510 0] [

2012 410 A

ACTA POLYMERICA SINICA

% j:li No. 10

Oct., 2012

AEREERAMELFERLRYBRAOREEDT LHAR

Bk

CriERERAEHTR

¥ £ TE®R

(Ui ERRE BB T BT AR R B R g

» B HEA

100190) (* rh E AL e i A2 TRBPIZT  dest 100190)
100190) (* b5 BUKFE B Bedb 50 @05 F AR BT Jbst 100035)

M OE R[] 3 SR A R s R R RE P B 2R C AR -0-3 £ TR R W) (PCL-b-PEG) |, 3 5 BURL W
R R 5 T — R BA A [ 2 1 BT A4 A ) I i o8 20 T ROk SR T AR ST AR Y 5 ik LR IR A1 18 i
PRCER T 2 — 20 30 3 41 A P B B 0T 3 XS R AT S SR O HL 1 R 4SO sk o T R T S L

SR AL BT 1 0. WS T R T 2Kt HLBE B |

B RE P LA R A I [ X6 T B R A1 T8 B S R

SLHR A5 R R W] BEE SR Y b PEG 5 BN, ok 2 T KRS B2 A 3 K P 3 DAL b (R 2 T K A i B
(7 B Al ok 382 T PR LA B A Al I T A T A 2 X Bl A ) TR R AR 77 A I A 2

KGR R RE, ROk, BEKAO, EWENGT L

A= W W A 0 15 2R R (2R 2 TR (PCL) (2R
FLER (PLA) ) HH T HA B4 0y 28 W A 25 PR ] 4%
0 % A 0 3, PR w2 2 TR S AR Y Al
£ LU R JRURL 5 B4 2R W W A 4 T ok
H IR AR R 0 R kP, Bt DL HL A I A S 48 44
AT LG AP D0 8, B8] T mT Sy 240 B £ 0t R A K 4R A
B R m AR, a2 il o iR v S e oy X e R
AN LI ) 2 2R dhe A3 45 R A 0 R v 0 RORK
AR B AETE B — L6, kY B K 1 AR T
RE R = 2E W 3 M A 5l S0 R R T A0 L E T
BRI A Z B 2B, S T 52 W R BR AR 2 8UB 52
(R 07 T, PAT IG5 00 R A7 vk

VAR W 3% M W A o 4 2 TR S R R
— Fofi R SCPE J7 ¥ B K A7 (apatite) J& AR
T A EE LT, BA R
YRR PR AR O R PR S TR S
B 1990 4F Kokubo 45" 3 i A= ) B2 #0141k
B 75 3 ( biomimetic mineralization method ) ¥F #1
FEFR T R 5] A BE K A, Bl S X R 7 E 05
TEEFATRY Tz O B AR o AR e A R R
WTE T % BE i B9 B L IR W ( simulated body
fluid, SBF) v, SR J5 75 b BL & 100 A= 18085 K £ .
X — 7 ¥R B SN S AR R, TE — o R B
TR E P 0 i R e A4S B o
TRAT 5 KSR AT R AL A

I AT S A R AT Ak Y Oy i A R AR
WIEE CHESH U RS E B AN AR
Fy 050,

A6 HE WA P — el A 1 F ey 4 28 1 SR T
FE B KA AE B IR L T b R UL T R R R M A
. B RWEoE 3 B, 5L B R Y 2% M T AN Ak 2
B RE ] T 52 K S R s X W R R
R A L R R AR AR L Al A
SIS G AT 1) 3k AR ) 8 K A e M kLR T
(75 4k L BL. Tanahashi 25 58 1 [ 41 26 00 2 4
SEO B0 AR AT Ak 52 5, & IR 1) fig Ak A i
WK 44 % % 1 BE J1 A POH, > COOH > >
CONH,~ OH > NH, > > CH,=~0. ki Haix T
BB Y Trek 2 T o %k A A R b o R v K
AT LR 52 W0 T 5 A4 /0 L.

