM polvs cylindrical container and the contai ner
was The 5s€ontal net=1vas Jd=@! |efd pa1iwenkol larssnkari zondally-atignednen a
deskt op-type ball mll (V-2M | RTE SHOKAT) at 600 rpmfor 2 hours mll the
drug partigbe:idhepndt Ba=cont @Bkl RithBe egntakRetawasef bkkn,.--atec with a
filter to renove the z-conia bails and p-ovide 1.2 % w) suspension of drug
10particl e;o{9114:
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anhycrids-styrene copolymer, and ma_eic anhycrias-ethylene

copolymexr, which are readily available and easy to handle.
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The particle size of the drug particle in the solution was neasured with a
| aser diffraction-scattering (N KKISO M CROTRAC YT3300). The content of
probucol in the drug 1'3particle was eval uated with a high-performance

| i duid chromatograph (SH MADZU, detector: SPD-20A, W = 242 nm. In
1-hP neasurenment of particle size with @3 aser diffraction-scattering, the
mean particle size of drug particle was 2.9 um wherein aggl onerated
part4-TPP as wel| 20as sinple pales are neasured as a particle. follow ng
Exanpl es and Conparative exanples, each nean particle size of drug
particles $8raeasured Wwhth azlager diFfT adti onlseateer¢ ngithil eBStoPHer wi se
The content of probucol in the drug particle was 65 % and the yield ratio
was 75 % sb2zyv[ 0ktScExanpt ep2¢ Freparatidorergf suspensiaar® celt @i hgsdr ug
Particle, 2) A drug particle of Exanple 2 was Prepared in the same 5manner
as Exanpl esdyiprevicded-tdatat heodr gwgpartict eawa mat.crmdf edegithva-

deskt op-type ball mll.The nean particle size of the drug particle was .D
um [0116]ckxagPkePeeparafi on of suspension containing drug

5 101031
The m=thod of attaching a particie to the palloon part

tsed herein includes dipping the negative-charged-resin-

layerea ©palloon part of a catheter 1in a l1iguid coating
agen=; and attaching & liguid drop oI a Xiguid ccating
10 agent tc the balloon part by uvltrasonic mist method, spray

shows a state in which particles are attacned on thne

= - ~ = = - o= -~ d B = - A- 7=
15 bal>oon part oI z catheter Tne suriacs of pballoon part 13
is negaiive-charge-modiiied with negative-charged res:in

layer 15, the surface of negative-chargec resin layer 15 1is
completely coated with positive-charged drug particie 1 and
biocompatible nanoparticle 2, and then particle layer 11 is
20 Zormes theareon

[C1C5

Trerseby, It 1s possibre <o prevenrnt tThe vesl-oii oI
particle layer L. from Dpalioon pert 13 in ths preparing
process or in inserting & catheter intc a biologic body and
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10particle, 3) A drug particle of Exanple 3 was prepared in the sane
manner as Exanpl e provided that the amount of 2 % (w w) aqueous sol ution of
chitosan added to a solution equivalent to the poor solvent was 60 g. The
mean particle size of 15Part-'e neasured with a laser diffraction-
scattering was 4.5 um The zeta potenti &° was +45 nV, the content of
probucol 1-.1 the drug particle was 53 % and the vic.-7r; ratio was oc;
[0117] 20Conparative exanple 1 (Preparation of suspension containing drug
particle, 4) A drug particle of Conparative exanple 1 was Prepared
in the sanedhanher ast Example’:, provi déd that nrmidthiersofngpulaovi npkial cohol
nor ~bjtosen was added to a solon 67 which indicated that it was quite
difficult teyee-disspesseanheadr ugapast'i dde-d¢ant bewaten. {0118irConpasati ve
exanple 2 (Preparation of suspenson containing 5drug particle 51 A drug
Partice of =Conparative exanple 2 was prepared 10

[0106:
5 The coniiguration of a catheter may be selected fZrom =z

variety of conventionzl known shapes. And, the size of the

site Tor example, in case c¢f using 1in coronary artery,
the preferred outer diameter before tThe bzazllocn is sxtended
10 is generally about 1.0 to 3.0 mm, the prefsrred length is

[0107
Like the case In the process ©i attaching particies to
a szent body, biodegradable polymer laver 12 may p=2 formed
15 via Impregnation process and dry process In the process cf
attaching particie o balloon part L3 of a catheter
[c2C8]
Irn the mesdical device Ifor placement Intc a _Lumen
prepared nerein, the <cellulzr adhesiveness c¢I the drug
20 particle elutec Irom the suriace 0f a device 1s increzsed
besceuse the suriface of drug particle attached on the body
oI & device 1s positive-charged Thereby, it 1s possible
to enhzance more the eificiency supporTing a drug o
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in the sane manner as Exanple 1, provided that Polvvinvi alcohol was not
added to a solution equivalent to the poor solvent. 71-. 0O=1Hr.--tjo was
30 % whi.ch indicated that it was difficult to re-disperse the drug
particle into water. r-. 0 LI Conparative exanple 3 (Preparation of

sus- Pensi on containing drug particic,, AR'drug particle of Conparative
exanple 3 was prepared 15in the sane nanner as ExanPle 1, provided that
ch'-r-,san not added to a solution equivalent to the poor solvent. The
yield ratio was 25 % whch 'ndic2ted that -it was difficult to re-disperse
the drug paPtPéle into water. [0120 20Exanple 4 (Preparation of

bi oconpati bl e nanoparticie) 2 g of bioconPatble Polyn¥r,

pol y(l acti c- coclvceireiaéern (ko 9% iNare Ghagiscalt 1B Wt PRESLICPEEATES20,
nol ecul ar w=i ght 20,000, nolar ratio r-if ac'd = 7=125)H sso' ved"-20 m of
acet one gbycoltiepE8@cnl Wili®st hahol Pras dddedd het ekolaard M@t toa @

sol ution.. Separatey, 560 nL of 0.18 (ww) water solution of Pnvi al cohol
was prepal mosdicalpber soivent fornthshiabove po y(lact iles ceossglbjeol ito
acid). To the solution at 40C with stirring at

5 systematically control each cissolution time o two or more
kinds of crugs, ZIZor example, by attacning & drug particle

which shoulid be releazsed in a short £im
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device in a biclogic body in the outer layser, and attaching

a drug varticle which should be released after a given tims

e irn The innexr layexr

[C210]

Furthermore, in case of <forming a biodegradable
clymer _ayver, when zlso adding a drug in & so_ution ©i a
biodegradabie polymer with which <the partzticle lZayer 1is
15 impregnated, each drug embeddecd in =z drug particle and a
bicdegradapnie pelymer layer can be acted simulitansously and
ravidiy 'ne type of drug Te e adgec to & sociution ©I Thne

20 2 necessary cuick eriect, 2 necessary rate of
supstaniivity, and so on
(01137
ror examelis, when 1t is necsssary to make thne eiilcacy
of Tnhe drug susteined ILoX & long time =2iter ths
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400 rpm h 4-2 afore-prepared solution of poly(lactic-coglycolic acid) was
added dropwi se in a constant speed (20 nL/mn) to a suspension of PICA
nanoparticie which is a tioconp tible nanoparticle. 10[0121] Consequently,
the i ethanol were renoved in vacuo. The zeta Potential on the particle
surface was neasured with an el ectroohoresi s. The result showed that the
zeta potential on the drug particle was -10 nV. It Then,was |yophilizedgive
a Powder ed nanopartici e was nmeasured by dynamic |ight scattering. The
mean particle size of the -LGA. hanoparticie nmeasured by dynami c |ight
scatteri ngcwasc0:281ipat 2E0TZ2) tBxartpl e 5Py epat atsivon agfe | ot €ooatirng
agent, 1) -o the suspension of drug particle prepared in Exanple 64

m xture washstirredsfoecdshauy to erepar tha kauidacegatingnagent.c The

m xture ratio of the drug particle : the Pn(GA nanopartiole : ch-i4-o0san was
6 : 25 : |bbyimeight sdd®l123d-EFExanpl eaedniRreparation oth2lQizdgd eeat HrRO
agent, 2)

includec In & Grug parTicle or in & plodegradable polymer
5 iaver “ne drugs o be acded intc a2 pblodegracabls polymer

bl P - ~ = -
laver incluce the varicus a4rugs exemp.ilie In  The
brlocompatille nanoparticle

e rciizi
rm e o e o m — - - - A J A — L
ne prssent Invention should ncet be limited to the
zbove-menticned embodiments The present Invention can De
variaa and hence the tecohnical scope c¢f <Ths present
invention &lsoc inc_udes embodiments opTained DY CONNSCTIng
1z cifferent Tecrniceal Teans disclosed in different
embodiments derelinzZter, the present i1nvention 1s irn
detall Zllustrated by tThe following sexamples using probucol
cr cllcstazcl a2s 2 pooriy waiter-solub_e arug ana PLGR as &
biocompatiple polvmer Zcr forming 2 nanoparticle, about The
23 prevaratlicens ¢ crug bvparticles nciuaing probuccl o
clicstazel! whose surfzce is mocdlified with positive-chargs,
the Treparations oL CLGA nanogarTicles, ana the
preperations oI a LES wnich is obteinsd by ccating a device
wiTh ftThem
25 SL13]



