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Z8 ! Poly (1—butylmethacrylate) (PBMA) £} poly (3—hydroxybutyrate—co—4—hydroxybutyrate) (PHA)
7F 3 F2 IAE gk w4 o QA s 1A AASIGITE 10% paclitaxel $HF 50 Z25FE W
S5 paclitaxel> 7] 1572 W27, 30971 S55ER, ol ] W=t Paclitaxel 3+ A5=
& FH Y R AW el S48 oAslitt (PBMA s contol : 0.03+0.02 vs 0.10+0.01 mm®,
p<0.05; PHA vs control: 0.04+0.03 vs 0.09£0.01 mm?, p<0.05). PBMAS} PHA: 83 2 Wx2 98 o
B AY AR G858 Zl0% Algec) A 5 Fit ofule] AFo] goldt e A8 5 girk B o] a1
TAREE oFE WE ARIE /A o]8d 4 Q.

Abstract : Polymer is a critical component of local drug delivery to prevent restenosis. This study tested
whether poly (n—butylmethacrylate) (PBMA) and poly (3—hydroxybutyrate—co—4—hydroxybutyrate)
(PHA) was candidates for this purpose. n vitro release of paclitaxel from PBMA and PHA loaded with
10% paclitaxel exhibited a triphasic release profile, with a fast initial and intermediate second phase
followed by a slow release phase. Perivascular delivery of paclitaxel using these films inhibited neointimal
hyperplasia in balloon—injured rat carotid arteries. The paclitaxel—loaded PBMA or PHA groups showed
significant neointimal formation reductions versus the control groups (PBMA vs contol: 0.03%£0.02 vs
0.1010.01 mm?, p<0.05; PHA vs contol: 0.04+0.03 vs 0.09+0.01 mm?, p<0.05). This study suggests
that PBMA and PHA could be good candidate polymers of local drug delivery to prevent restenosis.
Perivascular delivery using these films represents a possible approach for prevention of restenosis.
These can be candidate polymers for drug eluting stents.

Keywords : restenosis, drug delivery systems, polymers, paclitaxel.
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o}y olefgt FAIEE st Htole Ueleals oAk ok
& ARESE oFE e ARIES el E9JeiA ARgska 9la, 1
A3 APHEL 7120w D 5 YAk o)t ok e A~
HIE 9] ok 2= paclitaxel?} sirolimus (rapamycin) 7} =2 AME
T glow, A 1k AL FA 95 e,
oFE W ~HIES] A AHIES A ¢ Qe Aol AR
T Stk @o] ot Qi) o3l Aol E94 He
mizAlezel vj3l 4714 IleEe] =& W, el &
o] A ash PO Z QI3 AlFEAloll= & Holeol AMYE
o] Zom, JFEL dA3] Akl AR duA Qly, I
A b0l A FAS flal Aldke HWE % (arterio—
venous shunt) o[} FH-9-3] o)A 5% we ST Me A
HaLo 7 AgEstoiof sk ¢t Wk

o|FHoR o] AP Al 3 T2 A FHeld o
ofviE @dolnw, AFe] BAE flaxiE AAIFR AR

5 5 ES] FFol7t 7Fs g wAeka QR (local drug therapy)

3} 7k8- Ho1E0] A0l (site—specific) XE7} B 88 7Fs4do] 9l
Uk HT ZPgS W QI oFE W AHIER offgh H-o5o]Ql
Az sht B 5= ek oleldh S 92| okEd
oI T3k 21 aAAR] St AHet ok HeA|e] otk
A7l oFE AgAe] Mele oFEe] Aew) viRIA R wle- F-03}t
u, okEo] A &5 2H Sol|w v F o3k oS i) okE A
Al Fa F9)ol] AReEE vk o]AE Aujeld 95 vk 59
FAE-E YOo7|A] oA PYA o okmg WEskE sYe %
a1 Qlofof gl o]2ef e wa Fgof| Ales7] wlEe] &2 2%
= o] 7hsstelof sk sl oFE WE A'lEN gifat 1
Z
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3l o0 Aol Ea S SR okEe] = aXo] A
ARG A omiA 11 aaph vk £-88 Zlo= ARREL, o] i
oFe] A= oF A mlEEE AdEloltk

