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37 ] =
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zAde] Fbsetn AAH FEsh S5 A AL e in site 94 sel=mAe] AFol et el
A, RSN AgATE ZAel Gold olg AYe] FElm ATl Absat,

W ool W 37 (OWAA A7) Hebve]l EgE ERd 2 9ag B4 2 BaAxse], 9
T3 ANE ERAL AxY 5 A

wouel e 7] (e)wle] EFe, ANH EEee Aguidel JAHELIR), U L Fnds
(CaCl)2h WS-3kol, phl 6 WA 8] Aol A, 208 vhA] 1AFESH ATALSEAPBS) o] GaAA 13 &

S AFsta, A7) 12 fdl 30% FAEFAF(H0,)¢] 23 &S Hrbele], 5% WA 2E-Eok FSAAA F
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g7l EDC Z8]al NISE &7 &0 Y pHE 4.72 FA8te] A oF 12412 wukdld, 2 Fof wkEoizl
|ANE AN HCLE o] &3] =313 5 whEAlubo] Qo] 100mM NaCl |, 25% o €r-g 18]l FHFolA 247 ok
29, 1Y, 194 4A7F FB4sle] Fob. F4S vl £98 52 Axske] Elgvle] Ed® &1te] x3hd )
AE 22T AMES AZEA. oo thE FAS E 20 TAEA .

4. AR slolea A AFA 9 Az

oA AzxdE EHEY A" EEFEY 0] dulaFH(Amresco)Aboll A FYgE Mgz Ego] Hikstaa
(232unit/mg, HRP), WA (Daejung)Atell A T4 HAitstri(Hy0,), EERI(92.6 units/mg) 2 A3ZEFS A7
slo] ALoA 308 ot pH 714 LIMAIZ tFSe, 30% TAFEAS Bl A3E AR 2L L3
fNE Hrlslo]l 60x oUW 2 WHeAlA HFH o Y sol=2A AHAS A F3H k. olol I Az}

o
4e % 30 mAIST,

A
i
st
2
v

>
kA

o 1 stol= s} A

-~
e
L2

T 4= HRP B =1
2384t o] A%, MAE EFH FEE 0.3 g/mloE AFEAT. o] BE, HRPY =
uits/mlE A&sRom, o] A, HRPY HEE 692 units/ml o) AY ZA$ A7l 5% o] o] Fo]AS &
33T

AEd 2 fusA 54 74

Aol whel Az slo|=2 A sty EAS 9eteliial Thermo Scientific HAAKE MARS II Rheometer
(Thermo Scientific HAAKE MARS II Rheometer, Thermo, Germany)Z AF&3}t). AF&% @ 27 E (Rheometer )=
IR ERERE ofdel &, oHEH, A, dAs AR FHEH EA(EHY Fe, B4E, ¢9,
AdEHE )& FAHsE 77124 A Az U BHARE 53 HES FHste] g4 dyo=
24 Fx 2 EAS o & 4= vk, vk, HRP B%2 346, 519, 692 2 865units/mlE A|Fdle] sfol==
Aol fRey EAAAHEE)S drEE Jed A3E = 59 EAISA.

AEd 3 NAE EF2 5o w2 syelling ratio 24

A5 1 cm, ¥9°] 0.5 cme] &FulE ol AAdo] upg} A3 lo|=2 S FASe] AdA F7]9] Flo]==2 A
S W= 5, 50 ml PBS €N (pH 7.2, 37C)e] Yo 1, 3, 5, 10, 15 &o] At ¥ FAE =459},
Swelling ratio U3 e 2oz ALS .

. . We— Wqg
Swelling ratio (%) = —>——X 100
Wq
Ws: swelling® sfo|=2 A o] FAolt},
Wd: 547dzxd sfo|=2 Ao FA o},
HRP %o W& swelling ratioS E3l crosslinking density AEE % 69 JeERUT. of9t, HRP =2

173, 346, 519units/mlE A3},

A3 4 NNE ZF slo]l=2 A i vitro AEMNA H7L

AAlefel weh AlzF sto|=2d A FAe] AEsAss dotrr] A7k in vitro AT AEE S8t
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tilo
I ol

AMZS 50 mL cornical tubeel] ¥ ¥ 25 mL phosphate buffered saline (PBS, pH 7.4) &<
bath (90 rpm, 37C)ell ¥ol XzFA3 (0, 5, 12, 24 h)o] WE o= ol i AES
of wel 343 A HE 2 10 nl cornical tubedl Wil FAAZ 3 FH FAESE AU, ot
& 0.3, 0.4, 0.5 g/mLo® A3t

