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Fabrication and characterization of a novel drug-eluting
composite metal stent for CBD stone
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Abstract: A novel drug-eluting composite metal stent coated with PCL layer in which loaded
EDTA&SC was fabricated for CBD stone by the way of surface coating and studies on
EDTA&SC existing form in coating layer, radial mechanical properties, drug release and gallstone
dissolution in vitro test were carried out in this paper. Results showed that this novel drug-eluting
composite metal stent prepared by surface coating possessed a white smooth surface and
unobstructed lumen; as shown in the optical image, SEM image and XRD spectrum, uniformly
dispersed EDTA particles seen clearly was crystal state in the coating layer, but SC was
amorphous state; radial compression mechanical properties proved perfect resilience and
unchanged cross-section after removing the radical force; besides, drug release time of this novel
drug-eluting composite metal stent was over 28 days and the mass of gallstone reduced by 33.3%
in vitro. This novel drug-eluting composite metal stent has potential application for CBD stone
treatment.
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0 3%
H AT, NHE% (common bile duct,CBD)%E A5 75t 53 Fl N A& — T & 03 SR AR i B NETE S5 o

b5 N8 I TR & %2 (Endoscopic Retrograde Cholangiopancreatography , ERCP)
RKJE, ZNEATIHSEIA R FEERIT TR, Ha, FARRTOMR, B HIE
R IR LRI RRE . T, Y2 MG M4 A%, ERCP AR N IR 25408
it S HE BN H AT MR YIS 850 R TR . 29D SCAR 0 BUR E 250, R 45
B E . B2 a5 b, T N AR S TR AU, A4 R
ori. RONBER M A AN R & TARE 5T & 22 TR S M2 ) 2k
WAk, 2R (Ethylene Diamine Tetraacetic Acid, EDTA) —Fh FH #5757, wILA
BRI, S54SR, HERH (Sodium Cholate, SC) I BEAENH 45 4+ Fir &
FIREE EZ A7 . B MF7ER I, HIREE: EDTA F1 SC SRS A B — & VA fRIER, Hi2
A R B AR AL L EDTA R SC A 135 2454, LA ©L R (Polycaprolactone, PCL)
P, R R R T ERS T — M R B E & &R SO T IR E S A T
1BIT .

1 SEIGER4)
1.1 PHBIRIfCEE

PCLMSigmaid 7|22 7K, EDTAMH E 2L Rl R A, SCIMH 1 R EF
BARAT, BRE el SO R s R AR i A PR AR 524, NS aEE (1, 1,
1, 3, 3, 3-Hexafluoro-2-propanol, HFIP) W+ FifFiksks AL 2 i A PR A ] . BHES Al BifEse
RSB — N REEBE R it

1.2 ZVBME & &R &
B 1 R E &SR AR R s R R . WS 2, 1g PCLIA T 10mL HFIP
il &t 10% (w/V) BIPCLE S YIETL IR G E RGP A I 1254 (EDTARISCEE/K L
R, MRS L), RIRZ RIS EY 10minE R KRG S48
BNRA AR YER, B BOGE XA T, 285 R, R LR EERK. &
B AR RS HOLER 1.
R IR A SRS

Tab. 1 Relevant parameters of drug-eluting composite metal stent

B S wE KHBE RS WERE
F N PCL %2825 48 PCL/EDTA&SC 0.475+0.0472
50%
In¥R PCL IR JZ 84 48+ PCL/EDTA&SC+PCL 0.565+0.0342
PCL /)24 0 PCL 0.402+0.0271

*RITERR TG eI 8 4 & )R SRR T Fd—ZPCL, HIZRB AR BRI S .
1 BRI ESR &I RG24 8 S SRR Ik T 95 25 & IR E R E, B Ik
HAV SRR IR BT« Fi22008 iR 10% PCLIAW, HEFFZEHEH#EZ 2mL/h, HJE 10kV,
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BRI 15em, BCCRIFEE Y 100r/min.
1.3 YT E & &R SR KR

HMER GV o UYL BAEE (LSCM, Carl Zeiss LSM 700, Germany) Al
HLF 28 (SEM, Hitachi TM-100, Japan) W%, KA 2P0 RIS S Va5 S TR IRAE 3K
b, s R R DG B T S KRR — N B TR S L
7 8mAHLR SR NI Ab B 2 Ik, FIX 10s, A5 HEATSEMAM L

T ‘\‘_‘.1“;: 2

tN 4
SR T

Coating in the mixture Wrapping by eletrospinning drug-eluting composite

of PCL and drugs metal stent
K1 253 26 <o i SR B o 72 18
Fig 1 Fabricated process of drug-eluting composite metal stent

FHXBRATH AR (X-ray diffraction, XRD) 3t RIELWIIAEAETEA . Kkt 8T
FENIIRAX (D/max-2550 PC, HA) #ATINK, 200 EEEN 5°~90°,