A liquid coating agent of Exanple 6 was prepared in the same manner as
Exanple 5, provided that the mxture ratio of the drugthe PLGA nanoparticie
chitosan was 6 : 12 : 1 by weight. 10[01?L' Exanple 7 (Preparaton of |iquid
coating agent, 3) A liquid coating agent of Exanple 7 was prepared
in the sane manner as Exanple 5, provid that the mxture ratio of the
particle t.r-= 77)7(-7, nanoparticie 15chitosan was 6 : 3 : 1 by weight.
[0:25: Exanple 8 (Preparation of l|iquid coating agent, 4) Aliquid
coating agent of ExanPI—. 8 mas pr—pared |n the sanme manner. as Exanple 7
provi ded thAEMPRE -G gopart & 1E drug
nanoparticie chltosan was 6 : 1 - 1 by melght [0126] Exanple 9
(Preparat i B# i-4no argent, 5) A licuid coa,-ng agent of Exanple 9
was '-,1-Pr_d in 65 of drug particle used herein was the suspensi on of
drug particle piteparédrinoBxahples28ifp@P2YECEXR, anidy 2@ (CPr ED. Mdr o= 4- on
of liquid coating agent, 6)

acetone and 20 mlL of ethanoX which are a good sclvent Zor

5 probucel to prevare & solution thereof. Separately, to 100
mi cf 2 % {w/w} agueous sclution oI polyvinyl alcohcl
GOESENGCL =505, NIPPON GOESEI) was adaed 15 ¢ oI 2 % (w/w

aguzous solution o©f chitcsan (CHITOSAN GH-400EF, NOF
CORPORATION; to prepare a2 sclution whicn 1s a poor sclvent
1C for probuczol. To the solution at 40°C with stirrzing at 400
rpm, the afore-preparsed sorution o0I probuccl was added
dropwise in & constant speed (20 mlL/min) to give a2
susvensicn oI crxystalline drug particle (probucol), which
was prepered by so-called "difiIusion of a good sclvent into

15 & poor solwvent"
Consegusrtly, the acetone and sthancl were removed in
Vacuo The =zeta Dotentia: on the particie surface weas
measured with an eliectropnoresis (Malvern Instrumencts,
ZZTLSZZER Nznoc-Z) . Tne result showed that the zetea
20 pctentlal on the crug particle was +14 mV, whlch was a good

dispersibility to watex

Conseguently, the excess polyvinyl zlcohol and
chitocsan were removed Dby centrifuga’l ssparation (206,000
rom, 40 min The precipitated dzug particie was re-
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5A liguid coating agent of Exanple 10 was prepared in the sane manner as
Exanpl e 5, provided that the suspension of drug particle used herein was

t he suspension of drug particle prepared in Exanple 3 and no agueous

sol ution of chitosan was added thereto. 10[0128] Conparative exanple 4
(Preparation of |iquid coating agent, 7)Y The suspension of drug
particle prepared in Exanple 1 was stirred for 1 hour wwth a s rr wthout
addi ng the PLGA nanoparticie powder and 2 % (w w) aqueous sol ution of
chitosan, to Prepare a _: _igu2d coating agent. _ _ [0129] ConParative
exanpl e 5 ¥F¥ epavadioh- of licuid coating agent, P 20To the susnension of
drug particle prepared in Exanple -,,,7t1-1 stirring was added 2 9. f

- ,Ww aqueous33ofutiohhef rchictagsan,s ek itdieom xtdr €3has sfi enedohor 1
hour to prepare a liquid coating agent. [9:30 25Exanple 11

(El ectrodeposid | ofo coat img) onwthe body ofinstent, 1066 h)l polystThenbody of
a stent nmade of stainless (SUS316L) (outer dianmeter: mm length: 16 m.m
whi ch was gl ghett: bef orehand nsas set atenegatiae.et ecesodez =d.. 1 r rhal=r
SUS

5 container was rolled on two rollers horizcntally-azligned on
a desktop-type ball miil {(V-2M, IRIE SHEOKAI) at 650C rpm for
2 hours o mill the drug particlie Ther, <The content in
the contziner was filtrated with & Ziliter to remove the
zirconia palls ana previas 1.2 § (w/w) suspension ci drug
106 particle

[C114

The particle size c¢f the drug pzriicle in the sclution

w2s measured with 2 laser difiraction-scattering (NIKKISO,

MICROTRAC WVTZ300) The content ©I probucel in tas drug
15 varticle was eveluated with =2 high-verformance liguid
chromatograph (SZIMADZU, detector: 3PD-20A, UV = 242 nm)

In the measuremsnt of particle size with a lassr
diffraction-scattering, —he mezr particle size of arug
particle was Z.S¢ um, whsrelin agglomerated varticies as well

20 as simple particles zrs measured as a varticle In tns
folleowing Examples anc Comparative examples, each mean
particle size oif drug particles 1is measured with a laser
diffraction-scattering unless otherwise indicated
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5 plate (dianeter: 20 nmm) was set at positive electrode, they were
connected to an external power source, and then each of them (length: 10
nm) was dipped in the liquid coating agent prepared in Exanple 5 (n=3).
They were electrified for one mnute (el ectric voltage: 10 V. electric
current 1 10 md), then the body of the stent was taken off and air-dried
to give a DES. After dried, the DES was wei ghed, and the nean wei ght of the
solid layered on t he body of the stent was cal cul ated based on

1-heflicr asc weght. [0131] Exanple 17 (-.71=r-trodp-,qt'n coatinG on the
body of stEnti>D) T.. DES of Exanple 12 was prepared in the sane
manner as Exanple 11 prOV|ded that t he I|qU|d coatlng agent prepared in
Exanpl e 6 &2 2EI atq - ¢ : ¢ g

DES was wei ghed, and the mean melght of the solid | ayered on the stent body

was cal culrded based bn the increased weight. [0132] Exanple 13
(El ectrodeposition coatino on the body of stent, 67 A -17S of
Exanpl e 3 was pk =paredrinttheécsaife thmmmers a5 Exanpoddzrdd, ipr ovededmehat

the liculd coating aa=r- in Exanple 7 was used as the |liquid coating agent
(n=3)> Afteanmkieds ttheerDES was weicghethd andat henpeairuwweighttofist kessol i d

| ayered on the stent body was cal cul ated based on the increased weight.
[0133] Exatmpt e rd4l (dd ectrodeposaie Coatp-ngymn thee body “df. st ehe #AraitCA DES
of Exanple 14 was prepared in the sane manner as

particle size of the drug particle was 21.5 um.

[0116]

Examp_e 3 Prepvaration of suspension containing drug
10 varticle, 3)

E drug particle of Exampls 3 was prepersed In the sams
manner as Examplie 1, provided tThat the amount oI 2 % (wW/Ww)
agueous sclution of chitesan added to & solution eguivalent
to the poor solvent was 60 ¢ The mean pariicle size oI

25 tThe Grug particle measurea with a leser diiflracilon-
scattering was 4.5 um The zsta potential was +45 mv, the
content c¢f probucol in the drug particie was 53 % and the
vielc ratlic was €5 %

[0117]

20 Comperative example 1 (Preparation of suspension containing
drug particle, 43

A crug parzicle c¢i Comparative examplz 1 was preparad
in ths same manney as Ixample 1, provided that neithser of
polvviryl alcohol nor chitesan was added o a sclution
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Exanpl e 11, provided that the liquid coating agent Prepared in Exanple 8
was used as the liquid coating agent (n=3). After dried, the DES was
weghed, and the nmean wei ght of the solid | ayered on the stent body was

cal cul ated based on 15the increased weight. [0134] Exanple 15

(El ectrodeposi zi on coating on the body of sten:, A DES of Exanple 15 was
prepared in the sanme manner as 20 Exanple 11, Provded that the -ijauc:
coating agent prepared in Exanple 9 was used as the liquid coating agent
(n=3). After dried, the DES was weighed, a '4. the nran weight of the solid
| ay=re. on" Bhel stBAtC BoEy Was Coditcuret ed based: bh Fhet i her 8358d°5REF ght .

68 TxenPl 16 (7lectrodepostion coating on the body of stent, 6) A DES
of Exanpl e=-1% @84S pPeparedsi AnERew3af® -manner as Exanpl e 11, provided that
the liguid coatina agent Prepared 5in Exanple 10 was used as the |iguid
coatina aatht1@r-ter dried, the DES was wei ghed, and the nean wei ght of the
solid layered on the scent body was cal cul ated based on the increased
[0136] | OCompatativesexaapbes6s( TPirgrerodeposicti enspeating oanthenbody of
stent, 7) A DES of Conparative exanple 6 was prepared in the sane
manney as Exappteriiciprovided that the liauid coating agent prepared in
Conparative exanple. 4 was used as the liquid coating agent (n=3). After
dried, the DES masrvwei ghed,card dtheareair ael ghteodrt e Sokkd pbayereddon the
stent body was cal cul ated based on the increased weight.

in the same mannsr zg Example 1, provigced that polyvinyi

alcchol was not addec tc a2 soiution eguivalent To “he poor

solvent The yvis=ld ratio was 3C %, wnich indicatea that it
10 was difficult tc re-disperse tThe drug particle into water.
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The vield rztic was 25 %, which Incicatec <thazt 1t was
difficult to re-aisperse the drug particle into water
[C120
20 Exampile 4 (Preparation o: biocompztible nanoparticie)
2 g oi a biocompatible peclymer, polyi{iactic-co-
clycolic acid (Wako Pure Chemiczl Industries, 2LGR 7320,
molecular wesight 23,000, moiar ratio of lactic acid /
glycolic acic = 73/23) was disso.ved in 320 ml cf acetone
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[01"v7] Conparative exanple 7 (57,-trodeposition coating on the 20body of
stent, 8) A DES of Conparative exanple 7 was prepared in the sane
manner as Exanple 11, provided that the |liquid coating agent prepared in
Compve exanple 5 was used as the liauid coating agent (n=3). After dried,

t he DES was 25wei ghed, and the nean wei é‘ht of the solid |layered on the 69
sten: body was cal cul ated based on the increased [0138] Exanple 17 (D P
coatna on the body of stn:, 1) A part (1 mmthe stect body made of 5
stainless (STJS3161,) (outer diameter: 2.3 mm |length: 16 m) which was

wei ghed befoYehbnd was<di ppedd e hell f§ird céodtisng Efcht L P epat edei
Example 5 (n=3). The body was kept to be dipped for one hour, and then it
was dried RhEvacla i e diy scharider (40802232R64ls) DU ter @F €d,-¢ hé 10DES
was wei ghed, and the nmean weight of the solid | ayered on the body was

cal cul at ed (bagedtiredmcpeasedonei ght >-0V39]yExahpbeol8 Wb preeatirag - on t he
body of stent, 2) 15A DES of Exanple 18 was prePared in the same manner as
Exanpl e 17yhpeovided a habotrhesbiiaahd cbat i néhsagebbvpr epatedient Exanple 9
was used as the liquid coating agent (n=3). After dried, the DES was

wei ghed, aadvtheiaeaniveighttoftitdessobtdohayger &d “an wien ssentrbogdyawas

cal cul at ed based on 20t he i ncreased wei ght.

