
1111111111111111    MEDICAL DEVICE FOR PLACEMENT INTO A LUMEN AND
MANUFACTURING METHOD THEREOF 5 TECHNICAL FIELD [0001]        The present
invention relates to A medical device for placement into a lumen such as a
steno and a catheter which 10  aced at a stenosis or occluded part arising
in an intravital lumen to keep the lumen open, which is coated with a drug
and a drug-dissolution type; and a method BACKGROUND ART [0002  The current
advancement of medicine brings about a remarkable development of the
treatment/prevenon r'f ("eeesq qu-h as infection disease, but c-ente,
20arteriosclerotic disease or the like which is caused by bad lifestyle
tends to increase.In particular, patients of                        disease
such as myocardial infarction, angina, stroke, and peripheral vascular
disease are increasing more and more in Japan, in connection with the
surely treating such arteriosclerotic disease, percutaneous transiuminal
angioplasty (hereinafter, as "PTA") is generally used, which is an
angioplasty to surgically expand the stenosis or occluded part in blood
Svessel, for example, percutaneous transluminal coronary 



angioplasty 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 from an arm or
femcr artery, it is placed at a stenosis in the coronary artery, then the
balloon attached at the tip is blown up to expand the stenotic blood
vessel. This technique can expand an intravascular lumen in a lesion site
to increase the blood 13flow in the intravascular lumen. -h- PTA is used
for the treatment of arteriosclerotic disease as well as shunt stenosis
which arises at an arm of a hemodalysis patient. [0004] In general, thc,
PTA-treated blood vessel is damaged 2^sudetachment of endothelial cell and
injury elastic lamina, and the vascular intima grows because of the healing
reaction in the vascular wall, thereby patients whose stenosis Lesion site
is opened by PTA can suffer from restenosis az a rate of about 30 to 40 %.
25[00051  3       In more detail, the main cause of restenosis in human
beings is thought be the inflammatory process (adhesion/invasion of a
monocyte) arising 1 to 3 days after the PTA, and the forming process of
intimal thickening 5(smooth muscle cell) whose growth is the most about 45
days after the ..-7A.Once the restenosis comes ub, it is necessary to dr,
the IDT2, again. Accordingly, the establishment of the method for the
prevention and treatment has been desired. 10[0006'       Then, it has been
suggested to try reducing the rate of restenosis by releasing a drug
topically for a long time at a site for placement in a lumen, using a drug
dissolution type of a medical device for placement into a 15 lumen wherein
an anti-inflammatory aaent or an inhibitor of smooth-muscle cell
proliferation is supported on the surface of stent or balloon catheter
which is made of metal or polymer material. For example, Patent
R=fr.r.nc,-, 1 suggests a drug-eluting stent (hereinafter, abbreviated as
70 "DES"; wherein the body of a steno is coated with biocompatible
nanoparticle including a bioactive substance for the treatment, and a
process thereof, which discloses a 



sphericai crystallization techniaue as a process biocompatible
nanoParticie.  4       However, a poorly water-soluble drug which is hardly
dissolved in water such as probucol and cilostazol which have anti-thrombus
activity is hard to be included in a biocompatibie nanoparticie by
spherical crystallization  5 technique. Actually, when making probucol
included in a particle by said spherical crystallization technique, the
content of probucol in a PLGA nanoparticle was only about 0.5 %, which
indicated that little drug was included. Thus, according to the method of
Pant Reference 1, was  . 10 impossible to Prepare a medical device for
placement into a lumen wherein the surface is coated wit1 a sufficient
amount of a poorly water-soluble drug. [0008] Patent Reference 2 discloses
a method of attaching a 15 drug on a carrier by dipping a stent or a
catheter which is a carrier to a solution of a drug which is
water-insoluble and drying the carrier. :n the method disclosed in Patent
Reference 2, however, the attached amount was limited, accordingly it was
difficult to attach a sufficient amount 20 of a drug on a carrier. In
addition, the attached drug was released in a short time, thereby it was
also difficult to control the releasing time. [0009]               Patent
Reference 3 discloses a drug-releasing control 25type of multilayered stent
whose surface is coated with a  5 drug ingredient and a biocompatible
polymer as a second coating layer, wherein Probucol is listed as one of the
exemplified active ingredients. Patent Reference discloses a medical
coateddevice  



a biocompatible  5substance comprising a medicinal ingredient, and
D,-..tent R,.fr,=.nce 5 discloses a drug delivery system that uses a
balloon and an implant prosthesis (stent) which are at least partially
coated with a coating agent comprising a drug and a crr  Further, both of
Patent R=,r=n-c=  4 inand 5 disclose probucol as a drug. [00101
However, the methods disclosed in Patent References 3 to 5 had a problem
that it takes excessive time to elute a drug and then it is difficult to
obtain an enough efficacy 13of a drug, because a drug ingredient is
released in tandem with the decomposition of the biocomnatible polymer
layer. These methods need to use a solvent which can dissolve both of a
drug ingredient and a biocompatible polymer preParing a liquid coating
agent of the drua ingredient and 20 the biocompatible polymer. However, it
was restrictive to find such solvent from the viewpoint of the combination
of a biocompatibl polymer and a drug. Consequently, the methods had a
problem of lacking versatility as a coating technique. 25[0011]  6
In addition, using cilostazol which is another poorly water-soluble drug
and has platelet aad-regation inhibition action and so on, the same
application of the drug to a medical device has been tried, there has been
the same 5broin the trials (Patent Rrnces 3, 6 to 19).  rool2  
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JP 2004-523275   7 SUMMARY OF INVENTION (Problem to be solved by the
inventon) [0013 5In consideration of the above problem, the object of .the
present invention is to provide a medical device for placement into a lumen
such as a stent and a catheter, whose surface is uniformly and sufficiently
coated with a poorly water-soluble drug and wherein the drug has a
10certain sustained-release property and can be sufficiently dissolved in a
necessary period, and a method thereof. (Means to solve the Problem)
[00'141 15The present inventors have extensively studied in order to solve
the above-mentioned problems, and have succeeded in uniformly and
sufficiently coating the body of a device with a drug which is difficult to
be supported on a blocompatible nanoparticle, by making the surface of a
20 poorly water-soluble drug positive-charged to provide a drug Particle
and then coating the body of the device with the drug particle together
with a biocompatible nanoparticle, without embedding the poorly
water-soluble drug in the biocompatible nanoparticie. Based upon the new
25findings, the present invention has been completed.  



8 [00151       The frst embodiment of the present invention to achieve the
above purpose is a medical device for placement into a lumen whose body is
coated with mixed particles of 5poorly water-soluble drug particles whose
surface is modified with positive-charge and biocompatible nanoparticies.
Wherein, the drug particles may be prepared in two or more kinds of drug
particles using two or more kinds of drugs. 10'0016]       The second
embodiment of the present invention is the above medical device for
placement into a lumen wherein the s-r==(-= of the drug particles is
modified with positive-charge by attaching a cationic polymer to their
surface. 15Wherein, the cationic polymer is preferably chitosan or a
chitosan derivative.In addition, the cationic polymer is attached together
with a water-soluble polymer such as polyvinyl alcohol to the surface of
the drug particles. [0017i 20The third embodiment of the present invention
is the above medical device for placement into a lumen wherein the drug
particles have a mean particle size of 0.1 pm to 5 um.       The
alternative third embodimentthe present invention is the above medical
device for placement into a  9 particle size of 1,000 nm or less, pFrabiv
300 rim or less. [0018] The fourth embodiment of the present invention is
the 



5 above medical device for placement into a lumen wherein the biocompatible
nanoparticie supports the same or different drug inside and/or on its
surface besides the drug particle. [0019] 10The fifth embodiment of the
present invention above medical device for placement into a lumen wherein
the tioc mparb1.-- nanoParticie is composed of any one polylactic acid,
polyalycolic acid, poL I acid), and lactate-aspartate copolymer.Wherein,
the 15 biccompatible nanoparticle may be cnmosed of a singlecompound or a
mixture of two or more compounds selected from the above compounds. [0020]
The sixth embodiment of the -Present invention is the 20above medical
device for placement into a lumen which is a drug-dissolution type stent
whose body is coated with the drug particles and the biocompatible
nanoparticles. [0021]       The seventh embodiment of the present invention
is the above medical device for placement into a lumen which is a  10
drug-dissolution tyoe catheter whose surface is coated with the drug
particles and the bfocompatible nanoparticles, particular an extensible
drug-dissolution type catheter equipped with an extensible attachment whose
surface is ;coated with the drug particles and the biocompatibie
nnopart-ici=s.Wherein, the catheter with an extensible attachment includes
a balloon catheter. [0022] 



The eighth embodiment of the present invention is a 10liquid coatina agent
for coating- the above medical device for placement into a lumen.Wherein,
the said liquid coating agent is a suspension prepared by dispersing drug
par modified with positive-chargeattaching a cationic polymer to their sur7
and ..00compatible  15 nanoParticles in a water solution. Wherein, the drug
particles modified with positive-charge by attaching a cationic -Polymer
their surface may be modified by attaching a cationic polymer beforehand in
a step forming the drug particles, and/or the biocompatible nanoparticles
20 may be also adhered with a cationic polymer by adding a cationic polymer
in dispersing the drug particles and the biocompatible nanopartcles.
Wherein, the drug Particles modified Itlth Posve-charg= by attachina a
cationic polymer, the bocomoatble polymers, ,---nr" the cationic 25polymer
mean the same as definedthe above medical  11  device for pl,-(--=ment into
a lumen. [0023]            The ninth embodiment of the present invention is
a process for PreParinc a medical device for plc=m,,,nt into a 5lumen which
comprises                        forming a Grug particle by adding solution
of a drug in an organic solvent to an aqueous solution of a water-soluble
polymer to provide a drug particle, 10(2) a step forming a nanoparticle by
adding a solution of a biocompatible polymer in an organic solvent to an
aqueous solution of a water-soluble polymer to provide a biocomoa ible
nanoparticle,         (3) a soec preparing a liquid coating acent by 15
dispersing the above-formed drug particle and the above-formed
biocompatible nanopartic_Le to Provide a liquid coating agent, 



(4) a step modifying the surface of the drug particle with positive-charge
by dissolving a cationic Polymer 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 device to form a particle layer in a
25state of mixed particles of the drug c--,,rtlol.=q and the  12
biocomPatible nanoparticles. [0024]       The tenth embodiment of the
present invention is the above process wherein in step (4) the surface of
the drug 5particle is modified with positive-charge by dissolving a
cationic polymer in both the aaueolus solution in steP and the liouid
coating agent in step (3). [0025]           The eleventh embodiment of the
present invention is 10the above process which further compr a step milling
the drug particles after step (1). [0026: The twelfth embodiment of the
present invention is the         process wherein in step (1) the
water-soluble polymer is 15polyvinyl alcohol and the cationic polymer is
chitosan. 



