;, e3el. D" 6T\n 1 5 DESCRIPTION VASCULAR RESTENCSI S PREVENTI NG AGENT
AND | MPLANTABLE | NTRAVASCULAR DEVI CE COATED THEREW TH Techni cal Field The

present invention relates to a vascul ar restenosis preventimmmmmmmmmmmﬂi an
i npl ant abl e i ntravascul ar device coated therewith. Mre par he
invention relates to a drug for 10 preventing vascul ar restenosisassafter
coronary intervention, and an inplantable intravascul ar devi ce coated

therewith. Background Art In late years, as a therapy for |ﬂm’um&m’mﬁmn§
di seases resulting fromcoronary artery stenosis such as an

rand 15 nyocardial infarction, a cpypeaRIpPTCRYVENtion has been po@wkari zed
rapidly in place of highly invasive coronary artery bypass graft surgery.

~Typi cal coronary artery intervention is a percutaneous transl um nal
“coronary angi opl asty (PTCA) in which a |lunen of a 20 bl ood vessel is

expanded by \GSRIARY 8 KBRS N abREVENTING b2l hRgEnt a digpal end

thereof and ninflating the balloon at a sienosed area 0 coronary

b gn TR BB IR AT O AR DR R R OB IR oros' ©

causiﬁg the patient 25 great nental and physical sufferings. 2 In order
to sofve such problens, a procedure, called stent placenent, of placing a

stent or ' of..meshed cylindrical support of a nmetal or plastic at a
wi dened sﬁ%géhﬁgﬁrgﬁ‘ahas wi dely been brought into effect. This procedure

has reduced theThe present invention relates to a vascular restenosis
0 preventing agent and an implantable intravascular device coated
therewith. More particularly, the invention relates to a drug for
10 preventing vascular restenosis after coronary intervention, and an
implantable intravascular device coated therewith.
Background Art
In late years, as a therapy for ischemic heart diseases
resulting from coronary artery stenosis such as angina pectoris and
16 myocardial infarction, a coronary inter\)ention has been popularized
rapidly in place of highly invasive coronary artery bypass graft
o surgery!
Typical coronary artery intervention is a percutaneous
transluminal coronary angioplasty (PTCA) in which a lumen of a
20 blood vessel is expanded by inserting a catheter with an inflatable
balloon at a distal end thereof and then inflating the balloon at a
stenosed area of a coronary artery. However, the therapy only by
PTCA provides postoperative restenosis at a high frequency of
about 40%, which has need of another therapy, causing the patient

25 great mental and physical sufferings.



5 vascul ar. restenosis rate to the halves. The stent placenent enables to
prevent el-astic recoil and vascular renodeling, but it is difficult to
conpletely prevent the patient fromvascular restenosis in the chronic
stage. In fact, the stent placenment provides about 20% probabilities of
occurrence of 10 an In-Stent RestenosisyoISR) after treatnent. In

particul ar, diabetic patients have higher frequencies of ISR It is

concei ved that the occurrence of ISR results frominflammation of the
vessel walls caused by stent replacenent, which causes intiml hyperplasia

resul ting from f Yot ok YR brdiishts C8l biobeATraPUadd dfamt

intima. For that reason, recent studies o e prevention o ave

intim. For that reason, studies of THe pf . |
ocused onp{gUlihbht O iOp18BMd P! HGHIRornUPBORER IGh THGRER! yfirdiRid noss

-of drugs s rani | probucol, cilostazol "and rapamnycin.

Sore thera&’&ﬁgo%f%i Hebd®Yrs pggggﬁfaEO%WiB ARG s"l‘eﬂﬁ's'.gg’haaf‘f‘éa?eﬁgs

Teported in panese unexam ned ubl r'cati ons ‘suc or 'exanpl e,

IP2000- 95703 {1 poR30% Bl Ml B2BECE4 9990 (o cDB0f Has HAENRIY thiere i

no general I'y accepted vie ese drugs have refmmar cts on the

prevegﬁ ;,On"é)%cgﬁ% re?s":!gmsti?'?a?é I?Srthréaﬁgi\fégdi ot herapies irradiating the

cor onal ery disease sites w th [3-Tays or y-rays to inhibit the
results. rowevel e stSpEaRERaERD Shboldt YLrEaRt slafus bkl 1
Cauoes SOGaS SRR RHCIh S LIS AREH! 26 se Bb bl TR BB
P e I T I R N R A
nave 1l 1Yo aah Sladdifedt  Sciiael RbSUPSOA"REbYBARILE of SBLERSICe Tt
10 an In-Stent Restenosis (ISR) after treatment. In particular, diabetic
patients have higher frequencies of ISR.

It is conceived that the occurrence of ISR results from
inflammation of the vessel walls caused by stent replacement,
which causes intimal hyperplasia resulting from migration of

15 smooth muscle cells from media to the intima.
For that reason, recent studies of the prevention of ISR have
. focused on inhibition of the neointimal hyperplasia, suggesting
usefulness of drugs such as tranilast, paclitaxel, probucol,
cilostazol and rapamycin. Some therapies employing stents coated
20 with such a drug have been reported in Japanese unexamined
patent publications such as, for example, JP2000-95706 (cf. page
3) and JP2000-249709 (cf. page 3). However, there is no generally
accepted view that these drugs have remarkable effects on the

prevention of ISR.

25 On the other hand, radiotherapies irradiating the coronary



10 Di sclosure of Invention The inventors have studied solution of the above
probl ens and found that the nechani smof |ISR begins with m gration of

smpoth nuscle cells to fibrin adhered to the stent surfaces, and that
al-protease inhibitor, al-antichynotrypsin and a2 15 macroglobulin in serum
act as significant related factors in the initial stage where the fibrins
adhere to the stent surface. These studies are reported in papers (Yuji

| kari et al, JOURNAL OF Bl OLOG CAL CHEM STRY, Vol. 275, Issue 17,

12799- 12805, April, 2000: Yuji lkari et al, JOURNAL OF BI OLOd CAL CHEM STRY

20 Vol. 2764 {e}5Ugiskase SR Wi 3B-rARs br ¢99Ls) to Ahnidie tHd ™ edintimal
? th not cl ear a% %ant

announcement o e papers, 1t was factor is an I nmpor

Tactors. FArBRrbRsiathale ueh it it Boacteal Une With, 'tiod T o
relati OnShl-IBV\P&F ; eﬂwé%&%?lgép%g)ll SYgs Qbt LG ﬁl%%\ﬁeé)fﬁtggrr%écg §,igg§| it,het he

bl ood for the pati'ents trea the stent’ing proc
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‘ drugs or medical devices, which have fully satisfying effects on
prevention of vascular restenosis after coronary artery intervention.

10 Disclosure of Invention
The inventors have studied solution of the above problems
and found that the mechanism of ISR begins with migration of
smooth muscle cells to fibrin adhered to the stent surfaces, and
that aq-protease inhibitor, aq-antichymotrypsin and as-
15 macroglobulin in serum act as significant related factors in the
initial stage where the fibrins adhere to the stent surface. These
. studies are reported in papers (Yuji lkari et al, JOURNAL OF
BIOLOGICAL CHEMISTRY, Vol.275, Issue 17, 12799-12805, April,
2000: Yuji lkari et al, JOURNAL OF BIOLOGICAL CHEMISTRY
20 Vol.276, Issue 15, 11798-11803, April, 2001). At the time of
announcement of the papers, it was not clear what factor is an
important factor related to ISR and thus there is no conclusion on

the ISR-relating factors.

Farther studies based on the above findings have been made

25 on relationship between ISR and the level of the above factors in



10 for. preventing vascul ar restenosis) which conprises, as an active
constituent, a conpound that deactivates al-protease inhibitor. The above
corpound that deactivates al- protease inhibitor is a conmpound, or a salt

t hereof, represented by the general fornmula: CIA R~ 15 wherein X is
halogen, Rl is hydrogen or an al kaline tal, R2 is hydrogen or
aryl sul fonyl which nmay be being substituted, RL and R2 taken together, can
forma group represented by the general formnulas: 5000 ((Il-t ) dI-2)
(11-3) r -CObRa-CO- ( I1-4) wherein R3 is a divalent group or bond of

i near or ﬂ{%gbﬁgggmﬁ h@wﬁ&aﬁmﬁﬁdﬂlﬁn&cfh@yehﬁﬁg g?ﬁggﬁg'@reAS a

unsat ur at e y have one or re unsatur 51nthe

above genefadult OtHY! ifw tbPY o vé B IFIRERS eNaPXh & bi%l‘tﬂ%%’sef Qﬁhi@iﬁfﬁ)' €,
fluorine atom chlorine atom bromne atom and iodine atom and a preferred

hal ogen ataﬁul@acmla%rrbaﬁ)@wma@@ewt@a ﬂ{)nté}?oﬁhﬁ wﬂ?jémcfla'od geegagnt ef's

by RL are lithi sodi'um and pot assi um pre erre kal'i ne net’al

sodium 10 gpe A ay,lbfdwrﬁawygsqﬁrﬁé rH@‘?e'Pé{tltgﬁ HE% 1B9%4fe fratrolifng! L YRRLS,

pr ef er abl y, st 1"t uent me or di

pheny P f@w%“ﬂﬁké ﬁ%9$sﬁ1r?§§bt§t§ﬁie¢h§ﬁeﬁse %fi@iﬁ%%”r@m&véﬁgﬁf the
Such as oytiearant EkFabEh, o ﬂﬁa”i&wfrtaaﬁ R BAGcpE. REVEITH Yeny)
&5 al e Gath o5 bl el i letind mh A L oBBHCT Grcony
@ rhonyi B Ew?ﬁbh Wi SRERa 'apﬁﬁ%ﬁgeﬁiﬁ' s benyyi Sﬁdcéﬁeﬁw'et it
\(;'rtgioi g'lt rCSSO’Ac%or myg 'to the pcrae%te%t I vaennotlor?x?hetrehlucs)xgrow edaa ></i| ono
10 for preventing vascular restenosis, which comprises, as an active
constituent, a compound that deactivates aq-protease inhibitor.