400 rpm, ths afore-prepared solution ci poly(lactic-co-

mL/min) toc give & suspension of PLG2Z nanoparticle wnich is
a blocompatirle nancoparzicle
10 [0121]
Conssguently, the acetone znd ethanol were removed in

Vacuo The zeta potentiazl on tThe pzarticle suriace was
measured with an elecirophoresis The result showed that
the zeTa pociential on the drug particle was -10 mV

15 Then, the particie was lyoohnil: z=d to gilve a powdered
PLGA nanoparticLe The pazrcicle size of the LGA
nanoparticle was measured by dynamic light scattering The
msan particle size ©OI the 2LEA nanoparticle mezasurea by

2¢ [C122]
Examrlse > {Prevparation oI _iguid ccating agenz, 1)
To The suspension c©i drug particle prepeared in Examrle
1 with STIrring was added and dispersed the PLGA
nanopzarticle prepared in Examplile (£ Then, 2 % (w/w)
25 agueous solution of chitoszn was added thereto, znd the



[0140] Exanple 19 (Dip coating on 7-hrz, body of sten:, 3) A
DES of Exanple 19 was prepared in the sanme manner as Exanple 17, provided
that the liquid coating agent prepared 25in Exanple 10 was used as the
liquid coating aaent (n=3). 70 After dried, the DES was wei ahed, and the
mean wei ght of the solid |ayered on theoétent body was calculated based on
the increased weight. [nl1411 5ConParative exanple 8 (Dip coating on the
body of stent, 4) A DES of Conparative exanple 8 was prepared in the
same manner as Exanple 17, provided that the liquid coating agent pr epar ed
i n Conpar af-t¥eexanpf eSa- . fascused as ONE 1S QUiEPRDE | hg- ageht FAR23}1NIAfter
the DES was 10wei ghed, and the nean weight of the solid |ayered on the
stent bodyag@ist cal Ehkated hased 0N a hel | Akteased wexghtclq 0142 = C8hparat i ve
exanp!e 9 (Dip coating on the body of stent, 3) A DES of Conparative
exanpl e 9 d&ndpreparkd incthecdasanes nannef>as Exappteidi7Z; . provi ded that
the liquid coating agent prepared in Conparative exanple 5 was used as the
liquid coatvthg3agent (n=3). After dried, the DES was wei ghed, and the nean
wei ght of the solid |ayered on the stent body was cal cul ated based on the
increased neigbie 20f 1433 rTestn lof Measur enent < ofict hecanpuni of probucol

, LaL. hed on the stent body) Each anobunt of probuccl in the
soI d layered onztheqRESS quLepaiedadan Examplmsardd: 4 061%=and Lorpas @t ive
exanmpl es 256 to 9 was measured with a high-performance liquid 71

the same manner as Example 5, provided that tThe mixture
ratio of the drug particie : the PLGA nanoparticls
chitosan was 6 12 1 v weight

10 grz<s
Example 7 (Prepzration of liguid ccating agent, 3,

L liguic coating agent of Exampie 7 was prepared 1n
the sams manner as Exampise 5, provided thet the mixture
rati cf <he <crug vpartic:e tnhe PLGA nenopartic:rs

15 chitcsan was © 3 1 by weight
[GZ23

& liguid coating acent oI Example § was prepared In
tnz same manne as Example 3, vroviaec thet the mixture
Z0 ratio of <the drug particles the PLGARZ naroparticie
chitosan wzs 6 1 1 by weightz
(012¢8]
Example ¢ {(Prepzration of liguic ccating agent, S
£ liguid coating agent o©If Example 9 was prepared 1in

A = —amm A~ e . A = wr A N oo
e sanme mannierl a8 Lxamp.e 2, p:ov;aed chat e DLDC@T‘D on

B
(@]



nnr==toarapn (n=3 in each croup), and then each nean wei aht of the attached
probucol was cal cul ated. The results are shown in Tables | to 3 together

wi th each nmean weight of the solid | ayered on the st=nt body. Table |I D7R
Exanple ii Exanple .15 Exantle 16 Conparative exanple 6 Conparative exanple
7 Drug particle Exanple 1 Exanple 2 Exanple

of drug particle used herein was tThs suspension o©of drug
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20 To the suspension oI drug particle prepared In Zxample
Ll [ . . - A 3 c N . = P =
1 with stirring was added 2 % (w/w) agueous soliution oI
mitosan, ana the mixture was stirrea Zor I nour TO preparse
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g Exanplel -.

added Cnitosan sol uti on Added Added Not added Not added Addd Wi ch:

| ayered solid

7.-xm-,1.1 PLGA nanocarticie Added Added Added Not added Not
of

fllc" n, T. 0.:8

The body oI & stent macge cf stzinliess (SUS316L) (outer
diameter: 2.3 mm, length: 16 mm} which was weighed
crehand was set at negative electrode, & circular SUS

Te {cilameter: 2C mm) wes seI at positive electrodse, they
connected tTo an external power source, and then =sach

them (Zength: 10 mm) was dipped in the liquid cocazing

(9w

|-

prepared In Example 5 [(n=3j. They were electriiied
one minuce (e>ectric voltage 10 V, electric current 1
, ~her the body 0f the stent wzs taken oif and air-aried
give a DES. After dzried, the DE3S was weighed, and the
n weight oI the sclid layered on tne body of tThe stent

was calculazed based on the increased weight.
[013%]
15 Example 12 (Zlecirodeposition ccating on thes body cf stent,
2)
2 TES ¢ Zxampie 12 was prepared in Ths same manner as
Example 11, provided that the liguid coating agent prepzared
in Example € was used as the Iicuid cozating agent (n=3).
2C Riter dried, the DES was weighed, and thes mean weignht o=
the solid layvered on the stent body was calculated based on
Tthe 1ncreased weignht.
[C132]
Example 13 (Electrodepcsition coating on the bodv of stent,
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0.0'; 0.12 Weichtofa,.._d.jn_,I crobucolimyj 0.14 0.08 0.12 0.00 0.01
Table 2 n7S Exanple 17 Exanple 18 Exanple. ..

[e)}
~J

L TS T i 1 T, 5 S 4 - & ma
E DZS ¢Z Exazmple 13 was prepared in the same manner as
Example 11, providecd that the liguid coating ageni crevared
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in Example § was used as the licuid (n=3).
AZter dried, the DES was wesighed, ana the mesan weight of
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Example 15 coating on the bodv of stent,

L DES of Examplie 15 was prepared in the same manner as

20 Example 11, oprovided thast the liquic coating agent prepared
in Example Y wzas used as the liguid coating agent (n=3).

After dried, the DES was weigned, zand the mesan weignt of
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_1-, Conparative exanple 6 Conparative exanple 9 Dour particle Exanple
anpl e Exanple ,,- _ r,xanplel Exanple 1 PLGA nanoParticie Added Added
:1,-;.--:-,-; Not added No: added

iectrodepcosition cozting on the body ¢
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E DES of Example 16 was prepared in the same manner as

the sclid layered on the sient body was caliculated based on
the Zncreased waight.
[0213¢6]

10 Comparative example 6 (Electrodeposition coating on ne
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L DES oI Conmparaclivs examgle 7 was preparea nn the

same manner as Exampie 1., previded that the 1iguid coating
agent preparecd in Comparative example S was used as tae
liguid coating agent (n=3). LZiter drisd, the DES was
25 weighed, ancd the mean weight ©I <the so_id layered on =the



7- -
Layered s--, 7r- 1Fnt]
0.10 0.06 0.08 0.00

tosan sol uti on Add=d Added No, -

added Not added , u0=0, vvei dht of
0.55 0.40 0.49 0.01 0.07 eiuht of attached probucol [==

h
O

stent body was cealcu_ated basec on the increased welght.
[(C138]
Exemple 17 {Dig coating on The doay of stenz, 1)

A part (length: 10 mm} oI the stent Dbody made oI

5 stainless
which was

ths stent

Tor ons hour, and
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ighea, and the mean weight o©f tne solid _Layered
~ AR o -~ .~ a—-—aAn o . - A = oo ~
OO0y was Ca-CulialeQ Dasad o the increzsed

e’ : ~ 4 1 ~< ~ (o
Example 18 {(Dio coating on the body of sternt, 2)
15 A DES oI Zxamplie 18 was prerarsd in the same manner as
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0.01 DES Exanple Il
PD7A - nop.---=