[0027]       The thirteenth embodiment of the present invention is the
above process wherein step (o) is carried out by electrophoresis,
ultrasonic mist method, spray method, air 20brush method, wiping method or
dipping method. [0028]       The fourteenth embodiment of the present
invention is the process wherein the drug particles are composed of two or
more kinds of drug particles which are in a  13       In addition, the
present invention also includes each medical device for placement into a
lumen prepared in the above ninth to fourteenth embodiments. [001'9]
The f'==e-t-,-, embodiment of the present invention is the above medical
device for Placement into a lumen, liau coating agent, or process wherein
the drug of the drug particle is ciloe7ta7ol. [00301 10The sixteenth
embodiment of the present invention is the medical device for placement
into a Lumen which is for preventing and/or treating thrombus,
stenosis,and/or restenosis.In Particular, the '--77'-'t of the present
invention can bewhen a stent, a catheter, a 15balloon catheter or the like
is used as a medical device, and e preferred drug in the drug particle is a
drug havina platelet aggregation inhibition action such as cilostazol. In
addition, the embodiment of the present invention also includes a methodr
Preventing and/or treating 



20thrombus, stenos's, and/or restenosis which comprises using the medical
device for placement into a lumen,use of the medical device for placement
into a lumen for preventing and/or thrombus, stenosis, and/or reqrenosis.
25Furthermore, the embodiment of the present invention  lz also includes
the above liquid coating agent for preventina and/or treating thrombus,
stenosis, and/or rest=noss. this case, the liauid coating agent can be used
in a body directly or through a medium other than the medical device 5for
placement into a lumen. (Effect of the invention) [0031] According to the
first embodiment, it is possible to  10 coat the body of a device with
mixed particles of poorly water-soluble drug particles whose surface is
modified with positive-charge and biocompatible nanonartjci=, thereby it is
Possible to provide a drug-dissolution type medical device for placement
into a lumen whose body is uniformly 15and sufficiently coated with a drug
wh-h has been  to be supported on a biocompatibie nanoparticie before.The
surface of particle prepared by the current spherical crystallization
technic:Tue generally has negative zeta potential, while the intravitai
cell W.:=11also 20negative-charged, thus the current technique had a
problem 



that the adhesiveness of a particle to a cell was low due to electric
repulsion.In the pr,s=nt invention, the surface of a drug p",,rt-i,-1is
positive-charged, thus the cell-adhesiveness of = partici=c-'J a
negative-charged  15 in a cell (-=n increase.In addition, the body of a
d.=vi-.= is coated with each of a drug particle and a biocompatible
nanoparticle directly, thus the present invention can exert a sufficient
drug activity, compared with the case that a 5drug is included in a
biocompati le polymer Layer, because it does not take so much time to make
a drug dissolved. [00321       According to the second embodiment, it is
Possible to easily positive-charge the surface of the drug particle in 10
the medical device for placement into a lumen of the first embodiment by
modifying the surface of the drug particle with positive-charge using a
cationic polymer. [00331 According to the third embodiment, it is possible
to 15 increase the intravital incorporation of the drug particle in the .
medical device for placement into a lumen of the first or second embodiment
by making the mean particle size of the drug particle in the range of 0.1
pm to 3 um. It is possible to increase the stacking character of a drug on
the surface of a device and the permeability effect of a drug into a target
cell, when a bfocompatible nanoparticie has a mean Particle size of Less
than 1,000 cm, pr.='=-,---bly 300 nm or less. Thanks to such limitation of
the size, it is possible to make a drug-dissolution type of a medical
device for placement into a lumen wherein the rud particle  _o 



is uniformly layered.In the present invention, the mean particle size of a
drug particle means a mean particle size derived by  diffraction-scattering
mentioned below,        and the mean particle size of a biocomnatible
nanoparticle 5means a mean particle size derived by dynamic ldht
scattering. [CO34:       According to the fourth embodiment, it is possible
to increase the amount of a drug supported on the body of a  1C device in
the medical device for placement into a lumen of any one of the first to
third embodiments by supporting the same or drug inside biocomPatible
nanoparticle and/or on its surface besides the drug particle. :n addition,
the present invention is a medical          for placement into a lumen
which exhibits both a rapidiv-releasing property via a drug particle from
the surface of a device and a gradually releasing property from the inside
surface of a biocompatible nanoparticie, the medical device is Placed in a
target site. And,  70 if using a drug ,-;'ffr=n- from drug in the drug
particle, for example, plural drugs whose efficacies and action mechanisms
are different; some drug potencies can be enhanced because of a svneraistic
effect with P.P,ch ingredient. in the specification, it can be called  



17 nanoparticie. [00251       According  to the fifth embodiment, t- is
possbe to provide the medical device for placement into a lumen of 5 any
one of the first to fourth embodiments wherein the biocompatible
nanopartcle is composed of any one 0= polylactic acid (PLA), polyglycolic
acid (PGA), poly(lactic-co-glycolic acid) (PLGA), or lactate-aspartate
copolymer (PAL), which has low irritant and toxic 10propertiesor biologic
bodies and can releasea drug gradually due to the decomposition
ofbiocomatible polymer in case that a drug is included in the partir-7e.
[0036] Accordins to the sixth embodiment, it is pcsq2;--,',, 15 provide the
medical device for placement into a lumen of any one of the first to fifth
embodiments wherein the drug particle and the biocomoatible nanoparticie
are coated on the body of a stent, thereby it is possible to   the drug in
the Placement of a lumen for a _long time and 20locally to effectively
decrease restenosis. [00371       According to the seventh embodiment, it
is possible to coat a drug particle and a biocompatible nanoparticle on the
surface of the medical device for placement a  18 surface of the extensible
part of a catheter euuipped with the extnsible part, thereby, a=t- catheter
into a stenosis part in blood vessel, and extending the extensible part to
expand the stenosis part, it is possible 5to prepare an extensible
drug-dissolution type catheter . which can topically release a --'rug from
the extensible part to reduce the restenosis effectively. 



[0038]       According to the eighth embodiment, it is possible to provide
a liquid coating agent for coating the above medical device for placement
into a lumen, thereby it is possible to coat various medical:or intravital
placement such as the above-mentioned stent and catheter. [0039]
15According to the ninth embodiment, it is possible to coat the body of a
device with mixed particlesdrug parti  having high cellular adhesiveness
whose surface is positive-charued and a biocompatible nanoparticle to form
a uniform Particle layer on the body of a device, thereby it 20  is
possible to Prepare a drug-dissolution type of a medical device for
placement into a lumen which can make the drug particle r-ff-i--nt'y
delivered in a cell and is easy to handle, by easy way and with low cost.
In addition, it is not necessary to use a solvent which can dissolve both
of a  19 the invention is a versatile preparing-method which does not
depend to the combination of a drug and a biocompatible polymer. [0040]
5According to the tenth embodiment, in the process for preparing a medical
device for placement into a lumen of the ninth embodiment, it is possible
to drastically depress the aggregation of drug particles in the sten
forming a drug particle by dissolving a cationic polymer in both the 10
aqueous solution in the step forming a drug particle and the liquid coating
agent and also it is possible to enough modify the surface of a drug
particle with positive-charge. :n addition, the surface of the
biocomnatible nanoparticie is also positive-charged in this embodiment,
hence, in case 15  that the body of a device is conductive, it is possible
to form a particle layer uniformly on the body of a device hav'ra a
complicated shape by contact a liquid coating agent with the body of a
device which is electrified in the processof attaching particle. In
addition, it is possible to control the thickness L- a - particle layer by
controlling 



the electric. voltage or the time of the electrification. [0041]
According to the eleventh embodiment, in the process =or preParcng a
medical device for placement into a _umen  90 increase the biologic uptake
of the drug by comprising a step micro-milling the drug particle after the
step forming the drug particle. In addition, it is possible to form a more
uniform particle layer on the body of a device, and 5increase the amount of
the drug particle attached on the body of a device. The process of milling
.= drug particle can be carried out in the process for preparing the
medical device for placement into a lumen and the liquid coating agent of
the first to eighth embodiments, thus the same 10effect is expected
therein. [00421       Ar-cordna to the twelfth embodiment, in the process
for Preparing a medical device for lo:ac-='m=nt into a lumen of any one of
the ninth to eleventh embodiments, _t is _o possible to make the
dispersibility of the drug particle to water higher, drastically depress
the agglutination of druo particle and then increase the yield ratio in the
step forming a drug Particle, by dissolving polyvinyl alcohol and chto=an
as a water-soluble polymer in the step forming 20a drug particle. [00431
According to the thirteenth embodiment, in the Process for preparing a
medical device for placement into a lumen of any one of the ninth to
twelfth embodiments, it is 25possible to efficiently and easily form a
uniform particle  layer by carrying out the process of attachincparr
through any one of electrophoresis, ultrasonic mist method, spray method,
air brush method, wiping method and dipbing method. 5[004.!ii 



According to the fourteenth embodiment, in the process for preparing a
medical device for placement into a lumen of any one of the ninth to
thirteenth embodiments, it is possible to prepare a medical device for
placement into a  10 lumen which can systematically control each
dissolution time of two or more kinds of drugs by forming a particle layer
comprising dff,---r,---nr types of drug particles in a layered   or in a
mosaic 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
layer, and attaching a drug particle which should be released after a given
time in the inner layer. [0045: According to thef'---1-nth embodiment, it
is possible 20 to provide the above-mentioned medical device for placement
into a lumen in which cilostazol is used as a drug of the drug particle,
for example, which is expected to prevent restenosis in using it in a stent
through its action for inhibiting smooth muscle cell proliferation,  22 so
on, and additionally the other various actions of cilostazo7 are also
expected t  be exerted. [0046 According to the sixteenth embodiment, it is
expected 5 to improve functional disorders of the applied organ by using
the above-mentioned medical device for placement into a lumen. t is
expected to improve, specifically, heart
failure,mvocardialinfarction,cerebralinfarction, chronic kidney disease
(CKD), and so on. 10 BRIEF DESCRIPTION OF DRAWINGS [0047] Figillustrates a
frame format of the structure of         a drug particle used for the
medical device for placement 15into a lumen, whose particle surface is 



Fig 2. 111,trates a frame format of the structure of a biocompatinle
nanoparticie used for the medical device for placement into a lumen, whose
particle surface is positive-charged. 20Fig. 3 snows a diagrammatic
illustration eectroahoresis apparatus used for prep,--.7-nc a DES in the
present invention.           Fig. 4 is a cross-sectional frame format which
shows a state in which a particle layer is formed on a metallic 25fiber as
the body of a stent.  ');       Sic. 5 is a cross-sectional frame format
which shows a state in which a Particle laier and a biodegradable Polymer
layer are formed on a ---Hbc=r as the body of a stent. 5Fig. 6 is a
cross-sectional frame format which shows a state in which a
negative-charged resin and a particle laver are layered on the balloon part
of a catheter. Fig.shows the transitional result of th minimum 10vessel
diameter Fig. 8 shows the result in the control group among HE-
pathological specimens of the cross-sectional vessel which was extirpated
28 days after the placement of the stent in Test 3. 15 - -  shows the
result the c'lcstazoi-a  stPni- group among HE-stained pathological
specimens of the cross-sectional vessel which was extirpated 28 days after
the Placement of the st,,,n1- in Test 3 



207XPLANATTON". OF LETTERS OR NUMERALS [0048] 1: drug particle 2:
biocomnatible nanopa ticle 3: polyvinyl alcohol  24 5: elecrrophorc--, a
Paratus 6: bath 7: liquid coating agent E: stent body 59: positive
electrode 10: metallic fiber 11: particle layer 12: biodegradable polymer
lever balloon part 1015: negative-charged resin layer DESCRIPTION 07
EMBODIMENTS [0049] 



Hereinafter, the embodiments of the present invention  are in detail
illustrated, op cc 1-h= drawings.  process for preparing a medical device
for placement into a lumen of the present invention comprises        (1) a
step forming a drug particle to provide a drug particle, (2) a step miling
the drug particle, ("),) a s1-7, 20 forming a nanoparticle to provide a
biocompatible nanoparticie, (I ) a sten preparing a liquid coating agent by
dispersing the above-formed drug particle and the above-formed
blocompatible nanoparticie 7 Th provide a liquid coating agent, (5) a step
modifying the surface of the drug  23 device with the above-prepared liquid
coatingcjr. t by coating the body of the device with the drug particle and
the biocompatible nanoparticie to form a particle layer in a state of mixed
parts of the drug particle and the tiocomptible nanoparticl. hereinafter,
each process is explained from step forming drug particle to Process of
attaching particle, seauentially. [0050] (1) Step forming drug particle
10The drug carticle used herein can be prepared by crystallization method.
In the crystallization method, two kinds of solvents, a good solvent in
which the p00,-y water-soluble drug used in the present invention is
soluble and a poor solvent in 15 which the drug is insoluble on the
contrary, are used. As the good solvent, an organic solvent which dissolves
the drug and are well mixed with a poor solvent such as acetone is used
herein. As the poor solvent, an agueous solution of polyvinyl alcohol or
the like is generally used. 2010051] 



