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Abstract: In this study, we prepared and evaluated a series of biocompatible and biodegradable block copoly—
mer hydrogels with a delayed swelling property for tissue expander application. The hydrogels were synthe—
sized via a radical crosslinking reaction of poly (ethylene glycol) (PEG) diacrylate and poly (D,L—lactide—co—
glycolide) —poly (ethylene glycol) —poly (D,L—lactide—co—glycolide) PLGA—PEG—PLGA) triblock copolymer
diacrylate as a swelling/degradation controller (SDC). For the synthesis of various SDCs that can lead to different
degradation and swelling properties, various PLGA—PEG—PLGA triblock copolymers with different LA/GA
ratios and different PLGA block lengths were synthesized and modified to have terminal acrylate groups. The
resultant hydrogels were flexible and elastic even in the dry state. The 2 vifro degradation tests showed that
the delayed swelling properties of the hydrogels could be modulated by varying the chemical composition of
the biodegradable crosslinker (SDC) and the block ratio of SDC/PEG. The histopathologic observation after
implantation of hydrogels in mice was performed and evaluated by macrography and microscopy. Any
significant inflammation or necrosis was not observed in the implanted tissues. Due to their biocompatibility,
elasticity, sufficient swelling pressure, delayed swelling and controllable degradability, the hydrogels could
be useful for tissue expansion and other biomedical applications.

Keywords: biodegradable hydrogel, PEG, PLGA, tissue expander, delayed swelling.
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Figure 1. Synthetic methods of PLGA—PEG—PLGA diacrylate.
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Table 1. Synthetic Results of Hydrogels Based on PLGA-PEG-PLGA and PEG

Hydrogel PEG-DA SDC? LAGA? SDC: PEG* Swelling ratio Degradation time
samples (g/mol) (g/mol) (by weight) S Su’ (dayY

#1 - 333-1500-333 1:1 1:0 6 60 6

#2 700 333-1500-333 1:1 2:1 10 138 5

#3 700 333-1500-333 1:1 1:1 10 130 14

#4 700 333-1500-333 1:1 1:2 17 248 9

#5 700 246—1500—246 4:1 2:1 10 81 13

#6 700 246—1500—246 4:1 1:1 10 65 24

#7 700 246—1500—246 4:1 1:2 12 88 35

9SDC = Swelling/degradation controller, PLGA—PEG—PLGA—DA. ®The molar ratio of LA and GA in PLGA—PEG—PLGA. “The feed block composition of
SDC and PEG—DA. “S=The initial swelling rate before degradation. “Sy=The maximum swelling ratio during degradation.”The time required to reach Sy.
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Table 2. Elastic Modulus, Stress Relaxation, and Swelling Pressure
of Biodegradable Elastic Hydrogels

Sample Elasticity Stress relaxation Swelling
modulus (kPa) at 60 sec(%) pressure(mmHg)
#1 5.20£0.1 94.7£0.18 6991208
#2 2.32%+0.10 91.5+0.38 471£139
#3 2.00£0.47 94.1£0.32 450187
#4 2.62%+0.33 95.0%+0.39 398+41
#5 2.02+0.32 95.9£0.30 402+24
#6 2.95+0.40 95.4+0.14 425%0
#7 2.25+0.85 93.4+2.81 490+£52
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Figure 3. /n vitro degradation test of PLGA—PEG—PLGA/PEG
hydrogels at 37 C.
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Figure 4. Schematic degradation process (a); photographs of
hydrogels in dry state and during degradation process (b).
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Figure 5. Histological observation of the skin implanted with
hydrogel B in mice. Control(a, b), capsule formation(arrows) at
one week after implantation(c, d), capsule formation, cellular
ingrowth (®), and degradation of implant (arrow head) by macro—
phages at three weeks after implantation (e, f), and massive
phagocytosis of implant at nine weeks after implantation(g, h).
H&E, Bar =1 mm(a, ¢, e, g), =0.2 mm(b, d, f, h). Solid arrow
represents degradation of hydrogel.
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Table 3. Histological Response in Mice after Implantation of
Biodegradable Hydrogels

Implant A B
Time (weeks) 1 3 9 1 3 9

Number examined 3 3 3 3 1 3

Capsule formation - - -

Minimal 3

Slight

Moderate 1

Marked 3
Inflammation - 1 -

Minimal 2¢ 3

Slight

Moderate 1

Marked 3
Conglomerate of M ¢ - - - - 1

w

“Inflammation on the implantation site.
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