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Abstract: In this study, biodegradable superporous hydrogels(SPHs) with fast swelling and superabsorbent
properties were prepared using biodegradable crosslinkers and their physicochemical properties were
characterized. A biodegradable crosslinker (PLA—PEG—PLA DA) was synthesized by a ring opening
polymerization of D,L—lactide (LA) using hydrophilic poly (ethylene glycol) as a macroinitiator, followed by
diacrylation of the end groups for the introduction of polymerizable vinyl groups. Various kinds of hydrogels
with different chemical compositions were prepared and characterized in terms of swelling ratio,
swelling kinetics, and biodegradation properties. The synthetic results were confirmed by 'H-NMR,
FT—IR and GPC measurements, and the porous structures of the prepared SPHs and their porosities
were identified by a scanning electron microscope and mercury porosimetry, respectively. The
physicochemical properties of SPHs could be controlled by varying their chemical compositions and
their cytotoxicity were found to be very low by MTT assay.

Keywords: biodegradable hydrogel, fast swelling, superabsorbent, superporous hydeogel, PLA—PEG—PLA.

NI SRz S FRICE! EERL AR Aol ek vkt 3
Blsl e 7K Srakle] WSl & glor] ANEoE T
= ool =) & G AE ZhiE oA Rzl 5 ekl Qlorm® iAo} wA|e] SR A3EE k= Flo] 54
TEE 7, 3897 sl kel o8l 88 ) olefst ‘—f«\ o7 Aol T2 FFE 7o R Sl e
T80 FFAJ o7 Qe e ko] B8 Ba g Fol|o] -85 7O 7 Folli= oHEATAAE AR AR, ZAT
+To whom correspondence should be addressed. s 8l ‘4”7]7] tfefst oloksta] -S-gollx 4l 3-8l o127k

E—mail: khuh@cnu.ac kr

469

) a5 HIE Skl 831 o) gt gl



470 %9 - # v - v}

o,

Antz] o FalAe skl gl Qsixnt a3k witell 11
Hl(dried state, xero—gel *JEl) oM & F5317] Al&kste] H ol
&R o= st 33 SIS dEel o|=2771A] 1 2719} Bt
w2} FARE g ARelA Al Y opde] 71 aAlRle] E st
olgfgt & BErso] AAE WS S8 ool -85t AR o]
|u)= ok, e F5 UK Bedo] Qs Bolelkle LA
go] ZA A ek Wbk, 1554 1K) A9AY vEd
Ao| F 22 AFEHR 7HEslo] wE S5 (s e S o3t
© 2ol SEHVIE sk o3t S s ] SlsiAlE At
9] 7]} Feljel] Aeke] =1 gk T TRkt A5 &, &%, pH,
F, A7V, 71eE ABAAELE 52 2T A=l tiel] vkSehe A=
8% s (stimuli—responsive hydrogel) ©] T2 ool A
=1 Sl ol Algas Foizl A4l disl W= TitekA] Wkgst
=% 0] oA RESS] 0. @A) 8
A

L]

TIPS Al 9 7he el vt vkt 35 72 9 e A
Ag 4= glom oo e} WHL TR}l WET T3k A o=k @
oh0 Srsbde i 3= xeell Wt 4 non—porous F5HA,
macroporous 3H, 34 (superporous) 3R Uis = Q)
T ANEAQl ol el F=o] EAskA] ¢kal, macroporous
T 30| EAht 3= 3=o] Rt AdEo] Sl Wi,
ey el A9 Uil EAlshks - W um ARG 3=
o] Mz Adxle] F AFTEE FAska ok’ theAlL shire
£ ZA skl At bRt 0 ufe] EHAS Algsir g A
IS F8 BAl @o = Eo) wiEA ik 5 QA sle] st
A9) mekat F7)0) Adpiglo] WA Hooks 488438 LRk
ol9} 2 &L el AEE Aol =2 E58E Qs
=Ao] Hoksirh= Wilo] glglon, it slolHe|=y 0] 5}
AL AEE B =2 S FABRAE 7AIA 22l A AR
A9 = Qi 2rherd ke S84 RS B0
2 AT, JEAGAIAE, 2258 5 ofe] ol <
wojx)ar QJeE e