In the operating Process, first or all, the drug is dissolved in a good
solvent. The solution of the drug is added droPwise in a poor solvent with
stirring. When the interaction (inter-solubility) between the good solvent
and 7 Rthe drug is stronger than that of the good solvent and the  poor
solvent, an emulsion dropping arises in the mixture. On the contrary, when
the interaction between the good solvent and the drug is weaker than that o
the good solvent and the poor solvent, a crystal of the drug arises 5in the
mixture and thereby a suspension is produced. [0052]       The drug used in
preparing the drug particle is not limited, but a poorly water-soluble drug
which has been hard to be included in a biocompatible nanoparticie or
10coated on the surface of a device before can be used herein. The Poorly
water-soluble drug us.=,o1 herein is not clearly defined, but for example,
it can be defined as the solubility of the drug in water ' s that"very
slight=v soluble; the volume of solvent required for dissolving 1 13or 1 mm
of solute is 1,000 mL or more" defined in the JaPanese Pharmacopoeia XXV.
Some examples of the poorlydrug include, but are not limited to,
cilostazol, probucol, simvastatin,tacrolimus,sirolimus,7nt.=roTmu,
20everolimus, and paclitaxel. [0033]       A specific solvent among the
good solvents used in the above cryst,='17,--.-on method is selected
depending on the drug used therein, but it is necessary to select a solvent
25which is safe for a human body (becaus= t.h,== drua particle  



is used as a material of medical device which is placed in a human body)
and Little harmful to the environment. For example, an organic solvent
clasq='d as Class 3 solvents defined in "Impurities: Guideline for Residual
Solvents" 5issued by Pharmaceutical and Medical Safety Bureau of the
Health, Labor and Welfare Ministry is preferable.The spar solvent
classified therein includes acetone, ethanol, 1-butanol, ethyl acetate,
diethyl ether, and Letrahydl-ofur,--n wh I ch are organ'd solvents having a
low 10melting Point, n-ef=-bly acetone which has little adverse
fo- the environment and a human body, or a mixture of acetone and ethanol.
[0054       Like the case of the good solvent, a specific solvent among the
poor solvents is also selected depending on the drug used Therein, for
example, _t includes water or an aqueous solution of a surfactant. A
preferred examPl.=, thereof is an aqueous solution of a water-soluble
polymer as a surfactant such as polyvinyl alcohol.The water- 20soluble
polymer used herein other than polyvinyl alcohol
includespolyethylene,f1Vr.^.polyv'nv1Pvrrolid n hydroxymethylcellulose, and
hydroxyaropylcellulose. [0055]               The concentration of polyvinyl
alcohol in the aqueous 25solution, the mixture ratio of acetone and
ethanol, and the  28 condition of the crystallization are not specifically 



but may be decided suitably ebendino on the drug of the drug particle, the
particle size of the crystal, etc. The higher the concentration of
polyvinyl alcohol in the 5aqueous solution is, the better the adhvness
polyvinyl alcohol to the particle surface is, and thereby the
re-dispersibilitv of the drug to water after drying it. However, when the
concentration of polyvinyl alcohol in the aqueous solution is beyond a
certain level, the viscosity 10of the poor solvent is enhanced so that the
diffuseness of the good solvent can be affected negatively.
Accordingly, the concentration of polyvinyl alcohol in the aqueous solution
is preferably 0.1 % (w/w) to 10 % (w/w), more preferably about 2 % (w/w)
when the organic solvent is removed =ft.-- preparing the drug particle and
furthermore an excess of polyvinyl alcohol is removed, but it depends on
the Polymerization degree and saponification degree of the polyvinyl
alcohol. And, when the organic solvent is removed from the suspension after
forming the 20particle and then the residue is directly used in process of
attaching particle via the milling process, the concentration of polyvinyl
alcohol in the aqueous solution is preferably 0.3 % (w/) or less, more
preferably about 0.1 C.(w/ w). 25[0056]  29        Each amount of said good
solvent and poor solvent used herein includes, but depends on the kinds of
the used drug and solve _, for example, 10 to 1000 mL, preferably 20 500 ml
of the good solvent, and 20 to 2000 mL, prefrbly 550 to 1000 ml of the poor
solvent, per 1 g of the poorly water-soluble drug. [0057]           In
general, many of the particles OHsp=r=r-' in a liquid are charged
positively or negatively, and ions 10having opposite charge thereto can
strongly gravitate to the particle surface to form a fixed layer. - 



_n addition,  there is a diffuse layer outside the fixed layer, and then so
called "diffuse electric double layers" are formed. Thus, it is guessed
that a partial inside of the diffuse 15layer and the fixed layer move
together with the particle.       The zeta potential means an el potential
on the glide plane arising by the above movement, which is based on the
electric potential on the electrically neutral range enough depart from the
partc1=. The higher the absolute 20value of the zeta potential becomes, the
stronger the repulsion between the particles becomes, and thereby the
stability of the Particles gets to be enhanced. contrary, when the zeta
potential makes an approach to zero,theparticlescanbeeasilyagglutinated.
25Arro,-dngly, the zeta Potential can be used as an indicator  of the
dispersing state of particles.       Thus, using an adueous solution of a
water-soluble polymer in the process forming drug particles as a Poor
solvent, the surface oz the drug particle can be coated ..., with the
water-soluble polymer, and thereby the zeta potential of the drud particle
becomes higher and the dispersibility to water becomes higher, then the
agglutination of the drug particle in the milling process mentioned below
suppressed. In particular, when a 10 cationic Polymer such as chitosan is
used as a water-soluble Polymer together with polyvinyl alcohol, the
sur=P-P- of the formed drug particle is modified with positive-charge with
the cationic r-,01,7m=r to have a positive zeta potential, thereby the
agglutination can be 15remarkedly suppressed. [00581 (2) Milling process
drug particle prepared by crystP11-al-on method 



often has a particle size of a broad range of a hundred nm 20 to several
hundred um, unless the drug is an amorphia. When the drug particle is
layered on the body of a device without any treatment, the biologic uptake
of the oruc  _31 physically milling procs can be set so that the mean
pa-1-(--]  size of the drug particle can be suitably in a given range.
[00591        When the mean particle size c= the drug article is adjusted
to 5 pm or less, it becomes possible that the drug particle is more
uniformly layered on the body of a device together with a biocompatible
nanopar-  cn the Process of attaching Particle mentioned below, compared
with an un- 10 milled drug particle. And, when the drug particle of the
present invention is used in a stent or a catheter and the device Is paced
in a biologic body, the affinity between the drug and a target cell is
enhanced and the biologic uptake of the drug particle is also enhanced. On
the other 15hand, when the mean particle size is 0.1 pm or less, difficult
to maintain the dispersibility of particle as a single particle, then the
drug particle is apt to beauickly to lose the effect of the milled drug
particle. Accordingly, the mean particle size 73of the milled drug particle
is Preferably in a range of 3.1 pm to 5 pm. [0060'       The method of mill
used herein is preferably to mill a drug particle in a suspension state
with a wet m1 such 25as Disperse Mil_ (HOSOKAWA MICRON CORPORATION) ,
Agu,-,mi7=r  



32  (HOSOKAWA MICRON CORPORATION), MSC mill (Mitsui Kozan), and
desktop-type ball mill (7R17 SHOKAI). [00611 (3) Step forming biocompatible
nanoParticie 5Thbiocompatiblenanoparticleofthepresent invention can be
prepared by emulsion solvent diffusion method (ESD method) which is a kind
of crystallization methods to prepare a drug particle. The 7Sn method is a
method which can control the preparation and growth of a 10crystal in a
final process ci a compound svnthes's to design a spherical crystalline
particle and directly prepare it while controlling its physicality.The
spherical r.rys7allization technique can easily form uniform particle
without considering a Problem such as the  15 residue of a catalyst or a
material compound, because it can form a microparticle via a
Physical-chemical approach and the obtained particle is a substantially
spherical particle. [0062] 20In the ESD method, two kinds of solvents are
used,        a good solvent- which can dissolve a biocompatible polymer and
a poor solvent which adversely cannot dissolve a biocompatibie polymer. The
good solvent used herein which can dissolve a biocompatible polymer is an
organ,(--  33 a(-=tor=. And the poor solvent used herein is generally an
agueous solution of polyvinyl alcohol or the like. [0063] When a solution
obtained by dissolving a biocompatible 



5 polymer in a good solvent is added dropwise with stirring into a poor
solvent which cannot dissolve the biocompatitle polymer, the good solvent
in the mixture comes to diffuse rapidly into a poor solvent. Then, the good
solvent is self-emulsify to form an emulsion drooping of the submicron 10
good solvent. Furthermore, the interdiffusion between a good solvent and a
poor solvent can make the solubility of the biocomoatible polymer in the
emulsion dropping lowed, then to form a crystalline particle of the
biocompatible polymer having a mean particle size of 1,000 nm or mess.
_o[0064]       The ESD method can form a nanoparticie via a
physical-chemical approach wherein the nanooartcle is P substantially
spherical particle, the method makes it possible to easily form a uniform
particle without considering a problem such as the residue of a catalyst or
a ma]-=r'= ^ompound. Then, the organic solvent which is a good solvent is
removed in vacuo and the residue is dried to give a nanoparticie powder.
The types of a good solvent and a Poor - solver:, the concentration of an
aaueous  34 as defined above. [00651       The biocompatible polymer used
herein is pr===rablv a biocompatible polymer having low irritant/toxic
properties    r bo'ogic bodies which can be metabolized in vivo after
administered. And preferably, when the nanoparticle includes a drug, the
included drug is dradualy released. The material used herein for such
purpose is preferably PLGA (copoly lactic acid/glycolic acid). 10The
molecular weight of PLGA is preferably a range . 5,000 to 200,000, more
preferably a range of 15,000 to 25,000. The composition ratio of lactic
acid and alvcolic acid is 1:99 to 99:1, preferably lactic acd/clycolic acid
is 1:3.333. 15The biocompatible polymer besides ILGA includes a
chemically-synthesized b'ocomPatblepolymersuchas
polygivcolicacid,polylacticacid,polymalicacid, 



polyhydroxy acid, Polyhydroxybutyric acid, polybutylene succinate, and
polvcaprolactam.These copolymers can be 20used directly or after modified
with a charge group such as
anaminoacidorfunctionalized.The1-)2i0r"'")M13.=,"Hihii-1,
polymersbesidestheabove-mentionedonesinclude
naturally-occurringacetvlcellulose,chitin,chitosan, gelatin, ann collagen,
as well as m'crobJ'allv-derived  [0066]       Then, the obtained suspension
of nanoparticle is used in the next step preparing a liquid coating agent,
without any treatment, or after removing the organic solvent as a 3good
solvent if necessary and then powdering it once by lyonhilization
nPC"'SS-=,ry. Preferably, if the nanona,-t-ir-j-, is used in the next sten
as a suspension, the lyoph7-tion becomes unnecessary to simnlify the
process. [0067] 10The main purpose of the biocompatible nanoparticle used
herein is to increase the coating amount of the drug particle by layering
the nanopartcle on the body of a device in a state of mixing with the drug
particle. Accordingly, in the above step forming a nanoParticie, the
15process of the biocompatitle nanoparticle comnriqnd only ,--
biocompatible polymer is explained.In addition, _t is possible to prepare a
nanoparticle wherein a drug supported inside or on its surface by
dissolving a drug together with a biocompatible Polymer in a good solvent.
70  When using such nanoparticle, it is possible to make the total amount
of a drug coated on the body of a device increased and also make the
therapeutic effect enhanced through the different efficacies and action
mechanisms of the drugs supported in the drug particle and the  



36, [0068]       The drug supported in a biocomPatible nanoparticle can be
a drug whose efficacy and action mechanism is the same as That of the drug
in the drug partjcle or d  f-07 that thereof. The ingredient having a
diff,--nt efficacy or action mechanism includes, but not limited thereto,
for example, an ancifiatelec drug such as aspirin, dipvridamole, heParin,
antithrombin drug, and fish oil; an inhibitor of smooch-muscle
proliferation such 10molecular-weight heparin, and anuiotensin-converting
enzyme inhibitor; an anticancer agent such as vincristin,==
vinblastinesulfate,vindesinesulfate,ir.Hnoecan hydrochloride, paclitaxel,
docetaxel hydrate, methotrexate, and cyclophosphamide; antibiotics such as
mitomvcin C; an 15 immunosupPressive agent such as sirolimus, and
tacrolimus hydrate; an anti-inflammatory agent such as a steroid; a
lipid-regulating aoent such as cerivastatin sodium, and lovastatin; P gene
compound such as plasmid DNA, gene, siRNA, decoy nucleic acid medicine
(decoy), Polynucleoticie,
20oligonucleotide,antisenseoligonucieotide,ribozyme, aptamer, irukin, and
interce11lr messenger (cvtokine); and a receptor tyrosine kinase inhibitor
such as imatinb and DTK787. The biocompatible nanopart-icle can support one
ingredient among the above drugs, or two or more drugs having different
4,==icacjes and action  mechanisms to try to make some synergistic effect
based on the different druas.       The amount of the drug supported on the
biocompatible nanoparticie depends on the type of drug, but, it is, for
example, 20 % (w/w) or less. [0069]       In case that the drug has a
relatively high solubility for water and an extremely low solubility for an
organic solvent, the drug candissolved in a poor solvent 10beforehand, then
a solution of a biocomnatibie polymer in a good solvent can be added
drolowise thereto.Ar-r-rmr'na to thisLI, it is possible to prepare a
nanoparticie 



