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Fig. 1 Synthesis and biodegradation of functional photo-

crosslinked biodegradable hydrogels based on OLAC-PEG-OLAC
copolymers

a) Synthesis of OLAC-PEG-OLAC triblock copolymers by ring-
opening copolymerization of lactide and cyclic acryloyl carbonate
monomers; b) Conjugation of RGDC to OLAC-PEG-OLAC via
Michael addition reaction; c) In situ forming hydrogels via

photo-crosslinking; d) Hydrolytic degradation of hydrogels
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B2, (PEG, Alfa Aesar,M, =6.0 x 10°)
ok 5 R 3L BR K. D, L-IN 22 B ( DL-LA,
Purac, >99% ) F W 2R ¥ 45 & ) 8 . BRO0R 9 4 1R
i Tk R i ( AC) SRR i Scik A ). L (R =
FErE SR ) M BEAE AL ) (97% , Aldrich) | 2 i i R
( Alfa Aesar, 9% ), 3 5] k& #| Irgacure 2959
(12959, Aldrich) #1 RGDC ( #p M F Bl £ k& BR 2
A WK R . U B (CH, CLy) 3 5 &
A5 48 [l ) i H

"H-NMR F Unity Inova 400 %I (400 MHz) F
NMRststem ( Varian,300 MHz) #% #4 3t 33 I 3% 1% )
E , LTS5 (CDCLL) 357 — B AR ( DMSO-
de) U, RGP 45 o1+ W DL 390 e 1) Ak 2 61 7%
TS HEhRE. REWH 7R LS T8 i B
BERE AR (GPC) M 5E , i ] Waters 1515 (&30
A IS AL, RI2410 A5 25 A1 MZ-Gel ( Mixed-C ) &
JEHE. L THF SR shAH , i 2l 3 % 4 0. 8 mL/min,
TREE R 30 °C, FH B4 WA 2R 40 (PS) AR AR
FE . B EE 1 5 BE Jie i) () 9 52 RS6000 (28 3R &
IR A D) AR, 5% F B AR 20 mm, 58
Z A EE #E 0. 1 mm, B %8k 1 Hz, I3 3 K
37 C. WAL e E UV 55556 &, Hoy Kl 365
nm, G #R A] 875 4 0. 38 mW/em”,0.76 mW/cm’
5 1.50 mW/cm’.

1.2 &8 OLAC-PEG-OLAC =8B

OLAC-PEG-OLAC H: 5 # J2& DL B (R = H Jk
FEHE) e A Ak, PEG (M, =6.0 x 107) Ay 5]
KA, AW B, TE 30 C IR A LA Al
AC R 15 8 (B 2), BRE &M 2% Uik
(3477 . 2L Y L) OLAC-PEG-OLAC (x/y) %
N H xRy A B ER LA FILAC B LT L. D
4 1% OLAC-PEG-OLAC (6/8) Jy fiil : 7€ 2 < A4 7
BT T 6 1,125 g (9 PEG (0. 188 mmol) il
0.162 g 1) LA(1.125 mmol) #1 0.3 g i AC(1.5
mmol ) % T 10 mL By — & W Le i 7 b, 48 J5 Pl
JIAK(C XL = HY B e 6 ) e o A Ak RV W (1 miL,
0.036 mol/L) . ¥ Jz N i 4% EHH4p G B th T 48, &
T30 Cm N 3 KRG, 21k . vk £ Tk
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DUVE 2 W, W T B T 24 h 1387 5. 77 3
J7 85% .' H-NMR (400 MHz, CDCl,, &§): 1.1
(m, CHCH, AC units), 1.4 (m, CH(CH,)OH,
LA end), 1.6 (m, CHCH;, LA units), 3.6 (m,

PEG methylene protons) , 4.2 ~4.4 (m, (CH,),-
CCH,, AC units), 5.1 (m, CHCH,, LA end),
5.2 (m, CHCH,, LA units linking to AC), 5.8 ~
6.4 (m, —CH=CH, AC units).
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Fig. 2 Synthesis of OLAC-PEG-OLAC and RGD-functionalized OLAC-PEG-OLAC
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(6/6) S B F1 4 i 5 19 RGDC % ik 14 fift 7 2%
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SRR ER AT RN 2 h 5, BT R ok
N RGDC %5 ik, ¥& VR T4 , 74 3] RGDC ) gEfk
MEREW).
1.4 3Bt OLAC-PEG-OLAC 7K # B B 8 B
B i8] A 77 1 A

