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1 SEIGESY

1.1 RXFI5EE

CNBREAIA (e-CL) W [ Aldirich A F], ZERSARI T, S5 ZR MR K, R B (PEG,
M, =1000, 1500) 4 H Fluka A Fl; SFRREA [ Sn(Oct),, ZHrali] . 4 M A& H (BSA) 1 Pluronic
F127 #J04 H Sigma A7) ; 6 ( Pyrene, 43H740) 4 H K AR REAE AT KA RAF; A B
FaRl S S B e

Bruker AM300 #%#E3EIRIY ; Waters ALC/GPC 244 GPC ¥ ; Hitachi F4500 #¢ 5% Gi%{Y ; JEOL JEM-
1008 & 1 H5% (TEM) ; Spectra Plus 384 ( Molecular Devices ) 48 41-1] UWLA3 66 EEAYL.
1.2 & K

3K T PEG (M, = 1000, 1500) Fll e-CL #% A [R] b A 21 B 45, B3 9 8% i A —
Sn(Oct),, ESS, HAS, BHS5 WK, HEPES. BICEES, BT 120 CHE it 24 h.
RNEHG , Fer=Prs AW bid, AAmBiEsif 2 ik, B Tk, BEET 4 CR it
. HAKRE ik UL Scheme 1.

Sn(Oct) I I
—(— -CH- «)7 + —_— .H_ H‘-}- Tl %_e "H,—CH.— _)+ — _{_ _H%ﬂ_
HO—+CH-CH-0O - H Ej e HO CH- {C 0O ; CH;—CH.—0 . O—C—CH: ] OH

Scheme 1 Synthetic route of PCL-PEG-PCL

1.3 'H NMR #1 GPC Ui

1625 CF, BRHREE ("H NMR) 11 Bruker AM300 AZRESARAINSE , Y454 CDCL,, TMS K
Fr. fE35 CF, BB E G (GPC) B Waters ALC/GPC 244 GPC U E , ¥ 0 THF, JWi#E K~ 1.0
mL/min, PS MR UEY).
1.4 Sol-gel 3 HENE

PR Sol-gel 57 A IR R E R, EEIR T, 200K — & 2 0AR FAEHE T 4 mL il
B, OIMA L mL BEEK, SRV, REFERAR T, A THREEE R 1 °C/10 min, KFFEE R
e 20 min, AR BN (Sol) - BN (Gel) Y I I AT HIWr, 221 Sol-gel ¥4 745 AH B, H 1 B2y
£1 ¢,
1.5 BRI

W 1A T BUN 0. 1% B H3 R 1Y 49 KR TR A T T 60 A8 ik IS 0 4 I 1, AR5 FH R B R
L AR R — RN E (0.1 ~1 x 10 % g/L) , LLEE(6. 0 x 1077 mol/L) AHEEIREr, [E5E & 5T
P AL, =390 nm, FIFH Hitachi F4500 55615 2 00w B, 38 1 H A5 B2 R Gl I R ik
JE (eme) U020 SR SR Y T FE K PR A% -5 25 A R AR, SR Bruker AM300 A% i 2 P 300 52 H:
"H NMR i¥%, #&7°5 CDCL, 1 D,0, TMS %5,
1.6 {KINAYRERLSEIE

PL pH =7. 4 ) PBS S BAE R T, 7E 37 °C AT IR ZS IR IR 1 % h HEA T BRI B4R 71245 1
WS, 2GR KA R(0. 25 mg) BT 10 mL iR T, MIA T mL WZEK, SERTEMIE, ITA—
FEA) BSA, IRAA). BRGIRIT . KRS BT 37 CRIRGE AT, EAREECIRE, A S mL
BRI (PBS, pH =7.4) , [HiRHRZ (60 v/min). &M BRI | R B 4 R IBCHR T T 25 W R i
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FFAMIE LB Y23 PBS W R microBCA 5N A4+ ML FH 8 H (BSA ) 7EBEI H BB HOH A, T A
4 p = (4 -0.0082) /0. 0014, HFIFFL 259 REVBERUIAIE, B #0709 mg/mL.

