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Abstract : Polymer is a critical component of local drug delivery to prevent restenosis. This study tested
whether poly (7—butylmethacrylate) (PBMA) and poly (3—hydroxybutyrate— co—4—hydroxybutyrate)
(PHA) was candidates for this purpose. In 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
0.10%0.01 mm?, p<0.05; PHA vs contol: 0.0410.03 vs 0.0910.01 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.
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Poly (lactic— co—glycolic acid) (PLGA), poly (e—caprolactone)
(PCL), polyhydroxyalkanoates 52 AR 184 768 %
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Paclitaxel &5 Z&e| M= vE-sd T} poly (n—butyl—
methacrylate) (PBMA) 2} polystyrene—b—polybutadiene—H-
AldrichellA 738kl ABFald it
poly (3—hydroxybutyrate—co~4—hydroxybutyrate) (PHA) =
Ralstonia eutropha(ATCC 17699) & /71 visie] oAlE 4
& % chioroform @2 3%, AABISITE” $HIE 3241 4—hy -
droxybutyrate2] 42 3.5 mol%$}

/gﬁuqoﬂ ;\}%% pachtaxel% /]\jlok ]Lﬂ (/\Lok ;ﬂﬁv\) KX }\]._g_aﬂ e}
], o] AZFl= paclitaxel®} 99% anhydrous base® 13T

BAFENS] paclitaxel 2 mg¥ 772 18 mgs 1 mLe] dlchloro—
methane®l] $8AZ] - AFE L3l Falat Alolol] Fof U
AR A dsIich e =g Felle] AFL2 el 24/\]
2k oPd WEAA dichloromethanes AI718I30t $4d€ pacli—
taxel 83 BEQ FA= oF 40 ymSLeH, ] 9x10 mm&| =7]

2 Adsle] 200 pegll paclitaxels st E Alz=3H5id.

Paclitaxel 3 EA}gko] FASEL 249 Oﬂii in vitro ¥ in
vivo Adola] HlEEelo] 49 rose bengal paclitaxel il 3
7 }?‘H PE-2 AZ319k Rose bengal 20 mgs 2 mL ollgh&e] =
ol & A}t 180 mgd 8 mL dichloromethane®l] =91 &3} 3t
A e} A wo R IES AFth olgA AxF rose
bengal 61—0 Jlg o] EU Alaioﬂ,\-] pﬁz;i /\}\%O}oﬂr/}

A BN U "EC| g WE AE =Y. WEAEAEII(UTM,
LR—-30K, LLOYD Instrument) & AFH-3Sle] PBMA, SBS, PHA
EAS FAsI9lt) T BlEsiy EE ARl 55 0l
g3 %f& oelof] 7h8 4 Qlim AFE Alxste] 1EAke] Fol
w2 kg dhE B 2ARIITL ZF HEES 10% (w/w) &
paclitaxel & $Hehe% AZ315ich

Paclitaxel®] 38 5 719 7359 (common carotid artery)
858 2719 AE 1 mme] 2HQEA A= ol 50 mLo]

polystyrene (SBS) &
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phosphate buffered saline (PBS) €de] @1 &7]e] Y& & PBS
Aol 50 mL &S T2 o]F L% F4J8le] PBS W ="
paclitaxel®] ThA] S8E 07 ROIxE SE3i5vh 37 ColA
A7 S A ¥ 2 ARMER S5he 3] AlRE AFst
o] spectrophotometerE |, 240 nmollx FFES 3519}
ZF A B 3Y S4slo] FHAE UeRiigith

F| e 2o el A3 Hof| ketamine 50 mgke) F xyla—
zine (6.7 mg/kg) & Bl Folse] upHAZl £, 95 A% (neck)
£ sl 4%, 273% 9 (external carotid artery) 3 U7
% (internal carotid artery)-& ¥ 8t} Microvascular clamp
(Acland, S & T, Switzerland) & F73%92 714152} W54
AT ZEAIA EFE dAF o FUAY el 217355
< Al ARl 2F F45AHFogarty catheter, Baxter
Healthcare Corporation, USA) & 95 459 0= K8l &
ZAzwe] HAR} 214 FAE FED Aol 3818 AEAIA Q
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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.
(h) Two weeks after injury, injured carotid arteries were
harvested and histomorphometric analysis was performed with
film—implanted and no film—implanted regions. {¢) 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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F AEW g T HAL W BA F A5 & EHeN
paclitaxel X|q7¥} g GEE T3 149 Fofl thA] keta—
mine (50 mg/kg) & xylazine (6.7 mg/kg) & E7dol Fojsled A4l
PE AP B AFAE AT BT 18 gauge
9] catheter & 43218+ ¥ catheter WIH-E 10% formalin €248 100
mmHg®} o= & Byt 11 F SA] A9 Gugular vein) &
Akslo] Wgsly, AHEES 587 BRI Ak ol 95 3
Eae. 23510 10% formalin o)) 174AAH wax embedding
sample® A% F, BF AH2] A7 4 pm o3P HES Ha
Blof HEL w9l o] HE-S hematoxylin—Eosin G4& A%
3lod B3 Hn)g o7 Aol 24151 image acquisition & pro—
cessing system(FOCUS) & ©|-88} quantitative morphometry
EAe Agehs upgos A8g Agsigic wAfe] ARgshs W
& Alete] W Fute] v, el FEke] WA W
Ha dand AT 58 ANk IEAAE WEE, |
waE ol Sekye] go g Aelsigivk ;