MAE EFe] F2(0.3, 0.4, 0.5 g/mL)7} =oldol wa} 6AI1F & in vitro F7A e AR Ass &2
SRS ul, 27 20.1%, 18.2%, 16.0%2] FAl 4SS B, 247F Fole Z47; 50.0%, 48.1%, 46.5% U=
slolalglt). 109 o= z+zd 75.0%, 73.6%, 71.8%Y TAl 7AES B, 209 FoE RE MZo] Ry
s BFET & At oo gk A = 7o =AIESITE.
Ao 5 EE 9 A5ty so] upE PRT 29
AAldo] wel AFT slol=2A Az Al EFN 9 d3daES st v d95uT AdS APl
o 4 R AYAE 37%2 i Fx 9 AAREAY 300l F7F F, A4S 3000rpm o] o2 AAE
gl3le] A& PPP(Platelet—poor—plasma) 300 ul = AlA Al 9 &N A7), o] & dHdo] AAHEE= A
7He SA5 . oo did A= ¥ 1 E ¥ 20| YERY
F 1
Trombin(ug/300 nL) Time(s)
20 16
40 10
60 6
80 5
100 5
X 2
CaCly/(mol/L) Time(s)
0.003 227
0.006 206
0.009 108
0.012 134
0.015 166
¥ 13 Zo] EERNY AL 60 png/300 plolA 6x#te= A7 e AS Hol b EEF¢ FEE Holy,
¥ 29 #o] CaClye A% F=7F vF =AY 92 4 A8 a37F gojx=d 0.009 mol/L ¥ w 108%=
7 a&AHYs A
Ao 6 Az slol=2d Ao AT &3 23
gl S5 Fo o] HYF S SAHE ] S AT £9 AES AAEY, 8 HE A Y2 d52F
Z2Hlo] ZFEE B g $ueS e, grTde sfojlmrAd WS wQekA] ¥e AR dAsa v
S s Ag-ojtt. Ao 69 A, Aol w2} Axe stol=2A AYAE AFsglen, orr, EF
3 o
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T 9% 9D rats o83 XIEFEAIUYHS YeldE AFolth. SD ratoll Zoletil® 503} Rompun®% 4:1 H&

2 4L TE] vFHAE Foste] miFHE = SD rate] vIEEE 55 B9 @S ARt FEud 45 2

71€e 1. ¥HE 20 oz EH AR FEIAE A5 T Fddd 100 EHol=E o] gste] oF

20 WA 30 mm At I 9 Buhg wgsie] EoR ANAA S =EFAIZTH WY FAE AE Z
_?‘__

EEBEE T R EE! 3
of s, E¥el AAHW AxE AdE sol=
=439t Adel HW P E5E Be ol 5} 5
% 108 8D ratg ol &8 AAEFAGeIN Az EFoe] FLd FEE

we AsE vehis Aot

dol|=& o] &3t Zo] 3 me FAHE I 4
15 et Aol HE NS
gdFs AT,

Z23d 5%(0.3, 0.4, 0.5 g/mL)E Aol EHZFS =2 el =3
6 MR EF 0.3, 0.4, 0.5 g/mlY A9 77 580.6, 300.3,
5 og/mle] A AE adrt 7 F5 E0E 5 0.
H

AzE ANE EFe o=z Aoy ko AALAES KE staining® F
o We shadl, MEAe ¥l G A9}

o -

231.7 mg®] Edo] veht&S FAd3L,
=l

(e
_OL
o
i
fr
2
fr
N
Ac)
i,
N
10
N

2 + 4 1439 E carstairs
staining= T3] =24 ERTE. o] e dBdESs w5, g4 FEA
@ ¥ o 2

QAN EE, AT B Ag Ho} Fre] I

2) Axd stel=wd AdANe in vivo A Afe 2™

SD ratol Zoletil® 50} Rompun®% 4:1 &2 4L TEE vHAE Fo93to] up3d 3 SD rato] vhEHEW
ot o Sithe] Atole] BEEH-Yo HE ARSI, ¥H|E Qo fHMog A& & k2 Ao A 2

em =719 ASFGE Bt FEE 0P B5& AHSste] dF9ol o met e Fdarie Aa, 3
5] a

RS
o
X
2
)
e
it
e
QL
o,
iyl
fil

X,

[o
Bl
hins
ot
4
N
El
N
o
b

14 AAdol wa} Azd MAE EF5S slo|lm2AR Aeld e AgS AFHE e wE 1 A7E
Aoz A AFHe AEE Uz vws g zo|ty, gk, o] Ag-, slojmzAe ZE 0.4
g/ml, <314 0.05 g/ml, HRP 519 units/mlE A Z3}o] AF&3F3TtH.