W o dA) vie- FRE 9 2
HIEe] 7] Qlof, 23 ARIES ARgslo] 7ide & 735 vk %
& G} ARlo] gy PR, A2 Hgat mEoR s
S Qs Gy NS EE FE A A Ak ok e A
EoflM AR < Gl TR oks W gl 8% A, o e 9
S}, T AARE Agehet F Sus & 5 ole Zlolth
2 AT o kel wie} 71 A s 2eleks Pluronic gel&
g3lo] Pt ¥ 58t paclitaxel®] dgo] It AHZS oAl
& 4 ks S ®arst v) Ik olejst A Fee] WAl
ol golslaL, ofa W wEo] HofUHIRE Aol vz ARlo]
U5 L, B3 el A dEAoR Ryt EX| ok £ |
o] gtk TS Zka glom, ofE W ARIES] JAkE
= AREEE 5 Gl ofd ol ffE & AFelr= F o Aol golst
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A A &4 2o PBMA &2 PHAE o]&3 Paclitaxel =4 Ad Qo] AU et &4 oA &3 285

AL ePgA o R oREg A9 Qi BE FEl9 paclitaxel
AR AlEsle] dae] AYAe avbdoR WASh=AE dot
Xzt sigict

Poly (lactic—co—glycolic acid) (PLGA), poly (e—caprolactone)
(PCL), polyhydroxyalkanoates 5-2] A& IEAR= T8 &
AL kA AT 59| ojgiolo] ZylA Egujo] gkl
£ AToME ARSI AR poly (3—hydroxybutyrate—co—
4—hydroxybutyrate) £ HR23I1"d A2 poly (7—butylmeth—
acrylate) (PBMA) & AM-819] paclitaxels E33t B5-& A%}
o & it ofelef] FRRomA F3 QPR WA 5AE dotE
A} Bgiek B3k o] Ao Ayl ok W AEIE Jde] glof
A oA ATEE E8E S Aow JdErk

4 g

AL 2 A3 A7olde 8579 AlF 230—250 g9 &
7 Sprague—Dawley Rat(Z4ATE=(), A%, tigi=) (h=23)
S TIskd, A A 2 7o) ePgTIRke AR F AFe] AR
ol A3 WSS FAIE Alstele] 710l 23t AjolE wiAlsi e
v, B 5550 WAE ARSSle] Ae ot lo] = it

Paclitaxel &7 &2 M= v 124} poly (—butyl—
methacrylate) (PBMA) 2} polystyrene—h—polybutadiene— 4—
polystyrene (SBS)+= AldrichollA 13t} ARaliAd aizt
poly (3—hydroxybutyrate— co—4—hydroxybutyrate) (PHA) +=
Ralstonia eutropha(ATCC 17699) & #71] wjdkslo] A2 o
° F chloroform©& 2, ALY 3499 124e] 4—hy—
droxybutyrate®] 242 3.5 mol% St

A3del] AR paclitaxel:> AoF A& (GF A2~ & AR
™, o] A|Eofl+= paclitaxel®] 99% anhydrous baseZ S{31t}

3] paclitaxel 2 mg¥F 1A 18 mgS- 1 mL2] dichloro—
methane®] €31A171 & A&-& fl8f felet Alo]e] Fo] st +
AR AFE Il Hdd D5 Fele] AP 2ok 244]
ZF o)Ak AZA)A dichloromethanes #7813t} 2H3% pacli—
taxel 1 ZFC] 7= oF 40 pmleH, o5 9x10 mm?e] 7]
2 Adslod 200 pg?l paclitaxels -85 3 A %354

