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Fig. 1 The chemical structure of poly( propylene fumarate) and preparation

process of composite macroporous PPF/HA hydrogels
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Fig. 2 FTIR spectra of PPF-NVP-x hydrogels ( x%
stands for the total content of PPF and NVP with a fixed
weight ratio of 2: 1)

The arrow indicates the position of C=C at 1630

em ' if any
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BV LRI O, TSR ORE Y R 4 R AR R R
AR A B TF 180 MPa 1 Ik 2] 150 kPa( [#
i 15% ). A UL Ak AR R A &, BT LA



1146 4

=2

%

i 2012 4F

2
£

7 {8 My xh PPF B8 14 9 i A BE A1 ) = 1 BE R 47

PR ABEIT
Table 1  Swelling ratio and compressive modulus of PPF-NVP-x
hydrogels
Swelling Compressive
Samples
ratio (% ) modulus ( MPa)
PPF-NVP-100 9.3+1.7 182 +17
PPF-NVP-50 43.6+1.4 46.9 +14.1
PPF-NVP-30 97.4 +14.1 1.15+0.15
PPF-NVP-15 247 +17 0.15 +0.04

JEE RIS 5 38 B RN, H 2 7] DA AR e
S (14 sl S 225 40 . 451 i Pl S A R AR R (&1 3)
100% F1 50% 75 0T B, B e A B (1) 45 46 5 R B0
DAL A 6 B4 7 2 5 B e 8 X 9 59 o oK, o I

MR R 30% I BEEE A BOUL &5 F 8 15 B M
K, I AT LAWLEE B 3T 1 49 K A AL 254 . i T
Ji O 15% (¥ PPF BERE, LI iy R ik 3 T 1
o DL U6 B S AR B 1) 45 44 B N AL X M 45
oy — 7 AR A T 4 oA S e, I — 5 TR K
%7y s RS Ul A A RV TR K
BRI L2 ¥ I AN BB 5 42 % R T AR K A6 T Y AR
A& B A [ AR 2D R TR IR K BERE B 25 7
— R L ATH IR RE RS B et 7K I I D i AR A 0 5
[ sl A Al ks B il an, e B2 IR ) PFE 7K 58 2 FE A
(1 LA B S g A, 5 P HG DA o 5% T ) % A 2
AR

Fig. 3 SEM images of PPF-NVP-x hydrogels: x =100 (a), 50 (b), 30 (c¢) and 15 (d)
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LR 25 SR B K BE S 1Y) 7 2 1 e R fOW 45 4
AR SCHEFE 30% 5T it 43 B K BE S i — AP il 45 HA
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FALFVEE AT A D S A B AR B TR BE R
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M fLER A K (85.0 £4.2) % , 5K fin HA ) PPF-
NVP-30-280 LB (86.1 7. 1) % —3.

SEM Wi 2% 3F B, PPF-NVP-30-280 (& 4 (a))
F1 PPF-NVP-30-HA-280 ( [&l 4 (b)) ¥y E. A5 S L %I
EKBRIE B TR RALE M, FLAR KD 5 AL R R

FH—FC R RE B ROLHE (K 4(c)) BB
HA 9K 0k 5 s Sy MRS (Bl 4(d) ). & 4 (e) AN
4 (1) Sy Z LK B Jee i g £ 380 LS 8 00 i
TEM B, WAl LLUE 18 A HA J5 , HA 44Kk
TR T REY IR ML F W, I LA —E

PPF-NVP-30-280 7K #E it (1) i 4 158 1 o (22. 4
+4.5)kPa, # o [F] R ¥ 5T L 61 0 i 2L ) Y
IKEE L S 2 PERE R K FRAIL. 48 4% 9% HA J5 1
KU JE 11 i 46 A5 0 (36.0 = 7.7 ) kPa JRAF A SR 4
i, /A b PPF-NVP-30-280 341 T 61% , 15 BH K 4
F1R) 290 KR T R 3] T 48 5 K 95 i A ) A
2.3 SAEAKRRRENHEKAIMR