The above compound that deactivates aq-protease inhibitor is
a compound, or a salt thereof, represented by the general formula:

/Fh

X"—“N\\ (1)

R=2
. 15 wherein X is halogen, Rq is hydrogen or an alkaline metal, Rs is
hydrogen or arylsulfonyl which may be being substituted, Rq and
Ro taken together, can form a group represented by the general

formulas:



al kyl car banoyl such as net hyl carbanoyl, di nmet hyl carbanmoyl; Cgd q,

aryl carbanoyl such as phenyl carbanoyl; carboxyl; Cl-Cq, 5 al koxycarbonyl

such as net hoxycarbonyl) ethoxycarbonyl Cg- C14 aryl oxycarbonyl such as
phenoxycar bonyl; sul fo; hal ogen such as fluorine, chlorine, brom ne and

iodine; Cl- Cq, alkoxy such as net hoxy, & hoxy, propoxy, isopropoxy, butoxy,

i sobut oxy, secbutoxy, tert-butoxy; Cg-Clp aryl oxy such as phenoxy; Cl-C4 10

al kylthio such as nethylthio, ethylthio, propylthio, isopropylthio,

butyl thio, isobutylthio, sec-butylthio, tert-butylthio; Cg-Clp arylthio

-such as phenylthio; Cl-Cq, alkylsulfiny® such as methyl sul finyl,

et hyl sul finyly, propyl-sulfinyl, isopropylsulfinyl, butylsulfinyl,

i sobut yl - sec- ut‘ finyl,pote ot yl sul finyl; Cg-Cl0 15

-aryl sul finyl S phenyl Iﬂlnyl;, yl sul fonyl such as

met hyl sul fo yl sul propylsulfa\. , 1 sopropyl sul fonyl,

but yl sul f onylll, |sobutylsulfonyl sec- butyl sul fonyl, tert-butylsul fonyl;

Cg- C10 arylsﬁ'fonyl such as phenylsulfonyl Cl- Cg, al koxysul fonyl such as
met hoxysul f onyll-,1 )et hoxysuti-amyl , propoxyBuajonyl, 20 i sopropyl oxysul fonyl

but oxysul f onyl , isobutyloxysulfonyl, sec but oxysul fonyl,

tert-butoxysul fonyl; Cg-Cl0 aryl oxysul fonyl such as phenoxysul fonyl; am no;

Cl-Cl1 carbox&gcylanlno such as Gﬁ ilanino, propi onyl am no, benzoyl am no;
nmono- or di- Cl- Cq fiPro s S nethylanino et hyl am no,

propyl am ngngtgin S4T .ggg' aiiohs Rtoy &acyc 4, SF 1A Top braficHdl o

Cg- Cg cyclo am no su am no

éCPbﬁfy?SP o, DRarbbRTHORE WHIEH sk b fér'?sg @ﬁ%&hiﬁ%’ﬁéﬁgl bengs.
froma 1 2"@%&5&‘%ﬁéf%}%ayem%m‘}%ﬁf%&ﬁgQq Ry 18 Perers atom such
such Bs 2. 2?" 5“1 ﬁﬁsnybtorv‘égﬁgnegafaﬁ%% Taloghhalom exiressed 8y g, ©

i—,‘ Bﬂé%: yin C'Ed682 Briegéf?"z o) rﬂlb%%ﬁyatoor% 53*5\5?610%@9%39%3%9['«1%11 4-

or 5-|soth|a013/({j i -or124 rlaoB§ 4- or 5-pyrimdinyl,

benzot hi az8N§I 194885861 $nd” &r past siyed BRI¢esYi atorm Is daM9rl)ne atom.
rrolidinyl eri hol i n benzi m daz ui nol

Pgoqui nol y‘\é agﬂolp rfﬂrl gﬁpd a?@%f)aﬁe r%%{':dr{ é@pr?ﬁ?"g%gnﬁye q’hl %‘rﬁ/%/“fh'um

~i --alanyl, arginyl, cystathionyl, cysty (g ycyl, histidyl, 15 honoseryl,
i sol eucyl , Spamm.%‘}moﬂa&%ym tP'%?Ipfeff@ﬂﬁ @kalln@rm@lﬁews seahival.yl |

ornithyl r ol sar co t hreo ros ar I etc.
Thelzl gve gubs%drf‘ﬁenta MQ}/JI;\‘P@)S hd\?@rﬁﬁ@"gédmw %gtl fnu%ﬁts?{'?Nﬁr rﬂé? be

the sane or different fromone another in
substituents, preferably, 1-3 substituents, which may be the same

. or different with one another, at substitutable positions thereof.
The arylsulfonyl includes phenylsulfonyl, naphtyisulfonyl and the

like. As preferred examples of the above substituents, there may

15 be used, for example, C3-Cqg cycloalkyl such as cyclopropyl,
cyclobutyl, cyclopentyl and cyclohexyl; C2-Cq1g alkenyl such as
vinyl, allyl, 2-methylallyl, 2-butenyl, 3-butenyl, 3-octenyl; C2-Cqq
alkynyl such as ethynyl, 2-propynyl, 3-hexynyl; C3-Cqg
cycloalkenyl such as cyclopropenyl, cyclopentenyl and

20 cyclohexenyl; Cg-Cqg aryl such as phenyl and naphthyl; C7-C11



20 the. sane or different substitutable positions. In that case, the further
substituents are equivalent to the aforesaid substituents. If two or nore
substituents are used, their two substituents taken together, nay forma
diwval ent group such as, for exanple, Cl-Cg al kylene (e.g., nethylene,
ethylene, trinethylene, tetranethylene, @5 propenylene))

3- oxapent anet hyl ene, vi nyl ene, benzyli dene, nmet hyl enedi oxy,
2-thiatrinethyl ene, oxalyl, malonyl, succinyl, maleoyl, phthal oyl, oxygen,
sul fur, imno, azo, hydrazo and the like. If these substituents are

-di val ent gér)%lmi@#gghags B@rhzs}é?agpsipslﬁﬂlﬁyﬁr/ﬁ' Ktro: CrYi‘EH?A;:‘Wydroxyl;

cycl oal keny ryl oxy, arylt 5 aryl sul fonyl,

aryl car banmdrcapty! OxyanobomKo; ARKKY St fitnoylarmlodd N8r di- C4-Cg
cycl oal kyl ami no, carboxylic acyl) carboxylic acylam no, tri-substituted

silyl, andahgafieapsafidyl §UEHPEs hdthyPcafitirh oy, Td*i'ﬁﬁeiHP?ééﬁH’aﬁﬂbZl;”@)’s-

further be substituted by one or noré groups Selected fromthe group

consi st 1 nacyly héhﬂ%?bﬁ%\/lasslfélfoeisnj)uh F‘c'&'r%h)ﬁ/'tﬁyl;brc‘y?})%‘ig‘rﬁndcﬁ@éh“e?

hydr oxyl ; nitro; ‘cyano; CI-Cq, alk ch as net et hyl, opyl’,

as vi Byl ARR SR Fhon S K RReArbBhY |, MiNexyCEidy ) B e
c1-0n, "ar kG eRi R R T ARy P e T oS0 SHiatp Ao
dons, st i ng' P ey CHIBTRIEE] 1Bt RG, JoOURE: PEYPERT coMapY, | o] B
| ani noesoRy, § e§RaRS-rop B stidiiariy, RUIBRY tebilonlbtie it oo
ment | aned BREDS HRFSRHOSS, Go IOy Ay O5tRE 88, Bl el BTTed i o
e L L T o R
eyl one, - PPIVEEIR RS VPRl SRy b IRISE Edh G Tetehosridieene
oresent | nOURG! &, RER VAN GerC At Ak 5 tng SyBRemd MarmdIssTiny i s
deact | vat o8ISR Bhce PARPYIESinK -t ISRRTORHBUANK chi BUAEIHIM des.

10 According {1 SuRh§Te setBityIRhiminyt ® ter BhdyiShifiydY' “sic 10
15 arylsulfinyl such as phenylsulfinyl;, C41-C4 alkylsulfonyl such as
methylsulfonyl, ethylsulfonyl, propylsuifonyl, isopropylsulfonyl,

. butylsulfonyl, isobutylsulfonyl, sec-butylsulfonyl, tert-butylsulfonyl;
Ce-C10 arylsulfonyl such as phenylsulfonyl; C1-C4 alkoxysulfonyl

such as methoxysulfonyl, ethoxysulfonyl, propoxysulfonyl,

20 isopropyloxysulfonyl, butoxysulfonyl, isobutyloxysulfonyl, sec-
butoxysulfonyl, tert-butoxysulfonyl; Cg-Cqg aryloxysulfonyl such as
phenoxysulfonyl; amino; C4-Cq41 carboxyacylamino such as
acetylamino, propionylamino, benzoylamino; mono- or di- C1-Cyg
alkylamino such as methylamino, ethylamino, propylamino,

25 isopropylamino, butylamino, dimethylamino, diethylanimo; C3-Cg



drug for preventing vascul ar restenosis, conprising as an active

constftuent, a conpound that deactivates a2-macroglobulin. As the above

conpound that deactivates a2- macrogl obulin, it is preferred to use a
conpound or a salt thereof, represented by 15 the general fornmula: ~4 N hl
or (NH4)p(Y-)p wherein R4, is hydrogen or ami no, R5 is hydrogen, Cl-C5
al kyl
substituted, p is an integer ranging from1l1l to 3, Y is an acid radical,
and R5 taken together, nmay forma group represented by the 20 general

~5

fornul a:

that nmay be being substituted or carbanoyl that may be being
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hetero atoms such as oxygen, sulfur or nitrogen, and condensed
rings thereof, for example, such as 2- or 3-thienyl, 2- or 3-furyl, 1-
,2- or 3-pyrrolyl, 2-, 3- or 4-pyridyl, 2-, 4- or 5-oxazolyl, 2-, 4- or 5-
thiazolyl, 1-, 3-, 4- or 5-pyrazolyl, 1-, 2-, 4- or 5-imidazolyl, 3-, 4-
or 5-isoxazolyl, 3-, 4- or 5-isothiazolyl, 1,2,3- or 1,2,4-triazolyl, 2-,
4- or 5-pyrimidinyl, benzothiazolyl, benzoxazolyl, triazinyl, oxilanyl,
aziridinyl, pyrrolidinyl, piperidinyl, morpholinyl, benzimidazolyl,
quinolyl, isoquinolyl; an amino acid residue such as, for example,
alanyl, B--alanyl, arginyl, cystathionyl, cystyl, glycyl, histidyl,
homoseryl, isoleucyl, lanthionyl, leucyl, lysyl, methionyl, norleucyl,
norvalyl, ornithyl, prolyl, sarcosyl, seryl, threonyl, thyronyl, tyrosyl,
varyl, etc.