2 FER5TE

2.1 ##A 'H NMR #0 GPC R1E
PLERRE B AL, 235 2L PEG1500 A1 PEG1000 451 %5, 5 e-CL & AEJFRRILR Y. g
MRS H T4 1.

Table 1 Physical parameters of the synthesized PCL-PEG-PCL triblock copolymers

Sample PCL-PEG-PCL" n(EG)/n(CL)“ M. M,° PDI*
Al (CL)7 9-(EG) 5 7-(CL)7 o 1.6 800-1000-800 2650 1.1
A2 (CL) g g-(EG) 5 7-(CL) 4 4 1.3 1120-1000-1120 3400 1.3
B1 (CL) 1y 0-(EG) 34 1-(CL) 1y 1.6 1250-1500-1250 4100 1.2
B2 (CL)jy s-(EG) 44 1-(CL) 1y 5 1.4 1350-1500-1350 4350 1.3

a. Calculated from 'H NMR of EG(4H, 3.63) and CL(2H, 4.04); b. calculated from GPC.
1 J2#4 R 300 MHz 'H NMR 3%, WISt i 9 T FIE IR 4n R . 8 3. 63 (&l 1 1§ ) o PEG %%
Bt FMY—CH,CH,— U4 IEIE, 64.04( 1 Hhig d), 6 2.36 (F 118 a), 6§ 1.68 (K 11§ Db) M 61.36
(B 10 o) M50 %0 PCL 85 B A—CH,—fi . BT PEG BEBrFEE M, Hik PCL #5BAY /T
[ PEG B —CH, CH,—3EH I FRIEIE e 5 PCL ik Bt —CH,—JE A R IE 06 d 9045 5 Eb
(ERZEZXEIE
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Fig.1 'H NMR of triblock copolymer in CDCI, Fig.2 TEM image of 0. 1% sample A2 in water
2.2 MREREIF R
&l 2 R etk PCL-PEG-PCL = Be LR W & S 55 (TEM) fR |, AT ALY ZE s i B i T
K 3(A) FI(B) 4353 3R YI7E D,0 Ml CDCL, i "H NMR %, A #fiilE PCL-PEG-PCL = fix Be 3L
YITEK IR T HA K- I . X & 1 F PCL Al PEG #x BHYE T CDCL,, —FH LIRS E 7
16, AEER, PRI 3 0 BT F#EIETE CDCL, 2 [ B13(B) ]. 7E D,0 [ K13(A) ], PCL
BN TE U A N A%, T PEG ik B R TE 1k
AR Ah5E, BT LA PCL i BERFEIE (1 a, b, c,

d) &FIE K, 1 PEG ik BERRAEIE (& 1e) W15 2 £

B 131 I
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Fig.3 'H NMR of triblock copolymer in D,O(A)
and CDCL, (B)
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PIE 3 FrEiEse T PCL-PEG-PCL =i B it
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2.3 ##AY Sol-gel FIHHE

PCL-PEG-PCL # = ftx Bt L R Yy 77K rpr 24 52 90 A 36 9 R P Sol-gel AHAZRE 7. IREBEERL 1 Sol-gel

N

Fig.4 Fluorescent spectra of sample B1 solution

It 705 T P T L2, I RO e 70 T P e 22 [ Brocipitation :

. OB S RAREESRGEIER 4 MR sl ¢ 8T

Sol-gel 75 FHIA]. %’ ) - . ié
EHFENRIEEE (20 ~55 C)py, FiAm 5 Y7 Gel o

KB R 3 MR, W, e F L L .,

DR M TN (1 6). B IR AR E Ak, S s :

