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5 B AFE & F 77FA 7152 2= gellan gum(GLG) chondroitin sulfate(CH) 244 WHEx 2 &
5% H7ksitk. GLG/CH %A Aol phosphate buffered saline(PBS)9} calcium chloride(CaCl)E F7lsle] A&
7taAZAT Aol 54E gkl fl8] Wi, Asts, AREE SH3HL FTIRE 545 13T Ratoll &4
e, SRS, A4S Yol F2A 855 H7keilth. GLG/CH(3:3) 24 Ae Huke] 27 {27
2 52 395 e 23 A AR S8 7R S BAvh

Abstract: The purpose of this study was to design the gel composed of gellan gum (GLG) and chondroitin sulfate (CH)
and to evaluate their efficacy as an anti-adhesion barrier after abdominal surgery. To improve the mechanical properties
of the gels, GLG/CH gels were treated in phosphate buffered saline (PBS) and calcium chloride (CaCl,) solutions for
cross-linking of polymer chains by divalent cations. The physical and mechanical properties of the gels were confirmed
by swelling, gel content, gel strength and fourier transform infrared spectroscopy (FTIR) studies. The positive control,
negative control and experiment groups were evaluated for prevention of postoperative adhesion formation in rats. The
GLG/CH gel (weight ratio of 3:3) showed high effectiveness for the prevention of peritoneal tissue adhesion. In con-
clusion, the GLG/CH gel can be a good candidate material as a tissue adhesion barrier.
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A 9] 3 (adhesion) 73 IG5 ¥, 95, o=, & W FEPIAAl = AAF ol Holvek sk 9Evhe, |
g, T, A, rh 5o8 ZAIgo] WAE Ao A AukE-S do7|A] oL, AWellA A7t AfElE 717 5
Ffr FGollA dollo] FEE o] FaLstaL, ol &l F¥ % Qe A ATS oL, o] Fol= Tl Eofof ahe, sl
23 v Fol dojube dE 29t olesh & 2 trkE B3 wiE Ed A Al Feisliof gtk A=
-l A Z7F e oS ek fd o] gtk 7HA] =84 Aol 8= e 784 EAR] sodium
53], 24 72 a2 AuASe] F2 A21(80~90%)°] = hyaluronate(HA), sodium carboxymethyl cellulose(CMC) <]
H, 2RI A Fof] A7H SiF, 2 F59 Ao o dextran, poly(ethylene glycol)(PEG), pluronic 5°] )2
o}l olg)sk §2-L vxs)7] QElAE = A AAHE F w, H$8&A TEAZE poly(lactic acid)(PLA), poly
2sfslAY, AGA12] AR, 27 Zekan|=Al S (tissue (glycolic acid)(PGA), poly(lactic-co-glycolic acid)(PLGA) 5
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Ao 7wt AstEA] v et =2 S 7L 9L
o0 S GLGH gEo] & A tol|A] A8 chondroitin
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Aok & ME. GLGE dZUote FE2 25 E
Pseudomonas elodeas AME-3le] o vljoF g sled

W2E Y, g gl 2 E Bt
FREA, QAT F dx 2 B S A% GLG
(Gelzan™, M,=1000 kg/moly= Sigma Aldrichell A 73181
t}. Chondroitin sulfate sodium salt(CH)(A£,=499.38 g/mol,
total sulfur 5.5~7.5%)< D-glucuronic acid, N-acetyl-D-
galactosamine @} F4HO 2 AgtE ] = HAEAE O F
(mucopolysaccharide)2 TCIP|A +43lt}. 71w E s17] <
&l AF8-gk PBS(D-phosphate buffered saline with calcium
and magnesium) pH 7.4(10X)= Gibco Inc(NY, USA)ol| A
TY3H3L, calcium chloride= Sigma AldrichollA] 133
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oh Y tiE2S Al AR R A s HA-CMC £
Guardix-sol*S AFE-3I3TE. o]9]e] BE AlekS A= §l
o] AREEIROH, 22 33} TRTY} AR GTE ARSI