(6:12:1)

. Exanpl el2 Exanple 13 Exanple 14 (Drugl-i----.
crlirrn (6:25:1) (6:3:1)

70

was weighed, and the mean welght
the solid layered on the sten
the in
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Comparative example 8 (Dip coating on the body of stent, ¢)
A DES c¢f Comparative example 8 was prepared in

szme manner as Example 17,

agent

in Comparative

coating
example 4 was used as the
guid coating agent (n=3). After dried, the DES was
i0 weighed, and the mean weight of the solid
stent body was calicul

exampie 9 (Dip coating on the body of stent, 5)

A DES ¢f Comparative example 9 was prepared in the

i3 same manner as Example 17, providad that the liguid cozting
agent preparsa 1in Comparetive examplie 5 was
liguid c¢coating agen

stent body was calcu

on tne
based on the increased weight.
[CL43]
Test 1 (Mezsuremsnt o0fI the amount of pvropuccol attached on
the stent body)
“ach amount

in the solid layered on the
preparec in Examples 11 to 1% and Comparative examples
25 & tTtc ¢ was measured with a &



(6:1:1)

Drug particle Exanple 1 Exantle |

nanopa--.= Exanple 4 Exanple 4 Exanple 4 Exanple
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4 72 Chitosan solution Added Added Added Added Wi cho of
0.--:"" 0.82 0.68. 0.55 Weichoof al-haohd orcbucol [ nti

72

| ayered solidncl

C. 14 0.17 0. 27
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Mo
(22

5 ~he amount oI the probucc. attachea to the stie

O
O
0.
~
-
m
0

1)
T

nenoparticie and chitosan were adasec t©o the liguia coating
agent n the DES of Example 16 prepered pyv using the drug
perzicie c¢f Example 2 which was strongly positive-cnarged
10 in forming & Srug pariticle, it was obsexved tnat tThe amounct
0Z the probucol atzached tc the sternt body was increszsec
tr.ess chitocsan was usad In preparing a liguid coating
agent. Tc the DIS of Example 11 prepered Dy using the drug
particle oI Zxample . wherein the primery particis size was

- . ; o - g -
1z micro-millec to about 2.9 pm with 2z bazl mill,
1 b _—— PR 3 T - . 1 -2
probucc. was ztzached, which was apout 1.8 Time
— - +— -— — ~ - —— - a = P o
—he zamount c¢f the zttachea pzrobuccl in Example

Y —~ —~=
5.14 m¢ OTL
S mcre tnzan
15 wherein

N ~ — PRI = A K - -a = ~ o - - ‘

£U JIL Tnge ClngXr nLana, iInt The DES o Comparatzive example G
- K L - ~7 o T A [P . - 3 .
where n rneltner PLGZ nanovarticle nor chitosan was addsad to
1 i el 2 J - —~ - — R S o= - - o=
the liguld coating agent, no or little liazyered solia was



0.26 [01441 As it is clear in Ta
by el ectrodeposition-coating the scent b
nanoparticie, it was observed that 5 th

b7,== 1,
ody with the drug
e anount of the probuccl

in case of preparing a DES
and the PLGA
attached

to the stent body was increased in the DESs of Exanples 11 and 15 wherein

DT, GA nanoparticie and chitosan were added to

=n the DES of Exanple 16 prepared by usi
whi ch was strongly positive-charged 10

observed that the anobunt of the probucol
i ncreased ahkeéssechicbosan wasnicnbprepar i
p7C. of Exanple 11 prepared by using the

,--n= liquid coating agent.
ng the drug particle of Exanple 3
in formng a drug particle, it was
attached to the st=nt body was

ng caski gdi §ocvpatiang vagentamcle t he
drug partr.1=7xanple | wherein the

primary pafitighersize aasy 15micraan | hed t ecabout 208 pmmaimth abaldham ||,

0.14 ng of probuccl was attached, which

anount of thezatkdchedyproobiucals | 0. Exanp
not mlled (the attached anmount: 0.08 ng
of Conpar atbrezexanpke &xxherei ns neiddier
added to the liquid coating agent, no or

was about 1.8 tinmes nore than the

| @hlorwherseinothesdangcpart iccl e was

). 200On the other hand, in the DES
ReCAca=nopakt ' *“;Vcﬂorwacsht @san was
little Iayered solid was 73

attached tantherst enic body. skBuease Of - Conparative ex

24 &7 wher eiur-00y

was added,

t he anobunt of the attached probucol wa

0.01 nmg whi ch was nore
| ayer was not 5uniform

S

than that ofsConparative exampke-6e hut thesDar 1i
and the amount of the attached probucol was much
11 or 15. [[@%%5'.2]
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As it is clear in 721-1= 2, also in case of preparing DESs by din-coating
the stent body with the drug particle 10 and the PLGA nanopartiole, in the
DESs of Exanples 17 and 18 wherein PLGA nanoparticie and chitosan were
added to the liquid coating agent, it was th,=,t nrobucol was attached
thereto, conpared with the DES of Cbnpafbilve exanple 8 wherein neither
DnGA nanoparticie nor chitosan was added and the of Conparative exanple 9
where-in only chitosan was added, though the anount of the c_,, a-hed
probucol was little “om,=r,=d with the DESs of Exanples 11, 15 and by

el ect rodepésrenen coatithgrothzeheoDES of “Examlve -8Bz ptepated doyrrgsiing t he
drug Particle of 20Exanple 3 which was strongly positive-charged in formng
a drug nar Ekefplept IWWassrobsébved arfrattithecambantnds tdfe pnobampunpi att ached
to the st=.nt body was increased unless chitosan was used in prenaring a

|'i qui d coathag agenth=Bur theimnred, tieich fancecof thpeanbunt oh thee 74
absence of mcroni zation of the drug particle (conparind Exanples 17 and
18), and theedihterence ofnihecanourt ofdhe attaghedinprebucalomthi-chcari ses
dependi ng on the presence absence of |IDIflL nanoparticie (conparing

S5Conpar at i verexanpkes 8xang: 9k tenged the:sanecasHhes gaseaof thhe case

el ect r odepoi nn The above Exanpl es show the experinental results of
the case ugkngrprebuecel,as,aspPe9kkhy watensol uble drug, but it 4,7 expected

- - TL

t hat devi ces conpri sing the ot her poorly IOwater-sol uble drugs al so have

the sane effectrgs the Lase.ofoprobusl, [9146L, . inenkabl e 3s5uppmarj-zes
the results of the anobunt of the attached Probucol in the DESs prepared by

eIectrodepQS!gtterl5§oa5|ggD yarying the m.xing. rgy|% of hhe drug particle,
t he PLGA nanop, --ri-c 14---"a 8 ¢chtosan. ° 1e” dZuey £

bl R e e e A et T R R
nrObH80| m@%te:—so'dole drugs zlso nave the same effect as the casse
i probucol
[014¢6]
Table 3 summzxlzes the results of Ths amount oi the
attached vrobucol ZIn the DESs prepvared by electrodeposition
1z coa-ing, aryvng tne mixing ratio oi the drug particle, the
PLG2A nenorarticle and chitcsan
Ls increzsing Tne content ratio of the 2LGA

2C decreasea Dbecause the content ratio c¢f ©probuccl was
lowerad

As increesing tne content ratio oL The PLGA

nanoparticle, the particle layer Zormed on the stent body

becamz nzrxd to peel ocif. Zt is tThought Dbecause <zThe
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20decr eased because the content ratio of probucol
the content ratio of the PLGA nanoparticle, the par
the stent body becane hard to 7t is thought because
inc-ing the content rai-c, of the PLGA nanopart|C|e
(Preparation of suspension containing cil%ost azol
cilostazol was dissolved in a mxture of 108 nL of
et hanol which are a good solvent for c'lostazol to
t hereof. Separately, ":10-D.nnraT. of 2) ( / , , ao
Pol yvi nyl A& tohdl L {1 GOHSENDL- 78052 S NTFDPONS GOPSET): -

was

As increasing
ticle layer fornmed on
the particle |ayer,
[0147] Exanmple 20
0.75 g of
acetone and 60 nL of
prepare a sol ution
ueous sol ution of
astadded d5egfefh

as

was

aoueous solution of chitosan (CH TOSAN GH 400EF, NOF CORPORATION) to

To the sol ution

prepare a dtemdoh-ewich is a poor solvent for cilostazcl.
at 40C with stirring atLnr, rpm the afore--rparH sol ut

i on of

added dropWs€/In a constant speed (20 nL/min) to give a suspension of

crystalline drug pa,-tj(-1= (cilostazol),
"di ffusi orExdmal 9ot sbtyeatatnbo aipeospsokvent tontzining

whi ch was Prepared by so-called

ciConsequeéntl|y,

t he acetone and et hanol were renoved in 20vacu. The zeta pot
Partiel e spsftic

ential on the

ccwas neasured with an el ectrophos (Mal vern Instrunents,

ZETASI ZERThe result showed that the zeta potenti al

on the drug partlclenv,

whi ch was a 0.7 g ¢f cilostazol was dissolved in & mixture of 208
ml of acetone and 60 mi. of ethano. which are a g¢good so_vent
for cilcstazel fTo prepare a solution thereor. Separately,
20 300 mL ¢ 2 % (w/w)} aguecus solution of polyvinyl