ShE, AE7A 8 2ok rshAle]] gk /AT d%hE ©
ol E3E G 71AIA B2 Bl 7o) YErolA] gith ojokst
2 S-goollA] Al 1Ate] A2 715 dold /A &
oM 21 F8/do] FAE|eI] ghot oF] Zrhed Gkl e A
Bl srspdo] Alzw vk QIE 0 weh, 1 e 71Ee
SN IS AN ARV S Hole s Alx
3larxk SR ARV Geale] AZE S8l AAE g o] 9=k
Al AR pEAlE A7 poly (ethylene glycol) (PEG) ¥}
poly (D,L—lactide) (PLA) ¢] A53-s3AE e 5 /fdsto] A
A ZhAlR ARSSISITE TRkt 2Adn]ellA Az g st
Ale] EE|sletd EAES nlwste] 243818t

-

-

rE o

4

Al gl A=, Poly (ethylene glycol) (PEG, 14=2000), stannous
octoate (Sn(Oct) ), toluene (99.8%), triethylamine, acryloyl

Zo|M, A33¢ #15%, 20094
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chloride, benzene (99.8%), acrylic acid (AA), ammonium per—
sulfate (APS, 99.9%), N N—methylenebisacrylamide (BIS, 99%),
N.N,N,N—tetramethylethylene diamine (TEMED), sodium
bicarbonatex= Sigma—Aldrichollx] T+33t}E Diethyl ether
(99.0%), ethanol (95.0%), ethyl acetate:= Samchun Pure Che—
micals®lA, acrylamide (AAm), 8 N—sodium hydroxide, Pluro—
nic® F127, methylene chloride Fluka, Duksan pharmaceutical,
Kumkang Chemical, J. T. Bakerollx] 22} 4113133tk DL —lactide
(LA) = PolysciencesAtollA 113819311, ethyl acetateol|A 13]
AArdato] Akgallon o] 919 tE AleRES- e AN §l
o] g3k}t

PLA-PEG-PLA A=2=ghd(o] 4. PEG 10 g(5 mmol) <
two—neck B ZpTel| Wil S AR 3l 80 Cell
A 2417 1F- AZARIY, AZ2A17) PEGE] HES- 7HA1E- 28] toluene
of] S}AIAJZ stannous octoate (20 wt%) 0.8 mL-= €32 110 ColA
15% 718 719 $ Aeow Lxs A% TR LA 7.2 g(0.05
mol)-& Y1 WFHEZE 2310 5 594 27 FEE Qe 318
AL A4S 57 st SolEUlo] FehAa Q] R-g A3t
ole} &2 B 33] RiEskaL nEA R eV dElE REEolEth A
/] 27 ZE~TE 140 Colk] wRksh 5AIF B2t RESAIZL
o} BkS- & Ale o7 215 The- methylene chloride 30 mLE 834
713 2R etherell AT 33 F 37485 719t of st
e I o e i ol e Ed L=

PLA-PEG-PLA Diacrylate 4. PLA-PEG—-PLA 5353
5 g A 7157 apollA two—neck b E2kT0l Wil ben—
zene 35 mLE 90th $H43] 591 ¥ triethylamine 0.744 mL
(5.34 mmol) @} benzene 15 mLel| 342171 acryloyl chloride 0.43
mL(5.34 mmol)= ¥olth 80 Colld 3ART HESAIR - of ==
triethylamine hydrochlorideZ AejWich ZAejzl HkS-gole 2xp7)e-
etherell FAAPZIAL -GN 73 ofFslo] Aol NS5 A=
oAl 53t 7% 1FAIA diacrylated PLA—PEG—PLA (PLA—
PEG-PLA DA) & Alz=38ithFigure 1).

SUIY LSOl HE, FHS) TREAII AA(10 wi%), AAm
(15 wt%), A3 AIR] Pluronic® F127 (0.5 wt%), 21d#2] BIS

o

{/\/o+ \)‘\o
o ¥ 0
PEG W\)\ D,L-lactide

[}
o]
140°C, 5h
—_— HO. 0. H
Sn(Oct), o> ofm
o]

PLA-PEG-PLA triblock copolymer

/\”/Oﬁ)ko){\/o?‘ﬁ‘)\o%j\/

PLA-PEG-PLA DA
Figure 1. Synthetic scheme for diacrylated PLA-PEG—PLA
triblock copolymer.
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Figure 2. 'H-NMR spectra of PLA—PEG—PLA triblock co—
polymer(a); diacrylated PLA—-PEG—-PLA triblock co~—
polymer (b).