JKEEIE LL 0. 05 wt% 12959 1 K651 & 71, i
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B0 HEPES %, S I i £ 15 3] 7K B I 1) B8 e
Fis ] 1 5 5 A e 3 3 s 5w RS6000 7 28 1 3. gk
JREB} ) 52 A A AR HE (G) B FE R 4 (G) A 5C
Ab B TE]. BT T OGS R IR B R G Y E L AC
BTGB X U R A ek TR RC ST [ ) 552
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KB 8 118 ~F- A5 7Kt e o ) B e 1 K RV
R RIFPRE (W), B T BERCTE 2 mL 1Y 22
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JBE P S B K R = (W, - W) /W, x 100% .
1.6 OLAC-PEG-OLAC 7K B B8 Bt/ P& R 1T
A

OLAC-PEG-OLAC (6/5, 6/8, 0/5, 2/5) &
B WIKEEE B 25 wi% R G YW WAE 0.05 wi%
12959 S5 & FIFEE MG IR (365 nm , 3 B 60
mW/cem®) 58 18 5 min 1 £ 15 2. K BRI 0975 ik / [
2 2 0.5 g KBE (JEZY S mm, HEY
10 mm, &N W) LB 5 mL 1§ HEPES 2% i
W, TR 37 C R %K — s i Ja] s BCHS BR
(W), R i AT 3 20 5250 /K B I 1y ik e
=W/W,.
1.7 @piEsE

FH MG63 B 1 20 il > A 53 7K B I 1) 4 i 255 BfS
A K M fg. ¥ i & 47 B OLAC-PEG-OLAC Al
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2 55 R M e, Pl I TR T . SRS A K B M
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2.1 OLAC-PEG-OLAC £ B K&
OLAC-PEG-OLAC = fx Bt 3L B ¥y 2 7 3 ( 3L
S WAL e FEMEALAE T, 38 i PEG I F2 2
51 &R AE B (LA ) 15 P M R B 1) R B B2 15 ( AC)
9 IF 3R 3R 0 45 A 2 (181 2) 70l Y AC/
LA K K B fR/PEG H, B AT A T — &
G120 B A4y T &R [F) ) OLAC-PEG-OLAC 3t 3
Y RALER L Z 1. & 3 ) OLAC-PEG-OLAC ¥

AW H-NMR % [, h Al 3 i 0 2% 2] PEG
B H L0 (8 =3.6) , AC BT 11 TN Jds TR iR AU
I (6=5.8~6.4) WHHKIE(S5=4.1~ 4.3)FH
B (s=1.1) K& LA Bk I (8 =5.2) Al
EIE(5=1.6). BREWH AC Al LA 45319 &
AT DL 3 43 0 e AC XU R LA % I 3 0
5 PEG W W B0 g 1 AR H S A 3. 25 R R W L 2R
Yy () 4 B -8 AT 3E b AC/LA $ORE Eb Rl B {4/
SR A5 2 R A4, 4y 1 i o A B (111
~1.19)(F 1,Entries 1 ~6) . Z B0 T7 1%, I
I H % 7 A& LA ) OAC-PEG-OAC i B 4t
P (3R 1,Entey 7). 3 il 90 % B T A L R W) 7E 25
wt% W i T KR AT s i 7E pH =7. 4 () HEPES 2% o
W .

Table 1  Synthesis of OLAC-PEG-OLAC triblock copolymers®
DP(LA/AC) M, x10"* PDI*
Entry Copolymer

Design "H-NMR "H-NMR® GpPC* GPC

1 OLAC-PEG-OLAC (2/5) 2/8 2/5 7.2 7.1 1.19
2 OLAC-PEG-OLAC (3/5) 4/8 3/5 7.4 8.7 1.15
3 OLAC-PEG-OLAC (6/5) 6/8 6/5 7.8 7.9 1.18
4 OLAC-PEG-OLAC (6/3) 6/6 6/3 7.5 7.2 1.12
5 OLAC-PEG-OLAC (6/6) 6/12 6/6 8.0 8.0 1.11
6 OLAC-PEG-OLAC (6/8) 6/16 6/8 8.4 8.5 1.18
7 OAC-PEG-0AC 0/8 0/5 7.0 7.8 1.26