M XM|=. GLG/CH &AL 6 wv%=Z JIAskaL ZF vl &
S 2:4, 3:3, 420 ZAW)(wiw)E 37} SFFo| EA g8
< 60°ColA 12A17F F<t WRkAIZ] & $hH LA g8 Al A
6 well plateel] 3.5mL% &7 48217 Wx] & AS A 2313
o} 7t ¥ & E GLG/CH %A A9l phosphate-buffered
saline(PBS)(1x)¢} 0.03% &==2 A|Z 3 calcium chloride
(CaCL)E 3mL¥ A7t & Hgstal S/RTE AHS ot
& ZF Agol ARSI

Ho| E2|X Wt WeT: A3l A3 vz A
ZH AS A2ollA SR AN F AIZE 73] e
FARSEE B ol& wi7kA] ST BEEs A (1)
of Yehd v} o] sag Ae] FA (W} 7xH Ao F
AWy 2 AxE Ado] FAZ Uro] HEg2 el

W EE(%) = (W= W)/ Wyx100 (1)

Molg: 7tk FosiA] R ol IEAE Al
AAZI7] f18ted 30 °CollA] 48A17F &<t wHkstAA A3t
ATk FAZE S AR AL Adlo] A xHe] 75 Hol
60°Ce] Lol HaL 4877 F3t ARA . Aslgd 2]
)l VR e} 7o) AxE Ae] BA(W)S 7] AHe-E
A FANDE Hrel BEEE BASIIT

ABH-E-(%) = (Wy/W)x100 )

2= M AlxE Ao AEE o] 9t S
£ =459t Ao 7= & INSTRON 5569(Instron Co.,
USA)E ol &dto] 20l d57=s SAsT. A4
= E54E A% Ao AH FAE 45405 mmO] AL A5
10 mmo|l o 7zt vt} 67 2] Al S Alxste] 45}
At A= S Al AR 3| E(cross head) S =&
10 mm/min®| 129, Al#H o] 50% W o] o] o] uwje 3}
< AT Aol Mgk g wet o] o) njx
= %S I

FTIR 24. GLG/CH Z/gv]e]l & 3}3} #3290 wists
A7 9lete] A &M EFFEA(FTIR spectroscopy,
Shimadzu-IR Prestige-21, Japan)s ©|-83}] £330}, KBr
pellets THE0] A|HS AxHI oM, A5 KBrg 74|
1:1002.2 & 33l pelletS #|Z3FaL 60 °ColA 124]7F
S AR AxEE olgst] FES A7 F 4000~500 em
FellA S48

g4 2EL A z¥ A-S automatic coater(Sputter Coater
108auto, Cressington Scientific Instruments Inc.)E ©]-&3}¢]
Au-PdZ 60% F<F 213 FY3 Fo] scanning electron
microscope(SEM, JSM-5400A, JEOL, Japan)E ©|-& 3}
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15kVollX Fels A3k

MNEZSY "ot AE AEE 5782 MTT assay o= =
A st ). Al Zu) <l (DMEM, Dulbecco’s modified Eagle’s
medium, Gibcopll 100, 500, 1000 ppme] FEE €37 37 °Cl)
A 2477F o) gafiste] &S AxsIATE MTT assay™3
2 MTT(3-(4,5-dimethylthiazol-2-y1)-2,5-diphenyl tetrazolium
bromide) A]2f] AIE WZE F59 & njEE=a]ol] succinate
dehydrogenase®l] ]3]l formazans 33t} 96 well plate]]
Z} well @ NIH-3T3 Ad-foFH3E 5x10° cells/wells ¥--313L
24X 7 & st FEE A XS AE &S9S5
DMEM Hi g 0 2 ZholE & 24417k F<t 37°C, 5% CO,
Z7101A v eFstTh. Well B 20 ule] MTT &L H71st
o] 37°C, 5% CO, ZZoNA] 4A17F 3 vEgAIZ] -, vl %k
NS W3 DMSO 100 pLA ¥o] formazans &3f 8 ¥,
ELISA =7 7](ELX 808, Biotek Instruments, Vermont,
USA)E ©]-&3te] 570 nmollA] S35k