= AREd 71wAlel PLA-PEG—PLA DAE ¥ =91t} 71 A|
9] ofof] R EAGEAS £18 PLA-PEG—PLA DAS] 925 wt%
(1.6 mmol), 20 wt% (6.4 mmolD), 30 wt% (9.6 mmol) & T}=27] 5=
sHS SASIITh A2 ol F#u)E Wk 894 8 N sodium
hydroxideE ARE&t] pHE 4.75% &A%t ¥ 50 mL conical
centrifuge tube (30 115 mm size) ] 8 mLZ Hal ¥ 7IAIE 9
3 redox7IAAIR] APS(0.6 wt%) 2 TEMED (0.4 wt%) & ¥l &
=01 o] T} MAARE Wil 3+ 30% $9l sodium bicarbonate
04 g6 wt%) = Fold 715& AR sAlel FAokE v 5
o] AEEEF 302 ol Aol okt T8 ¢ks ¥ WA 70%
ethanol& ¥o] PREE- WAIS 33 BmEs AP § 100%
ethanolell @7} &5 AIASTL olul] £o] S3] WA v = Qs
£ ethanols 303 FFA S = 4~53] Zdolt), EaPdo] it 5 Xl
T sE}t TxshH(Figure 2).
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Akishima, Japan) 2 F45l3it} AZ9] g2 CDClyS AR-S}
Atk gl A A o) BRpERe] A WEkE AERT] $ist
o FT-IR(MAGNA 560 spectrometer) & ©|-88}] 7413151t}
KBr pellet}©2 A& 7H510M 400—-40000 cm ™ 1ol &
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spAle] I 9 P FEEE SEM(S—2460N, Hitachi, Tokyo,
Japan) 02 #ASICE A& 2~3 mm FAI9] T]AT BoFo = #
2}4] Ton—sputter (E—1010, Hitachi, Tokyo, Japan) = A}g3lo] &+
2o Y3 ¥ A3 2 %A (Autopore 1T 9420,
Micromeritics Instrum. Corp., USA) 2% =3}Ale] A3 7]5717]
o} vy es SASISITE ARGSE rable] ARy o, g 1l
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Swelling ratio= (Wy— Wy /(Wy)
Wy : &% superporous hydrogel®] 7
Wy : 2Z% superporous hydrogel®] T

% Swelling= (5 /5) X100
S @ 5 A1Zte| A 9] swelling ratio
Seq: B EHIA 9] swelling ratio

TAE A ue BaE S38E e 3 Ul Below S
Axlo] Ax E%& o SHdEls & At P850 AE
& 217} 3ME ARSI Bats TSIt AREl Y AR R3]
7Fssh 73 lell Frgklo] w1 vlo|AE Wil 4= At X1sE|Sick
hea= 37 CE eIl Sl PBS(Ph 7.4) ol ©7} el
A Bae) WskE B3l vl St

HESN A ARE 71 AEF2] HepG2 Al (Korean cell
line bank, A&, ¥=)& ARgslo] able] AlE=AS 5751tk
M= 10% fetal bovine serum (FBS), penicillin 10000 U/mL
(Gibco BRL), streptomycin 10 mg/mL (Gibco BRL) = &5}
= DMEM HjR|E A}E-519] plastic culture dishollA 37 C, 5%
CO29) Z210lX] 244K F3F vilefsllc: 78S 25 mg/mL2] &
T2, 10% FBSE et vllx] 20 mLof| 797 §3A17) $; wir|=
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3A310] 0.125, 0.25, 1.25, 2.5, 12.5, 25 mg/mL2] §EA| NS
Azsrg.0m wjekst HepG2 MEFE 96—well platee] 1x 10"
cells/well2 F4I3F 3 S wietslaith MRS wixE AlASH

Al
I shdo] 859 AlRE Wole F 244K w2k 37 CelA wijds
M APEE F MTT &S WaL 4R 3 MTTE 59
Uk 570 nmelM] F355 S74610] AAeHA] k2 thaAlErol
3 ATEARS Hrlsir) 7 ARe BE 31 e Zeajsielon] &
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A A EE

S ZIAe] S, & ATl Awsid 7= PLA—
PEG—PLA DAZ AMg3190tE PLA-PEG-PLA 3552 353
iﬂb AZIAAIR] PEGel 23l LAS 7Mgsgdro=s g8ttt

378 e ARt GdgdslelA ool PR, Hd T
x}OI PEGell thsf *ﬂé— ZH= PLA 552 o) dujdo=z =z
A date] Fash T T%*éé z@ok Aok TSt ZhA| 249
Ak 98l ETZM oF W15 v IEC R X3AA PLA-
PEG-PLA DAS 3Mdaoit d=de] 9278 Figure 1 LE}
Ui1az, Table 101 $9A7E Aelsialct.