KPS L AR 2T A6 1E (FTIR) FNANE 04T S (TGAYXT S BRI E AT B 7 #r
ANKE S48 FTIR 43 HH4X (Nicolet 6700, Thermo Fisher, USA)¥ K474 7t FEl A 4000 - 500 cm™' .
TGA FIMR 261 Smg FERN TGA MIRA(TG 209 F1, Germany)P, ERSAEMRT T
M 50°CFHEE] 600 CHEATINR, FHEEF N 10C min”', 2RJ5 HIRAH B =

SCEEE 2R RE A R A AL T 250X (Instron 5969 testing system) & i R 3E47 45 K,
JE4E33# RN 10mm/min, FEIFESE 10 K.

1.4 RSN AYRER S

MVEIE A )8 SR 10mLES O Y, A SmL PBS (pH 7.4) , REHEOE
A ER RN (120rmp, 37 'C) o fEFEMAI A (1d, 2d, 3d, 4d, 5d, 6d, 7d,
14d, 21d, 28d) BFRHUFE ImL, SRJ5EFAMIN ImLEr S PBSYEFF SRRV AR AN AR o SRR
T2 ) B R S RO g N, SRS TSR 2 P i e

1.5 INEAEE

VR A 48 S 296.6+7. ImglHZ5 A N 10mLE 0 1, I SmL PBS (pH
7.4) , RERKEOEBNERZGERFEN (120rmp, 37 C) o EWWEH S (1d, 2d,
3d, 4d, 5d, 6d, 7d, 14d, 21d, 28d) XJ &5 o S AT od w8 F W0 2 45 A OV R O o

2 HR50ik

M 2 FTLAE Sl 20 5 6 & 8 S 48R )= H TEDTA&SCHRIR AN 2 A, IR
JERM G5, & s il B S8 WARIER BB IR Z VR K midi /. B 3AJ94PCL
BEREEE R, TR 3A, MINAEDTA&SCHIR SR A HEBREE (B 3B) il E#
VF2 /N S AR BRI S A3 A AR IR 2 P o IX SR 2 R A IR A T IMEDTA S 44
EDTAAN THPIF, EEHH AR AR AEXFE. HTSCALLSHPIFE W, FrbIRATA
REME 3BHER BISCEAERIIEYG . BAh, MSEME R (& 3C) AT LIESR], fERER

=
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T EA WL RAEHRL, XL TEDTAYERZH DL AR BRI :077E . XRDEREHE—
H UL T EDTA&SCIIFAAETE . K 4 FRTELEH, S4EPCLIRJZMLL, #AEDTA&SC

110 [IRJEAE 10.98°, 18.00°, 25.96°F1129.1° (L {afiskib) 4G Insmid B, XLk 5 5 A
RAEAEEDTARIEA, B —8, MIMIE T EDTAE 2 LA L RAEAE . (H2, R4
HAEDTA&SCHIMREH A GEE BISCHIRFIEMEAFAE, X a2 Ui T HPIFTISC LA & 1Y
I AT

115 B2 =AMy (a BREJESIAE bIRIRE AMBTEISE o BRI ENEBAMBERE &
B2 )

Fig 2 Digital images of three types of stent (a Naked metal stent b Drug-eluting stent after coating ¢
Drug-eluting composite metal stent wrapped by eletrospinning film)

120 K3 A 4iPCLIEZ6# K B SEDTA&SCIRAIREC BN C S EDTA&SCIEZSEME F

£

Fig 3 A Optical image of PCL coated layer B Optical image of PCL coated layer with EDTA&SC C SEM
image of PCL coated layer with EDTA&SC
& 5A N PCL. EDTA. SC fl# 24542 FTIR i . EDTA 4> T H1E4E 0=S=0 F1-OH
B[], W RIS B BIAE 1180cm™ F1 3200cm™ F| 3500em™ &b, ME 5A FTLAEH, BT
125 EDTA NN, 8Z5R B4 6 78 1180em™ A1 3200cm™ 3] 3500cm™ Akt 47 1 5 16 Y,
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XFIE T8 ZH A EDTA. {Hx2, HT SC 5 PCL 1 EDTA EReHIES, Frbla
AMEE FEANRE EHEIE SC A77E 575 . K 5B N PCL. EDTA. SC #2512 TGA K.
MESB ATLLEH, 4liff) PCL a6 K A 3o fidils B2 389 °C, {HZ B3 EDTA&SC HIIA,
RERZE RS R K, 338 °C, MIATRE2& T EDTA Fril#e, B EDTA Hifk
A R EAR T PCL UG AR % . I T AR H, 4liff) PCL 1E 432 C 585 fif, 1M
RGP IA R 471 CAFEARTE A, MR NE SC 564/ R &, I E B
TIREWRETEA SC.