KT AV MRSV HERE T AR TR
F T R L A S, SR FH AR ) RS Ak ik v L gk
17 2 HB M, BIF 5% i BR 3 1w 1 5 X 8 K A TE Bl
fR B2 I 2 1 o0 A R SR AR TR SR UL
FEREGHET — R R NER--R O
R Yy (PCL-b-PEG) st 3k , i@ i B2 L R Yy 4
BRI 43 T B B S R RE A1, 19 2 B AT K A 2 i
PR B Bk o e Bk 0 A B AL A SE 5
WFSE T A E 3R W26 K o ORLRE B LB g A DL &
i [R] X6 T Wi K A B A 5

"5 A AT S R R I 520120503 WicFi ,2012-05-28 & 5 [ 5K 1 AR BLSE Ik 4 (FE 425 51003109,51025314 H1 50573085 ) 1t [

B2 B fmg M Se S B £ W03 H 455 XDA01030301) %5 B35 H .
s @ THIE 22 A, E-mail ; zhgan@ iccas. ac. cn
doi;10.3724/SP. J. 1105.2012. 12132

1157



1158 7

I

?

i 2012 4F

%

1 ZBES

kil & T R A AL R = A B R D
-2 2 L B W) PCL -b-PEG -Z ( Hirh x 1 y
533 PCL FI PEG Bty F i, Z QR A ) oy 5
BREA) , Bk 7 B Sk i S R A
PCL, -b-PEG,-NH, , PCL,, -b-PEG,-NH, , PCL,,, -
b-PEG,-NH, , PCL,,, -b-PEG,, -OCH, Fl PCL,-b-
PEG,,-COOH.

L5 AEREHA M (1. SSBF) il 2% BT JH s BL 1
S} 4y M1 46, Hovh NaCl, Na,SO, . (CH,0H),CNH, .
P b 5 Ak 2= 3 ) 2 \) A 775 NaHCO, , KCI,
HC1 #1 CaCl, fidbntfk T.J 4 7= ;K,HPO, - 3H,0
F b 5T 25 FRE 40 46 2% & A7 BR 28 7] AR 77 5 MgCl, -
6H,0 ()" A=l 3k o 75 Bl Ak T2 A 7. 1. 5SBF il
W7 ¥ B AR L2 % Sopk e
1.2 HEREHIEIE

SR FH WU 8 00 4 o 45 R W ek
HAEHEH 7.5 mL, 5% [ PCL-b-PEG/CH,Cl, ¥
W, 1) SR G WV W P A TSR T A 0. 1% 1Y)
PVA JKEE W 0.5 mL, [a] B FH 8 75 35 40 Jf A i AL
(IY922D, 7 I Z A W B e A A5 BN /)
TR A AR R W FLI, SR 5 T = IR T 4P 3L
I N # 1E AE MU SE£E 9 160 mL,0.25% (¥ PVA
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¥R G155 PCL-b-PEG 3K , BE R IFIAR.
1.3 k&L

¥ PCL-b-PEG f§ Bk & F 50 mL %8 %} 5.0
WA A & 1. 5SBF 321 ,37°C F 16 i %
PR Hp (] BRCIR 3% , DA e 7 sk A5 R 40U Y 7 2 f.
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BRAEAT I
1.4 fERRIE

¥ PCL-b-PEG 13 BR FH XUTH 2 [ 58 78 1 48
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K H #4342 (Pyris 1 TGA, Perkin-Elmer
AN X6 PCL-b-PEG i3k 3 47 M 3. ] €
441150 ~750C , FF iR % 20 K/min, N, S 4%. M
o H AR AR AT B R B K A4

WAk 8 PCL-b-PEG B0ER JH T fA X-3F 2k 437
FHX(D/Max-2500, H 7 B 22 /0 &1 ) b 47 03, 0]
K5 CuKa $F4E (A = 0.154 nm, 40 kV, 200

1.1

mA) FAE Dy 260 = 10° ~70°, $9 4 B N 8
(°)/min.
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A ERIE /N oRE . B W 7R [R] — By iy 8] T B E R &
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A S5 BR K.
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Hor e 210 3941 23. 5940 o4 PCL (R AF 16 65 Jm 350 X
BURKJE T LAFE B 3 20 i3k 7E 25.9°,31.8° ~32.2°
SR BT WK AR 2 SRR D, 150 I ek 3R 1T AR
BT B KA. NI 2(B) 3 ZH ek 234 20
KIGH) TGA 25 ipal L4535 PCL,-b-PEG, -NH, ,
PCL, -b-PEG,, -NH, 1 PCL,,, -b-PEG,-NH, & &1
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PCLk-b-PEG g-NH, PCLok-b-PEG x-NH, PCL;0k-b-PEG ¢-NH,

0 day

8 days

20 days

Fig. 1 SEM results of PCL-b-PEG-NH, microspheres with different PCL/PEG ratios after immersed in 1. 5SBF for different days

B, BE— 2R XPS XL 20 RGIERYBOERIE N T IR KA Ca/P =1. 67, BLWI LI Rk 3%
117 RAE. RIBEE R R VIBH MR Ca/ PY TR KA R B S5 I 5835