The above substituent may also have one or more
substituents that may be the same or diffefent from one another in
the same or different substitutable positions. In that case, the
further substituents are equivalent to the aforesaid substituents. If
two or more substituents are used, their two substituents taken
together, may form a divalent group such as, for example, C1-Cg
alkylene (e.g., methylene, ethylene, trimethylene, tetramethylene,

propenylene), 3-oxapentamethylene, vinylene, benzylidene,

R4

in
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The al kyl or carbanoyl represented by R5 nmay have one or nore substituents,
whi ch' may be the sane or different with one another, in substitutable
positions thereof. As preferred exanples 15 of the above substituents,
there may be used, for exanple, C3-Cl0 cycloal kyl such as cycl opropyl,

cycl obutyl, cyclopentyl and cycl ohexyl; -Cl p al kenyl such as vinyl,
allyl, 2-nethylallyl, 2butenyl, 3-butenyl, 3-octenyl; C2-Cl0 al kynyl such
as ethynyl, 2propynyl, 3-hexynyl; C3-Cl0 cycl oal kenyl such as

cycl opropenyl, 20 cycl obutenyl, cyclopentenyl and cycl ohexenyl; Cg-Cl0 aryl

'such as phﬁfé&'h yieRe87PXY, hy|2»-trﬁ§t%tﬂWéK¥' SHERIyRS l?ﬁQFdH)yla”dshucém’}I’ 11

phenyl et hyl ; V|tro nitr'oso; hydroxyl ; nercapto cyano;

car bamoy! ; n{EBe V! phtha 1arygg@ﬁ' %nm hirdhS pcﬂ gp?%%&)myﬁk

di met hyl car banmoyl ;" Cg- C1 ar ba car banoyl car%oxyl

Cl-C4 al koﬁyﬂ?é%@'%'bsﬂ{ﬁ@nfl‘é a'}enga}%éﬁf@’rB%’b\Q suSﬁhé’ YER' B4 Igg%frﬂ%

aryl oxy-carbon such as phenoxycar ogen suc uori ne,

bropoxy. | SERYIC, EVEIGARYTS ok u%‘*tséh?')éz%ﬁﬂﬁ?x ‘e"?‘?éy’f”‘m%%ﬁayblo

ot opyPt hi of Y SSRIR s esh ‘ﬁ‘ﬁwth'%%’Eﬁ????ﬁ?%gysech%@ﬁ@*?ﬁv A
Stch as. ﬁL?ﬂQ’ .nyYE"’aa[ ﬁ%@’ufﬁn&gfﬁé?‘gﬂgrgg& ?ﬁy poxylg S'?Eﬁ{ﬂfﬁmé? e
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g i B i O
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ter t1But oxGat" o%y%%'“%?w VPS8BSt S: Bl ang Str Fn Y an no:

Cl- C1l1 car box 0 su s acetyl.am no, propiony|]an no, benzoyl am no;
nono- or dfY Eyf’a 'F% SREFPYs iSOPHQ Pé(ﬁﬂ E(S'tygt'rﬁﬂ%yhoseﬁrBHW lani no,

12" oyelo bﬁ{ﬁeﬁ&b&@@ -4 BB e PR cving) Bnth oo Gor g Sllomdds”
?glrltialq?yl df’#‘ré#h tﬁlsf‘lFJ i ﬁl '%Wéﬁﬁfvgw S?F‘E'I %?ﬁké;:gﬁ?%BX%h%@#Wb’
froma 1 2°§¥he%52ﬁﬁe&hf9§<fv2r By g oK Wes HRL. & FisteralodBhe such
as o%gen grsoulljr];grsu%rh glstrrn% ﬁglth?gde%l'?ﬂ?ﬁlnos adnd phenylthio group.
Further, if the substituents are groups selected from the
. group consisting of alkyl, alkenyl, alkynyl, alkoxy, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylcarbamoyl, alkoxycarbonyl,
alkoxysulfonyl, amino and alkylamino,

20 1 to 5 atoms of the substituent may further be substituted by one or
more groups selected from the group consisting of halogen as
mentioned above, hydroxyl, nitro; cyano; C{-C4 alkoxy and C41-C4
alkylthio groups.

As the divalent hydrocarbon group represented by R3, i.e.,

25 "the divalent group of linear or branched C{-Cs hydrocarbons



rings,thereof, for exanple, such as 2- or 3-thienyl, 2- or 3-furyl, 1, 2-
3-pyrrolyl, 2-, 3- or 4-pyridyl, 2-, 4- or 5-oxazolyl, 2-, 4- or

5t hiazolyl, 1-, 3-) 4- or 5-pyrazolyl, 1-, 2-, 4- or 5-imdazolyl, 3-, 4 10

or. 5-isoxazolyl, 3-, 4- or 5-isothiazolyl, 1,2,3- or 1,2,4-triazolyl, 2-,

4- or S5-pyrimdinyl, benzothiazolyl, bengoxazolyl) triazinyl, oxilanyl,

aziridinyl, pyrrolidinyl, piperidinyl, norpholinyl, benzimdazolyl,

qui nolyl, isoquinolyl; an am no acid residue such as, for exanple) alanyl)

(3-al anyl, arginyl, cystathionyl, cystyl, glycyl, histidyl, 15 honDseryI,

i sol eucyl , whibhhin@iyy havieeoag! or eYs , uries fiiratal., bGRﬂbeuﬂYére REeVElLOs

ornithyl, prolyl, sarcosyl, seryl t hreonyl, thyronyl, tyrosyl, gryl etc.

The above ayAbikHent sigk al sy EfheOne qrr.ngg{@%%s“ tut%mémg?gyléwa be

the sane vvlt or different from'the ot her thé sane or er ent

substi t ut abbﬁtﬁﬁﬁéth:y@@ﬁe 0o I8t afksyichBesLiUh! BET vitiIghb! Yo figne

equi val ent to the aforesai stituents two or res
used, theig esg?g ituents taken together, may forma dival ent group such
as, for exarrpl e, Cg al kyl ene (e.g., net hyI ene, ethylene, trimnethyl ene,

benzybrdene, A3 ?*EBP?QL'@ ?%x%fgf@é‘?ﬁ%?e?“% Ry, HeNdRSemrtan
ke, i MESESAna e e 1oB G L TE SBrige eﬂ%m o, hydrazo and the
2yl sulfort, _al 8 %ﬁﬂ%@?’@ﬁy a5 Jb¥: BkseRtiin eaﬂygm fbsﬁﬁlc{&%fia% no,
e 5%8“?2%‘?298%9@9?% ] T e i ol bt

rther becﬁrbrstl tut ed. B% one or nore groups selected fromthe group
consi sting ﬁé’lcé:érélﬁn as fluorine, 10 chlorine, brom ne and iodine;

Lopidyi V'bhiﬁﬁcc&@m$9,t9§e‘é".r%%%9f"‘ri€<aﬁfemttEéfeugt%%rtsef SWsies 2such
e ”%Len&ugéfvrcersvéﬁi@i&%ﬁba%ﬁ%&osﬁ%ﬂy g TAcRY | KE; SBHuRoxy:
ar oup. ""LE?%%E%P#? Phﬁ”c”ofmﬁk‘nwmé‘fe Phclivatas SauettioBiliThe oroup.

oot sulfony1 “81e BEEL sorSes Lt v Rl SautiesiosloSimo an
al kyl am no, gﬂmgsoms of the 20 substituent may further be substltut ed

by one or 'fﬁ)lpée t%e‘l‘%@t%dc@mﬁltﬂfé Qjr upatlotReERohgrant rasgnigen bys
ment i gned above, h dr 0X vitro; cyano; Cl-C4 al koxy and Cl-C4 al kylthio
gr oup Ththe generadifes l*H@present ed by Y includes chloro, carbonate,
sulfate, nitrate and bo:gsfe groups. Preferred acid radical is sulfate. 25
In a preferred enbodj t "of the present invention, the

Py H-—N\\R (-1>

~+P
or (NHa),(Y™) (I-2)

wherein R4 is hydrogen or amino, R5 is hydrogen, C1-Cg alkyl that

may be being substituted or carbamoyl that may be being

substituted, p is an integer ranging from 1 to 3, Y is an acid radical,

R4 and Rpg taken together, may form a group represented by the

20 general formula:



14 conpound that deactivates a2-macrogl obulin includes conmpounds cont ai ni ng
an anino group. Such an am no-contai ning conpound _ includes, for exanple)
anmoni a, am ne conpounds and salts thereof, urea, hydrazine and salts

t hereof, ammoniumsalts, imne 5 and salts thereof, tobranycin, polylysines
and | ysozyne chloride, and the conpound jyiged is at |east one conpound

sel ected fromthe group consisting of these conpounds. Wien imne is used
as the compound that deactivates a2-nacroglobulin, it is preferred to use
pol yet hyl ene i m ne having a nol ecul ar wei ght ranging from500 to 10 100000,
measured by gel filtration technique. In another enbodi ments, ammoni um
sulfate is enployed as the conpound that deactivates a2-nmacroglobulin. The

above conpo h deacti s a2-nacrogl obulin may constitute a drug for
preventi on g?‘?\'f!g?ﬂ’l ar res@%si s in 15 conbination with the above conpound

t hat deactivates al-protease inhibitor. In another aspect of the present

invention, wihatetnim I @ (R Gér irgﬁp% b | NtHagAA UL 95%%&3@%

with a drug for prevention of vascular restenosis that conprises,

%’ 20 ﬁ%,;%?ﬁﬂfﬁﬂléﬁ-é‘ségﬁ%ﬁﬁﬂ% ogsh %ﬁ@ﬁ%é%%&tﬁénf%@eﬁﬁ?ﬁﬁ%;kﬁt{aﬁvé°r
Carrying OI-JIﬁ %‘ﬁ@%”ﬁ@%rﬁ‘?'&ﬁ %ﬁr&ggﬁyﬁ %1(:; hég%tbsﬁeea'ﬂe?ﬁ g’& m%gsedﬂéé\{%aof@ rHH"& drug

for pr evenE\i/Pn 25 of vascul ar restenosis according to the present
i nvention. 15 5

- - —(CH2CHz2NH),— (V)
® .

wherein n is an integer ranging from 10 to 2500.

The amino group represented by R4 in the above general
formula includes, for example, a primary amino group, a secondary
group or a ternary amino group.

The alkyl in unsubstituted or substituted alkyl represented by
10 _Rsg includes, for example, C1-Cs alkyl such as methyl, ethyl, propyl,

isopropyl, butyl, isobutyl, sec-butyl, tert-butyl and pentyl.

The alkyl or carbamoyl represented by R5 may have one or
more substituents, which may be the same or different with one
another, in substitutable positions thereof. As preferred examples

15 of the above substituents, there may be used, for example, C3-Cqg
cycloalkyl such as cyclopropyl, cyclobutyl, cyclopentyl and
cyclohexyl; C2-Cqqg alkenyl such as vinyl, allyl, 2-methylallyl, 2-
butenyl, 3-butenyl, 3-octenyl; C2-Cqpo alkynyl such as ethynyl, 2-
propynyl, 3-hexynyl; C3-Cq1g cycloalkenyl such as cyclopropenyl,

20 cyclobutenyl, cyclopentenyl and cyclohexenyl; Cg-Cqq aryl such as

phenyl and naphthyl; C7-Cq14 aralkyl such as benzyl and



According to the present invention, there is nolimt to the conpound that
deactivates al-protease inhibitor, provided that the conpound is able to
deactivate the al-protease inhibitor. Since an active center of the
al-protease inhibitor is considered to be bl ocked by an oxide, it is
sufficient for the conpound that deactivpjes al-protease inhibitor to have
a behavior to attack the oxide. Thus, it is preferred to use a conpound
having partial structure represented by formula: CI .-.---.-_ N/'"~ 10
Exanpl es of the conpounds having such a partial structure are cyclic imdes

‘or salts t ﬁéﬁgiegﬁ['m%f;rm@‘w d@éﬁﬁ“ﬂ%ﬁ&lﬂ%' &Soxo; thioxo;

N-chl oroxal i m or mal oni m'do, orsuccl ni m de,

N-chl or pht batbaindsyl: N- sidrs mabei nele, O color dikyAsdrbigoyFhl h8R1 Nes
‘conmpounds obt ai ne by replacing at | east one hydiogen 15 atom of ammoni a

wi th chl or \iwhyl@ambathod! dinidthye@a rbdholy$: m@{%{‘egrma?sﬁ vl such

chl orsucci ni m de. These conpounds nmay be used y Or in conplnation.