Figure 2¢] PLA-PEG-PLAS} PLA-PEG—PLA DA<]
'H-NMR #4432 vehjgitt. PEGE] ol€al(—CH,—CH.-,
a) Y3 §=3.39-3.84 ppmelA #EE T PLAS WL
(=CHy—, b) 933 6=5.18 ppm, "W (—CHs, ¢) 3T 6=1.55
ppmellA] gRelEglom Fxjak Axke PEGS] CHqoll thdt LAY
CH 9=19] proton H&H|= Hllﬁ}oi AkslSitt. obdtte]] x)ghe

H97](d) = §=5.8~6.5 ppmoll 22 A 712 v|== Eoﬂ &=
-5 91819031 PEG2] CHo9) olg - 0|E 189 vdr] 9=
9] proton HAR|E H|w3le] X|880] 85% oIS Ik 4= 9l
QTR e aEAle] HAp B GPCEAS Fsjo] 1.02~
1.079] F& HAES 7S BR1Egon] 'H-NMRZ #47¢ Hap
g} A2 vt ahs 7S 4 S At

FT-IR #4483} (Figure 3) 5 A3 Rd PEGOME & 4= il
PLAS] 7hud A3HC=0) 9] 3Fgo] 1572 cm™ oA vepston
PLA—PEG—PLA DAS] Z3-5olk= oF didel] X2k n1d7]¢] 3 JJr
ﬂo] 15559} 816 cm™ 'elx] UpEPomM ZtwAlrt & S E S-S
RIS

SN LF|HO| =, FUbA = gas blowing

e

Table 1. Synthetic Results of PLA-PEG-PLA Triblock Copolymer
and Diacrylated PLA-PEG-PLA

Molecular weight . Yield
a a b PDI
My M My (%)
1 PLA-PEG—-PLA 2750 2950 2810 1.07 88
2 PLA-PEG—PLA DA 2740 2960 2930 1.07 70
“Determined by GPC measurements. “Calculated from the peak integration of
'H-NMR spectra.
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20 YERJRITE Table 29] (A),(B),(C)+= acrylic acid®}
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ARgalo] BhE L 8A) abAlR oF 160~170 pum H99) median
pore diameterS YERNITE ARE-E 7FwA] ok Wislol] wE 7]F
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Figure 3. FT—IR analysis of PEG(Mw=2000) (a); PLA-PEG—
PLA triblock copolymer (b); diacrylated PLA—PEG—PLA (c).

Table 2. Chemical Composition for the Preparation of Super-
porous Hydrogels

Sample Acrylicacid Acrylamide Crosslinker” ., Medianpore Porosity
(Wt%) (Wt%) (Wt%) * diameter(um) (%)
A 10 15 5 2920 171.2 78.25
B 10 15 20 230 163.9 75.3
C 10 15 30 110 160.9 579
D 10 - 30 100 161.7 85.9

The other chemicals were fixed as the following Pluronic® F127=0.5 wt%,
APS=0.6 wt%, TEMED=0.4 wt%, sodium bicarbonate=5 wt%.
“Diacrylated PLA—PEG—PLA triblock. ’Equilibrium swelling ratio in
distilled water.
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Figure 4. Scanning electron micrographs of the conventional superporous hydrogels(a); biodegradable superporous hydrogels

(Sample A, B, C) (b ~d); left—surface, right—inside.

(@) (b)

Figure 5. Images of biodegradable superporous hydrogel at
dried(a); swollen(b) state.
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AT
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2 SR QI8 BEAJo] U oFsl FAIS REEAR] &7go] of7]
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= PBSex R} SRl A U], o= PBS 9ol 1.
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Figure 6. Swelling kinetics of biodegradable superporous hydrogels in distilled water (a); PBS (pH7.4) (b) at room temperature.
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Figure 7. Contact angles of conventional superporous hy —
drogels and biodegradable superporous hydrogels.
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Figure 8. Degradation kinetics of biodegradable superporous hydrogels in distilled water (a); PBS(pH 7.4) (b) at 37 TC.
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