Paclitaxel¥} #-A5F0] AL H-222] AR Z in vitro W in
vivo A& oA H=EEelo] #- rose bengal2 paclitaxel thAl %
71l HE-S A|Z390E Rose bengal 20 mgs 2 mL ogk2o] =
Q1 % 3174} 180 mg2 8 mL dichloromethane®]] =<1 8-z} &}
2 319 TS W oE AES AxSIick o)HA AxH rose
bengal ¥+t 52 5= HYA oz ARt

7 SN Y ZE0| ofE WE K £N. WsAEAI(UTM,
LR-30K, LLOYD Instrument) & A+&-3t] PBMA, SBS, PHA®]
ojsk g 543 SF3ISit T+ vREsld Eaat e EEE o
f3to] dt e 1S Sl FEE AFste] mEAke] Fel
& ks W 54 AT 7 52 10% (w/w) 2
paclitaxels E3leS A|Z3IT

Paclitaxelo] g &5 712 £745% (common carotid artery)
3} B3k 719) A2 1 mme) AEH|QIEA A 7ol 50 mLe]

Polymer (Korea), Vol. 32, No. 3, 2008



=

286 A% - o5 - 34 - b

phosphate buffered saline (PBS) §-<40] @71 87]o] ¥ & PBS
flell 50 mL £8E-E 55 oFEE FYsie] PBS Uz e
paclitaxelo] T LELE 07 Ro|u2 G319tk 37 ColA
A7 FE SRS & 7F AR E SR 20 AlRE AFSH
o] spectrophotometer ©]-&, 240 nmolA SHEE 43Ik
7} AFe B 3wy SAste] ks veRdiSich

F| 2= A ool A3 ol ketamine (50 mg/kg) 3} xyla—
zine (6.7 mg/kg) & H7Jol Foidle] miFA7l & 9= A4 -(neck)
= Afsle] 3% 973% M (external carotid artery) 2 W73
™ (internal carotid artery)2 2] 3tk Microvascular clamp
(Acland, S & T, Switzerland) & 37852 7|A15-2} Wd-5®2]
ALPel 2eAA BRE YA FHAI AdEelx 735
< At AAESlel 2F S AHFogarty catheter, Baxter
Healthcare Corporation, USA) & 5 $7d% o= A3lsky, &
s AR A FAE FE AElelA 3315 GEAIA <

(@

Injured and Treated
(Distal part)

Paglitaxe| or
ehicle film

<

After 2 weeks

carotid artery

Injured but Nontreated
(Proximal part)

Figure 1. (a) Immediately after injury of the right common
carotid artery, a 1—cm—long distal segment of the artery was
exposed and treated with paclitaxel—loaded or control films.
(b) Two weeks after injury, injured carotid arteries were
harvested and histomorphometric analysis was performed with
film—implanted and no film—implanted regions. (c) The repre—
sentative arterial cross—section of the noninjured common
carotid artery. (d) The representative arterial cross—section
demonstrating the significant neointimal hyperplasia 2 weeks
after balloon injury.
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Mo

Y807 WYIHMEE AAS & microvascular clampZ AJA3}]
G5 AHFAIEEE Ase] et EalE W A i3] A
A%t & paclitaxel ¥ FE =2 rose bengal - AFCo = I
FAE 7 % 635 silkE o8l ARG Figure 1). o213t 4
#9] Alzz oM AlAs tixr3} paclitaxel AEa-g ARde]
A8 dA FRhes she WS olgste] A7t o]FeiRick

F ZEY Ye| =3 AL 9 BAM A Aed &) BEoA
paclitaxel X579 thFa-s S-S B2 14 Fofl ThA] keta—
mine (50 mg/kg) 3} xylazine (6.7 mg/kg) & H7dol Foislo] Al
vEE AP B ASAE AsiSick Bchs el 18 gauge
9] catheterS 4313t 3 catheter U2 10% formalin -84 100
mmHg?] et R E8] Bylrk 1 % 34 474 (ugular vein) =
Adsle] Wdshy, APEES 5uxt AFTY AFLE olF 95 4
FS AE310] 10% formalin £ 17gA1# wax embedding
sample® A& & AZ HHE] TP 4 um ot HES Ao
slo] RS TFEQIE o] S hematoxylin—Eosin 44& AJ8)
slo] P&} dnlg o R kasle] F418KL image acquisition & pro—
cessing system(FOCUS) & ©]8-3}9] quantitative morphometry
TS AlgelE W o R AEE HEEgith Aol ARgskE W
& U] WA, Fuke] WA AT} ko] wAm], Ui
W2, Py, AR 55 ARESIITh EbEAS WA, o
whA A g FehEz o] o g A eJsieith