Furt her, tagrg)_ﬂény'radrbaiﬁow? td“eﬁbgmpucq-@f tagb&g;géﬁfﬂyfnd ivgélsaéblfnafshat

deactivates aZ-nmacrogl obul 1'h, prov that the eto

deact kvat en?eag@sg@b%ggepghj fbth%ixno rigbgi V;aﬁgﬁgtgg[] ?gl?&-&a?rb jogl,eul i n

is deactivate t rmat|](3n I | g en glutam ¢ "aci d
ot orred 78 BEMSSBEREEMD a0 harde b ReRgRsud RS, M g ouna.
there my Beowsfd it 04 COTPUIRERYO's R ! B! MREBREXPVLIHG. ;5

al kyl replaced for one rogen nia;, urea nhaving'a ¢
O AT ol
replaced gféﬁﬁb %§gﬁbagn§§?®nsggf%gﬁg%ﬁgz: ?XE?g4iéﬁh¥§h§$ §£¥ﬂ% %%ereof.
2o BB, AyBBIIRANS, e ch S ARiSe RO Bl
b T TSR A S T o N T T RS
ammoni um Sblhfeﬁtyﬁhigrr(g)1n-idl4ma(iﬁ{ipsouqﬁtn?ﬂ such as methylsulfinyl, ethylsulfinyl,
propyl-sulfinyl, isopropylsulfinyl, butylsulfinyl, isobutyl-sulfinyl, sec-
butylsulfinyl, tert-butylsulfinyl, Cg-C1q arylsulfinyl such as

15 phenylsulfinyl;, C4-C4 alkylsulfonyl such as methylsulfonyl,
ethylsulfonyl, propylsulfonyl, isopropyl-sulfonyl, butylsulfonyl,

‘ isobutylsulfonyl, sec-butylsulfonyl, tert-butylsulfonyl; Cg-Cqp
arylsulfonyl such as phenylsulfonyl; C1-C4 alkoxysulfonyl such as
methoxysuifonyl, ethoxysulfonyl, propoxysulfonyl,

20 isopropyloxysulfonyl, butoxysulfonyl, isobutyloxysulfonyl, sec-
butoxysulfonyl, tert-butoxysulfonyl; Cg-C1g aryloxysulfonyl such as
phenoxysulfonyl; amino; C1-Cq4 carboxyacylamino such as
acetylamino, propionylamino, benzoylamino; mono- or di- C1-Cyg
alkylamino such as methylamino, ethylamino, propylamino,

25 isopropylamino, butylamino, dimethylamino, diethylanimo; C3-Cg



amonj um hydr ogen carbonate, ammoni um nitrate, anmmoni um 15 borate. The nost
preferred amoniumsalt is ammonium sul fate. The cyclic secondary am nes
havi ng a dival ent hydrocarbon replaced for two hydrogen atons of ammonia
includes imnes represented by the general formula: (CH2)k NH wherein k is
an integer ranging from1 to 6, such as,1éor exanpl e, 20 ethyl ene im ne,
pyrrolidine and piperidine. A preferred imne is ethylene imne. The
ethylene imne may be used in the form of polyethylene i mne obtained by
ring opening polynerization and expressed by the general fornula: 17

- (CHZCH2 Nelygigalkyl@mWME $iiéh Mad $cy6d19he§<99e%iﬁ6ngié;@ipoa‘r;ﬁﬁrﬁméé%h I'n
en | ne

that case, preferred ethylene inine is polyethyl aving a

ol ecul ar &gi gahnmgisr}ggybgggtﬁ?ggt OsﬁgPQ%cW%yr eﬂirhétgglsvimf,{uLt gagr{m.gnor

‘t echni que. “"These used sin i n conbi nat’

more dr UQSbquH“iM‘élrthgisgwlPﬁriﬁi-ng‘?@gﬁg ﬁ'nts'-_tﬂht"g‘rl E%ﬁ%&gﬁﬂéngﬁsﬁlﬂnyﬁt}rther

substituent, ‘exanple suc i ncl"ude tobranyci pol si ne,
el catoni n I :ch | € ~H NG C d de j es.al- t ease
iy bi tor d «FarURE et ol gl RO, Bty C B BB,
adm nister i hg for f | k_pa r ut they are generall.y.
adm nFst erggleiczebhﬁof‘grﬂ g‘? %h%&ﬁ%gnge q@&yrcigc 93'}0 ?i%%n{q{é'%r?ﬁénent
with any c onent, selected fromthe gro consisting of additives, fillers
Cer g5 "ol BPRRLE BTl cif 44 B den Jatilfr BhohBlpBinocaid edndEhends.
porous materi al etG. ), . disintegrants(e.g,, lo bstituted
hydroxyproﬂ?péeﬁ"%ﬂecﬁge,fbﬁaﬁmyﬁgt ﬁylci‘e?ﬁﬁbgé ﬁHb?errlr uﬁe‘t gry3-furyl, 1-
bi.nders(e.g,, dextrin elatine, pullulans, etc.),. lubricants(e,g.,
nesi um st e9f g@yr@;{ygi n éf QL ARy ridyls 3-, %‘og%i%&" Y (i‘.'g‘?', of Sret hyl
\ | ul ose, ,ethyl celJlulose and_the |ike), surfactants(e.g., 20
pol yoxyet hm'@ﬁéllﬂyd 'ogé'na P cAR VAR VL, TooRys &bt 3"@?@?39'3"’ 3-, 4-
elastbcizerg%%g., trieﬁhgl citrate, triacetin, etc.), antioxjdant
agent8(e. gOF xi39xze¥l g 'a-‘"t‘o%rogﬁ'hb?‘ﬁ iazelyl) 1a8P-pPESbRvArttriazalyl. 2-,
parabens and the like), and then making a suitable amount of the 18
resul tant i ArwWwPYEMdidd; bedzpibiagovdr Renzexagedvydriazinyinexiany!, or
exanpl e, tabjﬁhs, bal s, capsul es, granules, subtle granules, powder
syrup, inj@8&rEinY!soPyfiddidinybuspineiidiny !,  oeheknph fhepainadazalyl,
i nhal ants, . . . . .
quinolyl, isoquinolyl; an amino acid residue such as, for example,
alanyl, B-alanyl, arginyl, cystathionyl, cystyl, glycyl, histidyl,
15 homoseryl, isoleucyl, lanthionyl, leucyl, lysyl, methionyl, norleucyl,
norvalyl, ornithyl, prolyl, sarcosyl, seryl, threonyl, thyronyl, tyrosyl,
. varyl, etc.
The above substituent may also have one or more
substituents that may be the same with or different from the other,
20 in the same or different substitutable positions. In that case, the
further substituents are equivalent to the aforesaid substituents. If
two or more substituents are used, their two substituents taken
together, may form a divalent group such as, for example, C1-Cg
alkylene (e.g., methylene, ethylene, trimethylene, tetramethylene,

25 propenylene), 3-oxapentamethylene, - vinylene, benzylidene,



5 ointment, etc., any of which may be prepared in the ordinary manner, for
exanpl e; as described in Japanese Pharnmacopoeia. Anong them it is
preferred to use a dosage formsuitable for parenteral and topical

adm ni stration such as injectable solutions, suspensions and fat emul sion
preparations. 10 A nore preferred proce is adm nistration of a drug to an
affected area directly with a drug delivery catheter or an inplantable

i ntravascul ar device coated with the drug. The nost preferred process is

pl acenent of a stent coated with an drug for prevention of restenosis in

The af f ect g @fanofiRCeISyAER MG dTed SIEDIT S rAIBL, A EamyIi N

i nsertion, hat It FGQUIFGS Nno Specl a Iz hnlque a
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[ t t ed th th f t
Cont dRosi soBiong: Womfite i lodine sk ¢ inifies 872087, Gt Al
sust ai nedr el e se of tge drgg Respective consti tuean and pr epar atr on
process ofSPﬁ aeug athylpeilrht PEPPYE BRRIQPY. bady nb%qlé‘-'té/écrﬁe(ﬁ RYtYl the

present 15_inventio desc ed in tail in Ja
bubi § cat | oABA AL Ao o g & '?%é@ aé(\AM@dPO?é‘S@ﬁe B4 ey
31460009, vvhr ch are reb cor porated hy ref ence h t he dru for
prevent i onSHF v3§cu?§ry’}3ést£rﬂf§’ip§'nd‘f ?Hg Hf'@s ? IWG%FWFO%; £4
expl ai ned as agbove, the vasc 20 restengsi s can be ef |vehé/ r_event ed
by e of SUBRUGSAEITPEXY beknBn andatas oke cashaRoRy ¢ 1 HesanlRy Fe
prevention of vascul ar restenosis of the present invention to perform | ocal
adni APst r aBr VWP &S Utk agr Methykthio, ehlykhin aaadipheaylthiogratge on the
i npl antabl e 25 i ntravascul ar device of the present invention, naki ng
reference to a Fusthemeift the Fubkstityants mret gnouns c$rei6§t§dprfé¢@r rtbe
enbodi nent of inplantable i ntravascul ar device of the present invention
'char act gFeupd q;q,nsrstmg ~of alkyl, alkenyl, alkynyl, alkoxy, alkylthio,
alkylsulfinyl, alkylsulfonyl, alkylcarbamoyl, alkoxycarbonyl,
alkoxysulfonyl, amino and alkylamino, 1 to & atoms of the
20 substituent may further be substituted by one or more groups
selected from the group consisting of halogen as mentioned above,
hydroxyl, nitro; cyano; C1-C4 alkoxy and C1-C4 alkylthio groups.
The acid radical represented by Y includes chloro, carbonate,
sulfate, nitrate and borate groups. Preferred acid radical is sulfate.

