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PAFF A £ = (2,6- U T 25 -4- 1 ORS00 ) 1 (La(OAr) ) AR5 , il i im A 2D 4 (8.5 mol% )

BRiR 2,2- " WL =P LT (DTC) 5 o-C WTR (CL) #6457 TALIL S5, s il o 1 1K 405 W B2 4 8 Ol 1 N T -k
TR e JC ML L BB W (PCD) 44 okH, 3 H'H-NMR (SEC . DSC Hl WAXS iIE B T 7= 1 10 45 49 F0 P: E. LL R - P9 g
(PCL) 1 PCD JgJE T LAZK A7 B AU 254y 5l i T L 95 22 ) 5 il 46 7 325 B 8 wi% \E AR 1 pm (g
i LT e, IF MK T HARSN 25 W R AT o S5 R WY, PCD W 27 £ 4k B 7R T AT 5 B 25 W) R R AT T PCL R
GILT AN BT 259 BB B4, DSC I WAXS 3 A7 R W], 3 P AN VK R 25 W B AT O 19 2 S 2 ol 366 o 45 0
B 22 3 7 A B PCD WL G BB 45 JEE (x, = 40.3% ) I iR T PCL LS (x, = 79.3% ), H.f X AL T JA 52
LY REE 2 H A 7R R S D, O 2 0 T BE I BGE 3 S BRI

KR MM, e-CNEE, TR, SR, KB, YRR

i 105 1% 508 T R 3R Ok IR T LA R e 1) 2 W R 7
PR A MR A, R T 32 3 T A ) B 2
WG AT R R O R
il JE RS A T5 ik, WK Bk R = I Y 2§ (TMC)
EUARIR 2,2- " WL = HEER (DTC) 5 e-C N
P (CL) HL 3 n] DUA 250 2k 3% 2R e-C W i (PCL)
(R L 5Ok LS B PR R R T 5 O P9 R
(14 SRy 010 P o A B B AR S e R )
PSR TT LA i 5 W 0 Ok R T, DA R A
[7] 14 O FH 255K e b, e 5 R R B A AR Y I K
fife SR JRE DR T T B i 1 ik L R WA B AR R
L R4 AR W m] WA L, 5k &b PCLL S fige B5F 1] K
e

L 917 22 15 A2 T 5 B B0 A 258000 A 45 40 K
LR e 77 k. th B A JC 95 A B FLBR R L L
FEARR LT i 40 e 2 5 4 — Ve A, It
e 9 B HIRERE D7 T JR B i 1 AR R A 1 I
FEAAEALUT R RGO R 2
™ A Mg v 20 P R 24 0 R I 28R T L sl 4
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S 0 36 W2 HE TR A SN T AE AR o, R A
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25 IR T 42 BRI A O A T O A R S L
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TE e 07 HLBRAE 075 B 200 T JRR 24 5| R 48 SR ity 948 7 3
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AR S AT SRR = (2,6- T 4T
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1.1 FEFEH

e-C PR, 218 99% , Aldrich 24 &), A AL H5 1=
W, R ZE Y, AT R AE. B 2,2- H1 3
= LR A = (2,6- R T B -4-H IR IR A L)
B2 RSOk 7 s A L A kg (THF) |, 28
TR BRAKSS . K IR VR0 Fn N, N-Z g
Tt i ( DMIF ) 45 B 44 1.
1.2 PCL #1 PCD H& R

A AR TS 48 3078 s HAE R SR Y
B T AT

IS ¥ PCD By 45 i i), CL (5.200 g,
45. 6 mmol) F1 DTC (0. 460 g, 3. 54 mmol) FiJc &
fift7E 30 mL THF thig & 557, FEF 6 i A 4655
La( OAr),(0.069 mol/L THF %) 1.1 mL. 7£ %
TR 40 min J5H & A 5% HCL 1) L BE2 Ik
R K& CBEDUTE R G, o0k, s T
ZAHE A 99% .