SHAMEl. BE 2wl g Pt EFHAE AR g2
7} paclitaxel X|=2+ 7k S74¢k2] 2] 9 /-21/d2 unpaired
student t—testE &3l H53tL, p #hol 0.05 W] 7ol F7]
21 fr&)de] Sivkar wAdsiSicth

20 ¥ ER
29| JIAN &N M. E49 AHEs vehls sl
E2 PBMA 52 8.2%, SBS BE2 1830%0]3tk E2-& Lo
F v 7R g WE F Q= A e VR e
+ PBMA #5255 MPa, SBS H52 6.1 MPa¢|3lt}. Poly (3—
hydroxybutyrate— co—4—hydroxybutyrate) &) £4-2 4—hydr—
oxybutyrate®] $Fof| wha W], Q17T 17-104 MPa, 3
S 5-1320% MR LEA Yok 2 AFelME 3.5
mol% 4—hydroxybutyrate 41 2] PHAZ AFg-313on a137e
i 27.7 MPa, 321735 59.1%°]191t
A HEE G3 o) 77] SlElA AT} A Al wh
AT To Aok st et Algo] Hojdk SBSe| 9= 2
o] e wo] T ofESiek el vl PBMASE PHA
Al E oksiA|aE 3ol Ao gl F sl fh= AT
AR o] Holwith Wby PBMAS PHAE &5 4
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7o) 2/ A, BARE oFEst it Alele] 213k o)
320w o WE o e ol vER A3 AzkEr
HElZRIE 2M. X 50 o] BelRA e ads A
W A 145l vl B, X marell] Al guEke] B/do] dA)s)
o] AEie] W zlo] Hlolx= 21 ERIsISItHFigures 3, 4).
Paclitaxel—loaded PBMA A&7 (n=7)2] 21748uute] w2
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Figure 2. /n vifro release profile of paclitaxel from PBMA, SBS
and PHA polymers loaded with 10% paclitaxel. Polymers exhibited
a triphasic release profile, with a fast initial and intermediate
second phase followed by a slow release phase. Values are mean
+ standard deviation.

Figure 3. Representative photomicrographs of arterial cross—
sections demonstrating the marked inhibition of intimal hyperplasia
by perivascular paclitaxel released from PBMA films for 14 days.
Hematoxylin—Eosin stain. Bars represent 300 um. (a) Control
delivery polymer devoid of paclitaxel did not inhibit intimal
hyperplasia in balloon—injured arteries. (b) Paclitaxel markedly
inhibited intimal hyperplasia in treated balloon—injured arteries
(a—1) and (b—1). Balloon—injured but nontreated common carotid
arteries of both animals exhibited a marked intimal hyperplasia.

0.03£0.02 mm’, tE(n=5)< 0.10£0.01 mm®, paclitaxel—
loaded PHA 2E(n=5) 9] 24uete] |22 0,04£0.03 mm?,
O =4)< 0.09+0.02 mm*E 87 AlAuee] #4o]
PBMA ZE9] 4% 70%$F PHA A& 79 60% Aasrdct
(p<0.05, Table 1).

