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Abstract: The adhesion of tissue and organ occur with frequency after surgery. Theomosensitive hydrogel was prepared
from poloxamer/chitosan/epidermal growth factor as adhesion barrier agent. The prepared hydrogel showed sol-gel tran-
sition temperatures around human temperature and gelation temperature was the faster within 1 min. The hydrogel sus-
tained the release of epidermal grow factor during 7 days. The hydrogel was highly effective for the prevention of tissue
and organ adhesion in rat model. The thermosensitive and antibacterial chitosan hydrogel can be useful to consider the
anti-adhesion barrier with increased adhesion of organ and sustained release of epidermal growth factor.

Keywords: poloxamer, chitosan, tissue anti-adhesion, hydrogel, epidermal growth factor.
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Ao JAES 7] S8l 23 Sk 24902 (tissue
plasminogen activator)® Fo138}aL, 223 227+
PHE el F= W Tl ARSEIL Tk dRkzow
AREERE FERPIAAE AfEe St AlExF 0] J7e A
S WAsks BAE, ARARE U 3HS B oR e
AA Z227e] RS AT 71es 2l vk’
FAo=Z A FR FEPEAA] ARSE = T8/ ol Ad
ZFEAQD sodium  carboxymethyl cellulose(CMC), sodium

[ o

oy’

hyaluronate(HA), alginate®} 314 & A}Q1  polyethylene
glycol-polyproplene  glycol(PEG-PPG, block copolymer),
poloxamer 188(PEG-PPG-PEG triblock copolymer), poloxamer
407(PEG-PPG-PEG, triblock copolymer) 5¢] 75212 3¢
stal Atk HAE Aweld agakz A W wt7)7) 1-3
AR Fol 24 F2S WA F e TET A 2
VA 3L, CMCE A ol 237} o] Fo A A] 5s
e 7HAL Qo S FAAAIR 2 ATEAE &

okl
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SAME 2157380 o€l SAPl=(A)Rf &g FHEQl 2
23 SAO]=(B)7F ABA T7E25 FA3IAL Ukt FEAL

= =X JFAT &5 e HEoR slol=gAS Y
e 4 slom, ol Feje] sto|=2A A= AAA T
do] EIL, S el Wasle S 2] wEel F
TYI F50] Fom, el gk A=l A2 Aol St

7| EARE Al AR, 7 5o AR, o] T4
AAF, 2El3 Z5F L Ml Ay oA 4S5 3l
£ N-acetyl-D-glucosamine®] B(1—>4)A53+ eje] At
TR 718le golrgslete] Azt ? 7 EARS Fo1A4
FE&Ho HA aEFBER HAFHEE A, =5 S
A, 2% 9 SPE 5 TSt Hopll E8-Fo] ok 71E
ke AAZA Do hFREA AAATAE 2 A3
’do] 7 Wk olue} Alxze] A% 9 AYA] =7 wi<, 3
4, A, F54, A28 o Aol e AL
i ﬂﬂ(})\iﬂ_.ll-m

FIPRIZHEGE)E 5370 ot Aito =z o] Fojxl Z23)
Elol=2X AT A E 2 G T A A, A
M|z} Aol 2 dell EAlshs A EAERIAL 784
of Aggro 2 Huke] oA EE X33 tidet 2AME
o] &3t B S SXNAFT A WA EGF= A%
93}, HolxAF2], G AE-E T3 FA A FX
A713L, M 3Eete] FEat-go] AX A He F2S =
T EGFe -z2]o|u Atat 22 A7)222] 2] Aa)A
xo] Z23 Ealo et SR azr) Aok wEb EGF
= T 99 A F 24 mEA 5o N A
VR 2 HE2]a, ok 23] 23S S9F0R s &
t}.
2 Aol = FIRIATE EAE ESEAFIEA &
t2d LA Slol=2AS Alxslal o]Ee] 2 w
2 Asl 2=, Ast A7 9 ¥ 54 et £ o
ozt Az o7l slol=2Ae] A Alg 2 slo|=R
AZHE EGFe W& 548 W s=4ddS s =
2 72 EAS AATeEN FAPIAARA 88 78S
AA SR} SFATE