25 In a preferred embodiment of the present invention, the



the fact that a surface of the stent is coated with a drug for 5 prevention
of vascul ar restenosis. In general, the stent has a cylindrical form has a
coi-l ed body portion or a neshed body portion having plural slots. But the
stent is not limted to these , configurations and may take any
configuration, provided that it can mainfgin a size of the lunmen after

wi dening the narrowed area of 10 the vessel. Also, the stent may have an
expansi on nechani sm of a sel f-expandabl e type or a ball oon expandabl e type.
Suitable materials for the stent includes netals such as stainless steel,

titanium EaRipouny fHdr deBctivatest an-alkrddioBolin PheRides c?drﬁgo%%ds
pol yam des, polyethyl ene, polypropyl é&ne and "15 hardly-hydrol yzabl

polyetner bolusfiehlo8R, aHHE"Srapb" 0t 41t A S =IRIE S Bbab, L1,

material f proadcakopse e Pl oz Sciat 2
(trademark C'FB% of gh%%(gnﬁ}'( ohnsﬁi]m]i%UL%trﬁm{IK ?ﬁé‘ggﬁg?k)%‘f % 20
Cor por at i o ST EG: ARHPRERS A Salis PRt salEs g o
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orosent. | nOBAY h%#ﬁzﬁf%% EURY 48 B Taaet od B BRUGh PTGt i uthfe:
publ | cat | HES IR ADeS B Ahes sesbeoaneaes AV Agh, a“iéﬁsﬁ@%é% sHRe™ e

| ncor por at g o und that deactivates ap-macroglobulin, it is preferred to use

polyethylene imine having a molecular weight ranging from 500 to
10 100000, measured by gel filtration technique. In another

embodiments, ammonium sulfate is employed as the compound that

deactivates ag2-macroglobulin.
The above compound that deactivates as-macroglobulin may

constitute a drug for prevention of vascular restenosis in

15 combination with the above compound that deactivates a4-protease
inhibitor.
‘ In another aspect of the present invention, there is provided

an implantable intravascular device coated with a drug for

prevention of vascular restenosis that comprises, as an active

20 constituent, a compound that deactivates aq-protease inhibitor
and/or a compound that deactivates as-macroglobulin. As an
implantable intravascular device, it is preferred to use a stent.

Best Mode for Carrying Out the Invention
Firstly, the explanation will be made on a drug for prevention

25 of vascular restenosis according to the present invention.



5 reference. However, these coating nethods can be applied to inplantable
irntravascul ar devices other than stent. The following is explanation of a
method for coating a drug for prevention of vascular restenosis to the
stent. The drug-coated stent nmay be obtained by (1 ) a method 10 conpri sing
steps of mixing a drug for prevention ofyyascular restenosis with any one
of various polyners to prepare a coating m xture, and then spraying the
resultant m xture on a stent or dipping the stent into the resultant

m xture, or (2) a nethod conprising steps of providing a hydrophilic

‘coating of a pOM’E%rrdgﬂ? s $Hef g?éséﬁt"J}n%‘?u'ﬁorﬁ”@hé@”issﬂ'bak’l'nﬁ‘ﬂ {dang ug

for prevention of vas restenosis on a stent or dipping the stent into

the drug fesnieyeattnen @éa&ﬁ@ét&@ra{-Qﬁb@é'%ésmh'fbﬂo@”P@oflﬂied”tﬁ‘é?r’th'eon of
‘vascul ar restenosis is used after forrmulation to a suitable dosage form

such as a gghiié @Rd iBOASIRY t&rdédtﬁu}aﬂéethé% 6tééssaﬁmmom XSifed Bg drug

Wi th any one of the various polyners. If a powder type drug for preventlon

of vascul agcfigat Qe iod rtrhéegx WBfrBté)é)éé/”ﬁ{hlb'l r 35N2eRTAbYed Oto

sufficiently reduce granularit rimary particles and secondary partl cles
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nore additlives suc or exa s, carri ers
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bi oconpati bl e hydrophilic coating agent to nodify release profile of the
drug. For exanple, the release profile may be nodified by incorporating a
hydrophilic 10 polymer selected fromthe group consisting of polyethylene
oxi de, pol yvinyl pxp(blidone pol yet hyl ene gl ycols, carboxynethyl cel |l ul ose,
hydr oxymet h@ll eet+ Ml.ose and conbi nation thereof into an aliphatic polyester
coating agent. An a\pmoprl ate anmount of the hydrophilic polymer added to

t he hydrophobi c coating agent or that of 15 hydrophobic pol ynmer added to
t he HQdr opkixaintp kesatafnghegeampounies ehaviregl sieclor di pgrtial tdteuctireasme
profile of the drug for prevention of vascular restenosis in vitro or in
vivo. Thereychcninides tort calte thergoérderived ifromhacyl eserdibasierdcids i f

t hey are bioconpatible. Exanples of the polynmers are 20 pol yam des,

pol yol ef i ngachi asl Ndthipnoxayimiaay, dhehleahzbs hiyhieitg) N-ohioiss@diabhide,

pol yesters (including polyethylene terephthalate and the |ike) and

bi ol ogi cal NychhmpHiahlieniald, phat | N-plloresakwimideact i ¢ Natlorgluteelmideci d,

| actide, glycollide, p-dioxane, trinethylenecarbonates, ~-caprolactam
honopol ynechidraenie cantbounds obtained by replacing at least one hydrogen
. . 15 atom of ammonia with chlorine atom, or salts thereof. It is
preferred to employ chlorsuccinimide. These compounds may be

used singly or in combination.
Further, there is no limit to the compound of the present
invention that deactivates ap-macroglobulin, provided that the
20 compound is able to deactivate asz-macroglobulin. Since it is
considered that as-macroglobulin is deactivated by the formation of
a covalent bond between glutamic acid present in an active center

of az-macroglobulin and an amino group, it is preferred to use a



25 copol yrers derived froma mxture of these materials). 23 Further, the
polymer ‘may be m xed with a highly flexible, high nolecular elastonmer to
provi de coating layers with flexibility. The el astoners that can be used

i ncl ude, for exanple, various el astoners of polystyrene, polyolefine,

pol yesters, polyam des, 5 silicone, polyygethane, fluorinated el astoner,

nat ural rubber, and copol yners or polyner alloys of these materials. Anong
them the nost preferred material is a segnmented pol yurethane polyner film
with a high flexibility and a high strength. It is preferred to use
segrent ed_pahiE e d3RGVRA VAR! aflihBB groGbudi AY ELeK! Bl @b ¥EhBS  tHdte
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ded Wl I ' ' A h
orvent 1 onfaf .o, chrtalIals, 3t (RgIHEEd Gorforf i rded 81 b1 N ¢ e
dm ngst i A it ' t : i ght. it
consufod of TGN Ghy ety S sBh' Bifregiohayinte 8, artlifo 248RUN Yo,
bout 0.00 9 t I\ AR bout 00 % t
2bout 60 wHEERT Pob S bYarbEl aRRne BBE o A AR st 288 Voo °
ith t & I f.th ' i xt .25 A di t
the presontvslif cioFah8afy ARRHRS Baxiid Sadludbel Mudiuadod trEsRt ¢ o
ovi de | ow invasive nmeans . for eventian of vascul ar resben sis i.n a short
“me aftery\é’cr'o{]v&ﬂjmﬂerlor&e& \%ﬂmsoﬁi ajumonia) || &g IYNEFQRLFR élﬁ"eﬂre&fent t he
vascul ar restengsi thus making it possible .to regluce nment al and physi cal
pai ns of the pa isetfﬂe. agnine P?W%oﬂadnéfé% ArREETeRe 1 HSShRIMARY @VHMR i ons
with,possihility of postogperative vasg I:r\r restenosi s, , to which the drug
for pPeventl 8@%@“\'/3@0[]1% YRR ef £ BIV MG, ESARCIPHYeADPLRY lampine.
i npl bl e i I devi h i l'i ed, include,
w Ehout - bel RGSEI ATTIBES Aorbive EPPach Shal TR oithy Sedt AOREREL: o BBCH))
T | i | Ext ti t het TECQ) , tat| th t
angi opl ast SYREOUTaSaY Bir J88Y ARGUSSOBIbgse: SURNIAS, ofp't S@HBPIe

af oresaid PTCA and s egt 8“ cenment. BRI EF DESCRI PTION OF DRAWNGS Fig. 1 is
a graph i| POYPPRIYMgNYEra 98 p apEndH My sl il A mpnigde,carbonaigsul ar

restenosis rate and concentrati ons of alprotease inhibitor, _
a2- nacr ogl 8BUNPRIEMG RYJERGERhERsPOPRden AMMoONium nitrate, ammonium

15 borate. The most preferred ammonium salt is ammonium sulfate.
The cyclic secondary amines having a divalent hydrocarbon
' . replaced for two hydrogen atoms of ammonia includes imines

represented by the general formula:

I
(CHz) NH
L

wherein k is an integer ranging from 1 to 6, such as, for example,
20 ethylene imine, pyrrolidine and piperidine. A preferred imine is
ethylene imine. The ethylene imine may be used in the form of
polyethylene imine obtained by ring opening polymerization and

expressed by the general formula:



serum . Fig. 2 is a graph illustrating relationship between presence or
non- pt esence of vascul ar restenosis and concentration of a2 20
macrogl obulin in serumfor both diabetic patient group and nondi abetic

patient group; Fig. 3 is a graph illustrating relationship between a
concentration of N-chlorsuccinimde in f4$¢rin and mgration incidence of
vascul ar plain nmuscles; 25 Fig. 4 is a graph illustrating Intinma-Mdia

Thi ckness (I/M 25 ratio) for an N-chl orsuccinimde-treated group and a
control group (right conmmon iliac artery 3-tines injury nodel); _ Fig. 5is
‘a graph illustrating effects of nethylam ne, ethylam ne, polyethylene imne

wi t h nol ecul i o] 0 to 5 1000 t obranyci n, ammoni a, |ysozyne

chl ori de an—da(;)gﬁ{iﬁh%w'ﬁ geact i vat i oeuv()f a2- macr ogl obul i n. EXAMPLES The
invention will be specifically explained, belo i th erence, t

experi ment WN&EY N iBp M, 'F@%&dﬁ&%@g ﬁrl?éntilg\t,wt%fzégéni ﬁincgh??dﬁ?reer ence
on results f% reape tive experinent al tgsis was carried out by Peafson
text with BFEREI¢H & PR) INiRg df RRlYethylene jmine, hayirg| dsmiolged!arapan,

unl ess ot herw se specified. Sy s in experinental tests respectively
denot e theWPd)gﬁBV\ﬁaﬁb%',"gurfF%% %&e Qi %QSQE) ,emeﬂaumde hy ge! pﬁbtﬁ'@td?@

i nhi bitor, a%M_ a2-macrogl obulin, alACT: al antichymptrypsin, p: rate of
rej ecti on, tgEhRigues| dihese Aegs manbe Nsefos iYW c@hin LArBRINENLYithmw
mllipol concentration (nmmol/L), ng: mlligram wv% weightlvolune

per ceAt agetWP & MAHEsAE¥@S 1 est enosis. 20 The fol | owings are explicative of
experinental results on case patients received stenting, which reveal s that

- prot ease i nhFBrthar, didh&2Cile&@lkpumith & substituenithais fany dusthey

Wntioned bel ow. [ EXPERI MENT 1] |nfluences of concentrations of al-protease
i nhi bi t or awbstituedtr exespRlash afnsyehum eempaupdsomeiudeadebiramyxdni.umen
di anet er

polylysine, elcatonin and lysozyme chloride.