10 alconol (GOHSENOL EGO>, NIZPON GOHSzZI} was added 45 ¢ of 2
& (w/w) agueous solution of chitosan (CEITOSAN GH-400EF,
NOF CORPORATION; to prepare a clution which 1is &a poor
sorvent fcr cilostazcel Tc the sclution at 40°C wizth
stirring at <400 rom, ~he afore-prepared sclution of
13 cilcszazel was addec dropwise Ln 2 constarnt speed (20
nL/min}) to c¢ive a sus sion of crystzlline drug particle
(cilostazol), which was prepared by so-called "dififusion of
a2 good solvent into a pocr sclvent”
Conseguently, tne acsione and ethanol were removed in
235 V&CUO The zeta potentiel on the particle surface was
measured with an electrophocresis {Ma_vern Instruments,
ZZTASIZZR Nano-Z The resulT showed <That <tThe zetsz
pctertiel on tThe drug particle was +7.4 mV, which was =z
gocd dispersibility o water
25 Conseguently, The exCcess polvvinyl alconol and



good dispersibilty -0 water 76 chitosan were r
separation (20,000 rpm 40 mn). The precipitat
di spersed with water, and then the centrifugal

enoved by centri fugal
ed drug particle was ra-"-
separation was repeated. 535

g of the prepared suspension and 130 g
into a 100 M pol ystyrene cylindrical

of zirconia balls (P 1 mm were put
corft ai ner and the contai ner was

seal ed. The container was rolled on two rollers horizontally-aligned on a

deskt op-type bal
mll the drug 1-h.

mll (V-2M
content in the con

| RIE SHOKAI) at 600 rpm for

10 2 hours to
tainer was filtrated with a filter to

remove theii oMt a Wald s T&AGVEFovPde DB AT g7 W) SSuspFensiaon of VdPAg

particle. [0146 15 i The particl

e size of the drug particle n the

sol uti on wegmneddur 8dnwi-t h & Haser sgiiffitascdndges. -pafticle ng'ea =Nl KKFSC

M CROTRAC The content of cilostazol in

the drug particle was evaluated with

a hi gh- perdospaneec| ivgaind wehraonat oge aph e SEAMADZE)) t det et br seSRD220An UV =

934 nnm). 20:n the neasurenent of parti
diffracti oescatpezriag, the nean parti
wherei n aggl onerated particles as well
a particle.
diffraction-scatterind unless otherws
the drug pasii€l e(pasi 98uh) % and=t hguy
71(Pl -e07-raton of bioconpal 1e nanopar

cle size wwth a | aser
cl size drug particle was 4.2 um
as sinple particles are neasured as

I n Theof okl oweng rBxamsde s want:Goimparatd ves@xanpkes;: reacha 77

e The content of probucol in
i ehid-pat ko wWas 8A1i% pbfiQt49temxanpl e
ticle containing c"1”=ta-791)

m

cylincrical container and the container was sealza. The
container was rorled on two rollers norizontally-aliigned on
a2 deskzTop-type ball mil- (V-2M, TRIE SEOXAZI; at ©00 rpm Zor

10 2 nours To mi:l the drug pazrticle Trhen, the content 1in
The conTeainer was Iiltrated with & IfilliTer TC remove the
zirconlia npalls anc provide $.45 % (w/w)} suspension of drug
particle
[Cl4ig

15 The particle size of the drug particle in the solution
wa2s measured with a laser diffraction-scatisring (NIKKISC,
MICRCTIRAC MT3300) The content oi cilostazecl in the drug
particie was evaluated with a nigh-perzormance l1iguid
chromatograph (SEINMALZU, detector: S2D-202, UV = 234 nm)

20 n the measurement of particie size with =z laser
diffraction-scattering, the mean particle size o©If drug
particle was 4.2 um, wherein agglomerated particles zs well
as simple particles ars measursd as & particie in the
following Examples zand Comparative examples, <sach mean

23 paerticle size of drug particles is measursed with a laser



2 ga bioconpatible polyner, i.e. Po7v(lact'c-co- alycolc(Wako Pure
Chem cal PI CA 7520, 10nol ecul ar wei ght 20,000, nolar ratiolactic acid

acid = io/,:0) and MCf cilostazol were dissolved in 80 nL of acetone which
are a good solvent. 40 nL ethanol was added and m xed to give a

sol ution. Separately, 200 nL of 0.5(ww) water 5 solution of polyvinyl

al cohol which is a poor solvent for the above pol y(lactic-co-dlycolic acid)
was added 4.8 g o0 2 % (w w) agueous solution of chitcsan (CETTOSPi N

GH 4007. 7, NOF COPPORATTON) and nixed to prepare a solution. To the

sol ution a®180CGFtANSEFRFFAGIAE 4DOSPpnPTaRSFesSs incicated. in
a constant speed (20 nL/mn) to dive a added dropw se suspension of Pl CA
nanoparticl e cofPfi SPAg=BLl ©st #Zelouat lchit stie bilbednpar FbFesnaadpaPt Pcl e.

[ 0150: 25Conseauently, the acetone and ethanol were r,=.nov,=r-; in 78
vacua. The Zzetadpohenyialconathe pastiBel &.surface was neasured with an

el ectroohoresis. The result showed that the zeta potential was +46.7 nV.
Then, the particle was |yophilized to give a Powdered

5 [0:149]

LI O N T

Example 21 {Preparation of biocompatiple nanoparticles

containing ciiostazol)

2 ¢ ©f a2 biocompatible peclvmer, I.e. polyllaciic-co-

clycolic acig {(Wako Pure Chemical Industries, 2LGZ 7520,

10 moleculzr weight 28,000, mclar ratio of lactic acia /
glvcolic acid = 73/23) and 10 mg oI cilcstazol wers
dissclvez in 80 mlL oI acetone which azre z gocod sclvent 4%

mZ. ©i ethano. was adaded thereto, and mixed tc glve a
solution Separatery, to 200 miL o 0.3 % w/w) wazisr

15 solution oZ polyvinyl zaicohol which Zs a Door solvent for
the abcve pclyi{liactic-co-~glycelic acic) was zaaded 4.§ ¢ of

2 % (w/w) agueous scluticn 0oIf chitcsan (CEITOSAN GH-400ZF,

NOZT CORPORETICON! anc mixed to prepars a sclution. To the

2 _— no FERERN =2 s -+ [ -— ~ Py
solution =&t <£0°C with stirring &t 400 rom ~he alore-
ot} ’
~ - 1 Y oaa— = ) - —~ N —~ ~
23 orepared solution ©0I polyillacIiic-co-glycolic acic Was
— N - - — ~ 3 >N T \ ~ s ~
added droopwlise n a constant sueed (20 mlL/min to ¢cive a
. = oy ~n — = ~1 = KR Vo o= . ~
suspension ©f PLGE nanoperticls comprising cileostazol walch
s =z migcompatinle nanoseriicle
1s & Dlsceonmpatll.e iencoearclcls
PR
[C15C



5. DLGA nanoparticie. The particle size of the D, nanoparticie was neasured
by dynami c Tight scattering. The nmean narticle size of the D7, GA

n, -, noparoi cl e neasured by dynam c |ight scattering was 0.30 pmand the
content of cilostazol in the b'oconpat-ible nano-particle was 0.32 %

10[ 0151] Exanple 22 (Preparation of |iaui®d coating agent, 9) To the
suso. en=on of drug oar-i-T--= prepared in Exanple 2C with stirring was
added and di spersed the PGA nanonarticle conorisina cilostazol prepared in
Exanpl e 21. 15Then, the mixture was c-rred for 30 mnutes to prepare a

| i quid coaf?Ag°agent Fhe&e Xt BPERATUG paPti ¢ : PEhE: PLEA svdiiGivar t FeFe was
| : 2 by weight. [0132] Exanple 23 (Preparation of |iauid coating agent,
10) 20A | igapd-toat waghagente obfcExapipbes23s was Thecepred U neidiecSankamanner
as Exanple 22, provided that the mxture ratio of the drug particle : the
Pl CA nanopakrti zteawastdntid]l 2wby wekbght mV[ 0153] 25Conparati ve exanple 10
(Preparation of liquid coating agent, 79 The susnensi on of drug
oarzicle preparedsin Exanpket2@ wasiasst iryeeth:30 mdut@sginid hz avstitieres

wi t hout addi ng the PLGA nanoparticle conprising c-Hostazol prepared in
5Exanpl e 2216510 peepaeetachiequi d cosd i ngaagedle [QL'ze4] of <the 2LGE

nanoparticie was measured by dvnamic 1ight scatiering The
mean vparticle size of <The PLGA nanoparticle measured by

ciloszazel in the blocompatible nenoparticlie was 0.33 %
10 [CZ2l]
Examgcle 22 {Prsvzracion of Ziaguid cozting agent, 2}

Tc tThe suspension oI arug particle prepared in Example
2C with s:tirring was added and dispersed the PLGA
nanoparticle comprising cilcesteazol vrerpared In Example 2-

15 Then, tThe mixtuiure was stirrec for 30 minutes to prepare &
liguia <ocating agent The miIxture rztlioc o©I the drug
particle the PLGZ nznovarticle was 1 2 by weignz
[Ci32]

Example 23 (Preparation of liguld coating agent, 2C)
20 A liguid coating agent oif Exarmple 23 was vrevared in
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Conparative exanple 11 (Preparation of liquid coating agent, 12) Tot hePLGA
nanoparti ci econpri si ngcl ostazol prepared in Exanple 21 was added Purified
wat er so that the concentration of the PLGA nanonarticie should be 1-h=
sanme as Exanples 22 and 23, and the m xture was stirred for mnutes with a
stirrer without adding the drug particl§9prepared in Exanple 20, to prepare
a liquid coating agent. 15[ 0155] Exanple 24 (El ectrodeposition coating on

t he body of scent, Th= stent body nade of stainless (SUS316L) (outer
dianeter: 2.3 nm length:16 m)was we 20 beforehand was set at negative
c'.-.--1-15/SUS plate (diameter: 20 nm) was set at positive el ectrode,
they were connected to an external power source, and then each of them
(length: 10 nm)Toassdipaeditn phecrigurdrcoat Engragenecpiepakencia ERanpl e
22 (n=3). They were =7=ctr'' H=d for one nr-ine (electric voltage: 10V,

el ectric cuesentci2xe80 1R, 3Vhenthesstwrth bady twas stakent ofut aaddang-dri ed
to a v= a DES. A=t=r dried, the DES was wei nhed, and the nean wei ght of the
solid 'av=exzH Ldkestena-diddy swasohayesedo cal oad ted 2dl basedzord hén
1-1-r===d wei aht. 5[0156] Exanple 25 (El ectrodeposition coating on the body

of stent, Ed8rrle 21, to prepars a licuid coating agent.