A MRS K A TURR B9 8 77, 5 R R 4
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PPF-NVP-30-HA-280 porous hydrogel

Fig. 4 SEM (a~d) and TEM (e,f) images of PPF-NVP-30-280 porous hydrogel,,and PPF-NVP-30-HA-280 porous hydrogel

LT 78 5T 1 200 A4 S 1 i 4 A DL AR I i 1Y)
Al 1% YA DG R I 38 2o A UL YR I T R K
0 SRR B T A B — R R
ARHFFE o, Sl AR S W g, R 1.5 x
SBF HF 5 2 FL /K BE i 10 7 fb 1 R

SEM MR 7R (8 5(a) ~5(f)), 45 10 K
()R 4B (K Y 5 93, PPF-NVP-30-HA-280 ) K fL %
A T 4 wm 2245 0B K A7 GOk, 5 Ok B
JEAG K L &5 #7845 4 X AL I 7E PPF-NVP-
30-280 Fll PPF-NVP-100-HA-280 %1 4 % B BH & (1)
WK A DU 5, R AL 2 T A5 4R 48k O . EDX
iR (18 5(g) ~5(i)) , 8 )5 PPF-NVP-30-
HA-280 1 H 8045 T 2 A o6 2 A0 R A 0 | Ji 14X
ZHoh 2.1, 8T HA 4 A S 4L ag 1. 67, 1] BE
[Fi) B A7 JFL Al 7 =l 5 R S 45 6 A= . R4S SEM K fig
1E PPF-NVP-100-HA-280 b % i BH S (1 W JK 7 Bk
IREEH BB THEB R T HA IR R LS LR
R RF A D6 . 5 4 Ak L 75 8l o0 22 A W R 5, T T
W% F]. PPF-NVP-30-280 ¥ 47 W 8% 3] 1 2 19 45
WO R R AR 0%

XRD g5 R (K 6), 4643 10 KA# 1k, A

[F] (Y #F i 76 B K A FF AE % (25.9°, 41.7° Al
45.5°) RhAYT S 0 A AT — s AR T A B 0 {E AR A H
A i, PPF-NVP-30-HA-280 ZZ b 5 B &, 15 B O
TEB Ak 72 o OB 0 B S R B K A 45 4
PPF-NVP-30-HA-280 Hi -4 K 2 KL i K A1 4
TINAANE R A% B A2 85, R 1 8% K A DL
T 5 2 17 A 4 22 B 45 51 PPF-NVP-100-HA -280
WA R B RO X2 T PPF A
TRSE R 5 G40 3 F B0 |, 728 FE W K A R 1 A 1
TESLEE Z e 5 Ah BLER B HEAT W) o A 46, ME LA
VB R BUAZ B A7 8, DT BELAS: T 8l K A1 A 8 i R fL
FET A TR A5 A B, AR BB BE 7
— R LW XTI gE R . B R 41
25 RULHT ORLRE B2 8 R 0 R 2R A R L X b
B R TC B HERR & B T HA 7E 3R T 1Y 43 A1 3 .
456 XTIy PPF/HA bR Ak 2 B2 AR AR i 3 52,
A HA B 2 FLKEE AT DL Ry A 25 i B8 fE % K
A1 A% B L 5 L K B T G ) ) S A A BE T, A
M358 7 PPF (8% K A7 DUARME R 3 46 45 S 130 1]
HA (9525 7T DU R & PPEF 22 LK BE I i) i
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PPF-NVP-30-280

PPF-NVP-30-HA-280

PPF-NVP-100-HA-280

g Cl ;
Z 672 Z o] 2 457}
(=} o [=]
S gl ) S el
= 504 = 481+ P > 343
z iz 2
233%6f A g 1t 5 28
> OHa > cl >
E 168} i 160} i 114
K C 5
s 5 0 0
1 23 45 6 7 8 9 1 23 45 6 7 8 910 0 2 4 6 8 10 12
Energy (keV) Energy (keV) Energy (keV)