PCL /)& W77 5 PCD 77 2548
1.3 FHBEyz

W —E =B RS PR R R 2K R (8
wit% ) Vs AE 05 F DMF /938 & 7% W b (CHCL,/
DMF = 8/2 V/V) fH i ¥k 3% i % 2 ¥ W 34 51 8
W AR SR G W AN ], L 275 R G W T ) AR R A
il 7€ 160 ~ 280 (g/L) i [ P, H1 27 F A i He 45 4l
TE 14 ~22 kV. REYE WA A E N 1 mL/h. 122
12 2 0 1 5 S 45 i A 14 ~ 20 em. WL 25 )5 T
P G AR S N LA TR 1 R R bR A
.
1.4 BHEROEMNGUERITA

W B A KGR 25 W) 1 L Y R BY R 2 em x 2
em [FEESS IR A 20 mL pH & 7. 4 BB IR £h 28 vh
VW (PBS) L, I 430 0. 02% 19 & B AL SVE M Ht
B 7). 75 37 CHE R PR35 48 T (100 v/ min) FEATK SR

BRI %% 1) B8 — i I ] BURE | BEURE B 20 mL
AT B [ RD 78 20 mL g 6 A BT B B AR
fm FH5R A1 -1T UL 43 56 56 B 1 (UV-Vis) £ I A i)
() 5 T RE A B AE 24 296 nm Ab B IR O JEE, IR AR
P bm o il 22 18 25 W K B e 1 SR Rk
1.5 R1E

¥4 3 3% ('H-NMR, 400 MHz) % F| Bruker
Avance DMX 400 #% ff 3% LM 2, LA CDCl, NI
A, 0a R RE e (TMS) S N AR AR B HE B 3%
(SEC) 3 ¥r% B Waters 5 i €8 1% (Y ( Waters 1525
HPLC fit & Waters 2414 RI &0 2% ) , L% 23 45 19
ROR W bR, U UK IR A i S A A iR B Sy
30°C i 1 mL/min. 2278 49 4 2 4 55 #fr ( DSC)
K H] Perkin Elmer Pyris 1 £ #7743, I 32 115 Fl 72
-50 ~150°C , FFiR# & N 10 K/min, A KSR
I XS AT WAXS) SR ] D/MAX-RA % X-
S AT A E , CuKae X-SFZE (K A =
0. 154 nm) , = I A EJLE 20 = 10° ~50°. =
H14% (SEM) R i JOEL JSM-5510LV %I 7 i 3
BE L RE R TE M4 30 s J5 H T 58 Ah-AT WO
£ (UV-Vis) 2% H CARY 100Bio & 48 4h 1] I, ¢ 1%
S 7

2 BR5UE

2.1 BEWMHEHINRE
AR BN e R RIE T = (2,6- T R4
TR IE) B (La(OAr),) J& e-CL ¥R G KLY
FRBRFR TG DTC J6 3G 5 A 0 w5 R fl vl 2
ST A HL 3 A ML g A A Tt 40 A D 2 A 37 -4
AT HLEE T SRR 2 B S A R A BE UK L
600 1,40 min 554 FIFL IR A i 77 A A 15 3
T 9% BAERMFE | R TERAWNST
R, H Ay 7 A (PDD) %8, AL R )
(PCD) 1 CL 5 DTC FHET Lb 580k e fiar .

Table 1  Polymerization and characterization of PCL and PCD*

[CL]/[DTC]

[CL]/[DTC]

Yield M M,

Run Polymer PDI?
molar ratio in feed in polymer " (% ) (kDa) (kDa)
1 PCL — — 99 24.1 40.5 1. 68
2 PCD 92.8/7.2 91.5 /8.5 99 67.2 117.9 1.75
*Polymerization condition; [ CL] = 1.5 mol/L in THF, [ CL]/[La(OAr),] = 600, 25°C, 40 min;"The [ CL]/[ DTC] molar ratio in polymer

was determined by 'H-NMR; © Obtained by SEC calibrated by polystyrene standards; * PDI = M /M

