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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 @ 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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poly (ester amide),*® poly (ortho esters),'® polyanhydrides,”” poly
(anhydride— co—imide),'® poly (propylene fumarate),'® poly (alkyl
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A2k % i &, Poly (ethylene diacrylate) (PEG—DA, M=700,
PEG diol(M,=1500), stannous 2-—ethylhexanoate (stannous
octoate), acryloyl chloride (Ac), triethylamine (TEA), toluene,
benzene, dimethyl sulfoxide (DMSO)+ Sigma—AldrichefA
elslnh BuZ AAARA 2,2'—azobisisobutyronitrile
(AIBN)-2 Junsei Chemicals(Japan) oA 931512 methanol
oA 13] Af27gdsle] ARgs19iTh DL—Lactide (LA) ¢} glycolide (GA)
+ Polysciences®l|X 4319109 ethyl acetateolX] 13] 24
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Stress relaxation =

maximum stress at 20% strain

- - x100
stress at 20% strain after holding for 60 sec
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ol=2AS BEAZ tAT 2] So|=2A AEE 22 mL
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OlAAIE. £ vl A (balb/e, 202 g, 6F%) 180122 F44
HEEGE GFE)ENE 7Ktk A7 157Y oPd S84
A PRI - AEEi o, Fddistae] A8EEC] e AL
o #et AL E57510] FAFBATE o EL AR s|==4
A(PLGA-PEG-PLGA'PEG=1:2)$} B(PLGA-PEG—PLGA:
PEG=1:1)& %71 1 mm, A& 6 mm9] k& 4% Bokoz Ak
slo] FHlsidlch

APEES TR 2708 TNy, 47 oRE Al o]4E B
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EMEM, PLGA-PEG-PLGA ASEE I35 A A4
AZA 2] PEGSH 791 A3 stannous octoate &4 o] LAS}H
GAY ANgEsde] ojsle] gAsIeIch e 358 2 sjo)
EEA] 18-S ol HEHRIE 1R R AFAF e B A2 Figure
1o VFERISITE PLGA-PEG-PLGAS ¥41& u] PLGAS PEG
Alole} EHIE TRk sl ASES TEEAY £5018 24
150t} 8k PLGAS] 32498 LASH GAS] EH|E wishAlA F4s)9d
139 F TR AR ES 35N LA/GARRE 1/13) 4/1
2 golxlom £E552 717t 77%, 88%<1%0ct 'H NMRE F-418
A} FHFEATS 742} 2170, 1990019120, 7 gk GPC &4
B2 2H4=2140 and 1940) 7} A2 SARRS: Bklsigic). o7
a1, 5 0] g3 Al ¥Rl B2 GPC 248 B8l 52
AFE(PDIKL.1) & 713E 2RI

'H NMR A#]E#o]x] PLGA—-PEG-PLGA A5EE 255049
EA9AFigure 2() & 6=1.55 ppm(CHz of LA) (@), $=3.65
ppm(CHz of PEG) (b), $=4.20 ppm(CHz of PEG) (c), 6=4.80
ppm (CH of GA) (d) ¢} §=5.20 ppm(CH of LA) (e) oA &5
ek 'H NMR 438 %8 PLGAS) £4% AXhE PEGS] CHyol
ek LAS] CH 9)Z(F+= GAS) CH¥=D) 9] proton@d HIE ulw
glo] Altalith Figure 2(0) ol vERd 3138 X9 §=5.8, 6.2,

glycolic acid

Sn(Oct)y |

PLGA-PEG-PLGA

triethylamine
acryloyl chloride

o] o o]
At A A
o] CHy o] CH, o]