o el B wgol FAG THSA S e 54 AFEI @AW A % wwe] s dyEot,
o= ¥ wHel wrh WS ofslE B AaA ATH AQ W, ¥ wwo] Br] ANdEe] BAHE AL
ohu], ¥ o] Hah= JlERoplA BAHI ANS /A Anhd olefd JAZRE dFd 54 % WY
2 9T F Av.

webd, B oune] Age gr] AP Axde e FAAME o Hn, Fashe SHPTUARD
olel of B3RP wE EE FAbHoR WHE BE ASe B Wy A Wi Havhn @
selet,
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Carboxylated
pullulan

0.5 M NaOH
(gradually) '
Dl-water 1 °C / 2 hours >

- Pullulan - TEMPO . Methanol(Termination) Acetone/Dl-water(9:1) for precipitation
- NaBr * 15% NaOCl 2. 4 M HCI(Neutralization) (3 times)

- Carboxylated pullulan |

* 2 Day - 100 mM NaCl
* 1 Day - 25% Ethanol
- 1 Day - Distilled water
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3

k1

- HRP
- CaCl,
- Thrombin

1401

- -

=) N

o o
| |

804

604

Gelation time (s)

404

20+

After few seconds
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Hydrogel

260 460 660 860
HRP concentration (units/ml)
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—o— HRP 346 ug/ml
—e— HRP 519 ug/ml
—— HRP 692 ug/ml
—— HRP 865 ug/ml

8 10 12 14

i o

—&— HRP 173 units/ml
—A— HRP 346 units/ml
—4— HRP 519 units/ml

<
o
©
(@)}
=
[
2
]
100
0+
0

10 12 14 16
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k1
N

Weight loss (%)

1201

100+

[02)
o
1

[o)]
o
1

N
o
1

20

—— Pul 0.3 g/ml (Alginic acid)
—— Pul 0.4 g/ml (Alginic acid)
—— Pul 0.5 g/ml (Alginic acid)

10 15 20
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k1
N2
(')

0.6

0.51

0.4

0.3

0.1

Absorbance of hemoglobin at 540 nm

] 4*4\1
T

—&— Control

—— Pul 0.3 g/ml (Alginic acid)
—a— Pul 0.4 g/ml (Alginic acid)
—2— Pul 0.5 g/ml (Alginic acid)

1
T

H

I

10 15 20
Time (min)

,gﬂbw)

Blooding clotting
formation

Sample

37°C

bD.w pw
bD.w >

Separation of thrombu

Pltees /?Fibrin »

\a
Rt blood cells(qﬁi%

99

1. Rat anesthesia & Holding

Sample

b “ RBC Hemolysis

Isotonic Hypotonic

HO 1o Hzo\_ 71’”"0 H.0 H.0
25 bt @
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3. Applying hydrogels

2. Abdomen open & Liver puncture
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hl) g

Control Pul 0.3/HRP Pul 0.4/HRP Pul 0.4/HRP
EH]I
16001
1400+
)
£ 12001
5
g 1000+
3 800-
e,
e
T 600
2
% 4007 I
el
< [
2004
0
Control Pul 0.3/HRP 3 Pul 0.4/HRP 3 Pul0.5/HRP 3
EHI12
Control Pullulan 0.3 g/ml Pullulan 0.4 g/ml Pullulan 0.5 g/ml Pullulan 0.6 g/ml
b Alginate : 0.05 g/ml
o HRP : 519 units/ml
5 _'f'.‘p : H,0,: 100 pi/ml
AS % EZHl ;2065 units/ml
CaCl,:0.0094 M
a
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Pullulan 0.3 g/ml Pullulan 0.4 g/ml Pullulan 0.5 g/ml Pullulan 0.6 g/ml

Alginate : 0.05 g/ml
HRP : 519 units/ml
H,0,: 100 pl/ml
EEZHI ;2065 units/ml
CaCl,: 0.0094 M

EH]14
1001

—~~ 80_

X

o

£ 601

(7))

o

(&)

T 40+

-

o

= 20+ —=— Hydrogel

——+ Control

0 T T T T

0 2 4 6 8 10 12 14
Time (days)
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