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Hx Bz £ B2 47 OSM,-PCLA-PEG-PCLA-OSM, A
G R E pH B EE R

AREWR, AN, FEA, T M YEFE, REW, BKA
(ML PHZY R 2E 25248, YEFH 110016)

FE RADFRREGEM A M ERGES W T Y T Bk B8 Y OSM, -PCLA-PEG-PCLA-OSM, , Ff:X%H:
AT T E5FRAE. R TEIEA G EE TR R BE {SO6] 36 SR 1 W It 57 A SRV BE ( CMIC) DR A% K /N B 43 A
AT T 5, BAE TIREEA pH ST RYIHIE SRS, AL AR W R T 45 S R 0, IRYA A pH
R R A . LR IR MTE —E TR N pH SR AT 2 A iR U - AR 7R

KR pH MUR; IBEERUSR AW RER IBELRY; KB

FESES 0631 XERARIRAD A MEHE 0251-0790(2008)10-2101-06

UTAEAR , B RUBSI LR YIVE N — R B et = 0 AR, © RUh 2B ) TR R & A
PHZ 245 R G AR RH U DT SR 2 — PR B pHL Rl 2 A8 Ak 7 A1 e 17 1) A= 40 T e e e 2R
W) WF 5% T A 52 5L pHL ORI B REURR AR A ) T R i 3 3R ) 2 h B 4R 2 0 ( Polyoxyethylene,
PEO) . H % N/ (Polyoxypropylene, PPO) . HELM& ( Polylactic acid, PLA) . I 2 1R ( Polyglicolide
acid, PGA) , BFLIRF2HE 2 TR ( Poly lactic-co-glycolic acid, PLGA) F1Z . W [ Poly ( e-caprolactone ) |
PCL] 2By Wi s M B L . MR B B SR T A L, WT 40 A-B A i B, A-B-A Al
B-A-B B =i B AL SR Yy, 385 VA i B 2 B AR G R A ik B 5 A BAL A e B, 5
YR FE SRR AL, IR BIATR YT 20K, TR REAPRL R — 5 1SR YE | R 0% i iy P |
B (A AL 5 B AR A 2 e T B — AR R T I A= s e o0k, BT 2 I T E A
HRPRE A YRGB R R | 2GR R AT AR R A

ASCLAAERR (LA) | e-C N (e-CL) . B (PEG) I e FH WEE (SM, ) Ry J5Uk}, S5 ok HITF
ARG EMAMEREGE, G T — R pH/ R B SUE SO A W) 7T R itk Be 2L SR W) OSM, -PCLA-
PEG-PCLA-OSM, , JfXH pH FNREEBURME BT AT T 0F9E, yidt—B 0 T 25 W R i 58 e 1 i

1 SEIGERSY

1.1 KF SR

itf e FH 2 I ( Sulfamerazine, SM, , Sigma /A &) ; TN3CHR ( DL-lactide, LA, Jb5RtEE% &0 F I & H
) 3 e-CINMR (s-caprolactone, &-CL, FH#FHHEIRTA Y AIRAT) ; B HE(PEG2000, AR mirfk
T.J7); 5 ¥R [ Stannous 2-ethylhexanoate, Sn( Oct),, Sigma USA ]; H 3PN it & ( Methacryloyl
chloride, MC, Jt 5 SR AR AT 3 ME 5% T ( Azodiisobutyronitrile, AIBN, [ 72 PU i 5
J7) ; 3-5FENFR (3-Mercaptopropionic acid, MPA, Alfa Aesar) ; — 3358k — V% ( Dicyclohexylcarbodi-
imide, DCC, FIERK AR & BARAF) ; 4-—H FEZFLMELE (4-Dimethylaminopyridine, DMAP,
LT R TAHRAR) ; N,N-—HIEH B (N, N-dimethyl formamide, DMF, KT #4674 FR
2wl HAERIE A ot at.