Y PCD (' H-NMR 3% (I 1) FER T CL

1 DTC 2% F B9 3L4R 15 5 40, 72~ 0 %y 6 4 [



448 B4 F % R 2011 4
UTIE BT 53 A 40 Hg A1 Hh, 43 5] % T T =355.1"C a
DTC-CL fl CL-DTC # 5 5. [ 2 % PCD fj SEC J !
T &, PCD £ SEC [l £ X5 R (1 5, R I LE La 5
N =49.0°C
OAr), (AL A R A7 FE— PG PR R0 z T
(OAr); fyf 7 E. A
* e Q d ¢ a § Lfl =595°C Y
ot 2 //\rm—s 5
S AP B
\ooo/\/ \0)(:0/)( T, =553C d
d A A ,_j\
a -20 0 2I0 40 60 80 100 120 140
b ) TMS Temperature (°C)
f Fig. 3 DSC curves of PCL (a), PCD (b), PCL electrospun
g ﬁh fibers (¢) and PCD electrospun fibers (d)
I 1 I f I Melting point (T, ) refers to the peak temperature.
4 3 2 1 0
S5
Lo, PCD f 7 ¢ 35 45 b 19 477 5 0 58 m B &8, R B
Fig. 1 "H-NMR spectrum of poly ( CL-co-DTC) (PCD) ;ﬂ—i PCD ,;F, PCL %EEQ- E(J 2%: HEEI K ﬁu PCL iéj %é% ;,3 E"J

20 22 24 26

Retention time (min)

Fig. 2 SEC trace of PCD

& 3 3 PCL f1 PCD ) DSC €. PCL( & 3
(a)) BIE S (T,) R 55 1°C IRl kS (AH,) R
55.3 /g, M HILERY PCD(E 3(b)) T, N
49.0°C ,AH,, 5 44.6 1/g, ¥ {k T PCL #H 1 i {EL,
YSHFE T A7 PCL HJL 5 DTC 7] DL A 84 B AL 25
fn IR 1. 78 PCD o, 19 (8.5 mol% )
DTC 55 JTCHLAf A 2 CL 4% B b 5 80 PCL 88 B
4 32 B, R BETE R PCL 1 38 ) — 58 36 1Y &
DX B [ . SCHR R 3E PDTC (%6 fil 04 7E 120 ~
123°C """ i PCD f) DSC i 4k I % A B 7% %
W, e I A AL AR R A PDTC B R Y ak % 5
KA PDTC 85 B A=

1E PCL 1 PCD () WAXS i [& (& 4) &, PCD
(Fl4(b)) R 5 PCL ¥R (B 4(a)) —#F
MIAT A WIE R T 78 PCD Hhi& 45 PDTC ¥
Wk E K 1) PDTC 4 B A7 76, 5 PCL ¥R Y

St MR WAXS 3% &, AT 15 PCL R Y
SR BE (x.) h 44.7% |1 PCD 1 y. (U 28. 1% ,
XA UL T DTC 8% B i) JTCLAE A, PCL & BE 1
SEERRE IR B T 2 iR B XA Y
A X, 55 DSC 45 A AT

L

3I0
20(%)

10 20 50

Fig. 4 WAXS of PCL (a), PCD (b), PCL electrospun
fibers (¢) and PCD electrospun fibers (d)

g Lk AT LA &5 8 T
R PCL AT M ALY PCD.
2.2 HGEMNGEMERLE

BIHR KR (#2558 8 wi% ) 5 PCL 5§
PCD % f# 1R 4 % 7 CHCL,/DMF 1 #£ 14 ~ 22
KV & ER Y T LIS ERE 1 pm 41
BT YE. B S AT 4 A B, i LLE
B, 259 KA R 1 AR 43 52 0 1L 97 41 4 1 B
I, Bl A F 7 R A T 2R K, K AR TR Bt 4 A £
A FET 45 5. %k PCL (& 5(a)) F1 PCD (& 5
(b)) AT LRI, KA R AE PCL HL 25 £F 4 (1) 3 i 45



53 WG ARG LR o-C TR A 2 IR & S L2 M AT 449

AR L L PCD A3 7, R WK 7 1R 5 JE ML IL SR )