[GiE4]
Comparative examp-e 11 (Preperationr of _iguic cozting acent,
123
To the PLGE nanoparticle comprising ciloszazel
10 preparad in Exampls 21 wes aaded purified water so thaif thns
concentration ©f the PLGA nanopzazrticle should be the same
as Examples 227 and Z3, and the mixture was stirred for 30

L)

(@3]
C
—
(&2
€3}
o

2
The stent »Dody made o0:if stainless (SUS316L) (outer
diametex 2.3 mm, length 15 mm) wnicn was weicghed
20 psicrehand was setT at negatlive electrods, & circulzr 3US
plate (diameter: Z0 mm} was setT at pcsitive eliectrode, they
were connected TO an externzl power source, and tThen each
cZ <henm {lerngth: 1T mm) was cipped In the liguid coating
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A DES of Exanple 25 was prepared in the sanme manner as Exanpl e 24, provided
that the liquid coating agent prepared 10 in Exanple 23 was used as the

| iauid coating agent ( =3). Tfter dried, the DES was wei ghed, and the nean
wei ght of the solid |ayered on the sten: body was cal cul ated based on the

i ncreased wei ght. [0157] 15Conparative e¥anple 12 (71=ctrodenoson coati ng
on the body of stent, A DES of Conparative exanple 12 was prepared
in the sane manner as Exanple 24, provided that the liquid coating agent
prepared in Conparative exanple 10 was used as th= 20liquid coating agent
(n=3). Af - Ho&r ,drifed; the BEShwascawsi ghied, talkert hefpeamdmvei ghtdofethéosol id
| ayered on the stent body was cal cul ated based on the increased wei ght.

[ 0158] Conparat eveE&xanpkec13dfEkect rbdePasi teenweaghiedg andt héa<25kady of
sten:, 12) 81 A DES of Conparative exanple 13 was prepared in the
same manneks;sntExafpl eh24, spriaw dedivddradathenl i gueéd eoattngbhagent warepar ed
in Conparative exanple 11 was used as the -Hat:2,d coating agent (n=3).Ar
dried, thecBESuwasecwekabBes, candhtherbeanswei gbhtqaft .the solid layered on the
stent body was cal cul ated based on the increased weight. [0159] Test 2
(Measyrenentiekjthe amount of cilostazol attached on the stent body)

10Each amount of cilostazol in the solid |ayered on the DESs n Exanpl es a.
n 25, and €onparat bve gxanples-12sand 13 .-1as :ARasUr edWolB @cor sten,

hi gh-perfo ce tTqur ) =311 e . ach
mean wei ght ;0f the hd cilostazol was cal cul ated. The

L DES of Example Z5 wes preparad in the same manner as

Example 24, proviaea that the licuid coating agent prepared

i0 in Exampie 23 was usea &s the liguid coating agent (n=3}.
After dried, tTne DES was weigheg, and the mean weight oI
the solig iayvered on the stent body was caiculated based on
~he ZIncreased weignt
[C137]

1z Comparative exampls 12 (Zlectrogeposition coating on the

2 DZS of Cocmparative example 12 was prepared in the
same manner as Example 24, provided that the liguic coating
agent prepared in Comparztive example 10 was used as the

20 liguid coating agent (n=3) Liter dried, the DES weas
weighed, and the mean weight of the solid layered on the
stent body was cealculated based on the increased weight
[0253]

Comparztive example 13 (Ziectrodevpcsition coating on the
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15 results are shown in Table 4 together with each nmean wei ght of the
solid layered on the stent body and the rate of cilostazol in | ayered
solid. Table 4 nr: Exanple 24 Exanpe 25 Conparative exanPle 12 Conparative
exanple 13 Drug par= -ve- cnarce positive- Posi=ive- charoe -

DT. GAnanoP., ,rt2cl= _L positive- coerce Positive- charoe

A DES oI Comparative example 13 was prepared in the

samz manner as Example 24, proviaed that the _iguid ccating

agant prepvared 1in Comparative exampie 1: was used as the
liguid ceocating 2gesnt (n=3). After dried, the DES was
5 welghed, and the mezn weight of the scolid layverea on the
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e Fach amount of cilostazel in the solid layered on the
DESs ©preparsd in EZxamples 24 anc 25, and Compzarative
examples 12 and 13 was measurad with & high-periormance
liguid chromztograpn (n=3 in <each group), ana then each
mean weight oi the attached cilostazol was calculatea. The

15 results are shown in Teable 4 together with eacn mean weight




- Positive- charoe Wi oht of
776 Rate.of cilostazol -;..-7.,,:,,,,,,rcic.".72 , 4r=i- 40.6 22.4 Hard to

-111----I-1-11 O' "-

| ayered solid' nol

C. 877 O P13 Hard to neasure

Weiclht of attached -Ql-,...zo:nt] 0.336

g2

w
=
(62
o

Ls it 1is clear in Table 4, in case oI prepzring DESs
by electrodepositTion-coaiing the stent body with the drug

ticle and the PLGR nznoparticle, it was observea that

drug particle wes adaed to the liguid coating agentT, the
zamount o1 the layered solid was more than that of

Test 3 (In vivo test using stent coated with drug)
The stent of Zxample 24 on which cilcocstazol was



0.122 0.311 0.003 82 As it is clear

in Tabl e 4,

in case of preparing

DESs by el ectrodePosition-coating the stent body with the drug 5 particle

and the PLGA nanoparticle,
ci |l ostazol

it was observed that the amount of the
attached to the stent body was increased in the DESs of Exanples

24 and 25 whr=in PLGA nanoparticle was added to the liquid coating agent.

On the ot her hand,
nanoparticie was added to the liquid coating agent,

in the DES of Conparative exanple 10 12 wherein no PLGA

the |l ayered solid was

attached to the stent body, but the particle layer was not uniform

| n case of2%

added to the liquid coating agent,

nparative exanple 4 wherein no drug particle was
the 13anmount of the |ayered solid was

mor e than ¥hatabfr€oppanrat iivenexapFé, 1X1Skatl KEle Candamrt of the cil,

attached to the stent was 0.01 ng or

| ess which was nuch Less than that of

Exanpl e 24 or 28zlbecauséetnhéecoAtent of cil ostazol

in the PLGA

nanoparticie was |l ow 20[0161] Test 3 (In vivo test using stent coat
monTheoBdt ent ob Exampheh24cam whineh oblkaeshazol

W th drug)
was applied to a mniature

was attached

swi ne, and the damage of the applied bl ood

vesseb was eval bafedwsi83tAncoakospeckes (Mheiratwre isetini e (line: N ES
NIl SSETKEN CO. : LTD) nale: 6, fenmale: 4
Test group
Ciiostazcl-attacned stent group: n=12
(The stent system usa2d herein was the stent of Exemple 24
Control group: n=12
ic (The stent system used nerein was a non-coated stent
corresponding to the above.)
Operation method
The swine were anesthetized with ketamins
nydrochloride {500 to 750 mg/miniature swine, intramuscular
15 injection, KeZalar® 50, Sankyo Yell Pharmacsutical Co.Ltd)
L ¢cuidewire {Racifocus Guicswire M, TERUMC CCORPORATION; and
& gulcilng catneter (Hesartrail II, AMPLATZ LEFT Short Tip,
TERUMO CORPOXATION) werxe inserted into the blood vesse’,
ancd they were moved to the heart The stent system ©I each
20 test group was inserted into the blood vessel along the
guldewirse, and thsy were movad <tTo the lefit antericr
descending artery oOr the leit circumilex artery where 1s to
be plzcegs Lfter inflation Zoxr 30 secongs, the stent was
clacea EZter the stent was clacead, Nitorol  was
23 administered, and tThe ccronary artery was imaged The



month old: 10 to 16 nonths old (when obtai ned) 5body weight: 20 to 28 kg
(when obtai ned) Test aroup Ci|lostazol -attached stent group: n=12 (The stent
system used herein was the stent of Exanple 24.) Control group: n=12
Csystem used herein was a non-coated stnr corresponding to the above.)
Qperation method Thesw newer eanest het i Z&dwi t hket ami ne hydrochl ori de (500
to 750 ng/ m niature swine, intranuscular 15 iniection, Ketalar(r) 50,
.5,=nkv- v.11 Pharmaceutical Co.Ltd). A auidewire ,(Radifocus Guidewe M
77. RUMO CORRI L. 770N) and a guiding cath.=t,=- (H,--artrail I, AnDILTZ
LEFT Shor tcd{ps “TERUVDSCORRORATI| ONj = wer ericnseriteed imtbsidve bbood vessel
and they were noved to the heart. The stent system of each 20test group was
i nserted i®toithechidod wiesselsalconmg theggik dewir eanamdlt hese wer eCopved to
flanterior descending dr-q(-4--ndng a,--tery or the left circunflex artery
where is tohcde), . chaAftheesciaf latd oakfiar Bdrsecandsed.he sbenteads Akker the
stent was placed, Nitorol was 84 catheter was taken off,and the incision
site was dishndecteds¢wheh bsedi BAe) ckiiguicd zbor zaniamalc Meipk khd. bnet he
muscl e and skin were sutured. For each one

5 contrcl stent weres apvplied.