DF-101B SRR 1A% (VLA ARG B AR AR ) 5 2X2Z-2 Blig v X E 2 5 (VLA i
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MRS TEASWRT ) 5 DZF-150 BUECR MR 2 T4 RN T BB RHMYER) ) 5 Waters 1515 =A%
WA IE S (Waters, USA) ; Waters 2414 75 2247 6H I #5 ( Waters, USA) 5 IFS-55 HIZT AR5 4% ( Bruk-
er, Switzerland) ; ARX-300 BURZREHAR1E L ( Bruker, Switzerland) ; RF-5301PC B2 64066 ( HAS
Bkttt s 15230 BUEOER B (95 FE Beckman 23] ).
1.2 #REXEEH OSM,-PCLA-PEG-PCLA-OSM, HI& B
1.2.1 R4 PCLA-PEG-PCLA & & f&  ARHESCHR[ 7,8 [ 4, RAIFHAR G G HOR B HURI R Y)
PCLA-PEG-PCLA. #%— & lHIFREUE £ PEG2000 . LA | &-CL AUEALF] Sn(Oct),, A THH A
i ESBREG B IEE, T 120 CRB 24 h, BEEER, SR OEVLRE B, 1A K
( <10 C)4lifk, BrEZem. ¥aifb)a IR Y PCLA-PEG-PCLA F% i F B2 T4 48 h.
1.2.2 @ F e (KR 4 (OSM, ) By A ik AR SCHK[ 9 ] HiR3E , K5 SM, ZREAk i iy A5 21 ik Jrde HH i g g
’ﬂjFﬂ%(Sulfamerazine monomer, SM, M), LI MPA A48 K57 , AIBN REET| & F , F*HA Hﬂ%%%ﬁi,
G OSM, . #%— 8 BE R LLFRE SM, Fil NaOH ‘& TR beifii, B/ KSR %, 0 °C T 2123
MC BEZEHAGUUENT . AR E/ KERIR R4 3 h )5, JiE, KUty T2 Es T4 48 h Bif5
SM, M. FREXL—E =l SM, M, LL DMF MR, 76 N, S F LA AIBN fil MPA, F 60 C N 48 h, ¥
HEER, DoKRUER, Sugaifb)s, TEIREZS T 48 h 15 0SM, LR Y).
1.2.3  # B 4 R 4 OSM,-PCLA-PEG-PCLA-OSM, #7 & ik #%— % BE /R L AR HL OSM, il PCLA-PEG-
PCLA 3RY), B FREIEFMT, T 85 CEA T4 2 h, il DMF % f#%. FREGE &/ DCC Ml DMAP, ¢
N, it FHIAZE] DMF #0F, 38 N, S8, IR R 72 b RN, WL, R FREH
SAABLER, AR, IRUTsE, WU, TEEIS T4 48 h, HISHk B ALY OSM,-PCLA-
PEG-PCLA-OSM, .
1.3 IGRERRENE

KHEE (Pyrene ) 9¢ Y6 8 &1 1 I 5E fix B 3L B ¥ OSM,-PCLA-PEG-PCLA-OSM, A4 Ilfi F- 11 o ok )&
(eme) . HE Rl — ZR A0 BE A IR IV, B LA B T 10 mL AR, IR B A X S L R Y TR
HHREE N 6 x 10 ™ mol/L, & kit V- I 43 3 e 45 T W R 2 e i
1.4 HEYRFBBRAZNE

Be il — %2 W PCLA-PEG-PCLA /K W AN AN[H) pH 9 OSM, -PCLA-PEG-PCLA-OSM, W& £k 2% th i
(PBS) , SR HBEOCHRLEE M A 53 5 5 25 137 °C B PRIAR RN o3 A
1.5 HEETEE(PTT)IE

ZMRCHR[ 12,13 )7 E . FRIBOLERYIE R, IAARE pH(7.0, 7.4, 7.8) K PBS iAW # , Bt
Tl B R 15% , 17% , 20% , 23% T 25% WIFERYIER, K LR s % 2o s sy,
SRS N 200 o/ min, R REFKIBZZE AR, FHREFEN 1 ~2 C/min, 0RFRIE BLEE
JREFIAIT H DOTE B RLEE , B AR AT E 3 WK, BCF- 3.
2 #ERE5iTie
2.1 #EEHEEY OSM,-PCLA-PEG-PCLA-OSM, HJ&R1E

KA Waters 1515 SRRAHEIETR , Waters 2414 /R ZPrEREINIES | Styragel R4 (4154 HT3
I HT4 (IBER B 5 (354X, I ik BE L 38 ) OSM, -PCLA-PEG-PCLA-OSM, Y4315 M4y T8 50 A &
B OISR . WA N, N-H R B ; FER 35 °C 5 T 1 mL/ming ARFEARIE M. GPC
ELERILE 1. ARSI ES ST (M,) FESY 5 (M,) 53318 8490 F1 7430, 43F 50 R 2L
(M /M)A 114, Z5F W3 1. RPN GPC B4 A% Bk SL0de iT LU a2 ST A5 21 00 7= 40 o e () 3L 2%
Yy, HA AL A Bk SO e g R ).

Table 1 Molecular weights and polydispersity of OSM, -PCLA-PEG-PCLA-OSM,

1074 M, 1074 M, 1074 M, 10°*M,,, M,/M, M, /M, M, /M,

0.743 0. 849 0. 954 1. 06 1.12 1.24 1. 14




No. 10 AREWRE , B ETE Y OSM,-PCLA-PEG-PCLA-OSM, #94-m B 3 pH #0218 4L B 2103

K2 AR B B LT AN R E SMUM 2T AMiE
B, AE 3037 Al 1682 em ™' &b HY B BA 5 A9 AS 4R RN K S
— CH, IR A 4 iz 2l W i, 26 BH SM, & /B T lkfk
B, 4T SM, M. 7E PCLA-PEG-PCLA [)3tE LT oM
Flr, 3494 em ™' bRy PR SRR BRI, RWERL T LA ‘ . !