X0, o T

o

Al
=

ot

Al A RS, -84 B 7| EAHM.W.: 200000 Da, &
oM E 3l 92%)2 Kittolife Co.(Kyoungki-Do, Korea)oll 4]
Aggrom | FuARIZHEGF)S} Z5AM407= Simgait
(St. Louis, MO, USAYIA $i3ted ARS8, L-929 A2
T = AEF 23olA st ARl om ujFa}]
#8t  Dulbeco’s modified Eagle’s medium(DMEM)3}
trypsin-ethylenediamine tetraacetic acid (EDTA)~= Gibco
laboratories(Grand Island, NY, USAPIA 315901, fetal

ol
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bovine serum(FBS)> Hyclone laboratories(Logan, UT, USA)
ol A1, ninety-six well tissue culture plates 2 tissue culture
dishi= Nunc Inc.(North Aurora Road, IL, USAYIA Z4z; +-
ettt 2 9o Alx il HEad V= life
technologies(Gaithersburg, MD, USA)A] U312, e A
oF gl wljFle] @ o= colorimetric limulus amoebocyte
lysate assay®oll 2J3lA] SRI=ATE 2 o BE A2k 1F
T= 595 AR

7|ELE SlO|E2H-| M=, ZEAE SFHT 17 wivk
7h HEE 88 Alxg & 784 24 7IEARS 1.0, 1.5,
2.0 W% F7Fete] ZFAMF|ELL sto| ERAlS A %313
th A2 sto| =2 AS Ao A WA & E e oA
EGFE 0.05 wv%s H7lst] ddetes wtstod F3ot.
Az Aol HYsE flste] Az & 4AZF FF 4 °CA]
e =g

7|ELt SIO|ERHES| BN Y. Axd ESAMFIELY
EGF &% 4= 1mLg vlo]a=2 [H Yo 2=
(Jeiotech, Korea)ollX 25%€] 41 °C7HA] 1°C¥ &5 5
B AAAA Zzhe] Ag) 255 A, Ak Al 3
S0 LEE 37°CE AL AstEs ARE $oteR
gelste] A8k

25 7] mE HAEwst S-S qla BEEE JEA
(Brookfield, USA)E A-8-5to] A& 4 g2 spindle CPE 51,
speed 5 270X REE 27X SASA gk Ho
HE (theometer; Bohlin Instruments, UK)E ©]-&-3t slo|=
2AO] G G 32 s A FH JHE gelst
7] fet] FA1x F 55 SHE 94 SHF 0= |
307 XF SR - FARIARARZE (scanning electron
microscope, Hitachi, Japan)S ©]-&3] THS TaAsIRL, F
APARFENZY 578 Al 715 20.0 kvellA] ST

7|ELt SIOIE2HZRE EGFR| WE 5S4 &4 (In Vitro).
EZEAFEAVEGE &5 A% | mLE vlo]a2 FH
YL, 37°CollA] g2zl gk A7 FF ASIAIZ] F 1mL
QA gk ol (pH 7.4)S 2A2HA A 9o Yttt EGF
o] &L 7Y EF AL, EGF] $#-2 ELISA kit
(R&D System, USAYE AME-31d 450 nmollA] &7 31T

Stol=2H-o| sy ME. 3+ A P2 Methicillin-
resistant  Staphylococcus aureus ATCC  6538(MRSA)<}
Escherichia coli(E. coliyd- WYY 1.0mLY |33}t
250 mL &%Fe] Het AzhEekiel] JEske] 3741 °CollA
2477 A st #4E F8 EAR S5k 1-5
x10°CFU/mL®] %2 34 ZA|5ted 1 mLy ZAH|A] o]
TS HEste] 37°ColA wigsiaict. viFE wiA] o iz Al
59 sto|=2AE 0.1 mL 4 747} Wiz, 37 °CollA] 24A17F
HjeFale] 5 S5kt

MEZ=Y AE. 7]EAF slo]| =24 9] Al X542 MTT
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assay ol-§3lo] A-S st 7|EAL slo|=24lS 37°C
oA T2AI7HERY AL v FA oA 8-FA1ZITE 8EA17] Al
3 kS 7ERA AL vleFste] Ao s SE SHS
E3le] ZAPsIITE AdolE mouse fibroblast cell L-929 A
EE o]&3Ith 570 nmeollM e FE = B A () ol&3}
of AL Alxe] H&S S3ITh

Ao A S (%) =

OD570(sa1nple)_OD570(blank) %100

0D57O(control)_0D57O(blank) (1)

o 71A, OD57O(sample)'Lo_: slo|=2 A4S 8EA1Z Bl ] well
9] FBE, ODsyopang> MFH T X2 H well®] F-3%0]T}.
SE AE. 71EA) slol=2Al o] f2hR] aafe} 23l A
&21st7] $13ke] Sprague-Dawley rats(Orient bio,
eonggi, Korea) (553, 150~180 g) =41 o]&3lo] H7}
2 A4S FHUga 5= AF S22l svke
IAettt. mH = AR o]-&-st3lar, A2
12 Fo] 5 Fatol| 1cc Y3t AHER Ho
HHEE RISt AR 23 Eklst
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101 A E WAL A f3He dozith AAE
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off FHSHA =W Aol ojsted A Jel= = sol=wA
= AlZEstelth. stel=zAe] o el F5A = AA
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24748