*PEG has an M of 6.0 x 103; b Estimated byl H-NMR analysis; © Determined by GPC (eluent: THF, flow rate: 0.8 mL/min, standards:

polystyrene)
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2.2 RGD S AkIhBE{L OLAC-PEG-OLAC # B2
)

OLAC-PEG-OLAC -5 Wy #E - i 79 445 IR i
K& AT AT 3 3k 03 B O S I AR B N B R Y A
WIS Pk 4, T 5230 OLAC-PEG-OLAC 4 )
R AW P el (B 2) . 302 5 R s e o A 7K

"H-NMR spectrum (300 MHz, CDCl;) of OLAC-PEG-OLAC copolymer (6/5)

VW AT, BN AR IR, T i AR AR, B
AT AR =8, A R TR EE AR A U
Gy PTG V. TEA S S FRATT R & i 1) RGDC
% Bk & i OLAC-PEG-OLAC B & . K 4 &
RGDC % Jik 77 fiE fk ) OLAC-PEG-OLAC % &)
B'H-NMR &, i T 6§ =2.6 ~2.8, 5.1, 5.4,
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7.0 ~8.5 1 RGDC % Jik g 1 & 73 31 2% B4 19 I 1R

fig S & & UF 52 T RGDC 48 Jik &% i T & 4 3
OLAC-PEG-OLAC R &% L. i & 3¢ ) b /i )5

REW AC LSV AT T B A R R E
) i) RGDC %G ki, 45 . £ B RGDC % fik /8
H32%] T OLAC-PEG-OLAC B4 .
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Fig. 4 'H-NMR spectrum (400 MHz, DMSO-d;) of RGDC-functionalized OLAC-PEG-OLAC copolymer

2.3 KERKH EMRETERERILE

K % W 3E b K OLAC-PEG-OLAC R & W% T
HEPES 2 shs i b, L 0. 05 wit% 12959 K3 %
A, 7E 365 nm (1) 55 4 5k BER 22 1k il 45 15 2] (K
1) OGASHE 5 AT 38 2o 21 40 56 35 25 47 k. dn &
5,76 1577 em "' A i C = C il 45 % 5 06 it %5 48 b
O BB TR BG5BT 20 s 5, C = C 172
PRI, FRWITE S50 45 08 N T s IR I8 e PR sl 2R 17
IR G AT SO . B e il K T, OLAC-PEG-
OLAC WA 15% J AW B 20 s St 4R 5 5k
20% ~25% R E 10 s SGRRER G, BEiE &
ik F| 80% LI I (K 6), 14 H] OLAC-PEG-OLAC
R 5 VS W AT A R S B ) P O B2 Bk LA TR
JRC K B

FHUR AR 52 T 7K B8 e T g ek 78 vl £ A A o
(G") Fnii #E 1L & (G") B i 1a] 19 28 4k, 18 7 52
OLAC-PEG-OLAC(6/6) F1 RGDC Ijj fig 1k, OLAC-
PEG-OLAC(6/6) B & 20 wi% HEPES ¥4,
LL0.05 wt% 12959 k5| &7, 18 37 C &1 F
J11 365 nm 48 (0. 76 mW/em® ) 58 B il # 7K ¥
Ji2 #3781 28 P . F 9% & 3 OLAC-PEG-OLAC (6/
6) KRG WAL LI AR AL 2 3.2 min J5 B AL
BERS , HAGAAAE i G [t o5 4 St B [A] SE T 3 K,
TEZ) 6.0 min J5 3k 2P A 8, 16 58 128 106
3l A 1485 2 4 RGDC %5 fik F] OLAC-PEG-OLAC
(6/6) J5 , &E e i 18] 73 5] W 38 K 2 24 3.6 min FI

208
1

A=1577 cm™

3500 3000 2500 2000 1500 1000 500
Wavenumber (cm ™)

Fig. 5 FTIR spectra of OLAC-PEG-OLAC (6/5)

copolymer in HEPES buffered saline (pH =7.4) in the
presence of 0.05 wt% 12959 initiator at 37 C following
different UV irradiation times (365 nm, 60 mW/cm?).