Angiography

Tne blocoa vessel o©I tne site where the stent was
placed was imaged L catheter was inserted ZIrom the
remora. artery, =the tip of the cathster was noved te ths

13 aperture o¢f the ccronary artery, & conirast agent was
injeccTeaq Irom the Catheter, and The angiographic
photograpvhs o0f the site where the stent was rplaced were
taken. The photocraphing was carriec out three tTimes in
total, 1i.e., Dbeiore the placement o0f sien:i, after ths

15 placement of stent, and at <The anatomy.

Concomitant arug, a¢se, admiristretion method and dosing

20 end of thes experiment
50 mg of clopidogrel sulfate once/day (administersd with
Zooa)
Decsing psariod wo davs bsIore the operaiion to Two
weeks alter the orersztion inclucding the operation dcav
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m niature swine, both one cilostazol-attached sten:
wer e applied. Anai oaranhv The bl ood vessel
was i maged. cat heter was inserted fromthe fenora
catheter was noved to the 10aperturethe coronary artery,

and

one 5control stent

flthe site where t hewas
artery,

the tip of the
a contrast agent

was i njectedfro
where t he stent
times in total,

of stent,

and at t he anatony. Concom tant drug,

nt hecat het er, andt heanai ogrraphi ¢ phot ographs of the site

was pl aced taken.The phot ogr aphi ng was carried out three
i.e., before the pacenent of stent, after the 15pl acenent
dose, adm nistration nethod

and d05|nglpE¢¢b%9“1CI)ng of aspirinonce/day (adm nistered wth food)

Dosi ng neri od:
experi ment.
Dosi ng peri od:

i ncl udi ng ihel operatiios _odayasion

two days before the operation to the 20end of the

50 bys ofic cloopidoar elf sul fatresondeldayz {aem rinst epedrait b f ood)

two days before the operation to two weeks after the on

A o g

vu:\ .
Note Iscsorbide dinitrate N_tozrocli}, l:docainse
5 (Xylocaine}, noradrenaline, etrocpine suliats and sc on zare
prepared for spasm, arrhyvthmia, hypotension and the like
which are predicted to happen aitexr the operation
Extirpation the 2iood vessel where stent is placed
28 gays afiter the stent was vlaced, the grcin of -the
10 minizature Swine Was openea underxr anesthesieg, an
anciograpiiic catheter was inserted, and tThen the coronary
erterv was 1maged, 1n the sams manner ac the placement
EZiter the lmaging, the animel was sacrificed by blescing,
and the corcnary artery where tThe stent was placed was
15 taken out The extirpzated 1004 vessel was fixed in 10 5
neutral buffered Zormalin, and it was sent to Histc Science
Leboratecry Co., Ltd. LT three sites, i.e. at about 1.5 mm
oZ the sternt origin siae, at the center site anc at about
1.5 mm Of The termina:. of the stent, each stent samplse was
20 prepared to HE-stained.
Kesulit
Witn ZTne angiograpnic pnrotogrzaphs, the mininmum vessel
dlameter was measured befcre the placemant of the stenz,
shorziy aZter The placement ©of the stent ana at tThe anatomy,
25 anc tne transitional «result 1is shown 1in Fig. 7 The



85 injection) Dosing period: for thr
i ncludi ng the operation day. Note:Ts
(Xyl ocai ne), noradrenaline, atropine
spasm arrhythm a, hypotension and t
after the operation. Extirpation the
28 days after the stent was Pl aced,

10m ni at ur eswi newasopenedunder anest h
inserted, and then the coronary arte

r.c. days after the operation

csorbd=dinitrate(N torol),lidocaine
sul fate and so on are prepared for

he |ike which are predicted to happen
bl §6d, v, ==zsPi where stPn: is placed

the groin of the

esi a, an angi ogr aphi ¢ cat heter was

ry was imged, in the same nmanner at

the placengPRICREEePt He- i neyf ng’ 2137 alif@ieWkds sdcr itPPcedlbySbFéeding, -

and the coronary artery where the st
extirpat ed® bt dotevesser - WasoEPXxEdSI A
was sent to Histo Science Laboratory
about 1.5 wnibbfcthecstentlogigin-sid
mm of the termnal of the stent, eac

ent was placed was 15 taken out. The

19D-9% AaDE L El SBOPFPP2EST ofFABPEASCand it
Co., Ltd. At three sires, i.e. at

e, at the center site and at about 1.5
h steno sanpl e was

Fig. & shows the xesul:f :in the contro: group oI EZI-
> stained wpathological specimens ¢ The cross-sectiocnzl
vessel which was extirpated 28 days after the placement oI
the stent, and Fig. ¢ shows the result c¢i ths cilestazoi-
attached stent groun
In the zresults oI Ti¢. & and Fig. &, the Ifigures are,
10C from apove, as tc the stent origin side, tThe center site,
and the terminel c©i tThe stent, wherein each Two figures oI
leit and rignt e&are derived ranaomly from <he minlature
swine The stencsis in tne blooa vessel in the cililcstazol-
attached stent group was more inhipited compered witn the
15 conTrol grou
INDUSTRIAZL APPLICABILITY
[0162]
The meaical device for placement into a2 lumen of the
20 rresent invention is a device whesrein the body o0f the
device is coated with mixed particlies of =z drug particle
whose surZace 1s positive-chargsd and & bilocompatible
nenoparticle, thnereby it i1s possible to mzke the particlie
lazyer uniZormesc to <cozz the device uniformly with =2
232 suificient amount o©f the drug Additionelly, 1in <he



20rrPrred to HE-stained. Result Wth the anci oaraphi c phot ographs,
the m ni num vessel dianmeter was neasured before the placenent of the
shortly after the placenent of the steno and at the anatony, 86
coarotation of tne vessel dianeter in t&ﬁ c-ilostazol attached scent group
was sianificantly suppressed, commared wi'th the control group. Fig. 8 shows
the result in the control group of HE- 5 stained pathol ogi cal specinens of
the cross-sectional vessel which was extirpated 28 days after the Placenent
of the scent, and Fig. 9 shows the result of the cflostazlattached scent
group. |n PReSPRSUIYS'DI-Fiy. 8REndEFRY. FR- e i gir 313721 V40 fironfabove,
as to the stent origin side, the center site, and the term nal of the
scent, whefePhAteachst vib Figutex° 619 | of Bcandati ¢ty ‘are der¢ vedorafdeaty from
the mniature swine. The stenosis in the blood vessel in the

ci | ost azol aptgchedeseent 1gr dapsuaschdietPnhkbirted conpdredtwenthothéhe
15control group. TNDUSTRTAL ADPLTCABTLTTY [0162] The nedi cal device for

pl acenment #nto, adrgmenaof cehe =28 -preesestiviansT | on itsewhered nrbody cof t he
device is coated with m xed nars of a drug particle whose surface is

Posi t bBve- chatgedvand ia hi cecompatidd = matppaeti ¢lee,itdreraedys i thaskpossi bl e
to make the particle layer unifornmed to coat the uniformy with a 87
present inveatin@yid:he drac partgadie e -dirgsalvednin ensherkrkiAevatyer

pl aci ng a nedical device in a biological body, thereby it is expected to
exert a raphdoastien:otzthe=druge and-thecgel | ul ar adhesi veness the d-up
particle

[C163]
Ir addition, according to the method for preparing a
10 mecical device ZIZor placement into a Zumen oI tThe present
irvention in which tThe device pody 1s coatec with & drug
particis wnose suriace 1s mocdified with positive-charge and
a biocompatible nanoparticle, 1t is possibis to prepeare &
mecical device for placement into a lumen in which <the
13 surface o©f the device body 1is eiffsctively and uniformly
coatad with a pborly water-solublie drug which was difificult

and witn low cost The process o©i ettaching particle used
herein includes preisrably electrophoresis, ultrasonic mist
20 method, spray method, &ir brush method, wiping method and



5 dissolved in a bioloaical body can be increased thanks to the
nodi fi cation of positive-charde and the transitivity into a cell can be

al so increased. [Cl631 In addition, according to the nmethod for prepar na a
10 nedi cal device for placenent into a I%nen of the Present invention in
whi ch the device body is coated with a @rug particle whose surface is

nodi fied wth positive-charge and a bioconoati bl e nanoparticle, it is

possi ble to prepare a nedical device for placenment into a |unen in which
the 15 surface of the device body is .. ,===tively and unifornmy coated
with a poorly water-sol uble drug whi CHAR%E difficult to be attached to the
devi ce body until now, by easy way and with |ow cost. The Process of
attaching particle used herein includes sr=f= -ably el ectroPhnr. ,
ultrasonic m st nmethod, spray nethod, air brush nethod, w ping nethod and
di ppi ng nmethod. & 88dCLAL M52 112e nedi calladevkte fokopRadement “irREE &°Fimen
whose body coated with m xed pat'cles of poorly water-soluble drud

p, - =rtcl Psiwhosetsarfate rsxapdpiiedcwetshopospbicve- shargesandbBiocorpati bl e
nanol oart'icies. The nedi cal device for placenent into a |lunen of claiml
wner ebEn t he=rsuriace wicstchesdr ligcparitd chesirsepodifiredpwisth ipesictievgechar ge
by attaching a cationic polyner to their surface. 3. The nedical 64=vicP for
pl acenent &ntocaotumepatoflel atm2awheéreéen.the cationic polymer is chitosan
or a chitosan 15 4. The nmedi cal device for placenent into a |lunmen of any one
of clams 1 to 3 where-in the drug particles have a nean particle size of