Fig. 5 SEM images (a ~ f) and EDX spectra (g ~ i) of PPF-NVP-30 porous hydrogel (a,d,g), PPF-NVP-30-HA-280 porous hydrogel
(b,e,h) ,and PPF-NVP-100-HA-280 porous hydrogel (c,f,i) incubated in 1.5 x SBF for 10 days, respectively

a) PPF-NVP-100-HA-280,10 days

b) PPF-NVP-100-HA-280

¢) PPF-NVP-30-HA-280,10 days
41.7  d) PPF-NVP-30-HA-280

¢) PPF-NVP-30-280,10 days

PPF-NVP-30-280

259 f

2 455

g ) C

2 b
A N L C
A €

1 1 T f
20 40 60 80

20(°)

Fig. 6  X-ray diffraction results of different porous hydrogels

before and after mineralization in 1. 5 x SBF for 10 days

TSP BT 10 45 B — 20 e s ] TR R RE
S B LS 5 (& 7). PPF-NVP-30-280 J% PPF-
NVP-100-HA-280 #f i 28 8 10 K (1) B UL 44 ¥ &b
B, TC ML O 0 B I 2 0T LAY R e ik
® ZA T R KA 1) PPF-NVP-30-HA-280 Ff
vite B R R] 08 385, JE ML L 41— BT B dR
) 13% K5 T 10 K5 B 24% , Fe 28R XF BERE

30

Il PPF-NVP-30-280
[C—J PPF-NVP-30-HA-280

251 PPF-NVP-100-HA-280

W

20

15

. 7‘ 7
10
5_
0
0 4 7

10

Inorganic matter content (%)

Incubation time (day)

Fig. 7  Inorganic matter contents of PPF-NVP-30 porous
hydrogel, PPF-NVP-30-HA porous hydrogel and PPF-NVP-
100-HA porous gel incubated in 1.5 x SBF for different time

PPF-NVP-100-HA-280 ( RI#£#" 46 10 K ) TTHL & &
By 1.7 £

3 #Hig

K HBERE It 5 NVP SR8 & T
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FABRICATION AND MINERALIZATION OF POLY (PROPYLENE
FUMARATE ) /HYDROXYAPATITE POROUS HYDROGELS

Chen Ye, Zhen-hua Li, Dan Li, Chang-you Gao

(MOE Key Laboratory of Macromolecular Synthesis and Functionalization ,

Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027)

Abstract Biodegradable poly( propylene fumarate) ( PPF) was synthesized by a two-step method, which was
then copolymerized with N-vinyl pyrrolidone (NVP) in 1,4-dioxane to fabricate PPF hydrogels. By changing
the relative contents of monomers and solvent, hydrogels with different swelling property and mechanical
strength were obtained. Generally , with a larger volume of solvent the hydrogel had a larger swelling ratio but a
smaller compressive modulus due to the existence of pores in the matrix. Considering the balance between the
hydrogel swelling and mechanical strength, a composite hydrogel with a macroporous structure was further
fabricated by mixing 30% PPF and NVP,3% hydroxyapatite( HA) nanoparticles and benzoyl peroxide in 1,4-
dioxane, following by casting the mixture into NaCl particles (280 ~450 pm as porogens) , polymerization and
removal of porogens. Addition of the HA particles increased the compressive modulus of porous hydrogels by
61% . Due to the sufficient exposure of the pre-loaded HA nucleation seeds and the good ability of medium
exchange , significantly faster apatite growth was found in the composite macroporous hydrogel after being
incubated in simulated body fluid,demonstrating that the PPF-NVP/HA macroporous hydrogel has better bone
formation activity than the pure PPF-NVP macroporous hydrogel.

Keywords Poly( propylene fumarate) , Nanosized hydroxyapatite, Porous hydrogels, Mineralization