o WX o 75789 43 Sprague-Dowley(SD)
WX E Q2] E H}o]Q (Orient Bio Co., Ltd., Seoul, Korea)
oA FEol Ad A 797 A8717kE AR TE WA ARS
Al 2AIZF 7HA S 2 Wt jEE sl AL e
2241 °CE FA 892, LY ALE 2] Basal diet 5755(PMI
Nutrition International, Inc. Richimond, CA, USA)S} &<
AMEA A3 SIStk W AlE 230 g SD ratS- diethyl
ether® PIHA & 7| RSk F=7]175 ARgste] 55 54
< JHEste] S =2A7|A R IS o] &9
o] A7|EF st om, BT FEHE e HHE A AFER
A A FAE W o AR AEE A9l 13
g T 719 g F-919F B A R-917t st e
& 57F ol Apjx|sta B} 075-g dnkels et
Holl oJate] B-gatdth AP 3 v, 24 dE2T
9 Ao R st 1dsiitt. 7F +F SD rats 5vt
24 x| skt

FANFZTLLZ HA-CMC 2:1H]&2 FX4
WA Al (guardix-sol)E A F-9lell 5 mL =EATE 4
Za2 PBSEE A 2|3 & ovldith aey dPee
GLG/CH7} 3:3°]aL PBSZ 2|3 A2 ARE-siinh. 5%
7EA0] AEFES e dEHE=2 FAYA T Y
2 g AR T, 10% 378 =22 gdoz Hao
FRAA S dn7d A Ao Wl f-2H5 (adhesion
grades)?} F2PTE H7sISlt. 7F wwitt 7F S5l sie
sle A¥E=e] 7 4% F 7t 9 HaseS Aktst
ek, Z22]aL s 9] 2GS Figure 891 WERASITE
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GLG/CH He| 2| &4, F2PEA|Al &7t we] &
3], AA= ] F2A a5 vEeRl 7] ofle 71 AP
AR o] FAAE Az S8 ARSI LA Atolel 7t
WE P el A=A Aok GLGF CH 5%H]
of we} 7kl $ o] sy{u] Wsks A th(Figure 1).
GLG/CH7} 2:4, 3:3, 42 2/JH)2 Ao ol AE #2354
%=, PBSE A3k 7, CaCLE A3 7] A FolA
PBSE A3+ o] e} edl A7k fAEHE A skl
T AR T3 GLGY] =7t S7HETE AL FE7E A
I3 AL AFE ATk 2%2] GLG 5= 2] dE
7t & WHEojRA] ol E8]A AdS WK & /it 8t
A9k, GLGE 3%9}t 4%%] FEolME= PBS X2d] Wak

o

7} e AL B 5 AT Figure 19949} 7o) GLG
o] o] 3% JollA Kk 4% 2/<] Aol ¢F 30%7t t
O WRYS 2E AL WA GLGE SAFHE Wt
COOH ZZ2&°] 27} ¥ol2(divalent cations)?! Ca**, Mg* 3}
2000
1800 —e— GLG:CH(2:4)-PBS
—O— GLG:CH(3:3)-Con
—v— GLG:CH(3:3)-PBS
1600 —&— GLG:CH(3:3)-CaCl2
—a— GLG:CH(4:2)-Con
1400 —0— GLG:CH(4:2)-PBS
= —e— GLG:CH(4:2)-CaCl2
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Figure 1. Swelling profiles of gels for 7 days. The results were
expressed as the average of triplicate samples with S.D.
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HkS-5H o]2 ATH(ionic interaction)el] 2Ja] AT A
o] (helix-coil transition)Z A3}7} A}, wehbr] 7tad 3
M Rt RS ol STkt A Wil =& 3
g AUe AAE FEE ST ) 98 A7kl Ay
2 WEE R B3PS FAsH AL 5AA7E EHA] A