The compound that deactivates aq-protease inhibitor and the

10 compound that deactivates ag-macroglobulin may be administered
in the form of bulk powder, but they are generally administered in

the form of preparations prepared by mixing the component with

any component selected from the group consisting of additives,
fillers (e.g., calcium carbonate, lactose, crystallized cellulose,

‘ 15 starches, porous materials, etc.), disintegrants(e.g., low-

. substituted hydroxypropyicellulose, carboxymethylcellulose calcium,
etc.), binders(e.g., dextrin, gelatine, pullulans, etc.), lubricants(e.g.,
magnesium stearate, calcium stearate, etc.), coating agents(e.g.,
methyl cellulose, ethyl cellulose and the like), surfactants(e.g.,

20 polyoxyethylene hydrogenated castor oils, polysorbate, etc.),
elasticizer(e.g., triethyl citrate, triacetin, etc.), antioxidant
agents(e.g., citric acid, a-tocopherol, etc.) and preservative(e.qg.,

parabens and the like), and then making a suitable amount of the



26 The. objects of experiments were case patients with coronary . artery

di seases requiring coronary-artery intervention, who are de novo | esion and
have Teceived stent placenents. In order to prevent the patients from acute
and subacute 5 thronbotic occlusion, pretreatnents were perfornmed by

adm nistering aspirin (81 ng or 162 ny) @@d ticlopidine (200 ng) or
cilostazole (200 ng) for 7 days prior to the therapy. There is nolimt to
the length of Iesion and the selection of a stent was left to the

di scretion of the operator. Stenting was succeeded in 91 cases 10 and 110
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ol acerent _SARCEIFy, GRS, WS 52?@#!)65%35@‘3@?35;2?;??éféw?%%%',e

- CMB of : d | ' whi t . .
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ther agy and B 26, SE00 ArhE AE RBiGheF vLZQ%ZP‘;f‘sP?r?l a@fﬁﬁ% ﬁgdmaerv h

i - t i_nhi bitor . a2 i it
That of aurainEhy IR RRUTRIES 45 etiingl i AR ansden Bhare SRdald ver
i ed ' derly . b ' t kit 5 Da

Benri ng MeeBRST HRRS. B iF CROETarFRALTG ofsEnd Asoags (RIS oBUUBIS rflnd
8 T rrgrenterd ng topiSa kA milRkatin Yl as diRable detians, ° ¢
concentrations of.al-profease inhibitor in 5 serumand | oss index, (B)
denot es th%“'?@FH?f%%rﬁrﬁJ g@f SI0R RIGRALALYCHS -0ons of a2-nacrogl obulin in
serupjand | oss i,ndex, and %Cr%fenot es the relatjonship between the
conceBtrations Hf MAre;pres 9) RIREERS; 1S rtﬁ‘r‘rﬁ‘bsﬁbaﬁ'%gsofrﬁi ug {0eadn

di agra a yertical axis jndicates the |oss index, while a horizontal axis
aram ayfecteg area direct?y with a drug delivery catheter or an

implantable intravascular device coated with the drug. The most
preferred process is placement of a stent coated with an drug for
prevention of restenosis in the affected area. A process employing
15 a stent is simple and easy in insertion, so that it requires no
specialized technique and is short in time required for implantation
. o of the stent in the affected area. Further, the stent coated with an
drug for prevention of restenosis is locally implanted in the affected
area, a dosage of the drug for regular adult is small and causes no

20 side issues such as side effects.
Further, the dosage of drug for prevention of restenosis
according to the present invention varies with administration routes,
a patient's symptoms, age or weight. It is preferred to administer
the drug such that a local concentration of the compound at the

25 narrowed area of the vessel ranges from 1 to 100 mM. The



10 indicates the concentration of respective factors in serum As shown in
Fig. 1) -the nean values of concentrations of alprotease inhibitor,
a2-~macrogl obul in and al-antichynotrypsin in serumwere fallen in the nornal
range. As can be seen fromthe results shown in Fig. 1, there was positive
correl ati on between the 15 | oss i ndex an?bal-protease i nhi bitor or
a2-macrogl obulin, but there was no correlation between al-antichynotrypsin
and the loss index. In other words, it was confirmed that there is
statistical correlation between al-protease inhibitor or a2-macrogl obulin

‘and | SR FaphBghtrdtich fesdoWranh N ML 48BSNIHLP§IARE Nrith 2gffect on

concentration of a2-macroglobulin in serumand | SR, obtal ned by separating

the case pgdvdhflohn! 812 ¢h8BalC 9b8inasn, 2 WHIM ARAH C dyfthrkliohhal

figure, a circle denotes the presence o ile awitecircle

by moasur coeereon g1 108 Iy TP R TSR e oo Thel, Y 1o

by neasur enent e inner e bl vessel
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i gh d i h ! ISR, _F i
@ o oI Al BREER Tl AR e R iR F e T is Tonl e BEHE faropRatiie: >
hi gher tha{; t he nor mak per .limt. aof 0.35x10-5 M causes a 75 %.occurrence
of ISR whPY P BIRETREAL A Al i'f;&@'%?t%ﬂ:nar&vaaﬁagem% e bt Wixto s
i 15 0% ISR, T , N, [ .
B obafTe oftsths, Gl WiHY SaB i it HBVETHitm O A St B A tRROS Toul i n
in serum hgs a consi derabléastro .occurrence of | SR

| at| ith th
In other wiliPrasentaMRNYaRqIn e Attected ATga (os@ashieve sustained-

release of the drug.
Respective constituents and preparation process of the drug
for prevention of vascular restenosis according to the present
15 invention are described in detail in Japanese patent publications
JP2000-249709(A), JP2000-95706(A) and Japanese Patent No.
‘ ' 3146009, which are hereby incorporated by reference.
Though the drug for prevention of vascular restenosis of the
present invention has been explained as above, the vascular
20 restenosis can be effectively prevented by use of a drug delivery
balloon or a stent coated with the drug for prevention of vascular
restenosis of the present invention to perform local administration
of the drug.
Next, the explanation will be made on the implantable

25 intravascular device of the present invention, making reference to a



20 preventing agent according to the present invention is a highly

ef fective drug for diabetic patients. Accordingly, it wll be seen that the
prevention of vascul ar restenosis can be expected by inhibiting al-protease
i nhi bitor and a2-macrogl obulin. 25 Although serumfactors associated with

t he vascul ar 29 restenosis have been sjydied by investigators in the
worl d) at the present nonent there is no report on the serumfactor that
can be revealed to have such a correlation therewith. The next is an

expl anation on test results showi ng 5 pharmacol ogi c effects of the conpound

(). [EXPE?{éYﬁI\g’S?Qn 'e%a'gﬁ@l@es of N-chlorsuccinimde in fibrin on the

mgration frequencies o ascul ar snoot h nuscl es The vascul ar snooth
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cells magr | n I ounte it h a phasecant.rast ,n cr.pscope.
For eachgcghﬁtgﬂbrgglvmb,e @ﬁéaﬁgfﬁ'mh@vﬁ% %tz%n&i B rkfﬂt }'PH?%E?@ rjiﬁgsgl.o

sults are_shown i.n Fiqg. 3. Theordi nate denotes.the freqguepcj es.of
5t on SontaatBns g Ao ERkS 4R GBSy pravilied'TheE ikan
denotes the copcentration f I\I—chl orsyccini m de. 30 As illystrated in
mot S (BainbReacsas OF BreduEre atiae WidBAiEg 1hSonatiaeleeieh o
decr egases arent | ith increasjng concentration of N-chl porsuccinjim de,
and ho nuifVesteal (olsa.qhe stent Hax hasie am e XPaESIoMAREA2REMI of 81 y at
80 mMM The 5 result groved t hat N—cihl Or succi gi m de that is an inhibitor of
al prot eas%evh?ﬁ‘%?f‘aﬁ fadyReneharballapn.gxeandakle 1¥PBr eventi on of vascul ar

tenosis. Althou N- chl or succi ni m de was used in the above experi ment
gie?lce the activeUt@hier é“%?eréﬁlspr &reégé isteNbi insludes 1mebats e%‘ﬂ%%l By )
oxides, it is possible to use any other conmpound having chlorine atom and
an oxi di zi ﬁE?'HB??rsr tSteghd titani e nig ndahaim: i almitymet tungdstepr agghnédngl; ¢ he
formula: C|] IVs Explanation will be made on experinental results proving
medi ci nal RESHES oBUERe @BnpolvRMidessppiy¢thyISRRT Polypfopgiens and
N-chl orsucci ni mde on neointinmal formatjon in vascular injury nodel

15 hardly-hydrolyzable polyether polyurethane. However, there is no

limit to the material for the stent, provided that the material is
. . biocompatible and has been proved as a material for medical use.
Examples of the stents includes Palmaz-Schatz (trademark)
stent of Johnson & Johnson, MULTI-LINK (trademark) stent of
20 Advanced cardiovascular systems, Cordis (trademark) stent of
Cordis Corporation and Microstent-GFX (trademark) of Medotronic
Arterial Vascular Enginerering, Inc., which can be used with good
results.
The stent of the present invention may be obtained by

25 applying a coating mixture containing the drug for prevention of



There. were used a group of animals consisted of 5 (five) N2Wnmal e rabbits
aged 2 nmonths. Vascular injury nodels were prepared by introducing a
Fogarty catheter, Mdel e-060-2F, made 20 by Baxter corporation (that is an

arterial enbol ectorry bal | oon catheter) into the right common iliac artery
through the right fenoral artery under peptobarbital anesthesia, and then
abrading the right common iliac artery 3 tines under conditions of the 31

bal | oon being inflated (balloon pressure: 0.5 1.0 atm). After injuring the
vascul ar endot hel i un) hydrophilic balloons nade by Boston Scientific

"Cor por at i 0pas @il ré\bféﬂdmguepltnb%@sséh?aheeng.roqvﬁopfr@aanﬁﬂ/é%tbm%s' ng

the balloons in 80 nM N5 chlorsuccinimde, and of a control group prepared
by 'mmrs'ﬂﬁbtcf‘tﬂw\%’fﬁﬂl@ﬁaﬁy' RnB% M’Shﬁerresmﬂéihd%yfdrn%éftﬁfb itg Sfentsl ght
common iliac arteries to focally admnister the drug to each Il’lj ured area

After 4 veghs JIQIMBER ih S aRBEe B t?ﬁék ifgCoaligafiiny JPOTUEL.