AU Eke] g4 72 a2 PBMA 2E2] 745 pacli—
taxel XEE 0.3220.04 mm®, tiETeAE 0.19£0.03
mm?, PHA BE¢] 7% paclitaxel X5 o= 0.28£0.06 mm®
2l 7o) &l tiztelidi= 0.21£0.05 mmE WolFTHp<0.05).
PBMAS} PHA F &ele] HE BF paclitaxel ozl H|s}d
AzelA el AP e Aow BRI

EXEEl Paclitaxel £33t ZAN. Paclitaxel—loaded &S 3
ool Aa9ls 79, o] AAUE oA Zvls dEe] 7
70 FEofgk =24 o 2 YeRith(Figure 3(B) and 4(B)). 2 W)
ol YRI5t AF2] e ks 9 $AEHe Uz
T3} o] AlEre] S0 Hy o] Folxli= Alo] By
o] paclitaxel®] AHF2A] a3/} =L5HA] 2952 EIFich

EE 4 ofF A oW 54 H9o SEXRE 7FesH 8t
L A o] A) ahAiEk = gl Al HAkg-S- wjAlE 4= gk o]
23t 2Rl o A9 eME 7hssHl ) S B oOE
o] Aelo] FospANE a7 oFE M 7IHE Adshks o] o
t} 53] thE ofele] Ay} e debddhe 1 4
Pashar 71 el i dolo] 3231 Qli= A
o]l oFEe] Mdo] ofo)x] Yar A} slejele whE &
TR o] dofup] wite] ofEo] fadt wEE tirkEi=d] oy
<ol gtk olEjst ol g St B At aEo] gro.
o 71 A9 I oFE A AlAEle] oFF WE AEIE (drug
eluting stent) o]t} ® 12t} o)ejet AdlETo 2= FidE 4 ¢
+ G Agkw v Wk ogh Hejl uigk tijke® 1 Ao
X olu] &% wI7FA A (Pluronic gel) S ©]-83F paclitaxel®] =+
2 A AAPE G o Aguete] 39S sk AvE
3

KeN
=
o A9 FeNE 2w Q) ukEe] Awe] Awe] ABHOE oFF
o] FEE §AT 5 glrke FAV} Qlrke 218 B’ ol9)

Table 1. Histomorphometric Indices of Balloon-Injured Carotid
Arteries at 14 days

PBMA film PHA film
Control film Paclitaxel—film  Control film Paclitaxel—film

Luminalarea ) 194003 0324004 021%005 028+006"

(mm°)

Neomtlrn;l 010001  003+0.02°  0.09+0.02 0.04%0.03°

area(mm”)

Senoss gy 0i00r 79450° 31085 114%81°

(%)

Neointima/ 401019 0272016 1034025 036+0.22°

media ratio

Mii&?})’ea 0102001  0.11%002  009£001 010+001

* p<0.05 vs control.
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7] 918l el
Paclitaxel-& &K= 5 FH9] o A AL T2 39
152 918 B A7) o Fo] Hrk'P ol2jgt - iR A
| & 3719) F4e Agsl] g Zo)7] witel ek IE 22
e fadells & Aleke 2 etk ey 3l 1 3
gl2] A5 FelE vl fare A S8R 53] I
o] o] Folrrhs Fesich

B A4 ARg3 PBMASH PHA 13-4} A28 ot 245
W= 8-59%E TA= dgkort Hab o] glof vy
9Elef 718 e AR AL /KA QlowA AEE §-
53 ARgsR=El & EAIZE 91SiEh PBMA ZEo] A4 5 43
oM & o TR gl olejst e dit 2uef FFo] Uzl
= skt w88k ol =ik 1eu SBS 59 A
AL wi§- woydHnt T ] Ao U Al d3 o
Al Al FE] AR ZolHels ZAIE oIsigith o e
Aoz QoA S-gstazt g wf whes] HEo] Ay 4
/gsemt ohet IE e Agde] ik uEks e 8 Aojei= A
S Yehle 593 v} sk
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Figure 4. Representative photomicrographs of arterial cross—
sections demonstrating the marked inhibition of intimal hyper—
plasia by perivascular paclitaxel released from PHA films for
14 days. Hematoxylin—Eosin stain. Bars represent 300 pm.
(a) Control delivery polymer devoid of paclitaxel did not inhibit
intimal hyperplasia in balloon—injured arteries. (b) Paclitaxel
markedly inhibited intimal hyperplasia in treated balloon—injured
arteries (a—1) and (b—1). Balloon—injured but nontreated common
carotid arteries of both animals exhibited a marked intimal
hyperplasia.
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R I R