A eJste] E-4 Holdds Z=rh X EEAME F

FREEE 50|31 2447

Fol s=E FIARAS =3 16, 17,
18 W% AES THEo] A3l &2 23U, 2 FolA

o= & AdEjolds 27} Al uel 24 o)
=5 Hole A4S AR tHTable 1). 16 wiv%ee] 5
A gl e ZA] Aol 2wyt Q1A|e] 2ERTE =A YER
3L, 18 wiv%®] EFA G AS 7} Sropa] 42
Al ABE L 17 wivies] EFAM 892 28 °Collx] &4
Holexg BAth Z5A e T gFEH o2 4 Ho]
2=7F v Rk oz =1 ] 20% o9 oA
= 25°C oJate] e FEoA &4 Ho|REE HRITE”
B3 ZEA ] F4 Holf g TR 15~16% wHE
Ueh}7] AlZkeh, o] s FZola= 2R Fo] Wl
M= E-A Holrrt FHH Wdhs dde Harskal
UTEH? HaTof|* oJatH EFAIH ] EA HolREw T
7t 16%Q w] oF 38°Col™, 17%Y ] °F 29°CE 23}
AaEY, 1 ol FroME &4 Holx ey} 2t
= A& Ho] T3 9t} o] st 5] &4 Holek

Frole] e B Aol Adetl dx|skar itk 7]
Bsto] H7bER] ¢k o4 EEAPH ] 80 Ag- 5
APl FTt SIS wEl -4 dolmrt WelRlE 4
&S HolI Q) ol A Holo] JFgFS F= B4 U
E= BA] a4 FEAgo] 52 SEoA Stk
o] A3} Az} L7} Yolx|E Ao® Helth 17 whv%e] &
EAb A2 28°CollA] A HolE HYozEH 7|E
b e 158 EEE EYAITIE A4 o] 259 A
ol dSEo] A WA H&o] 7Fsd -4 Ho| &
e slo|=2AS AXT - IS o2 ATET) ughA
ZEAMO] FEE 17T wh%E LZAT)AL A I HRA
S zh= 71EARS 10, 1.5, 20 W% 59 TR ZEAM
fdof] Hrlste] o]Ee] Aslex ¥ Ast £& 58 e}
ATh. ©] HAZ= Table 19] YR AoelA] & 4 Ux
o] 71EAM] Tt F71eel wet At 257t ke A
S AT & AT 53] 71EAM] 2.0 wiv% H7HEIDS
o) Q1A 9] A3} 7 ¥]S28k 35°ColA] A Zo|E Ho|

2

Table 1. Composition and Gelation Characteristic of Poloxamer/Chitosan Solution

Sample Contents Gelation temp. ~ Start swelling temp.  Gelation time
name Poloxamer (w/v%)  Chitosan (w/v%) EGF (w/v%) CCy cey (sec)

C1 16 - 0.05 39 37.12 -

C2 17 - 0.05 28 27.61 30

HI 17 1.0 0.05 30 28.91 20

H2 17 1.5 0.05 33 31.20 30

H3 17 2.0 0.05 35 32.24 40

C3 18 - 0.05 20 N.D. 10

“The phase transition temperature determined by tube inversion method and rheometer. “The start swelling temperature measured by Rheometer.

Zan, 43948 A35, 201543
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HATKTable 1). 71EAN} SEAE SMMEFS o835 A
o] B9 71EAke) oz} QA EFS ojeAFo 7 <l
st o] YAJE| 3 Y AAY|o|EV} 23 ZZAP A9
ATlM = EFAM ] Aol AM|o|Ex FFe FA] ¥l
Ao A g F7MTITAL Bl et ol gk A Az}
£ 2 AT Aol yepd de] A8 Z=2AbHo) s
T Aol YAEE AL AT = U, 7| EARY] JeFom
A Holwrt Mt A3 & dXsha k. 53] &
Ex} LA 0| E slo]=g2Ale] #3k A7 SollA LAy
Ex 7| ) B8 128 2y e EAplElER
A A Shs EFAI F|EAE Stol =243 Hlsgh
A B Q2 T ZEA ] g 2147
B9 A7 =YEe W At 2xrt AsEthe
J7PE 9o, o] Axf AA] H Aer] FA o
£ 71EAb] Hrigel we) £ Ao} Adsdiths
e} AR|SHaL 9l