—PCL ——SC
‘L »ly \l;J; —— EDTA —— PCL/SC/EDTA
e

0 10 20 30 40 50 60 70 80 90
20

& 4 PCL, SC, EDTAMEEDTA&SCIEA14/EXRDE

Fig 4 XRD spectrum of PCL, SC, EDTA and PCL coated layer with EDTA&SC

A B

——PCL——SC——EDTA—— PCL/SC/EDTA

— PCL
——EDTA

—8C

—— PCL/EDTA/SC

1000 2000 3000 4000 0 200 400 600 800
-1
Wavenumbers (¢cm™) T (°C)

Kl 5PCL, SC, EDTARIFEDTA&SCIRERZFTIR (A) EEFMTGAR I (B)

Fig 5 FTIRspectrum (A) and TGA spectrum (B) of PCL, SC, EDTA and PCL coated layer with EDTA&SC
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Kl 6 NIV E A &8 28R SE T vEre . B 6 AN RS ZERZMIBE R & & )8
SCHRI 10 AR R4 715 B, 23D S 6 4 8 SCRE 3 — IR 4 2 Ja 72 A 0.75mmiP) A B 43
Ky ZJG 9 AR WAL =LA Ak TEFRA TR Ed, X P AR kAo R
fs AR TR, BT DA AN SR s 0 ST RE . B 6AN 10 IEZETRAIZ A E, BTiRE
[IFFAE, SCARAR 1) AR SZ R B R 717208 30.74120.779N, 376328 K T #8570 BE 7K 2 1) B
K77 2.92440.021N,

35 40
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B B
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Kl 6 #RemSK ARG 2 & e Jm S8 10 KRR S (A J-6ik8 B JI-If[ED

Fig 6 10 times compressive mechanical property (A Strength-Displacement B Strength-Time)

120 A B

1103 Stent coated with PCL/Drugs 0.344 ~ Stent coated withPCL/EDTA&SC

1004 —— Stent coated withPCL/Drugs+PCL 1 | —— Stent coated withPCL/EDTA&SC+PCL
90 Stent coated withPCL — Stent coated with PCL

80 3 —
70
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40
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10

Percent of Acrcumulative Release (%)
Weight loss of gallstone (mg)

0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time (day) Time (day)

K 7 AR 2 (AD FIRSMEf iz (BD

Fig 7 Drug release curve (A) and gallstone dissolution curve (B) in vitro test

Bl 7 NGRS SR S AR iRt 26 . B TAFRRTE Y, RINERPCLEI 24
YIBEiE & & B SR RIS, B RBM T 48N 46.442.4%, £ TR
FECERT 78.51.5%, FARIRMFSCIK AR R . T Zeid indRPCLALIE ¥ 2540 B i
RE &R RPN, LRBMEN 57.851.8%, HEIH 28 K, AWE{EsEg
IR Z3MI SR IR RT B N4 5 45 by TR), R T 450 BV A o AR5 4 1) o i
JetiZk® (& 7B) dAf LA Y, PCL/EDTA&SCHPCLAL ML A iR Hram b, % 28 K
AR/ T 33.3%. MPCL/EDTA&SCHL 454 212 28 K R i/b T 20.7%. MEFHIEA]
WA EH, diaiEmRb RKAEETTER, X Re2 2Bt iiE & 48 S A 2R ie &
FrEl. fERA ZIMIPCLA, S5A i RAESE — KA Dk, X ] Re R 4 4 2R i b

_6-



160

165

170

175

180

185

190

195

m E ﬂ H iE 2 E ﬁ http://www.paper.edu.cn
& I LG B 1V i T PBS.
3 &

PATE B & T —Fh o] i AR S A R L e MR & &8 S8R . (RS BRI 320k 2
H, EDTA&SCHI & B AWREF R 50%, Hl &8R4 E & EE X RREE A6,
KM FEE, SCHENEEY. e EMEER A, SEMIE - FIXRDEE B /REDTATERZE F
BRI AP AE, TSCH THPIFT £ ARAS . Bbalh, FTIREERTGARIE UL 1 %2
BETEHAPCL. EDTA. SC, #HWIEDTA&SCHRIN ML ET . T #2015 ENAEE,
e 2 A B SRR R R 46 7K 52 ) 0 E R B 30.7410.779N, AR &8 S BN
2.92440.021N. BbAlh, MAWEME A EE RN IE G, SCEWENER L, #RiH
FARRAENAS . RINGIERR BT, ZFFER T 28 K. fEMRINE AL, 1
5528 R, BMNKIMHEE A FRER/D T 33.3%, WARCREE . AU NZ SR R R
HiSP T IERS, A ONARSS AR IR IR — ST & R
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