4.1 min , {H 7K EE B 1 e 2 it A7 158 1 P FE B 1 AR
AN TR 5 1 T Y 2 A S R A 58 Ah O Y i
FEAL M 0.76 mW/em® 33X 376 1 % T 3C #k A 4738 19
P06 5 A 7K 5 e e o FH B ol L R, o
LR G AW %, H OLAC-PEG-OLAC W] 7E A%
S5 R B 5 A7 145 RGDC % Ik 2 RE 1k 1Y /K B

KRN REHR T REWE R E S5 LA
W B R AC B ST HIONT 7K B8 I I 78 1k i 1 5 i) 4] 8
(a)J& OLAC-PEG-OLAC (6/5) &YW, 766
S50 e B 0.05 wi% Fi 58 A 56 s B2y 0. 76
mW/em® )5 0E T, 7K 5k JE B4 fi A7 B Bk A 958 B I
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Fig. 6 Gel contents of OLAC-PEG-OLAC ( 6/5) 18
hydrogels prepared from 15 wt% , 20 wt% and 25 wt% 17 =
concentrations under UV irradiation (365 nm, 60 mW/ 16 g
em”) with 0. 05 wt% 12959 initiator in HEPES buffered : 3L i .0:
2 i o 5 g
saline at 37 °C for 10 s or 20 s ) 14 _5
13 E
< 5}
10% A 1?°
F \I 11
[ Lo 0, 10? 0
3 [F.D'D'D oo 2oo 0.001 0.003 0.005 0.03 0.05
10 o M Jovee AdAAAAAAASDED! 12959 concentration (wt%)
F A
= A/A 0,002'4‘41 444«443232@3Q6 o T 6
a P ot
= 2l | (e} 1 4| —45
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Fig. 7  Storage modulus ( G') and loss modulus ( G") as a
function of UV irradiation time (365 nm, 0.76 mW/cm?) of
OLAC-PEG-OLAC (6/6) and RGDC-functionalized OLAC-
PEG-OLAC (6/6) in HEPES buffered saline (pH 7.4) at
37°C with 20 wt% polymer concentration and 0. 05 wt% 12959

initiator Fig. 8 Gelation time and storage modulus ( G") of OLAC-
PEG-OLAC copolymer hydrogels formed in HEPES buffered

saline (pH =7.4) at 37 C under UV irradiation (365 nm,

[F1) 65 3R 0 R e P 7 A B 17 O 4 SR R W B R

AN YR IE Y N %
gé = %{ﬁ (&mk E}J\ 12.5 wt% ig jJn iu 20 wt% , &% 0.76 mW/cm?) ; (a) as a function of polymer concentrations
H)’?HTJ‘ I‘ETJ }J\ 7.6 min ?}ﬁ //I\ §IJ 0.8 min s 'ﬁ%ﬁ *ﬁ E‘ M (12959 initiator concentration was fixed at 0. 05 wt% ), (b)
2.8 kPa ij(%u 4.0 kPa. ii;% Eh :F‘ Fﬁ% %ﬁ%{lﬁ as a function of 12959 concentrations ( OLAC-PEG-OLAC
E E/‘J i jjl] ) %"ﬁ—l‘. 'M: *H I—k«l ﬁlé JEH ﬂ: ﬁlﬁ % é’ E@ ﬁ‘i ‘}:% Eﬁ HE (6/5) at a polymer concentration of 20 wt% was used) and
%@i le] , }J\ﬁﬁ-?j‘ ﬁliiﬁ%}i@ﬁ%*ﬂ ﬁfﬁ?&%‘f}f i (c) as a function of AC units (12959 initiator and polymer

concentrations were fixed at 0.05 wit% and 20 wi% ,

T A A A0y S I R o T K

12959 J& 3 Pk AR HY — FhOK I 1R OE 51 &,
R Y PRI AE 0.01 wi% ~0.05 wi% B ABEE I [8] A4 w5 7K BE I A9 6 77 55 & dn AT 8
WA 8 20 BT, DR e 3 M T A R Y (b), bt & 5t 51 % 570 e 2 M\ 0. 005 wt% 3§ Jin ]
Fe. WEFER WG N 12959 S6 51 K R f ik BE T LABK 0. 05 wi% ,OLAC-PEG-OLAC (6/5) 7K 5E i ) 5t Jie

respectively )
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AFTEI AN 7. 7 min 3 /0 2] 0. 8 min, i fFFLHE M 0. 17
kPa H i E 4. 0 kPa. 3 32 B2 P A 8k 51 & 7
T DA 5 N TR TR 1 3R A BN RO R L A
7T 4063 6 05 JC T ], 5 00 A8 3K 8 1, 1 o8 /K R 1)
S L (H A% 1 & W & OLAC-PEG-OLAC (6/5)
ARG 12959 5| & 57 He B (1 0. 005 wi% ) TR
I B K B