XA e AN NI SN
Wl S Ssa WS 3
;g,@% 2RI
Y (N ‘

RN

&éﬁ? & g:as"r s
S
N et

Fig. 5 SEM images of electrospun fibers of
PCL (a) and PCD (b) with 8 wt% salicylic

acid inoculation

T WK AR 5 PCD AHZS PR 4F 1 JE I
AR T ) A5 A R 25 £F e WEAT T DSC (& 3) il
WAXS (K 4)FRAE. W& 3 ff /s, PCL ML 547 4k
G S T, S 59.5°C T PCD HL 25 21 4 1Y
T, % 53.3C. X T4 Rk, PCL By AH, 24 93.9
Vg, R T PCD 4 AH, 65.4 J/g. Foh R &4
YRR YA 25 ) 5 45 A B SR G WA L, i SR
I RS 43 ) A AN ) R T 4 R, 3R B H 2 0o
P TR AW G R B B 4 B T
PCL H 25 i fl PCD HL 25 (1) WAXS &, o] DL F
|, PCD H1L 25 BRAFAE — 22 8 B (19 A8 58 38 i X 19 AT
ST PCL H 25 55 A0 R 52 35 & XA A9 S I AR /).
M 4 315 AT A%, PCL ML 27 B8 (9 45 5 B x, R
79.3% it T PCD o 47 55 1 45 & BF 40.3% . %3
AbE WAXS &[] B 00 2 21 9 3R ) H 25 4F
s RmES AL S ARG AW B, 5
DSC 453 —5.

W& 7E PCL HL 25 2F 4 3 T (1 245 W) 7K 4% 1R 48
Z5 PCLI 4 mEARRKN R fEHY &
o, PCL ¥R YA E R KM JE i B C B b X,
WORE 2590 57 F HEFR I 15K b e & B AE — . 1
JCHLAE B Yy /b B DTC Y 85 35 45 PCD f PCL
B AL 45 1) DR R AT, B &5 &, BT Al
8 il XA /N O 58 35 . X459 7K 47 TR i B 4
5 REY PCD FHZA T 43 #, W) 1254 43 1 1 141

A b3, B 7S 2 H 7 S I o A A AR A
TREYHIE . X5 27 B s A G
7 PCL IS AL IR (T,) g - 65°C i ik T
SR, B TR LR B 250 0 A AR A A
A R0 T HE A A G R T R A
HE. I, o #2722 05 BT A Rk [
A 5 AR AL 5 R G ) B B I N 2R oy AT
T 7 A B I B LA R A
2.3 HYKGEMEINERITH

M F /K R 76 I K 296 nm B35 A5 ¢ AiF 1) 42
AN, PRI TT T UV -Vis 2356 % B T A A8 i 5 5
. B 6 KR PBS(pH = 7.4) B iy b i il
2 FEHERE 0.001 ~0.05 mg/mL fiY ¥ B 3 Bl P 48
PEM b AR ERR R Bl 5 5 2 A = 0.06172 +
2.55563¢, HH A% R* = 0.9999.

1.4 +
12 -
R?=0.9999
1.0 -
3 ’\\
% 0.8 y g |
S
§ 0.6
,i:: SN
0.4 R RNAN
ST
AN
0.2 - @m—f
275 300 325 35
0.0 - Wavelength (nm) |
1 1 1 1 1 1
0.00 0.01 0.02 0.03 0.04 0.05
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Fig. 6 Relationship between UV-Vis absorption intensities ( A
= 296 nm) and salicylic acid concentrations

UV-Vis spectra are shown in the insert.

PAELAR D 1 wm B FEL 275 2 2 1R 2 o T 9 4
254N 8 wi% KA MR AE VRSN I B AT Oy, L2
AN T fros. PCL AL 97 8 b oK 4 12 24 ) 58 B %
FEIG . FEfWIN 1.5 h LAY ,85% /K im iR B 4
R, R W% A Z BB CA AT 4% AR A, PCD A
G BRI R 1A R 9 25 MR T O R FEAE 1.5 h
A, HA 10% 1K i B B 2 PBS v, H 7EHF
IS [ 161 P, 24 0 %) R 5 o i) 2 7k 5
2, R INZA 2 0 25 ) R T AR R T Y