%Eﬂ{gﬂﬁf%?&[@6(A)}%’Eﬂﬂ7ﬁ/§%ﬂﬁf%?§ 2”]l) IJ:'\ 2I(J 2I5 _’:U 3'5 40

[ K 6(B) } s ﬁﬁ?gﬁ}ﬁi{ﬁéf%?&[ K 6(C) ] . i Mass fraction of sample(%o)

et PCL-PEG-PCL #3529 i 55 7K 7 PCL % Bt Fig.5 Sol-gel transition phase diagram

FIZRIK I PEG i BEAUN, Hh PCL i BO B2 B U/ T, 10 PEG i Be U & # 3L 3R W) o 7 IR B
TARPVE. TEBARIREERS, /K1 PEG i BOAUK /3T Z P iU SR 2R, S B8Ot R Y%
TR YR T m, SUBEAVE FHES , BiK W PCL ik B IA) BB K VR FH 33558, AN & 2E Sol-gel AH
AR s R, SRR B A O AR AR IR R 3. AR B 15% ~30% I, BEE
PCL i} B 7353l i 05 1120 (B1) B3 AE] 1250(B2) , 5 800 (A1) IR 1000(A2) , HRYIAYEE
JEARZS I R AL M . X U E PEG R BOEERY SR AE R, HR PCL i B K EE 2 2L R W v
AR B K, SRR S (IR T K VW S R SOK BEI. TR Y B1 B4 Sol-gel
HHAZIELRE R TR A2, WIS HIK PCL A BOR FEAHIT I, 347K PEG R BUIRZ, HRYI) Rk 1k

EEEIETE

Fig.6 Optical images of sample Al
(A) Clear sol, 25 °C; (B) opaque gel, 31 °C; (C) precipitation, 47 °C.
PE— B IR Y) B1 Al B2(PEG 43Tk 1500) AYEERS T 11 FH 3543 41 AL, 76 T B8 A G ik
TERBEIEERCIRA, e ARXTAS S T R A B BEROIRAS. MRS Yu 0 BE , BERARAR 19 R A
JE TR A IREE , TSR S0 K o 4 11 It ERL A2 J5e o I 4 i /KA AR .
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i bRTg, BATA IR Y RBERGS fEal RERR AT 4 B8 (1) PREIEIL Rk hadEd A
AT MUBR , WA R EEE R B 7(A) T (2) BEEIREE TR, R A 55K AH BAE
FHHESR A AT — B WL R 0 2 it — 20 SRS U R BE IS AH LE TR Y A1 A A2, L3R Y)
BI Al B2 H2EKH PEG R BEEKR, A5 KA KRR IR AR, TR R “ i B 45, B
BB 7(B) 15 (3) FEF B THR, BRI L2 K AEREAL (Coarsening effect ) , JE A
R AR, 2 R RS B SRR ] B B R/ N ACRT DGR RN I, B B T AL HR AT DL
AEWEER [ 7(C) 15 (4) Ml mnl, TR GEKE R, SEBORGBIR, M
BRI DITE B 7(D) .

Fig.7 Optical images of copolymer Bl solutions in the test tube at tested temperatures
(A) Clear sol, 25 °C; (B) transparent gel, 34 °C; (C) opaque gel, 37 C; (D) precipitation, 51 °C.
T30, SRR B MBTE 15% ~30% Y, 53X 4 R kL Sol-gel AHAZIREER. T 23 ~37 C IXJH]
FiE NI 37 R 25 W) G e S R R A 1 25 T T A 2K
2.4 MREEINTYRER
P 8 TR MR AR 254 BSA 164 Y PCL-PEG-PCL A /K %E i KXt BT Pluronic F127 1)
RGBTl 2. H & 8 ] UL, Pluronic F127 7£ 1 d 100

NIRRT, A A RO T 3 g
BSA FORERCN I 51160 18 d A1 32 d, &3 T X7 A
2R R . 2 . N

TEVE 8 H, ZHHIFERT 24 h B HOERESES, A £ T2
24 b RBHCEAA PO B TR, X BRI B =2~ Piuronic F127
3 PCL-PEG-PCL SERAFEK TR R T R, Bk T 5 |th ||5 2Iu 2:5 3Iu 35
PEM) PCL ik BOE MU AR A A%, T 27K PE 1 PEG id
i ﬁi ﬂﬁfﬁiﬂ’g 5[‘ gj{* %‘% 7J(‘f$§§ % BSA /g %%ﬁﬁ % 7J(r$ Fig.8 Cumulative release profile of BSA
PEG [XJk, I 5 % o it 4 J2 67 3 4% PEG 5 PCL from hydrogels