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
ofbiocompatible polymer. The above-mentioned poor solvent or good solvent
means a Poor solvent or a good solvent for a biocomPatible polymer. [0070]
In preparing a nanonarticie including an anionic drug 20  which exists as
an anionic molecular in water, the water-soluble anionic drug which is
dispersed/mixed in a good solvent is suppose:, leak out and solve in a
:Door solvent, and only a polymer for =orming a nanoparticle can
precipitated, thus as a result the nanoparticie can include  38 polymer
such as chitosan in a poor solvent, the cationic polymer adsorbed on the
nanoparticie surface can interact with the anionic drug on the surface of
the emulsion drooping to orevent the leakage of the anionic drug to a 5
poor solvent, thereby the included rate of an anionic drud inside a
nancparticie can be enhanced. The above-mentioned poor solvent or docci
solvent means a poor solvent or a good solvent for a biocomoatibie oolymer.
[0071] 10The biocompatible nanoparticie used herein is not limited as long
as the mean particle size thereof is less than 1,000 cm, but tne
biocompatible nanooarticie is necessary to cc uniformly layered together
with -rua particle on the surface of a device such as a stenl- and a
The nanonarticie supporting a drug needs to be incorporated in a cell to
provide the drug in a stenosis site wherein a steno or catheter is placed.
Thus, in order to enhance the layering property on the surface of a device
and the penetrating   of a drug into a target cell, 20the mean particle
size can be made to Preferably 300 nm or less so that the nancoartcle
delivered to the taro=-t-  site can be easily taken into a cell by
plasmalemmal endocytcsis. [0072] 



(4) Step oreoarina liauid coating agent  p~-eoared as above is dispersed in
water to a susoension thereof to prepare a liquid coating agent for using
in the process of attaching particle mentioned below. [00731 5The mixture
ratio of the drug particle/biocompatible nancoarticie in the liauid coatina
agent is 10:90 to 90:10 by weight, o-e-'erably 15:85 to 83:15 by weight,
which can be decided based on the tvoe of drug Partcle, pa-ttle size, the
amount of drug oa-t'ce coated on the body of a  10 device, or the releasing
rate. For example, when raising the amount of tiocompatible nanoparticle in
the mixture, it is supposed that the amount of the coated drug particle is
increased and the releasing rate of the drug Particle from the body cf a
device is delayed. On the contrary, when  5 raising the amount of drug
particle, it is supposed that it comes out the opposite result. In case
that cilostazol is used herein, the mixture the drug parcicle/biocomoatble
nanoparcicle mayas above, oreferably 50:50 to 15:85, in Particular, the
ratio 20of 1:2 can bring in a good effect. [0074] (5) Step of modification
with positive-charae        The surface of drug carticle is modified Wi
positive-charge by being coated with a cationic polymer  40 conventional
spherical crystallization technique has a negative zeta potential in
general, thereby the conventional technique has a problem chat the cellular
adhesiveness of the particle is worsened due to electric 5 r.=,,p=.11na
force because  the intravital cell wall is also negative-charged. hence,
when the surface of drug Particle is electrically charged by using a
cationic polymer to have positive zel-e. the adhesiveness of drug particle
to a negative-charged cell wall can be increased and then 10the
transitivity of a drug into a cell can be enhanced. 



rnn-7-1 Luu/oj The cationic polymer used hereinr-h'toar :=nd chtosar
oerivative, ca-on7ed cellulose, a polyamino compound (suchpolyethylenimine,
polyvinylamine,1 13polyallylamine), polyamino acid (such as polyornithine,
polylysine,andPcivarginine),polyvinylimidazole,
polyvinylPyridiniumchloride,alkylaminomethacrylate quaternary salt polymer
(DAM), and alkylaminomethacrylate quaternary salt.acrylamide copolymer
(DAA), preferably 20chitosan or a derivative thereof. [0076]       The
chitosan is a natural cationic polymer having many glucosamines that is a
k'nd of a sugar having an amino group, which is contained in an cuter
envelope of shrimps 25and crabs. The chftcsan is broadly used as a material
for  41 cosmetics, foods, clothes, pharmaceuticals, etc. because it has
some propert'.es such as emulsion stability, shape
retention,biodegradability,biocompatibilitv,and antibact-1 activity.The
chitosan can be added to a 



5 solution of a drug in a Poor solvent for the drug to prepare a drug
particle which has unharmful effect to human body and high safity. [0077
When using a more strongly cationic polymer, the zeta Inpotential becomes a
more stronger Positive-charge, then the electrical adsorbabilfty in the
step attaching particle mentioned below is enhanced and the repe'llng force
between particles is enhanced to stabilize particles in suspension.or
example, a partial site of a cationic  15 chil-osan can be auaternzed (Th
prepare a chitosan derivative (cationic chitosan) such as N-2-hydroxy-3-
(trimethylammonio)Propylichitosan chloride, which is preferable for use in
the present invention. [00781       In order to modify 1.,7th
positive-charge in the present seP, it can be achieved by dissolving a
cationic polymer in an aqueous solution in the step forming drug particle
mentioned above, or adding a cationic polymer in a liquid coating agent
prepared in the step preParing liquid coating 25agent. In particular, when
a cationic polymer is dissolved  in an aaueous solution:he step forming
drug particle and furthermore a ca-ion'r- nolvmer is also dissolved in a
licuid coatingaggregation of drua particles in the sten formind drua
nartfcl.= can be remarkediv sunpressed 5and =dd't'onall:y a sufficient
charge amount can be obtained  in - hstep nreparing  



[00791  coating agent, which                  In addition, when a cationic
polymer is dissolved in 10the liguid coatiaa.n7the slir==-= of a
biocompatible nanoparticie which is aenerallv negatfve-chardcan be
positive-chargedwithdrug particle.                 become cossible  -  r '
ttach the drug nartfcie and the biocomnatible nanoP=irt'c1e to the body ci
a device =.'ectr'cf_ -(-onduc=-' in tn.= particle mentioned below, and then
enhance the efficiency for attaching  Add'tiona'lv, the attached  particle
is-n--v fixed, th-iit is possible to prevent       removalme p_eparf-,"
----.s. or inserting and expan'ng the device. [00P0-:       Fig. 1 and Fig.
2 show tructures of a drug Particle and a biocompatitie nanonarticle which
are d'p=r=ci in a liaufd coating agent, respective Wherein, the surfaces  



43 coated with polyvinyl alcohol 3, and further the surfaces are -optaH
with cationic polymer L in which cationic polymer 4 has positive zeta
potential. [00811 5(6) Step attachna The next explanation , --is drer.1-cl
to a method for forming a particle layer by attaching a drug particle and a
biocombatible nanobarticie to the body of a device. In the present
invention, the formed particle layer is in a state 10  that ,4"c, rartloLes
and biocompatible hanoPartic-es are mixed, wherein the drug particles have
a :relatively-broad particle size and the biocompathle nanocartices have a
small diameter. Thus, 1-1-1= interspace of the particles is small so that
the close packing is possible. Consecuentiv, the present invention can make
a particle layer layered             comPared with thelayering only drug
particles, thereby the particle layer is a uniform one, the amount of the
coated drug particle is much.The process of attaching particle used herein
includes a wiping 20method (coating the body of a device with a liouid
coating agent, then dryingand a dipping method (dipping the body of a
device in a _Liquid coating agent, taking it out and drying it). [0082] In
the step of the modification with positive-charge  



44 mentioned above, when the surfaces of drug particle and biocompatible
nanoparticle modified 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
the biocompatible nanoparticle to the body of a device. Hereinafter,
methods of attaching a particle to the body of a conductive stent, and
methods of attaching a particle to the extensible attachment (balloon part)
of a 10nonconductive catheter are explained.       The method for preparing
a T---_-q in the present invention which attaches particles to the body r-,
a conductive steric includes an= , -o .,,,es ,
=,--Lropn,_is wherein the body of a stent as a negative electrode is
electrified in a suspension of drug particles =nd biocompatible
nanoparticies, and a spraying method wherein a liquid drop containing drug
particles and biocomPatible nanopart'cles is atl-,--ch=r-' to -.n=
negative-charged surface of a scent. 20showsadiagrammaticillustrationofthe
electrophoresis apparatus used for preparing a DES in the present
invention.Electrophoresis apparauq's with a suspension (liquid coating
agent 7) of drug particle 1 and biocompatible nanoParticie 2 in its bath 6,
which is 25composed of scent body 8 ^onn=r-i-=^- the n=gatve  45 e7=- -rod=
side of ancircuit as a negative =1=cl-rod= and positive odeconnectedthe
positive electrode side of an electrical circuit, both of which are dipped
therein.In the illustration, stent body 58 used herein is made in a
net-like cylindrical shape usina a metallic fiber. 



[0084]           As mentioned above, drug particle 1 prepared in Step
formina drug particle and Milling process and biocompatibie 10nanotiart.e,,
= 2 Pr=Paredstep forming n=nop=r1-1-_= -are . modified (coated) with a
cationic polymer in Step modification withPositive-chargeso that thezeta
potential ofparticle surface is positive-charged. Thus, when the electrical
cir1'c =1=-tr'fied in a state ISci Fig. 3, n=g=tive Potent=1 arises on the
surface stent body 9 so that positive-charged Uy,, particle 1 and
biocompatible nanoparticie 2 can attract to the surface to actively adhere
to- surface.Water molecule in liquid coating agent 7 is also decomposed by
an electric current  70 and the liberated hydroaen 'on ed to stent body 8
to get an electron from the surf=,-= of stent body 8, then hydrogen gas is
generated. On the other hand, hvdroxy ion (OH-) is culled to positive 9 to
an electron to p---"t"ve e ectrode q, th=r, oxygen and water are  46 [00851
with progression of the chemical reaction, a particle layer is formed,
which is coated on the surface of scent body 8 in a state of mixed
Particles of drug particle 1 and 5  bi000mpatible n.anoparticle 2. And, the
part of the formed rar:icle lever is no longer conductive, thereby it is
possible to form a uniform particle Layer because formino the layer is not
developed any more. In addition, it is easy to automatically proceed in the
process of attaching 10  enH it is possible to easily control the Layer
thickness by adjusting  the electric voltage or the electrifying time,
thereby the method is suitable for industrization. Furthermore, in the
invention, a coated object (the pocy a stent) is used as a negative 



15 electrode, thus there no dissolution metal ion. Consequently, it is
possible to attach the particle to iron, magnesium, etc. [00861 Fig. 4 is a
cross-sectional magnified drawing which 20  shows e state in which
Particles are attached on a metallic fiber which is a component materel of
the body of a scent by electrophoresis. The surface of the negative-charged
metallic fiber 10 is Perfer'tTy coated with the positive-charged drug
particle 1 and biocompatble nanopartcle 2 to  z 7 =1=ctronhoresis, which is
densely layered in a mixed state of drug particle a and biocomnatible
nanobarticle 2, has a good uniformity, adhesion, and corrosion-resistance,
comnar=d with a pa-tio'layer which is 5example, by dipping the body of a
stent in a liquid coating agent and taking it out without  yng the body of
a stent. [0087] Thereby,possibleis possible to prevent the peel-off of  10
particle layer 11 from stent body 8 in the nreparina process or in
inserting a a_.ailL into a biologic body and =xp=n^inc = steno. The cause
of increasing the adhesion of particle layer 11 to stent body 8 by
electrophoresis is van der Waals' force between the particles, etc.
15[OO8R]       The configuration of a st=nt body may be made by braiding a
fiber material or cutting a metal pipe in a netlike appearance with laser,
etc., which has a coronal shape, ,= roll shape, or a variety of
conventional shapes known well. And, the steno body may be a
balloon-extension type or a self-extension type, and the size of the stent
body may be suitably chosen depending on the applied site. For example, in
case of using! 4r; coronary artery, the Dr===rrad outer diameter before
extended is generally about  z:8 [00P91 