AA 9] A2 ZAQ1 37°C F2ol|A &4 Hol2rE 7|
e 5 Y= 24 FES 17 wi%E AL of7)
o 7|EA] FEE 1.0, 1.5 2.0 wv%=E H3AA &5 o}

2 AEE 248 24 MolLxg 24390t s 4

i 1
iy oL T

T 1= -1 0
=% Brookfield H=AE AME-sI oW o] A= Figure 1
of Uebdlltt. 7124k o] 1.0wa%] HI9l -5 &=
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Figure 1. Viscosity of chitosan hydrogel with the increment of tem-
perature (Hydrogel composition (poloxamer/chitosan/EGF, w/v%);
H1 (17/1.0/0.05), H2 (17/1.5/0.05), H3 (17/2.0/0.05)).
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Figure 2. Rheological properties (G' and G") of chitosan hydrogel
(H3).

ANFEH FE7}t AsE o] 32°C F-2oAAFE HErt Ws)
A QdTh B3 H2 79 HI B} &8 259 27°CHE
AE7} 7$Estal 33 °CHE] x| Hslrt BEE R ettt
71EAe] ghFe] 2.0 wiv%s] H39 A HFA e F7HE
32 °CAMHFE HETF S71ste 38°C7HA] A E7F S7Vete
AL I At ol dt AHEFE H7F Al F2
oAl EA Hol7} 7Fsste] FEMAARE BHH O E AL
2 F IS AoZ 7|tEoe] o]ske] H3E o83t Tt A¥
< XPsiint.

H39| A&t Asl A2 s 54 st #lrdH
£ 9]8-3}9] elastic modulus(G')3} loss modulus(G"S =74
siom o9 washs Fats At AR ERE A5
CH(Figure 2).” Figure 22} Table 19 ©] A35 @9kl 1}
Epiom, o] AollA & F %ol 7|ELk] Tt ST
ol Wt -4 Ho| 27t Asstal e A o U
ot ol& FAEE Zhe 71ELR] ATt ofg Aafolr). &
g 7)Eqt slol=RA] M= B G Ge B 20A
T W3S HolX|Rt o] g3t wlel FApH o= Ft
e 1T F A

g 2RIsk] flsted H3ol Tzt ¥WS SEMOE st
now o] Ay= Figure 39 YERHRITE. Figure 3014 H3
o] @S BT AR RE Wi B 78S Ze o
373 Slo|=2ARE & AT o2 v T
UHE 2 Ao AARiIxEg aaxoz gxTd = e A
o8 Aetdn) oj2jg Ade & Aol AAlske 71EA
sto|=2Ale FERIAA Bk o} thgd 5498 &85t
of A A T 2ol TS B8R ke IE=RE
Zgo] 7k Zlo = 7|tETh,

7= SlO|E2MZRE EGFe WE SM. 7|EAF 50
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Cross section

WD18.7mm 20.0kV x2.0k 20um

surface

200um

WD18 .8mm 20.0kV x150

Figure 3. Images of cross section and surface of chitosan hydrogel (H3) by SEM.
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SRR wwzlxﬂi 489 Bl kol o) 29

A 7 oWl T2 ARE7] sl o] 717k Fst
o dstlor™ 1 A= Figure 4 YeERH o] 23}

A B F 9J%o| EGF= 797F A&2 o2 &y, 7Y
o 90% o)Ak WEE AL sheold 5= 99t

J|EAN Slo|ERMZo| &RE A8, dlo|l=aAe] &
2 AP MRSATH E. colivt& 7HAAL RS sk
o] AF= Table 20 QokslAITH PlxZo g F|EAl] ¥

0} O
Eop.