Figure 1. Synthetic methods of PLGA—-PEG—PLGA diacrylate.
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glo|=g412 PEG-DAS} PLGA-PEG-PLGA-DAS] @a&
Aslod AT 1 23S Table 19 2okt PEG, PLGA~
PEG-PLGA, PLGA-PEG-PLGA—DA, PLGA-PEG-PLGA/PEG
glol=2 A4S FTIRE A% 29 PEG AHEH A nlw g of
1734 cmi™ FF¥0lM PLGAS] ol2H|2 AFHC=0) o] =g s}
o] vehd 24& & ¢ Itk PLGA-PEG-PLGA-DAS] A%|E
o= 15489} 806 cm ™ 'olr] Aol Xk olmdelelE 1F
9] B1g7(C=C) ol 23t F55]=7} ek 1 slo| =2 Alelr= jkg
o] oJa) Al S ERsISith

T 1
2 Y

=1
el
o
g

ppm
Figure 2. '"H NMR spectra of PLGA—PEG~PLGA triblock
copolymer (a); PLGA-PEG—PLGA diacrylate (b).
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Bjel WMHS A3 FX18190E | BAMPL] g8o] ArdTe]
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3ol & oTEE PAMS SEITh e 40 Sl 2R
o] 7 Yol ue aitAk ARz AiE wiigel] dojdrk Az
B ARES BT 90% ol 49 4sls vl ol 7S 1
Bap A Zharyze] 71908k ¢ slella wae] A do
2] 8-S 4 4 Qi

meotE s|=2Ale] AagEe el 873 st o)
A B3 7H53AA SAER, 2 AR Table 290 e
t}. PLGA) 37} W2 pHol 93] 71453571 PEGS) $s1/9%}
Be AL A9) M7l sl T2 GEES W] wjEe],® sol=g
Aol BallE 7i&3sl7] ¢l 0.154 M HCl(sotonic to human
body, pH=1.53)& AF&3I3it} o]xe] A7l slo|=2 o] 22
P70l ARFEILE we oPdEQ) BaEE 100 mmHg ©l9d
M o)1 8 Mol AlxE BE Jlo|ls2Al 2AS PAlF)7
s FE3 BEUAHE /I ke AS & 5 Sk

in vitro 2SIAIE. 7712 So)=2A N EZ AMNSI i viro B
3 HIAES 25T BHEAES Sh= 5 HEEE S0
A A7 7S] As-S B48ia Aok Figure 390 Y]
o} SPo|=2 AL Ag HEA] HRE FAIR 6~17H19] HEEE B
P30 F47d 32AR]I PEGE] §o] 28 75 vpd & 27 B8
HI1E vehiolch A vl AR FTHER aAEdT o] A
& slo|=rAle ARl Alge] ZigRalel 71R1sle gt o
A Z7V8R= 22} B8-S BT Figure 4 () sloj=24le] Falla}
e ayez Jehiily, Zxatelel el slel=z g At
of W ey Wsl A Figure 4 () ol BolFa glck. 1golst
7o) slo]=2A Yol Aisd PLGABE 9] £y} 213gel) wle}
sojlzgAle] 7l 7hadle] AuFoR ANy FIE fE
ek 7709 sol= R 23} sFHo] dolupr] A vkt ARt
& BT ol o) SR ALY BT AFEE TETAY st
2 zA5} slo|=249] PLGA-PEG-PLGA/PEG 24|

EdThE 2 & T STk BE A AQARES 2279 4

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) 54 S (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

“SDC=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. $y=The maximum swelling ratio during degradation.“The time required to reach S.
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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+0.18 699+208
#2 2.32+0.10 91.5+0.38 471+139
#3 2.00+0.47 94.1+£0.32 450+87
#4 2.6210.33 95.0£0.39 398+41
#5 2.02+0.32 95.940.30 402424
#6 2.95+0.40 95.4+0.14 42510
#7 2.25+0.85 93.4+2.81 490452
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Figure 3. In 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, c, e, g), =0.2 mm(b, d, {, h). Solid arrow
represents degradation of hydrogel.



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

Capsule formation - - -

Minimal 3

Slight

Moderate 1

Marked 3
Inflammation - 1 -

Minimal 2¢ 3

Slight

Moderate 1

Marked 3
Conglomerate of Mg - - - - 1 3

“Inflammation on the implantation site.
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