Tixed with 10w v% neut r al ere |xat|ve an
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stained tissue sanples b astlé eson ni ng he sa

det or B o Cfel %?P“?S?FS‘W%?Q“tﬁEe défdr%ﬁe"@rﬁ?e*i" ﬁ%@%ﬁ?ﬁ%ﬁ' eéf?ﬁ’ tts"
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pol yet hyl enei mi AUE VirEie-FBREEAT ai’émﬂe@%&é & "SotAnl Fookh 2 mashadycin

amm%a Igsoz rr@n%hls re|p%e opd Ifln)?fnyl y5| rc]ierugn for prevention of vascular

restenosis with any one of various polymers to prepare a coating
mixture, and then spraying the resultant mixture on a stent or
dipping the stent into the resultant mixture, or (2) a method
comprising steps of providing a hydrophilic coating of a polymer on
15 surface of a stent and then spraying the drug for prevention of
vascular restenosis on a stent or dipping the stent into the drug for
. . prevention of vascular restenosis. The drug for erevention of
vascular restenosis is used after formulation to a suitable dosage
form such as a solution, powder or the like, to make it easy to mix
20 the drug with any one of the various polymers. If a powder type
drug for prevention of vascular restenosis is mixed with polymer, it
is necessary to sufficiently reduce granularity (primary particles
and secondary particles such as aggregates or lumps) to provide
the stent with smooth surfaces after coating as well as to prevent

25 slots of the stent from being clogged with the drug.



32 ° deactivation of a2-macroglobulin UWilizing the facts that trypsin is
inhi bited by a2 nmacroglobulin and that trypsin causes yellow coloring of a
col-oring matri x S2222 resulting from deconposition thereof) verification
was 5 carried out for effects of nethylam ne, ethylam ne,

pol yethyl enei m nes wi th nol ecul ar wei ghtgyof 600 and 10000, tobranycin,
ammoni a, |ysozyne chloride and pol yl ysine on deactivation of

a2-macrogl obulin. A concrete nmethod will be given below 10 Firstly) each
of net hyl am ne) ethyl am ne, polyethyl eneimnes with nol ecul ar wei ghts of

‘600 and 10000, LR, ha, mb [WeTg d I i
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The dil uti f all th I d 1 ied out, ..33 by,.a 50 mv
tri s(hydr oRGRADRTE ) DAY oREt ASREDIG & RIAaRNBATRIe AVATEPhiliGecapties o
af)wn in Fig, lt_) in_whj.ch the ordinate depotes the deei:ctiyation rate of
macr ogl 888“ nto aW(?dt'ﬁ’e f&@@éﬁgsé’fabﬁ%t QE tb'I?e cE:rdIﬂ:ent 1Of; iHRMBie, etg‘ﬁectl ve
ds. As shown.in Fig. 5, | d, i [ ntrati
Fherof  deERIERSE dUetiemdRalybab PRI IBE) vy SFREBREATD B0y ndy dF R IGe
b " WBios RANTBSreRSIReLA rsop: deaBLo UBote N B M A pAKEONeng: Bxple.
i o w ChORDIBYT Ry RidRRS. GoTNeHBUCRRo0 S asaibosyR R EEUMITER T at o
th i ' a rate
IOIEn 2(23-\rlrmacr | obulin at t concentration of 0.1 wv%_Since each conmpound
T Ayicdl
has the anlhgrexyngthyice [uiogesiand &em MationmiietrPHtie ran sakiehaticvat ed
by the for maEiL on of coval ent bonds 15 between the ami no \%r oup and active
centers of PANGRIEr RP3V0Yi agenhe ABsBRPEPPFiIAte cBSUNtpRETRAL hYErepfaitic
according to the present invention and the inplantable intravascul ar device
coat ed t hePW AT dastdedate dheprbyderrhehif breatinghdagentm@rodih@ulofn,

whi ch are factors being closely related to %enerat ion of vascul ar 20
rest dRosi shydrerhaRiG ngoivmebsadeed te dheedridreppilie egeatinehdgenhtis

determined according to the release profile‘ of the drug for
. . prevention of vvascular restenosis in vitro or in vivo.
There is no limit to the polymers used in the present
invention if they are biocompatible. Examples of the polymers are
20 polyamides, polyolefines (including polypropylene, polyethylene),
nonabsorbable polyesters (including polyethylene terephthalate
and the like) and biologically absorbable aliphatic polyesters (lactic
acid, glycolic acid, lactide, glycollide, p-dioxane,
trimethylenecarbonates, e-caprolactam, homopolymers thereof and

25 copolymers derived from a mixture of these materials).



the restenosis of the blood vessel expanded by coronary artery
iFntervention. The above restenosis preventing agents provide sufficient

ef fects even at | ow concentrations, have very little side effects, and in
particular work on diabetic patients effectively. In 25 addition, in case
that the above restenosis preventing agepis is 34 locally applied to the
affected area with an inplantable intravascul ar device, in particular, a
stents coated with the agent, the effects of the agent increase greatly and
a risk of side effects is considerably lowered. 5 36 wherein R3 is a

divalent group ghyrehdd N p g'iyrheff‘rtﬁg do& mixéd WH'P ﬁhﬁ@n@@t gle,grhave

one or nore unsaturatée |va ent |ng gro drug
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. with a high flexibility and a high strength. It is preferred to use

segmented polyurethane polymer films including flexible polyether

10 soft-segments and hard segments of aromatic and urea bond-rich
portions, the soft segments and hard segments forming a
microstructure based on phase separation. Such segmented
polyurethane polymer films have sufficient strength and are
excellent in antithrombogenicity. In other words, the segmented

15 polyurethane polymer films are biocompatible and can be expanded
sufficiently without causing rupture.

., . An amount of the drug for prevention of vascular restenosis
to be coated on the stent varies with the administration route, a
patient's symptoms, age or weight. The quantity consumed of the

20 drug for prevention of vascular restenosis ranges from about 0.001
w/v% to about 70 w/v%, more generally, from about 0.001 w/v% to
about 60 w/v% and, most generally, from about 0.001 w/v% to
about 45 w/v% with respect to the total amount of the coating

mixture.

25 According to the present invention, the stent explained above



38 claim 8, wherein the conmpound that inactivates a2-macroglobulin is

pol yet hyl ehe i m ne having a nol ecul ar wei ght ranging from500 to _ 100000,
nmeasured by gel filtration technique. 11. The drug for preventing vascul ar
restenosis according to 5 claim8, wherein the conpound that inactivates
az2-macrogl obulin is ammoni um sul fate. 1%4The drug for preventing vascul ar
restenosis according to claim7, further conprising a conpound that

i nactivates alprotease inhibitor in conbination with said conpound. 10 13.
An i npl antabl e intravascul ar device coated with a drug for preventing

vascul ar 1 gded9st dfibeqdo Hr&vn@'éﬁgwof{g\ﬂa?slvé‘lme% Q’PL%F\%\%Q{@O of

i ntravascul ar devi ce accor Ing to clarm wher el n sai ce 1s a stent.
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10 Atherectomy (DCA), Transluminal Extraction Catheter(TEC),
rotating atherectomy coronary angioplasty (Rotablator) and Laser
Angioplasty, in addition to the aforesaid PTCA and stent placement.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a graph illustrating relationship between decreasing

15 index for vascular restenosis rate and concentrations of aq-
protease inhibitor, az-macroglobulin and aq-antichymotrypsin in
.‘ ® serum,;
Fig. 2 is a graph illustrating relationship between presence or
non-presence of vascular restenosis and concentration of as2-
20 macroglobulin in serum for both diabetic patient group and non-
diabetic patient group;
Fig. 3 is a graph illustrating relationship between a
concentration of N-chlorsuccinimide in fibrin and migration
incidence of vascular plain muscles;

25 Fig. 4 is a graph illustrating Intima-Media Thickness (I/M
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with a SAS (trademark) system Ver. 6.12, made by SAS Institute
Japan, unless otherwise specified. Symbols in experimental tests
respectively denote the followings, unless otherwise stated. a1PlI:
15 aq-protease inhibitor, a2M: agz-macroglobulin, a1ACT: aq-
antichymotrypsin, p: rate of rejection, R: correlation coefficient, M:
’ ' mol concentration (mol/L), mM: millimol concentration (mmol/L),
mg: milligram, w/v%: weight/volume percentage, ISR: In-stent
restenosis.
20 The followings are explicative of experimental results on case
patients received stenting, which reveals that aq-protease inhibitor
and ap-macroglobulin are ISR related factors as mentioned below.
[EXPERIMENT 1] Influences of concentrations of aq-protease

inhibitor and az-macroglobulin in serum on reduction of vascular

25 lumen diameter
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) artery diseases requiring coronary-artery intervention, who are de
novo lesion and have received stent placements.

In order to prevent the patients from acute and subacute

5 thrombotic  occlusion, pretreatments were performed by

administering aspirin (81 mg or 162 mg) and ticlopidine (200 mg) or

cilostazole (200 mg) for 7 days prior to the therapy. There is no

‘ limit to the length of lesion and the selection of a stent was left to

the discretion of the operator. Stenting was succeeded in 91 cases

10 and 110 lesions. Among them, the 107 lesions were subjected to

follow-up coronary angiography after 6 months. These 107 lesions

were tested for verifications of relationship between concentrations

of aq-protease inhibitor, as-macroglobulin in blood and inner

diameter of the vessel. The inner diameter of the blood vessel was

15 measured before and after stent placement and after 6 months with

a cardiovascular analysis software, QCA-CMS of CMS, and loss

’ . index which represents the level of vascular restenosis was

determined from acute gain and late loss.
Blood serums were collected from the respective case

20 patients after 24 hours of the therapy and subjected to the

nephelometric analysis to determine concentrations of aq-protease

inhibitor and ag-macroglobulin along with that of «aq-

antichymotrypsin as the control material. The measurements were

carried out in an orderly manner by using measurement kits made

25 by Dade Behring Marburg for aq-protease inhibitor and ao-
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Results are shown in Fig. 1. In Fig. 1, (A) denotes the

relationship between the concentrations of aq-protease inhibitor in
5 serum and loss index, (B) denotes the relationship between the
concentrations of ap-macroglobulin in serum and loss index, and
(C) denotes the relationship between the concentrations of aq-
‘ antichymotrypsin in serum and loss index. In each diagram, a
vertical axis indicates the loss index, while a horizontal axis
10 indicates the concentration of respective factors in serum.
As shown in Fig. 1, the mean values of concentrations of a1-
protease inhibitor, ag-macroglobulin and aq-antichymotrypsin in
serum were fallen in the normal range. As can be seen from the

results shown in Fig. 1, there was positive correlation between the

15 loss index and aq-protease inhibitor or ag-macroglobulin, but there

was no correlation between aq-antichymotrypsin and the loss index.