Liny - N 5 35
SEEFHHA0 PCLA-PEG-PCLA; 2872 em IR C—H 2 ot
GBI ; 1755 em ' Ab A R R FE A 46 = I IR, 1382 Fig.1  Typical GPC spectrum of OSM, -PCLA-
em ™A B IR C—H X RRAS i IR sl 1094 em ! PEG-PCLA-OSM, block copolymer

Ib Sy C—O fR4EHREE L. OSM,-PCLA-PEG-PCLA-OSM, F4 2T &M ] i 715 Ik Jhie i 5 W Wi e 314 2%, %6
OSM, H1)—COOH 5 PCLA-PEG-PCLA 43 58 3 & A= LK 4 A, 7E 1749 eom ™' Ab T AT 9 56 B4 R 1T
W
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Fig.2 1R spectra of SM, (a), SM;M(b), OSM, (¢), PCLA-PEG-PCLA(d) and
OSM, -PCLA-PEG-PCLA-OSM, (e) copolymers
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Fig.3 'H NMR spectra of SM;M(A), OSM, (B), PCLA-PEG-PCLA(C) and
OSM, -PCLA-PEG-PCLA-OSM, (D) copolymers
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TAFAIRS. 5 SM M AL, OSM, &5 H B TG SOV AFTEAN [ BE 420U 1Y) —CH,—F1 C—H, 435l
1£85.82,5.55,2.87,2.72, 1.48 A PUHFEIE. PCLA-PEG-PCLA J&& /R, B T —CH, F#EIES),
A R AN [ S 4 U 19— CH,—45E 0% T 5 OSM, M1 PCLA-PEG-PCLA (3% &l L4, OSM,-PCLA-
PEG-PCLA-OSM, H145 i B4k 22 #% JEA AH [A].
2.2 ERELRIERE

2 A R A ) B TR SR B RIS A ) I LA ARG pK,, R — 2 /Y pH U . A
SCRAHBEERE, K SM, HHTEHER G, B2 EA — 2R AN OSM, (KR Y, iH pK, #ik A
KA (pH =7.4). 7E PCLA-PEG-PCLA M6 BGS B, ARE PR A SR L S AN, AT R T
FPRE&AR, — R4 a3t R ik, ZRFHRRAE. RACRAFARE AL, 4 LA, -CL Ml PEG 7E/
AR P AR IR G BN B R Y, S A LRE e, ok e, Sy, sEk ik
PIFRE B= PIEMRIRIVERTS , Bk 4n 6 RN, 15 3B L3y OSM, -PCLA-PEG-PCLA-OSM,. DCC
RV ERSE, S N R BT R A SR TSR (DUC) , 5 DCC Btk mE R, A
T g aifh. A BV AN Scheme 1 F7R.
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Scheme 1 Synthetic routes of OSM, -PCLA-PEG-PCLA-OSM, block copolymers
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Fig.4 Excitation spectra of pyrene(A) and cmc curve(B) as a function of
OSM, -PCLA-PEG-PCLA-OSM, concentration in water



No. 10 HAELIE . LT OSM,-PCLA-PEG-PCLA-OSM, #94-m B 3t pH Foif & S 2105

AR A R F A eme 'S BT 4(A) ATOL, MIERY B R T3 x 10 ° o/mL i, 0%
K&AL0H, 1320 % 321 nm, 335 B2 336 nm, XiESE T 3B Y) OSM,-PCLA-PEG-PCLA-OSM, 1E
KSR IE R, SR AW EE/NT eme B, KRR Ly, /Ly 85 HAK P E—3; YREWTK
JEIRE] eme B, EEPIEETER RN T, Ly, /Ly 2RISR MREWHRE KT cme B, HEHSMRAAR
BN TR, Ly / Lo THIEARAS . BERY Ly, / Lo TEL 2R 38 IS X 10 P 85 R R 88 302 S AR T B T I 1Y)
WRE, Bl eme. BERY 1y, /Loy (BN IE SRR BE X B E I LT 4 (B) |, TARIEERY) eme 772,98 x 10 > g/mL.
2.4 HEYRRBARNWNEMBEETERE