A
100f B 2) PCL g -b-PEG c-NH,
b) PCLyoy-b-PEG -NH,
80t ¢) PCL;o-b-PEG ¢-NH,
§
5 oot
o
=
TR N T R R T TR T E 401
26 27 28 29 30 31 32 33 34 35 E
7
o 20F
b
1 1 1 1 C d 0 1 1 1 1 1 1 1 1 1 1
10 20 30 40 50 60 70 0 100 200 300 400 500 600 700 800 900
20(°) Temperature (°C)

Fig. 2 (A) XRD and (B) TGA results of PCL-b-PEG-NH, microspheres with different PCL/PEG ratios, having immersed in 1. 5SBF for
20 days: (a) PCL,x-b-PEG -NH,, (b) PCL,-b-PEG,(-NH,, (¢) PCLyy-b-PEG,-NH, and (d) commercial hydroxyapatite

Table 1 Ca/P ratios of PCL-b-PEG-NH, microspheres which were 2.2 A ﬁ%ﬁ%"‘ﬁ‘g PCL-b-PEG ﬁ;}kﬂ"]ﬁrﬂ

immersed in 1. SSBF for 20 days & 3 ':F’E’:J 3 éﬂﬁﬂ?%ﬂﬂ*ﬁ ﬁ;@%%gﬂﬁixlﬁ]

Flement PCLoy -b- PCLyy -b- PCLgy -b- Ui 5 RE AT A 3R 5 W P il 4, G b 3R SR W ok K B

composition PEG,y-NH, PEG ¢ -NH, PEG,-NH, o E{]}'{\L”‘i}»%uwﬁ—OCH —_COOH fl—NH }J\
Ca (at%) 0.73 0.83 0.29 iy iy i 3 2"

P (at%) 0.51 0.58 0.18 MRl LLUE B TR Y09 PCL/PEG L i 41

Ca/P 143 143 .61 [l ,3 2R ek B R T TE S A 22 AN K. SR dhy T 6 2R
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Tl Bk o T B K A 5 R b, R OR U B o A T
Bk 2 1

XFF R R Y PCL,-b-PEG -
OCH, ek, i T A= ¥y B L Ak i 72 P I i
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BTy NIRRT % . A BE— TR SEM iR
Jr (P 4) JE B3R 3 21 ek T 64 B K 0 2 2
HT T 22 40 R JRE 1) W K A P R O
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Fig. 3 SEM results of PCL-b-PEG microspheres with different surface functional groups, which were immersed in 1. 5SBF for

different time

Fig. 4 Enlarged SEM results of PCL-b-PEG microspheres with different surface functional groups, which were immersed in 1. 5SBF for 20
days: (a) PCLyy-b-PEG,-OCH,, (b) PCL,)-b-PEG,(-COOH and (c¢) PCL,y-b-PEG,-NH,
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Fig. 5 (A) XRD and (B) TGA results of PCL-b-PEG MS with different surface function groups, which were immersed in 1. 5SBF for 20
days: (a) commercial HAP, (b) PCL,y -b-PEG,,-OCH;, (c¢) PCL,) -b-PEG,-COOH and (d) PCL,y-b-PEG, -NH,

Table 2 Ca/P ratios of the microspheres prepared from PCL-b-PEG

with different end-groups and immersed in 1. 5SBF for 20 days

Element PCLyok - PCLy -b- PCLyo -b-
composition b-PEG,y-OCH; PEG,-COOH PEG, -NH,
Ca (at% ) 1.35 3.57 0.83

P (at% ) 1.03 2.61 0.58
Ca/P 1.31 1.37 1.43

PCL,, -b-PEG, -COOH Tk BR e 1 A A R T
f—COOH 3175 5 45 4 1. SSBF o {145 85 7 9f
1 S A7 4351 B B AT AL PRt B 22 1 I
LV 51 53 A, % T 4 A IE R 19 PCLyy, -b-PEG -
NH, 4Bk, —NH, [ 77 76 1] LU i 45 4 1. SSBF

A

HIBERR A SR 5 45 6 45 B, 4k 1T 5 & 0 K A 12 1
BRI A A T A2 L A STk AR 1 T i 2 ]
% 8 K A8 U RE 1o . COOH > > NH, > > CH,
~0. SRIMAE ARSI, TCA 5 HIF I 3 4 fEk %
A KA & EAMZEAZ. X2 T TGA I
JT SRR AE il ) B Ak B ) K (20 R BT S, ALK
Ji R R — 20 ) SRR A
2.3 HHE B A TR