X 2 iR AR I A ) 25 B RO S B9 A [R] AT
DU 3% 2 il 3R & ) o 205 1R 205 1 10 22 S5 R il
B AE L5 fE P, KA R A PCLBE B 4% [ P A
FC R4S & o T PCL AL 27 B 45 & B AR & (.
= 79.3% ) , K BR AN BE A Ak 3t kA FCAR &b DX T
HEEH CA MM F e R gy 4R i, 2= A PBS
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Fig. 7 In wvitro salicylic acid release from electrospun fibers

with 8 wt% of drug entrapment

L% v R B A A 4T 4 % T 1Y) 245 AR PR AR
fERIEW B R B BLE. SR, PCD
il R A 40. 3% W45 & H il T 5 IXOR 58 3% F
mRL RN K IR RETE 2 I b 5 R A WA,
SYHPELT AR B0, N 2w 4 T YL 4
2, HCRE % 3 AT 25 W) 43 F R R 4 T BE 0 HRGE B

2215 M DR 277 JBE vp RS T Ok, DT S B HE AT 4 Y

3 it

FHI5 S AT = (2,6- T $-4-H
FE-AE L) B (La(OAr) ) LG T R e-C N
fig (PCL) X H: 5 DTC Ay L IL Y (PCD).
PCL 1 PCD fF 3 57, LhoK 4 8 b 2 B 25 4y , 38 &oF
I L IR HI & T A E R 8 wi% (HAEN
1 pum (19 AL 275 1 4k R 45k 2 ri 275 0 FH T AR 41 24
YRR BIE 5T, 45 SR W, PCD L 25 B R R
TR YR RAT A, T PCL H 25 4R 25 U i
BT Zj W 2 R dE it DSC 1 WAXS B 5Y & B,
X 2 PR R AR AT S 22 0 SR R E T 2 R R
AL mERNZES. TR Y PCD H 4 ik
SimBERME MK A TEE, AY I TRREEL
B bl A T PCD B AG R & X AN 58 4 2
5 T LR o 2w, DA AT LA o 5 4 6 0 #GE 3
G212 Hb R 25 W) BT ok
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CONTROLLED RELEASE OF SALICYLIC ACID FROM ELECTROSPUN
MATS OF POLY (e-CAPROLACTONE) WITH LOW CRYSTALLINITY

PENG Hui, TAO Xinfeng, LING Jun

(MOE Key Laboratory of Macromolecular Synthesis and Functionalization, Department of Polymer Science and Engineering ,

Zhejiang University, Hangzhou 310027)

Abstract With the purpose to decrease the crystallinity of poly ( £-caprolactone) (PCL), a small amount
(8.5 mol% ) of 2,2-dimethyltrimethylene carbonate ( DTC) was added to copolymerize with g-caprolactone
(CL) using lanthanum tris (2, 6-di-tert-butyl-4-methylphenolate ) (La ( OAr),) as catalyst. The produced
polyester P( CL-co-DTC) (PCD) was well-characterized by 'H-NMR, SEC, DSC and WAXS. The results
showed random copolymer PCD was synthesized. DSC and WAXS results proved PCD had a much lower
crystallinity (y, = 28.1% ) compared to that of PCL (y, = 44.7% ). PCD, as well as PCL homopolymer
containing 8 wt% salicylic acid as a model drug was electrospun into ultrafine fibers with the diameter around
1 pm and further submitted to in vitro drug release test. The results showed that the PCD electrospun mat
exhibited a controlled drug-release behavior while the PCL one displayed a burst-release behavior. The DSC
and WAXS results showed PCL electrospun fibers had a much higher crystallinity (y, = 79.3% ) than that of
PCD electrospun fibers (y, = 40.3% ) and this explained the difference of drug-release behaviors of the two
electrospun mats. It was the non-crystalline domains involved in PCD that facilitated the compatibility between
the polymer matrix and salicylic acid and allowed the drug to be released in a controlled way through the
thermal motion of the polymer chain. This study provided a strategy for a better drug inclusion and release
behavior by lowering the crystallinity of matrix material.

Keywords Rare earth catalyst, g-Caprolactone, Random copolymerization, Electrospinning, Salicylic acid,

Drug release