_n attachina partcLes by electrophoresis, it is necessary to use a
conductive material such as a metal for the stent body. The metal used ''or
the stent body includes  5 stainless, magnesium, tantalum, titanium,
nickel-titanium alloy, inconel, geld, platinum, iridium, tungsten, and
cobalt system alloy. In case that the stent is a self-extension type, the
Pre f=rr=r; metal is a hypere1a=tr alloy or the like such as nickel
titanium because it is no: 10necessary to re-form to the original hape.On
the other hand, in case that the stent is a balloon-extension type, the
preferred metal is stainless Or the like which is hard to re-form to the
original shape after the balloon extended, in particular, SUS 3161 which is
the most 15corrosion-resistant is c-=f=-='= [0090]       The conductive
material for the stent body besides a metal includes a conductive polymer
such as polyaniline, polyPyrrole, polythiophene, polyisothianaphthene, and
7n polyethvlenedioxythiophene, and conductive ceramics. In addition, it is
acceptable in the present invention to use a nonconductive resin to which
the conductiveness is given by adding a conductive filler or
conductive-treating the surface with coating or the like. 25[00911  49
When an un-biodegradable material such as stainless is used as a material
of the stnt body, it can cause retencsis because the steno is supposed to
be placed for a long time and then can inflame the inner wall of a blood 5
vessel. In that case, the patient has the necessity to be given PICA
(percutaneous transiuminal coronary angioplasty) every a few months to
re-place a stent, thus it was borne by the To combat this, by using a
biodegradable material as a material of the stent body, the inflammation
10 caused by the steno placement can cc suppressed because the steno body
is gradually decomposed to dsaoldear in a few months after the placement.
[00921 In using electrophoresis, the higher the electric  5 voltage applied
between the positive electrode and the negative electrode is, the more the
amount of particles attracted to the surface of a stent in unit time is.
Accordingly, the method has a merit that the formation of a particle layer
on the surface of a stent can be carried out  0 in a short time, but it is
difficult to form a uniform particle layer because too many particles can
be attached to the 'n one time. Thus, the electric voltage applied in
electrophoresis may be suitably set considering the necessary uniformity or
a particle layer and the 



25=,rm-Hrcparticle layer.  50 [0093]       Next, the spray method is
explained. The sp-,-ay method is a method wherein a small suspension drop
of positivecharded drug 0,-,ttcle and biocomPatible nanoparticle is
5attached to the surface of a scent body which is nedative- charged by
being  which includes ultrasonic  mist method which is carried out by
making a mist of a coating agent by ultrasonication, spray meth-,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 method. [00941       In the
spray method, the stent body is also negative-charged by being
electrified'Thus, just like the case o= 154-"1-7":00hOrPC1, it is possible
toprepare a DES which has a cord adhesion between a scent body and a
positive-charged particle and a good corrosion-resistance, compared with
the spray method without electrifying the body of a stent. Additionally, in
the spray method, it is possible to 20 enhance the adhering efficiency of
particles to the side or reverse face of a stent where is difficult to make
e mist or a sPrayed lid-aid drop thereof directly attached because a drug
particle nd a loor-omPatible nanoparticle in the liquid drop can actively
adhere to the stent body. T.ris= 



51 used in the soray method are as defined in case of electrophoresis. When
the particle layer formed on the surface 5 stent is placed into a biologic
body without any processing on the surface, the drug is released in a short
time, phereby it is also difficul-` to control I-he releasind time. In
order to obviate the problem, pr=f.=rably, after forming a Particle layer
in the above process of attachinp- 10 particle, the Part(-1= laver is
imprednateo with the solution of a biodegradable polymer before the
particle layer is comsletely dried (impregnation process), then the partcle
is (dry process) to solidify the biodegradable polymer, and to form a
biodegradable polymer 15,layer. [0096]       Fig. 5 shows a state in which
a biodegradable polymer layer is formed through the impregnation process
and dry process on the s+-eni- coated with a particle layer (Fig. 4). 20
When particle layer 11 formed on the surface of metallic fiber 10 is.
impregnated with a solution of a biodegradable polymer before particle
layer 11 is complly dried, the solution of a biodegradable polymer
penetrates into the gap between drug Particle 1 and biocompatible
nanoParticle 2 25which form Particle layer 11.Then, by drying off the  52
solvent which was used for dissolving a biodegradable polymer and the water
remaining Sr. particle layer 11, the gap in particle layer 11 can be filled
with biodegradable polymer lever 12.Thus, each of drug particle
biocomPatible nanoparticie 2 can be kepo There Without agglutination thanks
to the biodegradable polymer.Then, after placing a DES into a biologic
body, drug particle 1 can be gradually ='u-=d withdecomposition
bodegradable polymer layer 12, and then the drug can be 10taken into, for
example, a vascular wall. cell. [0097] 



The biodegradable polymer used herein includes, for
example,microbially-derivedpolymerssuch
polyhydroxyblityrate,andPolyhydroxyvalerate;and
15naturally-occurringpolymerssuchascollagen,
acetylcellulase,bacterialcellulose,high-amylase cornstarch, starch; and
chitosan.Amongst them, collagen and the like whose biologic decomposition
rate is fast are more preferable than a biocompatible polymer used for 20
forming a nanoparticie such as PLGA. It is Possible to control the
dissolution rate of drug particle 1 attached on the surface of a scent,
through a suitable s=:=(--,^n of th= type these biodegradable Polymers,
molecular weight thereof, and so on.It is possible to use PGA, DLA,  53
preferable to use a biodegradable polymer having a small molecular weight
so that the decomposition rate thereof can be faster than that of
biocompatible nanoparticie 2. [00981 5Next, a method ci attachind a
particle to the balloon part of a cal-hr is explained.The mat,' balloon
part includes a th,=.rmoolat'c resin such as polyethylene, pnly-Thro-v7n=
ethylene-proPylene copolymer, ethylene-vinylacetate copolvmer, bridged
ethylene-propylene 10 copolymer, bridged ethylene-vinylacetate copolymer,
and polyvinyl chloride; and a nonconductive resin such as polyamide,
polyurethane, polyester, and bolyarylene sulfide. Accordincly, it is
impossible to negative-charge the balloon Part by beino electrified.
150099] 



Then, the balloon part can be modified with negative-charge beforehand, and
a positive-charge drug particle and biocompatible nanopa.ticle can be
electrcally al-1-,=ch.=-6 to the balloon part to make the particle tightly
and uniformly 20 attached to the balloon prt. Preferably, the method for
modifying a balloon part with negative-charge is a method to form
negative-charged resin layer on the surface of the balloon Part by a
negative-charged resin such as plycarboxylic acid and a Polvcarbonaze
derva7-iv=.        The r- lycarboxylic acid used for the modification with
negative-charge includes a polymer acrylic acid, methacrylic acid, maleic
acid, fumaric acid, asparaainic acid or glutamic acid; a carboxymethyl
derivative of 5starch, cellulose or polyvinyl alcohol; algnic acid; and
pectin, and one or more kinds of them can be used. [0101       In addition,
the polycarbonate derivative used for the
modificationwithnegative-chargeincludesanacid IC anhydride or ester of the
above-mentioned polycarboxylic acids. Amongst them, acid anhydrides or
esters of polymers of acrylic acid, methacrylic acid, and maleic acid can
make a low irritative and toxic modification with negative-charge for a
biological body. The pref=.-rd oolvcarbonace derivative includes a
copolymer of m1 n anhydride such as _
maleicanhydride-methylvinylethercopolymer, anhydride-styrene copolymer, and
maleic anhydride-ethylene copolymer, which are readily available and easy
to handle. In particular, m,---1Pr- 1-1hydride-methylviny1 ether copolymer
20is Preferable. [0102]       The method for coating a neca-'ve-charged
resin lever used herein includes dinning the balloon part of a catheter in
a solution of negative-charoed resin; spraying a small liquid drop of a
solution of necative-charged resin on the  55 



slir'ace of the balloon par: by ultrasonic mist method, spray method, air
brush method and so on; and wipina the surface of the balloon part with a
solution of negative-charged resin. 5       The method of attaching a
particle to the balloon pariused herein in dipping the
neaative-charged-resinleyered balloon part of a caheter in a liquid coating
agent; and attaching a _iauid drop of liquid coating 10agent to the balloon
part by ultrasonic mist method, spray me-hod, air brush method and so on.
[01041       Fig. 6 is a cross-sectional magnified drawing which shows a
stare in which particles are attached ,n the 15 balloon part of a catheter.
The surface of balloon part 13 is negative-charge-modified with
7-lea---ve-charaed resin layer 15, the surface of negative-charged resin
layer 15 is completely coated with positive-charged drug particle 1 and
biocompatible nanoParticle 2, and then particle layer 11 is 20formed
,-hereon. [01051       Thereby, it is possible to prevent the ceel-o"" of
particle layer 11 from balloon part 13 in the preparing process or in
inserting a catheter into a biologic body and 25expanding the balloon.The
e."..usr= of1-1creasna. the  56 adhesion of particle layer1 to
negative-charged resin layer 15 is van der Waals' force between the
Darricies, [0106] 5The configuration of a catheter may be selected from a
variety of conventional known shapes. And, the size of the 



catheter may be suitably chosen depending on the applied          For
example, in case of using in coronary arter the prrr.Pd outer diameter
before the balloon is extended is generally about 1.0 to 3.0 mm, the
prefrrPd 1PnW-h is about 5.0 to 50 mm. [0107]       Like the case in the
Process of attaching particles to a scent body, biodegradable polymer layer
12 may UP formed 15via impregnation process and dry process in the process
of attaching particle to balloon part 13 of a catheter. [01081 In the
medical device frn- placement into a Lumen prepared herein, thcellular
adhesiveness of the drug 20particle eluted from the surface of a device is
increased because the surface of drug particle attached on thedy of a
device is positive-charged.Thereby, it is possible    stenotic cells in
which a medical device should be than before.  57 [01091 



In addition, two or more kinds of drug particles may be prepared, which may
be attached in a layer state or a mosaic-like state. In this case, it is
pncq.ibi= to 5 systematically control each dissolution time of two or more
kinds of drugs, for example, by attaching a drug Particle which should be
released in a short time after placing a aevace an a .biologic body in the
outer layer, and attaching a drug particle which should be released after a
given time ICin the inner layer. rni LUj-LUI Furthermore,of forming a
biodegradable polymer laver, when also adding a drug in a solution of a
biodegradable Polymer with which the particle layer is 15 impregnated, each
drug embedded in a drug particle and a biodegradable polymer laver can be
acted simultaneously and rapidly. The type of drug to be added to a
solution of the biodegradable polymer and the amount thereof can be
suitably .decided based on the action mechanism of the drug, 20anecessary
guickeffect,anecessaryrat.--f- L- substantivity, and so on. [01111
For example, when it is necessary to make the efficacy of the drug
sustained for a long time after the  58 biocomnatible nanoParticle or on
the surface 1--nee,-,f,r when it is necessary to exert the efficacy of the
drug from beginning soon after the administration, the drug may be 



included in a drug particle or in a biodegradable Polymer 5layer. The drugs
to be added into a biodegradable Polymer ls.ver include the various drugs
exemn,'=Hed in biocompatible nanonarticle. EXAYDT-78 11[0112!  The present
invention should not be limited to the above-mentioned embodiments.. The
present invention can be and henoe the technical scope of the
invention also includes embodiments obtained by connecting
15different7echn'calmeansaisc sea embodiments.-:iereinafter, the ore sent
invention is in deta'il-=--a s_t - the following examples using probucol or
c'lostaTo: as a Poorly water-soluble drug and PLGA as a h,ioc=natbe polymer
for forming a nanopartice, about the 20preparationsdrug particles
(including cc cb cool cflostazol) whose surface is modified withitive-  59
Example(Prparaton of suspension containing drug particle, 1)        1 g of
crobucol was dissolved in_ a mixture of 40 mL, of acetone and 20 mil, of
ethanol which are a good solvent for 