0.1 pmto 5 um 20 The nedi cal device for placenent into a | umen of
any one of 2¢l ai MB=14t8: 4=Whegeel =t her. bogeBpatbl erpanepankiei @ kavera nmean
particle size ci 300 rimor |ess.
I wnerein tThe surface oI <tThe drug perticlies is modifled
iC with ©positive-charge Dy attaching a cationic polyvmer to
their surfacs
2 The m=cdicel aevice for placement into z lumen of claim
” wherein the cationic polymer is chitosan or & chitoésan
15 gerivative
4 In= medical device :for placement into a lumen oI any
one oI claims 1 to 3 wherein the drug particles have a mesan
particle size of 0.1 pm to 5 um
20
5 The medical device for vplacement into a lumsn of any
one of claims 1 to 4 wherein the biocompatible
nanoparticies have a msan pvarticle size ¢ 308 nm or less.
25 € The medical device Zoxr vlacement into & lumen oi any

Il T:ihiTal o



89 one of claims 1 to 5 wherein the bioconpatible nanoparticle supports the
sane or different drug inside and/or on its surface besides the drug
Particle. 5The nedi cal device for placenment into a |unen of any one 0O
claims 1 to 6 wherein the bioconpati Le nanoParticie is conposed of any one
of polylactic acid, polvglycolic acid, yco'c acid), and |actate-asPartate
copolyner. 10 8. The nedical device for placenent into a Tunen of any one
of claims | to 7 which is a drug-dissolution type stent whose body is
coated with the drug particles andn bioconpat’bie nanopart. 9. The nedical
devi ce forCpkagenentiirpt b &°l anBASERIANFRENE L1OF BRI 1E e PRRTITEIFliss a
drug-di ssolution type c.1-h...7-coatedw t ht hedrugparticl esandt he
boconpat i bFernanop. the' rsam' or1@ii “hsefar- plasenents liost cared /esrennofitany one
claims to 7 which is type balloon catheter coated with the drug particles
and the bi econpati bkeinanmonaet tchgsparOigcie. The nedi cal device for
Pl acenent into a |lumen of any one of clans to 10 wherein drug of the drug
particles is cilostazol. 5 z. The nedical device for placenent into a | unen
of any

5 7. The medicel aevice :ior placement into
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oneclains | to 1; which is for preventing and/or treating thronbus,
stencsis, and/or restenosis. 12.nethod for preventing and/or treating
t hronbus, |1 C stenosis, and or restenosis which conprises using the nedical

device for placenment into a |umen of any one of claims 1 to 11. 14. Use
of the nmedical device for placement intd% |lunen 15o0f any one of clains 1
to 11 for preventing and/or trno thronbus, stenoss, and/or 15. Aliquid

coating agent for coating a medical device for placement into a |unmen which
is a suspension prepared 20by dispersing drug particles nodified with

posi tive-charae’®y #eGic2a- BESvicca ©af i BARESpOnynertteia Surfdmcelasdy

hi oconpati bl e nanoparticies in a water solution. 16. The liquid coating
agent of cbtamdb wherigin tlhetdrug0 9dnbreconpatébl @ wanopar tingl esirthigve a
mean particle2.747,. 047 300 nm ess, and the bi oconpatbl e nanoparticie is
conposed ofzanycome Df polykaetot.acid, Polvalycolic acid,

aci d), andl act at e-aspartate 5copolyner. 17. The liquid coating agent of
claim15 or 16 wherein the drug of the drug particles is cilostazol. 1018.
The liquid coating agent of any one of clains 15 to 17

5 2. The mediczl gevice fcr placement into a lumen oI any
one o©¢If claims - to 11 which is Zfor preventing and/ox
treating thrombus, stencsis, and/or restenocsis
12 2 mwethod for preveniting and/or <Treating thrombus,

1iC stenosis, ana/or restencsis which comprises using tnhe

14 Use of the medical device Ior placem=ant intc a lumen
13 of any one ¢f claims - to 11 for orevernting and/or Ireaiting

thrombus, stenosis, and/or resiencsis.

15 n ligulic coating agent Ifor coating a meaqaical qevics

for placement into a lumen wnich 1s a suspension prepared
20 by dispersing drug particles modifisa with positive-charge

by =attaching & «ceticonic polyvmer ©to thnelr suriace and

biocompatible nanoparticles in a water solution

16 The liquid cozating agent oI cleaim 15 wherein tThe arug
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wherein the nmedi cal device for placenment into a |lunen is used for
preventing and/or treating thronbus, stenosis, and/or restenosis. 1519. A
process for preparing a nmedical device for Placenent into a | unen which

conpri ses (1) P step =r,rmna a drug particle by adding a
solution of a drug in an organic solvent®to an aaueous sol ution of a
wat er - sol ubl e polyner to provide a drug 20Particl e, (2) a step

form ng a nanoparticie by adding a solution of a bioconpatible polyner in
an organic solvent to an aqueous solution of a water-sol uble polyner to
provi de a bioeconPatible mancpartiiclies 2Ba3% agprepani mg & 19.¢ui 8- edatting
agen7 by disuersing the above-fornmed drug particle and the above-forned

bi oconpati Bfe mamopartieke 1- Ehdprové deoroteninilcoat imp@Egeniticie is  (4)
a step nodifying the surface of the drug Particle 5 wth pcsitive-charae
by di ssol viograseadt boniecypalnarers igolheaagueousisol vbilgnivaostep adi)d,and/ or
rh.=lau' d coating agent in step (3), and (5) a step coating the
devi ce w thoihe:above-peeparedlitaui cdhaciait,i ng agent hyccentactipng tizhe

| iauid coating agent In and the body of the device to forma particle

| ayersin acsbatemeft.m xed particles or the drug particles and the bi oconpa
i bl e nanop=rr'cl=s. 20.The -flror-=ss of claim@ wm===rp'!n in step(4)the
it surface or 1-h= drug particle is nodified with positive-charge by

di ssolving a cationic polynmer in both the aqueous solution in step (1) and
the liquid;goattng agent i BogteAs(3ken?20kl-1The Rr0cess ofnelaiim 19 or 20
which further conprises a step ml]n(2,, t,=drug partr-1=s art=1- step
(D). 22. Th=.brgeesfcoh-apyoone; 0t cl akme 13- 21 wherein in s-eld (-1)
the water-sol ubl'e Polymer i s Polyvinyl "al'cohol and ‘the cationic polymer is

chi t osan.
1iC %8 The Lliguid coating agent c¢f any one oI ciaims 15 to 17
wherein the mediceal device for placement into a lumen 1s
used for preventing and/or treeting :thrombus, stencsis,
and/cr restencsis
15 1¢ 2 process Ior preparing a medical device for viacement
into & lumen which comprises
(= a step Zorming a <crug parcticle by aading a
scluTion ©I & drug in ar oxrganic solvent TO an agueous
solution o©f =z water-soluble polymer to provide a drug
20 varticile,
(2} a step Zorming & nanoparTicle by @ading a soluzion
of a biocompatibie poiymer In an organic solvent O an
agusous solution of a water-sciuble polymer to provias s
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23. The Process of any one of clains 19 to 22 wherein step (5) is carried
out by el ectrophoresis, ultrasonic m st nmethod, sPray nethod, air brush

nmet hod, w pi ng nethod or 5di pping nethod. 24. The process of any one of
claims 19 1-o0 23 wherein the drug partlcles are conposed of two or nore
kinds of drug particles which are in a I*y=r=,4 state or in a nosaic
10state. 25. The Process of any one of clalns 19 to 24 wherein the drug of
the drug particles is cilostazol.

disve

=

sing the apove-fcormed drug particle and the above-

s - J Ry = 1 P — = = -, ~1 T =27~ < =
10 and the body ©Z the device tc Zorm a particle lzyer I a
P —~ K ~ A et~ T~ ~ = [ 1m0~ PR e - 2 the

sTate OI MMLXeG paIrXtlc_es O Tie Qrug perTtlceies ana ne

~ m - og b} 2 10 ~ N = \ ~
2C The ©process of cleim 18 wherein In step [4; the
- o = = . ER K= K PR,
15 suriace O the grug parilcle 1s mocified with positive-
1~

O
o
=
\Q
[}
@]
0
l 1
n
wn
O
*__I
<
| Il
]
Q)
st}
@)
v
ot
|_l
O
3
'_l.
(@]
'O
O
I '
<
=3
[{)]
[
|

3
e
(0]
(

)
ol
)
()]
81}
lQ
<
()
O
|
n

n
O
|_J
o
(w
]_l
o]
]
l ]
=
w0
!
D
g
| 1
93}
3
Q.
=
D
|_J
‘ i}
\Q
o
l )
O
@]
O
4]
¢t
I_l
3
\Q
[¢)]
\Q
()
-t
1 '
]
4]
ct
[())
Ne]

a step milling ths drug parTiclises aizter step (1)
22 The process oI any cne of clzims 18 fc 21 wherein in
step (i} the weter-so_uble vpoliymer s polyvinv. alcohs. and
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