=k 17 W% Z3A1 g8
MRSAS} E. colil] W3t SF844S 7217} 33.3%9 41.2%S
HAt) o= ZEAH O ZdddFe o] Faeo=

1=
sto] 770 AL Welsh] WEolch. E 7o) 3

Ao ol
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Figure 4. Cumulative release profile of EGF from chitosan hydro-
gel (H3) in PBS, pH 7.4 at 37°C (n=3).
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Table 2. Antimicrobial Activity of Poloxamer and Poloxamer/
Chitosan Hydrogel with EGF

Antibacterial

Contents activity (%)
Sample Chit EGF
oloxamer 1tosan .
(Wh%) (W) (wivoe) ~MRSA - E. Coli
2 17 - 0.05 333 412
HI 17 1.0 0.05 577 90
H2 17 15 0.05 75.0 95
H3 17 2.0 0.05 90.6 98
7t o} = B Slo|ErA o] S 71EA] Tt =
ol = o] FolA= AS E}‘L—i F A} 53

H32] 73-%- MRSAS} E. colioll Whated ZH2} 90.6%, 98.0%<]
T2t S48 B olYg Ade 7|EAR] ol aE
o ofsl| 71EAte] o] A|EHS T =N o] tigh 3
I8 Zheths Baoks YX|skal slok?!

7|E4t SIO|E2H™ MEZSY AH. stol=24 Az AL
|5 7| EAN} EEAM = AlEEA0] gle EEE I
UTE 2 St A2 e S IS5 =
AzEIR 7|8 slo|l=zA F 7| Ak Frt 7MY =
O HAA FERIAA R &80 7Fse H3E o] &3te] L-929
A =4S MTT assay H O 2 S8l o] A=
Figure 59 YeFAT) Agolx & = J5%o] H3e| A5
oj=2A4 AFNME 70% o)de] Alx AEEE BIS
A& 7 AATE ol AFETH H3— =

3 983t BAG e AZEHE

U] &go] 753t B2 = 7gd
o] ME=AL 7|EHT S A
71719 AHg-o] 7Fssit) NS

.

[e)
}\(_)] -

o) 54 olslololo} ol
=4o] Homn e 2

£ 2R A SelERAL 5 A B 4 5]
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Figure 5. Cytotoxicity of chitosan hydrogel (H3) against 1L.929 cells
(n=5).

ZoZ 7|Et.

7|E4t SI0|E2-E 0|88 FAUX| SE M. 7|EA
sto| =24 o] £ 717k ER1str] flste] Fo] T sl
7184} slo|=2AdS Fdste] 715 Hlawgk A FxpE e
2 A7} AR, 780] At ol = slo|=2Alo] ¢
A8 EafElo] oAl As SR8k tH(Figure 6).

7B} sto|=2Ae] §2PER] &E ] fl8te] #
o] w7 B Butoll Q191FQ1 FAE Hol Al {2
o731, 1 RYof| 7|EA} Flo|=2AS Aelsle] 15 A
W RES o] RS ERIsIe™ o] A¥k= Figure
791 Uepit) thzo 2= PBSYE AR S & 24 &

M

Sample injection (1 cc)
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400 E
300 - }
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0 4 * .
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Figure 6. /n vivo degradation of chitosan hydrogel (H3) (n=3).
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Figure 7. Comparison of peritoneal tissue adhesion of chitosan
hydrogel after 7 days (n=5). Results presented as median + standard
deviation. *p<0.05.

Zto] Fo] WIS AL, o]0l H|gte] 7| EAto] $hHE 3}
EGFE YA 7|Et Slo|=2Ale f2bo] BAIFo R &
oA sttt 9 34RAAR] EGF7F BR]E <3 7]
Ejlo] Z3HE 7] BAF SR = fFookA] 4SRN EGF
7} =223 A7) 229] g8l =g Frhs Bl 9§
EGF7} 234 7|4 slo|=2A4 9] 49 22 f2F WA A
ZZAo Ao AgE F US Fo=E 7dE
o}, T3k EGFe} 7| EAle] ¥gE o 72 sloj=gAde G2t
A7 Bagk 919 A7 220l tiste] Rl o F
7h=E o], Al F9ollA EEjliE|A] 4oL F-EtE o] Slo] &
27| RS & FAAToEN s oR F2& WA T
T A ok PR OE FERPTTE 2 o3 o A H
Arh kel EGF7E X3HE 7| EAL slo|=gAle 7 o]
ste] g3E BT
2 AFolM= 71EAL slo|E=RAle] 4 HolE, HE,
A, 2 Horel tisiANE Ads AR 7| B
EGFe] H7Fe] whE Ao] {2 Fxe}t a5 B AlxF2 7
2o Ase] tigh F7HQ1 A7t B astt). SEAIRE, o]
et AFAAZA 2o AATEEA] FAP F9Y
sto] A F-flol At s YAt A 2
£ HYo=H FRIRAIRA ] 7Fs/dS SISt

KoY d

2~
2 &=

RBAAR ol T FtE S Zhe 22784 71EAY 8o

[€)
ERAE Azt RIS H7lsle] 2Aolx o] A
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