16

B GLG/CH(2:4)
14 | 1 GLGICH(33) T
B GLG/CH(42)

12 A

10 A

EHTIIHL

CON PBS CaCl2

Gel content (%)

Figure 2. Gel content of GLG/CH. The results were expressed as
the average of triplicate samples with S.D.
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Figure 3. Gel strength (g/cm?) of gel. The results were expressed as
the average of triplicate samples with S.D. *»<0.05 compared with
GLG/CH(3:3) and GLG/CH(4:2).
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A3] Ao wallEle s AT 4 U 7Y
Al 35 Aol ek Fall7) o] R = S AFSIAT &
3], PBSE $/4pH %<& 7K Ca*, Mg* 240 = =of 9l
3L CaCly= Ca” 2R/ /4= 0] 3lo] PBS §¢] CaCl, €<}
B} 733k Fol2E FAshL ol A 7t o & TS
T AL ¢ T UJT 8 AEAET FAE AL
F3hf-ao] ol Autd o g A3g gho] v
(Figure 2). SEAIRY, PBSZ 71w A7l A ZAJol|A & OF
o Bl =2 e UERA AL vl ofsl wAle] st
2 A}go| glo] Ador Eo AL Feld 4= At
A o= GLG/CHB:3)ZH (42)42] A oA
= AHEEHA &+ ¢, PBSE AE$ &, CaCLE A +
° 2 o] &3 HE PBS AEe 7kt Rsigel wh
2} IR} AREEo] A Wl Ae Y 25 JAE)
ol =2 A s YePHTtHFigure 3).° E3F Ae] 7
£ SetA o ERIsh| Q8 &0 ES vle Feje] |
312 B3 Ao th(Figure 4). GLG/CH(3:3) 2412 AL
OMEAE X2 EkA] %= A Figure 4(a) 4HS 71E1S )
A FAA= AE #E3IA L, Figure 4(b)2] 745 PBSE
#2]gk A= Figure 4(c) CaCl, 2]2|3+ AR T} FE|7}F F-414]
A 3 FAEE AL BASATY AN HE T B
He Al71e AT Frol A% 2/9H]E GLG/CH(3:3)&
2 Pete] FEAY 9 aute] A ARE-SIITh

FTIR 4. 7} /3= E§ste] AshAzl & GLGeF CH
o] fro] FAE0] F7ixsle] AT AlsdA FRIFITH
(Figure 5). CH2| o] Z7FEE 14602 1415 ecm™lA (C-
O-H) ¥ =7} #Z= 3 1380 em™'ol| A1 CH;, 1260 cmolA]
(C-0-C), 1120 cm™ellA] (CH-O-CH), 1030 cm™el|A4] CO,
860 cm™ol|A] aliphatic aldehyde(saccharide) +Z7} 2Q1= 31
©ow; 1030 cm™A CO, 720, 680 cm™lA] (S-0) 52 -
93 AE7t AR EAT F ATk

GLG/CH Heo| #El & GLG/CH %49 Ao g
o, PBS A2, CaCl, Aglte] A WS st 43 %
He MIIHY GLGY &7t 7S Ao e 1=
A Zgk Ag AT £ ATt =2 WEAAH A At vt

A= PBS Ae]+9] A A TS Figure 60l LERH

Figure 4. Sequential macroscopic demonstration of gel brittle character in contrast to crosslinking solution-gel ductility during the deformation

process: (a) non-treatment; (b) PBS treatment; (c) CaCl, treatment.
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Figure 5. FTIR spectra profiles of GLG and CH powders and (a)
GLG:CH(2:4)-PBS gel; (b) GLG:CH (3:3)-PBS gel; (¢) GLG:CH
(4:2)-PBS gel.
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t}. Figure 6(a)2] 7%= GLG/CH(3:3) Aol (b)2] A%
£ GLG/CH(4:2) 2422 GLG 5=/ Z71 A (b)llA 2]
FA = (@l vis] Azl 28 4438 42 35
gle] e Rlg 4= Ut olgfst daps B dqolx] &
3t} e FERPEAARE ofue) ohkst Eoldl| 7S
49 % d= AR &8 7hssh 53], GLGY §55 %
Ao ZH FEHGAAG IfEEY] &8 Ve ZoE
MlEiRzl=