. . In other words, it was confirmed that there is statistical correlation
between aq-protease inhibitor or as-macroglobulin and ISR.

Further, Fig. 2 shows the relationship between the

20 concentration of as-macroglobulin in serum and ISR, obtained by

separating the case patients into a diabetic group and a

nondiabetic group. In that figure, a black circle denotes the

presence of ISR, while a white circle denotes no presence of ISR.

The presence or absence of ISR was determined by measurement

25 of the inner diameter of the blood vessel with a quantitative
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serum for the diabetic group are higher than that of the nondiabetic
5 group. The data for the nondiabetic group have no correlation
between concentration of az-macroglobulin in serum and ISR. In
contrast therewith, the data for the diabetic group have a clear
. correlation between concentration of as-macroglobulin in serum
and ISR since the increase in concentration of ag-macroglobulin in

10 serum have a high tendency to increase the occurrence of ISR.

For example, in the case patients of the diabetic group, the
concentration of dag-macroglobulin higher than the normal upper
limit of 0.35%10-5 M causes a 75 % occurrence of ISR, while the
concentration of az-macroglobulin lower than 0.35%x10-5 M provides

16 a 0% occurrence of ISR. Thus, in the case patients of the diabetic
group, it was revealed that the concentration of as-macroglobulin
., . in serum has a considerably strong correlation with the occurrence
of ISR.
In other words, it can be said that the vascular restenosis
20 preventing agent according to the present invention is a highly
effective drug for diabetic patients.

Accordingly, it will be seen that the prevention of vascular
restenosis can be expected by inhibiting aq-protease inhibitor and

az-macroglobulin.

25 Although serum factors associated with the vascular
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The next is an explanation on test results showing
5 pharmacologic effects of the compound (I).

[EXPERIMENT 2] Influences of N-chlorsuccinimide in fibrin

on the migration frequencies of vascular smooth muscles
(] The vascular smooth muscles were collected from human
vital arteries and established HNB18E6E7 was used as cell lines.
10 The vascular smooth muscles were incubated in 6-well plates to
produce confluent cultures. The resultant supernatant fluids were
washed three time with warmed phosphate buffer solution (PBS)
and softly added with 3 mg/mL of fibrinogen and 0.8 mL of
Waymouth culture solution including 10 w/v% human serum. Then,
16 the supernatant fluids were respectively added with N-
chlorsuccinimide to adjust the final concentration of N-
' . chlorsuccinimide to 0.08 mM, 0.8 mM, 8 mM and 80mM, and gelled
by addition of thrombin. The resultant gelied supernatants were
incubated at 37 ° C for 24 hours, and the numbers of the smooth
20 muscle cells migrated into the gel was counted with a phase
contrast microscope. For each concentration, the experiments
were carried out to make n = 3. Results are shown in Fig. 3. The
ordinate denotes the frequencies of migration of vascular smooth
muscles into the gel, while the abscissa denotes the concentration

25 of N-chlorsuccinimide.
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JKe vascular smooth muscles decreases apparently with increasing
concentration of N-chlorsuccinimide, and the number of migrating
vascular smooth muscles vanished completely at 80 mM. The
5 results proved that N-chlorsuccinimide that is an inhibitor of a1-
protease inhibitor has a beneficial effect on the prevention of
vascular restenosis.
. Although N-chlorsuccinimide was used in the above
experiment, since the active centers of aq-protease inhibitor are
10 protected by oxides, it is possible to use any other compound
having chlorine atom and an oxidizing ability and including a partial

structure represented by the formula:

CI"—“N/

AN

Explanation will be made on experimental results proving
medicinal values of the compound(l).
' . 15 [EXPERIMENT 3] Influences of N-chlorsuccinimide on
neointimal formation in vascular injury model
There were used a group of animals consisted of 5 (five)
N2W male rabbits aged 2 months. Vascular injury models were
prepared by introducing a Fogarty catheter, Model e-060-2F, made
20 by Baxter corporation (that is an arterial embolectomy balloon
catheter) into the right common iliac artery through the right
femoral artery under pentobarbital anesthesia, and then abrading

the right common iliac artery 3 times under conditions of the
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. injuring the vascular endothelium, hydrophilic balloons made by

Boston Scientific Corporation, of an N-chlorsuccinimide-treated
group prepared by immersing the balloons in 80 mM N-
5 chlorsuccinimide, and of a control group prepared by immersing the
balloons in PBS, were respectively inflated in the right common
iliac arteries to locally administer the drug to each injured area.

‘ After 4 weeks from the treatment, the arteries were surgically

removed, fixed with 10w/v% neutral buffered formalin fixative and

10 then sectioned to prepare arterial ring tissue sections. After
preparing elastic fiber stained tissue samples by EVG (Elastic Van
Gieson) staining, the samples were subjected to measurements of
intimal area (I) and medial area (M) to determine their ratio (I/M) as
the degree of intimal thickening. Results are shown in Fig. 4, in

15 which the ordinate denotes the degree of intimal thickening (I/M
ratio), and the abscissa denotes the treated group names.

' . As illustrated in Fig.4, in the group treated with N-
chlorsuccinimide, the neointimal hyperplasia is considerably
inhibited. It is proved that the compound is effective against the

20 vascular restenosis.

Explanation will be made on experimental results proving
medicinal values of the compound (ll1-1).
[EXPERIMENT 4] Effects of methylamine, ethylamine,

polyethyleneimines with molecular weights of 600 and 10000,

25 tobramycin, ammonia, lysozyme chloride and polylysine on
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. ~Utilizing the facts that trypsin is inhibited by a2-
macroglobulin and that trypsin causes yellow coloring of a coloring
matrix S2222 resulting from decomposition thereof, verification was

5 carried out for effects of methylamine, ethylamine,
polyethyleneimines with molecular weights of 600 and 10000,
tobramycin, ammonia, lysozyme chloride and polylysine on

. deactivation of as-macroglobulin. A concrete method will be given
below.

10 Firstly, each of methylamine, ethylamine, polyethyleneimines
with molecular weights of 600 and 10000, tobramycin, ammonia,
lysozyme chloride and polylysine was diluted to 0.0001 w/v%,
0.001w/v%, 0.01 w/v%, 0.1 w/v% and 1 w/v% to prepare a series of
diluted solutions as sample solutions. 50 pL of each sample

15 solution was added with 50 pL of 2.5x10-4w/v% az2-macroglobulin
and left for 5 minutes at room temperature. Then, the sample

' . solution was added with 50 yL of a 5 w/v% trypsin EDTA solution,

left for 5 minutes at room temperature, and then added with 10 pL
of the coloring matrix $2222. After leaving the resultant sample

20 solution for 20 minutes at room temperature, the sample solution

was added with 560 pL of 10 w/v% acetic acid solution to stop
reactions, and then subjected to measurement of absorption of light
with a wave length of 405 nm, using 50 mM
tris(hydroxymethyl)aminomethane buffer solution of pH 8.0 as the

25 blank. The dilution of all the samples and agents was carried out
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"103 9$10°/‘5§'y(3 50 mM tris(hydroxymethyl)aminomethane buffer solution of pH
) 8.0. Results are shown in Fig. 5, in which the ordinate denotes the
deactivation rate of az-macroglobulin, and the abscissa denotes
the concentrations of respective compounds.

5 As shown in Fig. 5, in each compound, increasing

concentration thereof deactivates ap-macroglobulin. Polylysine

and lysozyme chloride provide 100% deactivation rate of as-

‘ macroglobulin at the concentration of 0.1 w/v%, while methylamine
provides about 100% deactivation rate of as-macroglobulin at the

10 concentration of 1 w/v%. Further, polymethylene imine with

molecular weights of 10000 provides about 60% deactivation rate

of az-macroglobulin at the concentration of 0.1 w/v%. Since each
compound has the amino group, it is considered that aso-
macroglobuliin is deactivated by the formation of covalent bonds

15 between the amino group and active centers of a2-macroglobulin.
The vascular restenosis preventing agent according to the
. . present invention and the implantable intravascular device coated
therewith deactivate ai-protease inhibitor and aj;-macroglobulin,
which are factors being closely related to generation of vascular
20 restenosis, thus making it possible to effectively prevent and treat
the restenosis of the blood vessel expanded by coronary artery
intervention. The above restenosis preventing agents provide
sufficient effects even at low concentrations, have very little side
effects, and in particular work on diabetic patients effectively. In

25 addition, in case that the above restenosis preventing agents is
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the effects of the agent increase greatly and a risk of side effects

is considerably lowered.
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active constituent, a compound that inactivates aq-protease

5 inhibitor.
2. The drug for preventing vascular restenosis according to
claim 1, wherein the compound that inactivates aq-protease
. inhibitor is a compound, or a salt thereof, represented by the
general formula:
/'R1
X—N (I

\\Rz

10
wherein X is halogen, Rq is hydrogen or an alkaline metal, Ro is

hydrogen or aryisulfonyl which may be being substituted, Rq and

Ro taken together, can form a group represented by the general

formula:
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5 3. The drug for preventing vascular restenosis according to
claim 2, wherein the halogen atom is a chlorine atom.
4. The drug for preventing vascular restenosis according to
. claim 1, wherein the compound that inactivates a1q-protease
inhibitor is N-chlorsuccinimide
10 5. An implantable intravascular device coated with a drug for
preventing vascular restenosis defined in claim 1.
6. The implantable intravascular device according to claim 5,
wherein said device is a stent.
7. A drug for preventing vascular restenosis, containing as

15 an active constituent, a compound that inactivates as-

macroglobulin.

. . 8. The drug for preventing vascular restenosis according to

claim 7, wherein the compound that inactivates as-macroglobulin is

a compound or a salt thereof, said compound being represented by

20 the general formula:
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R4 and Ry taken together, may form a group represented by the

5 general formula:

((:BHZ)M (E)

wherein m is an integer ranging from 1 to 6, in that case the as-
macroglobulin-inactivating compound may be being polymerized by

ring-opening polymerization as represented by the general formula

(V):

—(CH2CH2NH)a— (V)

10 wherein n is an integer ranging from 10 to 2500.

9. The drug for preventing vascular restenosis according to
claim 8, wherein the compound that inactivates as-macroglobulin is
at least one compound selected from the group consisting of
ammonia, methylamine, ethylamine, salts thereof, urea, tobramycin,

15 polylysines and lysozyme chloride.

10. The drug for preventing vascular restenosis according to
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. claim 7, further comprising a compound that inactivates aq-
protease inhibitor in combination with said compound.
10 13. An implantable intravascular device coated with a drug
for preventing vascular restenosis defined in claim 7 or 12.
14. The implantable intravascular device according to claim

13, wherein said device is a stent.