K EE I HTE R BT AC 35T | P9 4 R g 1Y)
JEREA ST, L T AC 1 7 5 0T A3 4% H 5
JK R J5E B4 U B B[] R 7 2 MR RE. AN 8 (¢) TR,
B3 A AC FRITIY BB W W BE BT (] 3.6
min, i % 8 4~ AC HLIT R A WIHEWMAEKRL 1.0
min B JE 68 B T L 36E JS BE i B 25 AC BLOTEY
RGN, & 8 AN AC B IT W K EE I 1 it A A
HITIAE] 10 kPa DL . X J& o AC HLoTHi) 1
TS SRR EE B 1) 38 165 B 3G, DT & /R T K
B2 1 3 2 5
2.4 BRESEMBEKNTESKE

WHoE T R & Y W A LA oo 8% OLAC-
PEG-OLAC 7K B i 1 8 i 2 5t AT i 2 7K 2 10 52
i) JIT FH A 7K B8 S S 7E 0. 05 wi% 12959 S5 k& 7
e BE 2 A HR ST (365 nm, 60 mW/cm®)5 min ()
AT H AR WK 9 (a) firoR, BEE OLAC-
PEG-OLAC (6/5) BEWE R E M 15 wit% 3
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Fig. 9  Gel content and water uptake of OLAC-PEG-OLAC
copolymer hydrogels formed in HEPES buffered saline ( pH =
7.4) at 37°C in the presence of 0. 05 wt% 12959 initiator under
UV irradiation (365 nm, 60 mW/cm?) for 5 min: (a) as a
function of OLAC-PEG-OLAC (6/5) polymer concentrations
and (b) as a function of LA units

Polymer concentration was fixed at 20 wt% .
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Fig. 10  Swelling/degradation profiles of photo-crosslinked
OLAC-PEG-OLAC hydrogels formed in HEPES buffered
saline (pH =7.4) under UV irradiation (365 nm, 60
mW/cm?) at a polymer concentration of 25 wt% : (a)
OLAC-PEG-OLAC (2/5), OLAC-PEG-OLAC (6/5), and
OAC-PEG-OAC hydrogels and (b) OLAC-PEG-OLAC (6/
8) and OLAC-PEG-OLAC (6/5) hydrogels
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DESIGN AND SYNTHESIS OF RAPIDLY PHOTO-CROSSLINKABLE
BIOACTIVE BIODEGRADABLE HYDROGELS

Chao Deng, Rong Wang, Wei Chen, Feng-hua Meng, Ru Cheng, Zhi-yuan Zhong
( Biomedical Polymers Laboratory and Jiangsu Key Laboratory of Advanced Functional Polymer Design and Application
College of Chemistry, Chemical Engineering and Materials, Soochow University, Suzhou 215123)

Abstract A series of water-soluble biodegradable oligo (lactide-co-acryloyl carbonate)-b-poly ( ethylene
glycol ) -b-oligo ( lactide-co-acryloyl carbonate) ( OLAC-PEG-OLAC) triblock copolymers were synthesized by
ring-opening copolymerization of lactide ( LA) and acryloyl cyclic carbonate ( AC) and applied for in situ
formation of novel bioactive biodegradable hydrogels via photo-crosslinking. The rheology measurements showed
that gelation times (0.8 ~8 min) and storage moduli (170 ~ 10000 Pa) of hydrogels could be controlled by
AC content, polymer concentration and photo-initiator concentration. The results of degradation tests displayed
that degradation rates of these hydrogels could be tailored by AC and LA contents. Notably, the multiple
acryloyl functional groups in OLAC-PEG-OLAC copolymers allowed direct conjugation of thiol-containing
biomolecules like RGD peptides via Michael addition reaction prior to gelation, which provides a facile access
to injectable bioactive biodegradable hydrogels. The preliminary cell experiments demonstrated that RGD
peptide modified hydrogels could well support adhesion and growth of MG63 osteoblast cells. These rapidly
photo-crosslinkable biodegradable hydrogels with controlled mechanical properties, tailored biodegradation
rates,and versatile bio-functionalization form an excellent basis for the development of advanced bioactive
tissue engineering scaffolds.

Keywords Hydrogel, Photo-crosslinking, Biodegradable, Bioactive, RGD peptide, Tissue engineering