5probucol to prepare a solution thereof. Separately, to 100 mL of 2 % (w/w)
aqueous solution of Polyvinyl alcohol (GOHSENOL EGOS, NIPDON GOESEI) was
added 15 g of 2 % (w/w) aqueous solution of chitcsan (CHITOSAN GH-400EF,
NOF CORPORATION). to Prpare a solution which is a poor solvent for
probucol. To the solution at 40C with stirring at 400 rpm,afore-prepared
solution of probucol was added dropwise in a constant speed (20 mL/min) to
give suspension of crvstalln drug(---,buc-,1), which was prepared by
so-called "d'ffion of a good solvent into 15a poor solvent".
Consecuntly, the acetone and ethanol were removed in vacua. The zeta
potential on the par Ca surface was measured with an electrophoresis
(Malvern instruments, ZSTASZER Nanc-Z). The result showed that the zeta
20potential on the drugmV, which was a good disPersibility to water.
Consequently,theexcessPolyvinylalcoholand cht^. an were removed by
(-1-itrifug,=.1 separation (20,000 rPM, LC) min).The precipitated drug
particle was-  gthe prepared suspension and 130 g of zirconia balls (0 I
m:T) were out into a 100 ml polvs cylindrical container and the container
was The  5 container was rolled on two rollers horizontally-aligned on a
desktop-type ball mill (V-2M, IRTE SHOKAT) at 600 rpm for 2 hours mill the
drug particle. Then, the content in the container was fili-,--atec with a
filter to remove the z-conia bails and p-ovide 1.2 % w) suspension of drug
10particle. [0114: 



The particle size of the drug particle in the solution was measured with a
laser diffraction-scattering (NIKKISO, M:CROTRAC YT3300). The content of
probucol in the drug 1'3particle was evaluated with a high-performance
liduid chromatograph (SHIMADZU, detector: SPD-20A, UV = 242 nm).       In
1-hP measurement of particle size with a laser diffraction-scattering, the
mean particle size of drug particle was 2.9 um, wherein agglomerated
part4-TPP as well 20as simple pales are measured as a particle. following
Examples and Comparative examples, each mean particle size of drug
particles is measured with a laser diffraction-scattering unless otherwise
The content of probucol in the drug particle was 65 % and the yield ratio
was 75 %.  62_ [0115] Example 2(Preparation of suspension containing drug
Particle, 2)  A drug particle of Example 2 was Prepared in the same 5manner
as Example 1, provided that the drug particle was not. milled with a
desktop-type ball mill.The mean particle size of the drug particle was .D
um. [0116] ExamPlePreparafion of suspension containing drug 



10particle, 3)       A drug particle of Example 3 was prepared in the same
manner as Example provided that the amount of 2 % (w/w) aqueous solution of
chitosan added to a solution equivalent to the poor solvent was 60 g.The
mean particle size of 15Part-'e measured with a laser diffraction-
scattering was 4.5 um. The zeta potential was +45 mV, the content of
probucol1-.1 the drug particle was 53 % and the vic.-7r; ratio was oc;
[0117] 20Comparative example 1 (Preparation of suspension containing drug
particle, 4)        A drug particle of Comparative example 1 was Prepared
in the same manner as Example 1, provided that neither of polyvinyl alcohol
nor ^bjtosen was added to a solon  67 which indicated that it was quite
difficult to re-disperse the drug particle into water. [01181 Comparative
example 2 (Preparation of suspenson containing 5drug particle 51  A drug
Partice of Comparative example 2 was prepared 10 



in the same manner as Example 1, provided that Polvvinvi alcohol was not
added to a solution equivalent to the poor solvent. 71-. 0=1H r.--tjo was
30 %, which indicated that it was difficult to re-disperse the drug
particle into water. r-. 0 LI  Comparative example 3 (Preparation of
sus-Pension containing drug particic,, A drug particle of Comparative
example 3 was prepared 15in the same manner as ExamPle 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 particle into water. [0120 20Example 4 (Preparation of
biocompatible nanoparticie)        2 g of biocomPatble Polym=r,
poly(lactic-coclvcoic acd1 (Wako iii)ure Chemical In ustries, PLGA 7520,
molecular w=ight 20,000, molar ratio r-if ac'd = 7=125)H'sso'ved"-20 ml of
acetone  glycolic160 mL of ethanol was added thereto, and mixed toa
solution..Separatey, 560 mL of 0.18 (w/w) water solution of Pnvi alcohol
was prepal-.=d, a poor solvent for the above po_y(actic-co- 5glycolic
acid).To the solution at 40C with stirring at 



400 rpm, h 4-2 afore-prepared solution of poly(lactic-coglycolic acid) was
added dropwise in a constant speed (20 mL/min) to a suspension of PICA
nanoparticie which is a tiocomp tible nanoparticle. 10[0121] Consequently,
the i ethanol were removed in vacuo.The zeta Potential on the particle
surface was measured with an electroohoresis.The result showed that the
zeta potential on the drug particle was -10 mV. ItThen,was lyophilizedgive
a Powdered    nanoparticie was measured by dynamic light scattering. The
mean particle size of the -LGA. hanoparticie measured by dynamic light
scattering was 0.28 pm. 2[0122] Example 5(Preparation of liouid coating
agent, 1) -o the suspension of drug particle prepared in Example  64
mixture was stirred for 1 hour to orepar= a lauid coating agent. The
mixture ratio of the drug particle : the PmGA nanopartiole : ch-i4-osan was
6 : 25 : I by weight. [01231 5Example 6 Preparation of 110i:id coat'no
agent, 2) 



A liquid coating agent of Example 6 was prepared in the same manner as
Example 5, provided that the mixture ratio of the drugthe PLGA nanoparticie
chitosan was 6 : 12 : 1 by weight. 10[01?L' Example 7 (Preparaton of liquid
coating agent, 3)        A liquid coating agent of Example 7 was prepared
in the same manner as Example 5, provided that the mixture ratio of the
particle t.r-= 77)7(-7, nanoparticie 15chitosan was 6 : 3 : 1 by weight.
[0:25: Example 8 (Preparation of liquid coating agent, 4)        A liquid
coating agent of ExamPl=. 8 was pr=pared in the same manner as Example 7
provided that the mixture 20ra-Hof the drug particle : the PLGA
nanoparticie chitosan was 6 : 1 : 1 by weight. [0126] Example 9
(Preparation of liquid-4no argent, 5) A licuid coa,-ng agent of Example 9
was '-,1-Pr_d in  65 of drug particle used herein was the suspension of
drug particle prepared in Example 2. [0127] Ex,,,m17). 20 (PrTD.,4r,=.4- on
of liquid coating agent, 6) 



5A liguid coating agent of Example 10 was prepared in the same manner as
Example 5, provided that the suspension of drug particle used herein was
the suspension of drug particle prepared in Example 3 and no agueous
solution of chitosan was added thereto. 10[0128] Comparative example 4
(Preparation of liquid coating agent, 7)       The suspension of drug
particle prepared in Example 1 was stirred for 1 hour with a s  rr without
adding the PLGA nanoparticie powder and 2 % (w/w) aqueous solution of
chitosan, to Prepare a _:_igu2d coating agent. _ _ [0129] ComParative
example 5 (Preparation of licuid coating agent, P 20To the susnension of
drug particle prepared in Example -,,,7t1-1 stirring was added 2 9. f
- ,w/w) aqueous solution of chitosan, and the mixture was stirred for 1
hour to prepare a liquid coating agent. [9:30 25Example 11
(Electrodepositlon coating on the body of stent,   66 1)        The body of
a stent made of stainless (SUS316L) (outer diameter: mm, length: 16 m..m
which was weighed beforehand was set at negative electrode, = r.irr-u1=r
SUS 



5 plate (diameter: 20 mm) was set at positive electrode, they were
connected to an external power source, and then each of them (length: 10
mm) was dipped in the liquid coating agent prepared in Example 5 (n=3).
They were electrified for one minute (electric voltage: 10 V. electric
current 1  10 mA), then the body of the stent was taken off and air-dried
to give a DES. After dried, the DES was weighed, and the mean weight of the
solid layered on the body of the stent was calculated based on
1-heflicr=asc.: weght. [0131] Example 17 (-.71=r-trodp-,qt'n coatinG on the
body of stent, 2)        T.. DES of Example 12 was prepared in the same
manner as Example 11, provided that the liquid coating agent prepared in
Example 6 was used as the liouid coating agent (n=3). 20 After dried, the
DES was weighed, and the mean weight of the solid layered on the stent body
was calculated based on the increased weight. [0132] Example 13
(Electrodeposition coatino on the body of stent,  67       A -17S of
Example 3 was pr=pared in the same manner as Exam-old, 11, provided -hat
the liculd coating aa=r- in Example 7 was used as the liquid coating agent
(n=3). After dried, the DES was weighed, and the mean weight of 5the solid
layered on the stent body was calculated based on the increased weight.
[0133] Example 14 (T]ectrodeposon coating on the body of stent,  4) 1CA DES
of Example 14 was prepared in the same manner as 



Example 11, provided that the liquid coating agent Prepared in Example 8
was used as the liquid coating agent (n=3). After dried, the DES was
weghed, and the mean weight of the solid layered on the stent body was
calculated based on 15the increased weight. [0134] Example 15
(Electrodeposizion coating on the body of sten:, A DES of Example 15 was
prepared in the same manner as 20 Example 11, Provded that the -ijauc:
coating agent prepared in Example 9 was used as the liquid coating agent
(n=3). After dried, the DES was weighed, a '4. the m=an weight of the solid
lay=re. on the stent body was calculated based on the increased weight.
68 TxemP1 16 (71ectrodepostion coating on the body of stent, 6)       A DES
of Example 16 was prepared in the same manner as Example 11, provided that
the liguid coatina agent Prepared 5in Example 10 was used as the liguid
coatina aaent A"-ter dried, the DES was weighed, and the mean weight of the
solid layered on the scent body was calculated based on the increased
[0136] IOComparative example 6 (T-ig,trodeposition coating on the body of
stent, 7)       A DES of Comparative example 6 was prepared in the same
manner as Example 11, provided that the liauid coating agent prepared in
Comparative example. 4 was used as the liquid coating agent (n=3).After
dried, the DES was weighed, and the mean weight of the solid layered on the
stent body was calculated based on the increased weight. 



[01"v7] Comparative example 7 (57,-trodeposition coating on the 20body of
stent, 8)        A DES of Comparative example 7 was prepared in the same
manner as Example 11, provided that the liquid coating agent prepared in
Compve example 5 was used as the liauid coating agent (n=3). After dried,
the DES was 25weighed, and the mean weight of the solid layered on the  69
sten: body was calculated based on the increased [0138] Example 17 (DiP
coatna on the body of stn:, 1) A part (1 mm)the stect body made of  5
stainless (STJS3161,) (outer diameter: 2.3 mm, length: 16 mm) which was
weighed beforehand was dipped in the liquid coating agent prepared in
Example 5 (n=3). The body was kept to be dipped for one hour, and then it
was dried in vacua in a dry chamber (4000, 3 hours). After dried, the 10DES
was weighed, and the mean weight of the solid layered on the  body was
calculated basedthe increased weight. [0139] Example 18 (Dip coating on the
body of stent, 2) 15A DES of Example 18 was prePared in the same manner as
Example 17, provided that the liauid coatina agent prepared in Example 9
was used as the liquid coating agent (n=3). After dried, the DES was
weighed, and the mean weight of the solid layered on the stent body was
calculated based on 20the increased weight. 



[0140] Example 19 (Dip coating on 7-hrz, body of sten:, 3)             A
DES of Example 19 was prepared in the same manner as Example 17, provided
that the liquid coating agent prepared 25in Example 10 was used as the
liquid coating aaent (n=3).  70 After dried, the DES was weiahed, and the
mean weight of the solid layered on the stent body was calculated based on
the increased weight. [n1411 5ComParative example 8 (Dip coating on the
body of stent, 4)        A DES of Comparative example 8 was prepared in the
same manner as Example 17, provided that the liquid coating agent prepared
in Comparative example 4 was used as the liquid coating agent (n=3). After
the DES was 10weighed, and the mean weight of the solid layered on the
stent body was calculated based on the increased weight. [0142] Comparative
examp!e 9 (Dip coating on the body of stent, 3)  A DES of Comparative
example 9 1A-iprepared in the 1 same manner as Example 17, provided that
the liquid coating agent prepared in Comparative example 5 was used as the
liquid coating agent (n=3). After dried, the DES was weighed, and the mean
weight of the solid layered on the stent body was calculated based on the
increased weight. 20[C143] Test 1 (Measurement of the amount of probucol
c.,LaL.hed on the stent body)            Each amount of probuccl in the
sold layered on the DESs prepared in Examples 11 to 19 and Comparative
examples 256 to 9 was measured with a high-performance liquid  71 



nnr==toarapn (n=3 in each croup), and then each mean weiaht of the attached
probucol was calculated. The results are shown in Tables I to 3 together
with each mean weight of the solid layered on the st=nt body. Table I D7R
Example ii Example .15 Examcle 16 Comparative example 6 Comparative example
7 Drug particle Example 1 Example 2 Example 



q Example1 -.7.-xm--,1.1 PLGA nanocarticie Added Added Added Not added Not
added Cnitosan solution Added Added Not added Not added Addd Weich: of
layered solid.fllc" n,T. 0.;8 



0.0'; 0.12 Weichtofa,.._d.jn_,I crobucolimuj 0.14 0.08 0.12 0.00 0.01
Table 2 n7S Example 17 Example 18 Example. _,.. 