K 6(A) &R dh HAP fIfE 1. 5SBF il A
[l 15} 6] f) PCL,y -b-PEG,, -COOH Bk i) XRD 4%
HN K By R Rr LR BNR M 4 R JE Ok
XRD 25 2L [7] Y& A 1 Ak 19 ol B3R 56 A 40 [R], 0 07 4k

16
14
12
10 |
8 F

Apatite weight (%)

(=S )
T

0 4 8 12 16 20
Immerstion time (day)

Fig. 6 (A) XRD results of PCL,x -b-PEG,-COOH microspheres immersed in 1. 5SBF for different time: (a) commercial HAP, (b) 0

day, (c¢) 4 days, (d) 8 days, (e) 12 days, (f) 16 days and (g) 20 days; (B) Apatite weight which was calculated form the TGA results
of PCL,y -b-PEG -COOH microspheres immersed in 1. 5SBF for different time
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3 i

2 AN WL B0 B K A R AR 0 AT i) X O A
JRATE(002) A1 (211) (112) 1. Fifi 5 ¥ ¥ i (8] 1
FE R 3 AR AR W 4 iR 2 3, 156 ) i IR 0 B T
Y HE S, ol R 26 T A 5 B 2

HE— 25 6 B 4k A [6] B 8] () PCL,y, -b-PEG, -

COOH ¥ BkitAT TGA MK, 51 6 (B) & 1 TGA 45
ESEEINT € SN R N iR A N U AL
A LA B ek b A B R A S BB R B AL I ) Y S
Kimsgm. &4k 4 KI5 Bk a e 5% a0
TR AH 22 AN 22, U0 W 0 BF 4y 9 K A 1) LA A .
b 8 K5 2K H AR Ay i W 4, SR ) Bl G 57 1 g
TR 1% 38 o, ARl ek 1) 2 . 5 A% 8 T 349, 58 P AL sk
TR THT A B R A7 AR T i A 14 2R 3.

SR HAT AN [ 3 5y 21 780 R0 sy 6 B AE AT B9
PCL-6-PEG, il i NCFL I 5 A ik il s A5 B HAT A
[ THIRELRE 2 53 K P RE AT A= W B i 3R 2 W)
AR, Tk ) AR AU LR R W BEE IL R Yy
PEG &5 i BN, SCRR 3 1AL 32 038 Kk A 1
AR Tl X Ay F) 5 1 M. ) e ek 2 TR fE
VA AN Ta] At 2 6 8 KA 1) T B 23 A 7 A ] 3
M. B A BSF 18] B4 38 i, ol ek 3% T 9 K £ 5 0
. AWFFESE R, Al i 98 R YAl A R A
LI 7 1 K AR AR R AR P o, 1k — A5 S 4k
P[] 25 25 F A RO , R TRORR 32 Tl I A1 T . AR
BIFSRE by ol A0 A A 0 it i 01 ORR 3 T 114 28
BE A= AT A SRR A
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BIOMINERALIZATION ON COPOLYMERIC MICROSPHERES SURFACE
WITH DIFFERENT FUNCTIONAL GROUPS AND COMPOSITION

Xu-dong Shi', Yu Zhang’, Guo-giang Yu®, Lei Sun®, Zhi-hua Gan'
(' The CAS Key Laboratory of Engineering Plastics, Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)
(® Institute of Process Engineering, Chinese Academy of Sciences, Beijing 100190)
(* Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)

(* Beijing Institute of Traumatology and Orthopaedics, Jishuitan Hospital, Beijing 100035 )

Abstract PCL-b-PEG with different composition and functional groups were used to prepare microspheres
with different surface properties by means of the double emulsion solvent evaporation method. Then, the
biomineralization of microspheres was performed in the 1.5 simulated body fluid (1. 5SBF). The effects of the
hydrophilicity, roughness and functional groups of microsphere surface on the formation of apatite were
studied. It was found that the higher molar ratio of PEG to PCL leads to rougher and more hydrophilic
microsphere surface, which results in the formation of more apatite. The functional groups were found to have
great influence on the formation and distribution of apatite on the surface of microspheres. Apatite was
distributed homogeneously on the surface of PCL,y -b-PEG,,-COOH microspheres. Moreover, the amount of
apatite on microsphere surface increased with the mineralization time. The biomineralization had an initial
period of ca. 4 days for apatite nucleation, followed by normal gradual growth. The results of this work
indicate that the surface properties of microspheres such as hydrophilicity, roughness and functional groups as
well as the biomineralizaiton time could be used to control the apatite formation on microsphere surface. These
results are expected to be used in the construction of tissue engineering scaffolds.

Keywords Aliphatic polyester, Microspheres, Apatite, Biomimetic mineralization method