MZSM 2M. GLG/CH 24 A& s-H=E Alxs54dS
A7) fleted Mol AEES vwsiGit). 7 24l w
2 A v §292 BE FrolA 80% older =4
o] 79| QAATHFigure 7). E Ao o]-gH Ao A Ed =
ol gle AA A= AW AFdel 7hsshH, A E2A
bt S8 % 7hsd Ao AlsH

9t FEWX] g1t 590] AHE F &7} o] FojA=
GLG/CH(3:3) Z/JH|2 PBSE 2|3t Ae FEA A&
Itk Figure 8014 23t (non-treatment)S "33} &
ol s 28 A= IRlE AT Bgk FARAR ()
o= A& PHUERTLE SR o] SrkE] B 4
Zho] WSk Zlo ' yEpstth. o]of ¥kl GLG/CH(3:3) 373
AL AX g AT 4nt7E R 0] fle Ao gl
Ak, f-2ke] Aol wel 0ollM 3HAA] E-F3lo] Table
1o JERATE S/9tztoll A HEa) wadel] f-2te] WAy st
RAFEAT 2.6) AAENY O] FARANE S A2l FollM =

Cross section

- B

Figure 6. SEM images of surface and cross section of (a) GLG:CH (3:3)-PBS gel; (b) GLG:CH(4:2)-PBS gel (magnification (a) 50k; (b)

20 k).
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Figure 7. Cell viability of 3T3 cells assessed via MTT assay in the
presence of 125 ppm to 1000 ppm gel extracts after culturing for
24 h.
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GLGSt CHE &8st F2PAIAIE A ZsiSlnh. Yol
o= AEgkomM QA el Aol 7Fsek P
A5 A %35 Th GLG/CH(3:3) A4S PBSE A2 3t o]
7Rk elE= Aol FEoF HA ] =] B
st 53], sERYS Sl #ES 24 A EAE
71k A GLG/CH 2348 A3 A { 3a0.2)
o] PBSYF A2 th2(FH2Hr: 2.6)0 BIal 109101 =
2 fF2e e A9E B T3 7]E9] CMCeF HA

Figure 8. /n vivo anti-adhesion effects of control group, and experiment group in rats; (a) a negative control not treated with gel; (b) a positive
control treated syringe type solution; (c) GLG/CH gels. Adhesion was apparent in the non-treated rat and in the syringe type solution treated
rat after surgical damage of the surfaces of the abdominal wall and cecum. No adhesion was observed in the GLG/CH gel treated rat at 7
days after the surgery and the wound to the peritoneum and cecum were healed.

Table 1. Postoperative Adhesion Formation Rates, Grades and Score for Groups

Adhesion grades

Group No. of rats 0 " 5 3 Mean of score” Adhesion rate’ (%)
Negative control 5 0 0 2 3 2.6 5/5(100)
Positive control 5 0 1 2 2 2.2 5/5(100)

GLG/CH(3:3)-PBS 5 4 1 0 0 0.2 1/5(20)

“Mean of score=(adhesion gradesxadhesion number)/total number. *Adhesion rate=(adhesion number/total number)x100%.
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403

0:2mm
—

Figure 9. Histological observation of damaged tissue in rats with: (a) negative control; (b) positive control; (c) experiment group- GLG/CH
gel applied post-damage. Left: The arrow region was magnified to right image. Scale bars of right and left indicate 0.2 and 1.0 mm, respec-

tively.

Z249] FARE FAFIAA R GLG/CH 274 FHe] 3
WA 7F B o] fERA R a4 AE B
ol21§t A& GLG2 CH 242 Al F2PA|A| ] 43)
2 &8 7S Btk

ZAel 2: o] =EE 20159% AR (@S] Aoz
AT AdS wol FPE 7|2 ATAY Y No.
2015H1C1A1035894).
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