TEAIR pH FEE £ F , PCLA-PEG-PCLA H1 OSM, -PCLA-PEG-PCLA-OSM, 38 M1 ok fry ki 4% K
INKA AAE S AN 5 . Bl IR R, PR SR A I SR A R 38 DR R K A A B R, 5
PCLA-PEG-PCLA A, OSM,-PCLA-PEG-PCLA-OSM, "5 7K/ 3 7K 5% B H 9] R K88, I I 1 i
AR R, LIS R, 5 pH =7. 4 Bf AL, OSM,-PCLA-PEG-PCLA-OSM, 58 Wy Jik 5Ok 72 75
pH =8.0 B8/, HEAR R B A A WL A E R, 2% Woo U MM S 78 AT T RE 5
OSM, EA pH U, 7EAN] pH 4504 T HAE K R AL 0K [FAA 6. iAW pH 8 7. 4 B,

30 PCLA-PEG-PCLA OSM,-PCLA- OSM,-PCLA-PEG-
e B} 72 nm, 25 'C PEG-PCLA- PCLA-OSM,
< " OSM, pH=8.0,
£ ( pH=74, 86 nm, 25 C
E 15} 135 nm, 25 C
£ 13
Q
£ 10F
R
> 5F

0 L
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Fig.5 Micelle size and its distribution of OSM, -PCLA-PEG-PCLA-OSM, and PCLA-PEG-PCLA
copolymer solutions at different temperatures and pH values
OSM, I TIERAETE, BFi/KPE, B8 T PCLA-OSM, Za) BB KER 11, TR Rk A% AE K,
RIARIEIN; 5K pH o 8.0 I, OSM, AL TR FHIRES, T T PCLA-OSM, BeZ (Rl BiK/EIT, 2L
G HE B BE RN, AL T2 FALRZS R OSM, 1t 030 F B I SV | R R4k & VR IR A AE,
PARHC H B KEERsEm , AR TR AR ANZ 1 RLTCRE I S A AE T REARE K2 MBK N Z
], B AORAR N, 53R Y PCLA-PEG-PCLA

KR AL, ol

& 6 NILEY) OSM, -PCLA-PEG-PCLA-OSM, £ 50 b
ANIA] pH AR A i B Bt v FE AR Ak th e, T DL Bl E 2 g0t
pH MG R, ARSI B . FRSEIR g R AT, 78 30 |
NRAERE pH(pH =7.4) &, SR K W L A1 201 | . | |
AR IR AR T AR A BRELE (36 ~37 C), ™ T 10 15 20 25 30
(25 C) , BB RS R A I T R Mass fraction(?6)
SRR ?§’ T3 5 é{a\?\i; N E, 1 T 4% Fig. 6  Sol-gel transition phase diagrams of OSM, -
{*Tﬂi@ﬁ*ﬁ%ﬁ, }Fﬁﬁﬁﬂﬁf%?&ﬂ@%%”ﬁﬁﬁ, DLAE PCLA-PEG-PCLA-OSM, with various mass
YRR, SER YR BEE 2 F  E fractions at different pH values

a. pH=7.0; b. pH=7.4; c. pH=7.8.
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KB s sk VER T, PR Y 37 i i K AR A0 T DUSE i ARG A8 IR . BT OSM, fIRER
WIHY pK, $EIE 7.4, Y pH<7.4 I, OSM, &b FE B FIRE, #5354 OSM,-PCLA-PEG-PCLA-
OSM, E KRN, BABMRMHEARE. ~Z, X pH >7.4 B, OSM, 4t F&FIRIRES, LRY
FYB K PERRAG, BIUCARG AR IR T . eAh, FEARIE] pH AP0 T, ARG 78 1R I 25 1 2R Wik 1 348 n i
FEAI.
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Synthesis and pH and Temperature Sensitive Properties of
OSM, -PCLA-PEG-PCLA-OSM, Block Copolymers

HAO Tang-Na, QIAO Ming-Xi, GU Jian-Chun, LI Zhen, HU Hai-Yang, ZHAO Xiu-Li, CHEN Da-Wei "
(School of Pharmacy, Shenyang Pharmaceutical University, Shenyang 110016, China)

Abstract A new kind of biodegradable pH and temperature sensitive block copolymers were synthesized by
ring-opening and conventional free radical polymerizations. The chemical structure of OSM,-PCLA-PEG-
PCLA-OSM, block copolymers was characterized via FTIR and 'H NMR. Critical micelle concentration and
particle size distribution were studied by fluorospectrophotometer and laser size detector to verify the copoly-
mers micelle formation. The results of sol-gel transition show that the block copolymers solution possesses both
pH and temperature sensitive properties. Different block copolymer solutions can form a stable gel obviously at
certain temperature. OSM,-PCLA-PEG-PCLA-OSM, block copolymers could be potential intelligent polymers
materials for drug delivery system because of its pH and temperature sensitive properties.

Keywords pH sensitivity; Temperature sensitivity ; Biodegradation; Block copolymer; Hydrogels
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