EAIXMel. RE 289 ghe FutEFAE IAP dixT
3 paclitaxel 8T 7+ 547 Aol @ F/dE unpaired
student t—test® 3 AF3HIL p Fro] 0.05 vITRL -5l FA
el fejdo] lukar PAsisirk
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hydroxybutyrate— co—4—hydroxybutyrate} ¢ 842 4—hydr—
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SAE 5-1320% Wz el ekt B AFeME 35
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Figure 2. /n vitro 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?, thE=F0=5)< 0.10=0.01 mm’, paclitaxel—
loaded PHA BE7(n=>5)¢] A¥uete] M= 0042003 mm®,
UEEh=4)2 0091002 mm’Z Xz AAEke] 3o
PBMA €29 7% 70%$ PHA 9E9 29 60% @a3sdct
(p<0.05, Table 1).

AlEke] A e WhdAe PBMA 289 7% pacli—
taxel X|EFolA= 0321004 mm? tiEFME 0.19£0.03
mm?, PHA 4&9] A% paclitaxel &7k = 0.28£0.06 mm”
2l Zol] wla) thzolil= 0.21+0.05 mm’E WelRTHp<0.05).
PBMAS} PHA 7 HH|e] IF B5F paclitaxel tlzrel nlsiod]
g7 @] APaE YA A0E A

E2E Paclitaxel 2| FAM. Paclitaxel—-loaded ZE& 3
Lelof Aztell s Ae, dake] Al oA gil= AE0] 7
BRouF 44 © 2 VP tHFigure 3(B) and 4(B)). £
o $1xefe] FEE Aol Erled 2% FHsHE ux
T o] ARl SA 0 R Ftk YFdo] FoAle Hlo] Az
o] paclitaxel®] E3P&A] a7 TE5HA] kS-S Eelgin)

ER =4 oF A9 oS 54 2ol HEXBE 7Fssi &)
A} S P gl Al F28-g a5 Qi) o]
3 T4 oFE Y QWS JEsskA 3] HeliMe BER oE
Aeo] FoslARE E3AR] ok A 7HE /el o) o
P4 Qlok So] ohE okl AW e ke 7 3

Hasla 1 URels 3 o] 321 gl A
o]7] wiiEe &2 Hdo] of2x) ¢y HeHn} szt WE &
TE &4lo] dojuy} whEel] okEo] fa% FEE vrkesd ofy
o] gt} olelgt AeEg FE3uAL B A7t HsgEo] gho
w 713 A3 FAR] A oFE g AlARlo] oFE WS ARIE (drug
eluting stent) o]tk 721} o3t 2ulEvke 2 SAd 4= ¢
48 2T e wok ofgeh Mol oish uikke®E B I3l
A olu] 2% i A (Pluronic gel)-& ©]-&3F paclitaxel 2] =
& AL AAPF 3 o= AdEke] EAS AAlick= daE o
B3t et o] A9 £ o e 594 ¥ A8l paclitaxel
& T Fojgt A T WY Mol FAo) v A
Ao FefE 2 Q7] whiel e Ade] dEF o oFF
& i

)
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5B HAE 5 glrks BA7E Qiohs 28 Rarsigint’ o)9)

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

PBMA film PHA film
Control film Paclitaxel—film Control film Paclitaxel—film
Lummalfrea 0191003 0.321004° 021005 0.28%0.06"
(mm”)
Neo1nt1m23 0.10%0.01 003%0.02° 009002 0.04%0.03"
area(mm®)
%SE‘P;;OSIS 34.3£40° 79450 310485 114+81°
0
Neointima/ .
ST 098012 0.27£016°  1.03%0.25° 0.36%0.22
media ratio
Me(dlaazgea 010%001  011%£0.02  009£0.01 0.10%0.01
mm

* p<0.05 vs control.
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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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