_1-, Comparative example 6 Comparative example 9 Dour particle Example
Example Example ,,- _ r,xample1 Example 1 PLGA nanoParticie Added Added
:1,-;.--:-,-; Not added No: added 



7-- tosan solution Add=d Added No,- added Not added ,u0=0, vveidhtof
Layered s--,7r-1Fmc] 0.55 0.40 0.49 0.01 0.07 eiuht of attached probucol[==
0.10 0.06 0.08 0.00 



0.01  DES Example Il  .Example12  Example 13 Example 14 (Drug1-i----._-,:
PD7A - nop.---=: crlirrn (6:25:1)  (6:12:1)  (6:3:1)  



(6:1:1)  Drug particle Example 1 Examc1e I Example 1 Example 1 '..?1_SA
nanopa--.= Example 4 Example 4 Example 4 Example 



4  72 Chitosan solution Added Added Added Added Weicho of layered solidmcl
0.--:"' 0.82 0.68. 0.55 Weichoof al-haohd orcbucol[mci C.14 0.17 0.27 



0.26  [01441        As it is clear in Tab7,== 1, in case of preparing a DES
by electrodeposition-coating the scent body with the drug  and the PLGA
nanoparticie, it was observed that 5  the amount of the probuccl attached
to the stent body was increased in the DESs of Examples 11 and 15 wherein
DT,GA nanoparticie and chitosan were added to ,--n= liquid coating agent.
=n the DES of Example 16 prepared by using the drug particle of Example 3
which was strongly positive-charged 10  in forming a drug particle, it was
observed that the amount of the probucol attached to the st=nt body was
increased unless chitosan was in preparing a liquid coating agent. To the
p7C. of Example 11 prepared by using the drug partr.1=7xample I wherein the
primary particle size was 15micro-milled to about 2.9 pm with a ball mill,
0.14 mg of probuccl was attached, which was about 1.8 times more than the
amount of the attached probucol in Example 15 wherein the drug particle was
not milled (the attached amount: 0.08 mg). 20On the other hand, in the DES
of Comparative example 6 wherein neither PICA n=nopart'^1= nor chtosan was
added to the liquid coating agent, no or little layered solid was  73
attached to the stent body. In case of Comparative examcle 7 wherein ooy
was added, the amount of the attached probucol was 0.01 mg which was more
than that of Comparative example 6, but the Dar1i layer was not 5uniform
and the amount of the attached probucol was much less than that of Exam-3:e
11 or 15. [014.'2] 



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 Examples 17 and 18 wherein PLGA nanoparticie and chitosan were
added to the liquid coating agent, it was th,=,t nrobucol was attached
thereto, compared with the DES of Comparative example 8 wherein neither
DmGA nanoparticie nor chitosan was added and the of Comparative example 9
where-in only chitosan was added, though the amount of the c_,,__a-hed
probucol was little ^omn,=r,=,d with the DESs of Examples 11, 15 and by
electrodeposition coating. In the DES of Example -3 prepared by using the
drug Particle of 20Example 3 which was strongly positive-charged in forming
a drug narticle, it was observed that the amount 4= the probunr',1 attached
to the st=.nt body was increased unless chitosan was used in prenaring a
liquid coating agent. Furthermore, the di frnce of the amount cf the  74
absence of micronization of the drug particle (comparind Examples 17 and
18), and the difference of the amount of the attached nrobucol which arises
depending on the presence absence of IDTflL nanoparticie (comparing
5Comparative examples 8 and 9) tended the same as the case of the
electrodepoinn       The above Examples show the experimental results of
the case using probucol as a poorly water-soluble drug, but it 4,7 expected
that devices comprising the other poorly 10water-soluble drugs also have
the same effect as the case of probucol. [01461       Table 3 summarizes
the results of the amount of the attached Probucol in the DESs prepared by
electrodepositfon 15coating, varying the mixing ratio of the drug particle,
the PLGA nanop,--ri-c14-- and chtosan.
Asincreasing7ncontentratioofthe7-)LGA     nanonarticle per the drug, the
weight of the solid layered on The scent was increased, but the attached
nrobucol was 



20decreased because the content ratio of probucol was       As increasing
the content ratio of the PLGA nanoparticle, the particle layer formed on
the stent body became hard to 7t is thought because the  particle layer, as
inc-ing the content rai-c, of the PLGA nanoparticie. [0147] Example 20
(Preparation of suspension containing cilostazol         0.75 g of
cilostazol was dissolved in a mixture of 108 mL of acetone and 60 mL of
ethanol which are a good solvent for c'lostazol to prepare a solution
thereof. Separately, ":10-D.nnraT. of 2) ( / , , aoueous solution of
Polyvinyl 10alcohol (GOHSENOL 7G05, NTDPON GOHSET) was added 45 g of
aoueous solution of chitosan (CHITOSAN GH-400EF, NOF CORPORATION) to
prepare a solution which is a poor solvent for cilostazcl. To the solution
at 40C with stirring atLnr, _,, rpm, the afore--rparH solution of
added dropwise in a constant speed (20 mL/min) to give a suspension of
crystalline drug pa,-tj(-1= (cilostazol), which was Prepared by so-called
"diffusion of a good solvent into a poor solvent".           Consequently,
the acetone and ethanol were removed in 20vacu.The zeta potential on the
Particle surfr= was measured with an electrophos (Malvern Instruments,
ZETASIZERThe result showed that the zeta potential on the drug particlemV,
which was a 



good dispersibilty -0 water  76 chitosan were removed by centrifugal
separation (20,000 rpm, 40 min). The precipitated drug particle was ra-"-
dispersed with water, and then the centrifugal separation was repeated. 535
g of the prepared suspension and 130 g of zirconia balls (P 1 mm) were put
into a 100 ml polystyrene cylindrical container and the container was
sealed. The container was rolled on two rollers horizontally-aligned on a
desktop-type ball mill (V-2M, IRIE SHOKAI) at 600 rpm for 10 2 hours to
mill the drug 1-h.= content in the container was filtrated with a filter to
remove the zirconia balls and provide 0.43 1 (w/w) suspension of drug
particle. [0146 15_i       The particle size of the drug particle n the
solution was measured with a laser ciffr,=cton-sc-.--.t----rng (NIKKISC,
MICROTRAC The content of cilostazol in the drug particle was evaluated with
a high-performance liquid chromatograph (SE7MADZU, detector: SRD-20A, UV =
934 nm). 20:n the measurement of particle size with a laser
diffraction-scattering, the mean particl size drug particle was 4.2 um,
wherein agglomerated particles as well as simple particles are measured as
a particle. In the following Examples and Comparative examples, each  77
diffraction-scatterind unless otherwise       The content of probucol in
the drug particle was 98.6 % and the yield ratio was 82 %. 5[01491 Example
71(Pl-e07-raton of biocompal1e nanoparticle containing c"1^=ta-791) 



2 ga biocompatible polymer, i.e. Po7v(lact'c-co- alycolc(Wako Pure
ChemicalPICA 7520, 10molecular weight 20,000, molar ratiolactic acid
acid = io/,:o) and MCf cilostazol were dissolved in 80 mL of acetone which
are a good solvent. 40 mL ethanol was added and mixed to give a
solution.Separately,200 mL of 0.5(w/w) water  5 solution of polyvinyl
alcohol which is a poor solvent for the above poly(lactic-co-dlycolic acid)
was added 4.8 g o 2 % (w/w) agueous solution of chitcsan (CETTOSPiN
GH-4007.7, NOF COPPORATTON) and mixed to prepare a solution. To the
solution at 40C with stirring at 400 rpm, afore-                        in
a constant speed (20 mL/min) to dive a added dropwise suspension of PICA
nanoparticle comprising cilcstazol which is a biocompatible nanoparticle.
[0150: 25Conseauently, the acetone and ethanol were r,=.mov,=r-; in  78
vacua.The zeta potential on the particle surface was measured with an
electroohoresis.The result showed that the zeta potential was +46.7 mV.
Then, the particle was lyophilized to give a Powdered 



5.DLGA nanoparticie.The particle size of the D, nanoparticie was measured
by dynamic Tight scattering. The mean narticle size of the D7,GA
n,-,noparoicle measured by dynamic light scattering was 0.30 pm and the
content of cilostazol in the b'ocompat-ible nano-particle was 0.32 %.
10[0151] Example 22 (Preparation of liauid coating agent, 9)        To the
suso.en=on of drug oar-i-T--= prepared in Example 2C with stirring was
added and dispersed the PGA nanonarticle comorisina cilostazol prepared in
Example 21. 15Then, the mixture was c-rred for 30 minutes to prepare a
liquid coating agent.The mixturendrug particle : the PLGA nanonarticle was
I : 2 by weight.  [0132] Example 23 (Preparation of liauid coating agent,
10) 20A liquid coating agent of Example 23 was prepared in the same manner
as Example 22, provided that the mixture ratio of the drug particle : the
PICA nanoparticle was 1 : 4.2 by weight. [0153] 25Comparative example 10
(Preparation of liquid coating agent,   79       The susnension of drug
oarzicle prepared in Example 20 was stirred 30 minutes with a stirrer
without adding the PLGA nanoparticle comprising c-Hostazol prepared in
5Example 21, to prepare a liquid coating agent. [01''4] 



Comparative example 11 (Preparation of liquid coating agent, 12) TothePLGA
nanoparticiecomprisingclostazol prepared in Example 21 was added Purified
water so that the concentration of the PLGA nanonarticie should be 1-h=
same as Examples 22 and 23, and the mixture was stirred for minutes with a
stirrer without adding the drug particle prepared in Example 20, to prepare
a liquid coating agent. 15[0155] Example 24 (Electrodeposition coating on
the body of scent, Th= stent body made of stainless (SUS316L)(outer
diameter: 2.3 mm, length:16 mm)was we 20 beforehand was set at negative
c'.-.--1-1=r SUS plate (diameter: 20 mm) was set at positive electrode,
they were connected to an external power source, and then each of them
(length: 10 mm) was dinned in the liquid coating agent prepared in Example
22 (n=3). They were =7=ctr''H=d for one mr-ine (electric voltage: 10 V,
electric current 2  80 mA), then the sten: body was taken of= and air-dried
to a v= a DES. A=t=r dried, the DES was weinhed, and the mean weight of the
solid 'av=-=H on the sten: body was layered  calculated based on the
1-1-r===d weiaht. 5[0156] Example 25 (Electrodeposition coating on the body
of stent,  10)  



A DES of Example 25 was prepared in the same manner as Example 24, provided
that the liquid coating agent prepared 10 in Example 23 was used as the
liauid coating agent ( =3). Tfter dried, the DES was weighed, and the mean
weight of the solid layered on the sten: body was calculated based on the
increased weight. [0157] 15Comparative example 12 (71=ctrodenoson coating
on the body of stent,        A DES of Comparative example 12 was prepared
in the same manner as Example 24, provided that the liquid coating agent
prepared in Comparative example 10 was used as th= 20liquid coating agent
(n=3).Af-Hc=r dried, the DES was weighed, =rd the mean weight of the solid
layered on the stent body was calculated based on the increased weight.
[0158] Comparative example 13 (ElectrodePosition coating on the 25body of
sten:, 12)  81       A DES of Comparative example 13 was prepared in the
same manner ,s- Example 24, provided that the liquid coating agent prepared
in Comparative example 11 was used as the -Hat:2,d coating agent (n=3).Ar
dried, the DES was weiahe , and the mean weight of the solid layered on the
stent body was calculated based on the increased weight. [0159] Test 2
(Measurement of the amount of cilostazol attached on the stent body)
10Each amount of cilostazol in the solid layered on the DESs n Examples a.
n 25, and Comparative examples 12 and 13 was measured with a
high-performance liquid chromat graPn ;n=3 in each group), and then each
mean weight of the  hd cilostazol was calculated. The 