23k A5o] Yok o] ARl vlEld 1AL ethylene
vinyl acetate copolymer, %84 14} PCL, PLGAZ AF33}
Fom, A F2 W] g Eoth 2y, o] EAES ok
< ~HER vhso] H7] Il st A3elx= Alet dF vt
S5 QoI o] WAH IR

PBMA+= CordisAte] oFarlE ARIES] base coat@® o851l
om YA 5 A Aol AFTH IEAE B Al 1
Hald mEAR Atk PHAE el deolof] 274 =
ZEE A wEte] A Fee| AeAo® AgE vl glow, u=
9] Tepha Al 2J3} cytotoxicity, sensitization, irritation, hemo—
compatibility 2] 877} o] FolA A 233t 258 aEAlE
A3 ek Gy glow obeg Fojols Wow d3 {3
< WA= Aol & A U] EAolt}, e, ok WE
2H”IE 7] Qlo] 7 wA] AFEE E8E = Q1S A o= T|uE
7] wiell, @A 25 wE2uE Agel AR A Z3do] A
¥ PBMAS} PHA 322 255 AEsto] A-g-8isict

HREaVY 2AE ARSSlo] oFE Ags sk APolls o w5
71710l wE GAlel] 2J3f| ekEo] WEHTh o] ¢ 2ol w
27| ok Fn7t doutrt Axs] SolEth ok HH] £59] 2
AL oFET IR vlgol o8l 2T = Qv Sk At
T 9 o] HslE 28T S Qlrk oFEo] A8t 84
7t webA okE HO] §AS 915 Hedo] TS 4= Ik A
S RS AMESE Aelis aEAke] O] erosion®] Yot
A oFEo] FH|EE WS o] 88 £ Qi

Paclitaxel®] AW} $5=5 A4 Sk 21 AW oR ARS:
%)= liquid chromatography € o148k W3 0 2= Erlsshal, WAk
A F9] 94491 [PHpaclitaxelS o830 48 = vk 12t
OJAE WA 59 Y4F vhFolof alal 2 A oAM= 7]=4]
o= ul- ofE g, & AFex A ZFiths Algdo] Sk
Creel 5> &2 50 AE3to] in vitro $7dellx 3t g0
2 [Hlpaclitaxel& 2851312 ) A)71ol| wle} okzo] Gyte] v
07 AR 2 Brsigivta Rausteleh? 2 At ALt i
vitro WEAE B A A 279} Creel 52 Xl
Ay} 55 FFePd g3 Yo7 A4} paclitaxelo] o =
o2 28] Esto] A oA 35 UIgS A o= A

F A £ 1wk o9t a3} AT E paclitaxelo] X3
¥ PBMAS} PHA Z50] g3 AFFES oF 70% %= A2
t}. o7 FAF 02 RE WEH paclitaxelo] ofwst 7|52 &4
o] HEE $ AlelA A er AFeti les dElae 4
T2} sk HEgk PHA 52 welgjote] A7 #delx foj=)=
Aald =2z, Adlels 7F=Es] B esterasee]l ©JEl 3l
#t} Poly (4—hydroxybutyrate) 2] AUl £3li= porosity el <&
= Ao® RuEglon Fa717RS- 80% porosity sample®] 73
2 1070 98] Bafuls B Ao A gk olgjd e
Aol A2 0% 372 ot QA BomA S = 9l A
= Wk 59 FA-S =Y 7 Utk s 3 E Aotk

A = AP DA oM A ke AR 2
o] vil§- Eiksto] o] 7|7lel] A8 ks Eao® oAsk] Sl
M sl T2 oA ekEo] desitk T o] AP o]l
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A1 ek oA g98 fRIstEA 3 ulg] Alee] 35S welist
A o AER oS sl U] Mt 315EA sl I
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