) C = O JEEIE RS, 2 AMZ B9V PO S AR AT, K BEIRE e B 25 W 00 & RE B . ek, 9B Y
BSA 435 5 DA% e 19 1 38 DA e () S /KGE B 4 WO B 25 M UiF S 2 B e Se i, R g &
2 23 LA AIR AR SRR

SAh, I 8 AT AR H], 7 PEG B E—E ML T, PCL ik Bt A1 BE X T 245 9 e s R TG
AR SZ, 0 PEG ik Bt AR U0E T 24 REUN R (AnATEN A1, A2 5 B1). 28 Enf IS8~
5. (1) HTHUKA PCLBE TRRHR NGRS, A5 BSA /0 F &AM, SO R B B X 25 Bk
AR K (2) FAKPEHLBE PEG AL TFIORANE, B 5 35K PE254 BSA %A HITLAER. BEE RN
PEG #BUMK B, AW PEG X SE KM R, il BSA 5 PEG % Bt 2 8] (4 AH B F o,
PEMIIR R 2GR HGE SR, X FE R T AL Ml A2 SE/K 20 HOE 5 T B1 Al B2 OB, (IS HEER
J&, R4 Pluronic F127 H1% PEG & fE it 5 TAS SCH B A RE, (B ILEER LR ME ek 25, 45 M7
1 d NEFER, X EESECT AP BE; i PCL-PEG-PCL ZKEERIAE 30 d AT EREE T 523811
g5ty DL ERSGiE], RRY AR PEG i Bok BEFI B AT I BERCALME RE S SRAIE IR B 25 W) e 45 Ak
SR A
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Synthesis, Characterization and Protein Drug Release of
Temperature-Sensitive PCL-PEG-PCL Hydrogel

MIAO Bo-Long, MA Gui-Lei, SONG Cun-Xian"
( Chinese Academy of Medical Sciences & Peking Union Medical College, Institute of
Biomedical Engineering, Tianjin 300192, China)

Abstract The effect of PEG and PCL composition of thermosensitive PCL-PEG-PCL hydrogels on Sol-gel
transition temperature and release rate of bovine serum albumin(BSA) were investigated. A series of thermo-
sensitive PCL-PEG-PCL triblock copolymers with different PEG and PCL block lengths were synthesized via
ring-opening polymerization of £-CL using PEG1500/PEG1000 as the initiator and Sn( Oct), as the catalyst.
Their composition, structure, and molecular weight were characterized via 'H NMR and GPC techniques. The
Sol-gel transition temperature was determined with the test tube inverting method. TEM, 'H NMR, and
fluorescence probe technique were employed to identify formation of micelles of the triblock copolymers in a-
queous solution. BSA was used as a model protein drug. Hydrogels of these PCL-PEG-PCL triblock copoly-
mers loaded with BSA were prepared for in vitro release study, and BSA concentration in the released sample
was determined with microBCA method. The effect of PCL and PEG block lengths on Sol-gel transition temper-
ature and release rate of BSA was also discussed. The results obtained indicated that the Sol-gel transition tem-
perature of copolymers was related to block lengths of PCL and PEG, increasing the PCL length at a fixed PEG
central block led to a lower transition temperature at a given copolymer concentration, while with the enhance-
ment of the PEG length at a similar hydrophobic PCL length, the transition temperature increases. And the
protein release rate was independent of the hydrophobic PCL length, whereas the longer PEG length, the lower
protein release rate.

Keywords PCL-PEG-PCL copolymer; Temperature-sensitive; Hydrogel; Sol-gel transition temperature;

Controlled release of protein drug
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