15  results are shown in Table 4 together with each mean weight of the
solid layered on the stent body and the rate of cilostazol in layered
solid. Table 4 nr: Example 24 Exampe 25 Comparative examPle 12 Comparative
example 13 Drug par= -ve- cnarce positive- Posi=ive- charoe -
DT.GAnanoP.,,rt2c1=    _L positive- coerce Positive- charoe 



-  Positive- charoe Weioht of layered solid'mol C.877 O.P13 Hard to measure
776 Rate of cilostazol -;..-7.,,:,,,,,,rcic.^.72 , 4r=i- 40.6 22.4 Hard to
-,1,----i-,-,, O. "- WeicIht of attached -Q1-,...zo:mc] 0.336 



0.122 0.311 0.003  82       As it is clear in Table 4, in case of preparing
DESs by electrodePosition-coating the stent body with the drug 5 particle
and the PLGA nanoparticle, it was observed that the amount of the
cilostazol attached to the stent body was increased in the DESs of Examples
24 and 25 whr=in PLGA nanoparticle was added to the liquid coating agent.
On the other hand, in the DES of Comparative example 10 12 wherein no PLGA
nanoparticie was added to the liquid coating agent, the layered solid was
attached to the stent body, but the particle layer was not uniform.
In case of the DES of Comparative example 4 wherein no drug particle was
added to the liquid coating agent, the 13amount of the layered solid was
more than that of Comparative example 12, but the amount of the cil,
attached to the stent was 0.01 mg or less which was much Less than that of
Example 24 or 25, because the content of cilostazol in the PLGA
nanoparticie was low. 20[0161] Test 3 (In vivo test using stent coat .,..
with drug)        The S tent of Example 24 on which cilostazol was attached
was applied to a miniature swine, and the damage of the applied blood
vessel was evaluated.  83 Animal species Miniature sv*rie (line: NIES,
NISSETKEN CO.:LTD) male: 6, female: 4 



month old: 10 to 16 months old (when obtained) 5body weight: 20 to 28 kg
(when obtained) Test aroup Cilostazol-attached stent group: n=12 (The stent
system used herein was the stent of Example 24.) Control group: n=12
Csystem used herein was a non-coated stnr corresponding to the above.)
Operation method  Theswinewereanesthetizedwithketamine hydrochloride (500
to 750 mg/miniature swine, intramuscular 15  iniection, Ketalar(r) 50,
.5,=nkv- v.11 Pharmaceutical Co.Ltd). A auidewire ,(Radifocus Guidewre M,
77.RUMO CORRIL.770N) and a guiding cath.=,t,=,- (H.,--artrail II, AmDTLTZ
LEFT Short Tip, TERUMO CORPORATION) were inserted into the blood vessel,
and they were moved to the heart. The stent system of each 20test group was
inserted into the blood vessel along the guidewire, and they were moved to
f1anterior descending dr-q(-4--ndng a,--tery or the left circumflex artery
where is to be,_... After inflation for 30 seconds, the stent was After the
stent was placed,Nitorol was  84 catheter was taken off,and the incision
site was disinfected (with Isodin(r) liquid for animal, Meiji Ltd.), the
muscle and skin were sutured.For each one 



miniature swine, both one cilostazol-attached sten: and one 5control stent
were applied. Anaioaranhv The blood vessel flthe site where thewas
was imaged.catheter was inserted from the femora = artery, the tip of the
catheter was moved to the 10aperturethe coronary artery, a contrast agent
was injectedfromthecatheter,andtheanaiographic photographs of the site
where the stent was placed taken.The photographing was carried out three
times in total, i.e., before the pacement of stent, after the 15placement
of stent, and at the anatomy. Concomitant drug, dose, administration method
and dosing perioa  1CO mg of aspirinonce/day (administered with food)
Dosing neriod: two days before the operation to the 20end of the
experiment. 50 mg of clopidoarel sulfate once/day (administered with food)
Dosing period: two days before the operation to two weeks after the on
including the operatioi_ day.  



85 injection) Dosing period: for thrr.c. days after the operation
including the operation day. Note:Tscsorbd=dinitrate(N'torol),lidocaine
(Xylocaine), noradrenaline, atropine sulfate and so on are prepared for
spasm, arrhythmia, hypotension and the like which are predicted to happen
after the operation. Extirpation the blood, v,==zsPi where stPn: is placed
28 days after the stent was Placed, the groin of the
10miniatureswinewasopenedunderanesthesia,an angiographic catheter was
inserted, and then the coronary artery was imaged, in the same manner at
the placement. After the imaging, the animal was sacrificed by bleeding, -
and the coronary artery where the stent was placed was 15 taken out. The
extirpated blood vessel was fixed in 10 % neutral buffPr=d formalin, and it
was sent to Histo Science Laboratory Co., Ltd. At three sires, i.e. at
about 1.5 mm of the stent origin side, at the center site and at about 1.5
mm of the terminal of the stent, each steno sample was 



20rrPrred to HE-stained. Result        With the ancioaraphic photographs,
the minimum vessel diameter was measured before the placement of the
shortly after the placement of the steno and at the anatomy,  86
coarotation of tne vessel diameter in the c-ilostazolattached scent group
was sianificantly suppressed, comnared with the control group. Fig. 8 shows
the result in the control group of HE- 5 stained pathological specimens of
the cross-sectional vessel which was extirpated 28 days after the Placement
of the scent, and Fig. 9 shows the result of the cflostazlattached scent
group. In the results of Fig. 8 and Fig. 9, the figures are, 10 from above,
as to the stent origin side, the center site, and the terminal of the
scent, wherein each two figures of left and right are derived randomly from
the miniature swine. The stenosis in the blood vessel  in the
cilostazolattached stent group was more inhibited compared with the
15control group. TNDUSTRTAL ADPLTCABTLTTY [0162] The medical device for
placement into a lumen of the 20 present invention is wherein body of the
device is coated with mixed nars of a drug particle whose surface is
Positive-charged and a biocompatibl= nanoparticle, thereby it is possible
to make the particle layer uniformed to coat the uniformly with a  87
present invention, the druc particle is dissolved in a short time after
placing a medical device in a biological body, thereby it is expected to
exert a rapid action of the drug, and the cellular adhesiveness the d-up
particle 



5 dissolved in a bioloaical body can be increased thanks to the
modification of positive-charde and the transitivity into a cell can be
also increased. [C1631 In addition, according to the method for prepar na a
10 medical device for placement into a lumen of the Present invention in
which the device body is coated with a drug particle whose surface is
modified with positive-charge and a biocomoatible nanoparticle, it is
possible to prepare a medical device for placement into a lumen in which
the  15 surface of the device body is ..,===,tively and uniformly coated
with a poorly water-soluble drug which was difficult to be attached to the
device body until now, by easy way and with low cost. The Process of
attaching particle used herein includes sr=f=,-ably electroPhnr. ,
ultrasonic mist method, spray method, air brush method, wiping method and
dipping method.  88 CLAIMS 1.A medical device for placement into a lumen
whose body     coated with mixed pat'cles of poorly water-soluble drud
p,-=rtclPs whose surface is modified with positive-charge and biocompatible
nanoloart'icies. The medical device for placement into a lumen of claim 1
wnerein th== surface of the drug particles is modified with positive-charge
by attaching a cationic polymer to their surface. 3.The medical 64=v1cP for
placement into a lumen of claim 2 wherein the cationic polymer is chitosan
or a chitosan 15 4.The medical device for placement into a lumen of any one
of clams 1 to 3 where-in the drug particles have a mean particle size of
0.1 pm to 5 um. 20        The medical device for placement into a lumen of
any one of claims 1 to 4 wherein the .bocompatble nanoparticies have a mean
particle size ci 300 rim or less. 



89 one of claims 1 to 5 wherein the biocompatible nanoparticle supports the
same or different drug inside and/or on its surface besides the drug
Particle. 5The medical device for placement into a lumen of any one 0'
claims 1 to 6 wherein the biocompati Le nanoParticie is composed of any one
of polylactic acid, polvglycolic acid, yco'c acid), and lactate-asPartate
copolymer. 10  8. The medical device for placement into a Tumen of any one
of claims I to 7 which is a drug-dissolution type stent whose body is
coated with the drug particles andn biocompat'bie nanopart.  9. The medical
device for placement into a lumen of any one of claims 1 to 7 which is a
drug-dissolution type c.1-h...7-coatedwiththedrugparticlesandthe
bocompatible nanop..-t'r-: 2'  10. Thefor placement into a lumen of any one
claims to 7 which is type balloon catheter coated with the drug particles
and the biocompatible nanonarticies.  Or,       The medical device for
Placement into a lumen of any one of clams to 10 wherein drug of the drug
particles is cilostazol. 5_z. The medical device for placement into a lumen
of any 



oneclaims I to 1; which is for preventing and/or treating thrombus,
stencsis, and/or restenosis. 12.method for preventing and/or treating
thrombus, IC stenosis, and or restenosis which comprises using the medical
device for placement into a lumen of any one of claims 1 to 11.     14. Use
of the medical device for placement into a lumen 15of any one of claims 1
to 11 for preventing and/or trno thrombus, stenoss, and/or     15. A liquid
coating agent for coating a medical device for placement into a lumen which
is a suspension prepared 20by dispersing drug particles modified with
positive-charae by a.,..,a-1;ino a cationic polymertheir surface and
hiocompatible nanoparticies in a water solution.     16. The liquid coating
agent of claim 15 wherein the drug  91 biocompatible nanoparticles have a
mean particle2.747,. 047 300 nmless, and the biocompatble nanoparticie is
composed of any one of polylactic acid, Polvalycolic acid,
acid),andlactate-aspartate 5copolymer. 17. The liquid coating agent of
claim 15 or 16 wherein the drug of the drug particles is cilostazol. 1018.
The liquid coating agent of any one of claims 15 to 17 



wherein the medical device for placement into a lumen is used for
preventing and/or treating thrombus, stenosis, and/or restenosis. 1519. A
process for preparing a medical device for Placement into a lumen which
comprises              (1) P step =r,rm'na a drug particle by adding a
solution of a drug in an organic solvent to an aaueous solution of a
water-soluble polymer to provide a drug 20Particle,         (2) a step
forming a nanoparticie by adding a solution of a biocompatible polymer in
an organic solvent to an aqueous solution of a water-soluble polymer to
provide a biocomPatible nanoparticle, 25;3) apreparing a liquid coating
agen7 by  disuersing the above-formed drug particle and the above-formed
biocompatible nanoparticle 1-fl provide a LcciOa coating agent,         (4)
a step modifying the surface of the drug Particle 5  with pcsitive-charae
by dissolving a cationic polymer in the aqueous solution in step (I) and/or
rh.= lau'd coating agent in step (3), and         (5) a step coating the
device with the above-prepared liauid coating agent by contacting the
liauid coating agent ln  and the body of the device to form a particle
layer in a state of mixed particles or the drug particles and the biocompa
ible nanop=rr'cl=s. 20.The -flror-=ss of claim9 wim===rp'!n in step(4)the
it  surface or 1-h= drug particle is modified with positive-charge by
dissolving a cationic polymer in both the aqueous solution in step (I) and
the liquid coating agent in step (3). 20:)1. The Process of claim 19 or 20
which further comprises a step mil]n(2,, t,= drug partr-l=s art=1- step
(1). 22. 7h= process of any one of claims 19 to 21 wherein in s-eld (-I)
the water-soluble Polymer is Polyvinyl alcohol and the cationic polymer is
chitosan.  



23. The Process of any one of claims 19 to 22 wherein step (5) is carried
out by electrophoresis, ultrasonic mist method, sPray method, air brush
method, wiping method or 5dipping method.  24. The process of any one of
claims 19 1-o 23 wherein the drug particles are composed of two or more
kinds of drug particles which are in a l=y=r=,4 state or in a mosaic
10state.  25. The Process of any one of claims 19 to 24 wherein the drug of
the drug particles is cilostazol. 




