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=5 B d7E Z AN Do ALgsl) 98] AT (GELYRIOIREIFEE(CSB)S 2o 2 Al xsla HrFekich.
GEL¥} CSB #9& 7MAdsla A%AZ] & D-PBS(Mg™, Ca’*, K H71ste] GEL/CSB 24 1S Al x3l3ith.
GEL/CSB 2] &2]-3}8t#¢] EAS E4517] 98 FTIR, XRD, H&E, 84 Bax, AxE AEE-S Hr)slich
T3 ZZAHE MC3T3-El°] GEL/CSB 4 28 thfdt w2 #2]3le] alkaline phosphatase(ALP) B4 =74
3ITE. GEL/CSB 5%7F S71sel wet ALP7F 718kt 2he A Elet rate] & AMES 7F 45 &, vo|a=
CTE o]&3lo] &2t} GEL/CSB o] A2 AE FAol Ad3t a3y} e AS st

Abstract: In this study, we present preparation of the gellan gum (GEL)-croaker swim bladder (CSB) membrane and
evaluation of its use as a bone regeneration membrane. GEL/CSB membranes were obtained by casting and drying the
GEL/CSB solution and adding D-PBS (Mg*, Ca*, K*). The effects of composition and crosslinking on the physico-
chemical properties of GEL/CSB membranes were evaluated by FTIR analysis, XRD, swelling ratio, enzymatic degrad-
ability and cell viability test. Also, MC3T3-El, pre-osteoblast cell line, were treated with GEL/CSB of various con-
centrations (2.5-100 pg/mL). And then, the effect of GEL/CSB on osteoblast differentiation was examined by alkaline
phosphatase (ALP) activity. ALP activity increased as the applied GEL/CSB concentrations increased in a dose-depen-
dent manner. The bone regeneration was evaluated by micro-computed tomography (micro-CT) analysis at 4 weeks post-
operatively in rat. The GEL/CSB membrane has significant effect on the new bone formation and has the potential to
be applied for guided bone regeneration.

Keywords: gellan gum, croaker swim bladder, guided bone regeneration, membrane.
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FEM 5o R A LEAE ol AREL ATk A
<o =32 9= polyester AlE ZH#] “H(Resolut® LT}
Biofix*)2] @E|sta], 71AIeH FE & Ak Bek=d,
polyester AlE 2 Aol e T FEE 7T vl
FHAA 4771 wljget Soll= AE $xs] g on by
F 149 Foll A=rt FovlstAl Uk Sl 719 2}
92 Al RISk A Aol wlg- stk 27 7]
4 ZE 71N 2 ek At 95 719 (Alloderm®), 4:9]
obd# 271 7|19 (Cytoplast®), A 77 7] 9 (Bio-gide”) 5
tjekel 9o Fepoz Azt 4= Uk SRAIRE, in vivedl
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A, 2|3l Aoy S EERE Aol wivld 4 ke
o] ot

Hx] LS A3 Bio-gide’t 2 2] AR Hafld
L7t 7Y olle|BR FF AFxH o] 7] A &5
oA Al TS Kote WAl Aokt gRkdoR F(F
220 BAAEETE AF2A(AxA)Y] SRR =27
o] FolAAE A Fof| S QojF o ZH] Fol
g Ao g Al St(E-/l D) FHe Az o] & o]y
A T2 FFshs AL WA S8l Ade] Hgs)tt?

2§54 ZEre] Ae]A ZAL, genipin(GP), glutaral-
dehyde, 1-ethyl-3-(3-dimethylaminopropyl) carbodiimide hydro-
chloride(EDC) 52 ©l-83l &2l/atsHs 7las FAstd 2}
Hue] 714 s ST W Ee] EE L Jdthe

2 i AE A T ATH(GEL) 2A7F Zox
o] Aol YAIARI o] ASEHHA = A T &
B3 ATk 12417 i Aot ES well U] ¥l &
Z7HO 2 o]FAITIH 48417  Foll 1 I 715 ATt Well
o] Tl FEH (1 mgmL)S 2 JEslo = HfoldEs= 12
A7 & g ¥l FZRO R o]Fgith Lt well®] S
ol GEL(1 mg/mL)S v &E&a Afold Ee] o]F= A
1 s}, o= GEL®] 3ol 71Q1gk o= waert?
TS O 8-8 sfdHtol 2 A7t el AE AL 9lom
25, mieY g4, ool w, A 55 FEste] dojAl=
st Feplla opr)eAbs: o] 88k AR o] BarE L 9}
o} wloj g gk vhake] whild mgkd A, IR
SHrElo] ok 53], ZuRllo] Bol = Al aF ol

ol

GEL 24°] F2hAAE MEdd A7E nge=z 2 4
T = A W A8 7Ess 2k sEsisic vl=2]
FolokotAH (FDA)S 31715 e vAE {2 thdel GEL
< el AH S8HI dom 5, 24 50] Bt
A o] 7EA] fofell E-8-F L Stk 53], o] AT
A= GELY EAS 24317 93] D-PBSE A& sl
GEL®] £43}= u]& COOH &3 D-PBSS| 27} %ol&
(divalent cations)?] 712 AT 2 Slo|=2AS A5t H
27 GS A

2 A7elr= GEL# RloRe == (CSB)y= &3sto]
A w7t = vk AT Al 2re] ZAAY A+
58 HEsSlnh. &3k CSB2 A7l me A|A1A1 €] §l
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Alef 2 ZHE. F1o] H2(croaker swim bladder, CSBy= &
BAP el YR, A (gellan gum, GEL)

S ST, g o xugo] 1128 PAE SOl v
7=, BAS 5 14x 92 23 #¥LS A% GEL(Gelzan™,
Mw=1000 kg/mol) Sigma Aldrich Al Al G383t} D-
PBS(calcium chloride, magnesium chloride, pH 7.4)&=
Gibeo AbllA FYBIAIL, o]9]o] BE Aok A7 {1
o] AbgsIloH, B2 3a S/HTE ARESIITE A =
+o.Z A FH 9 collagen =421 Bio-gide(Osteohealth
Co., USA)E ARE-3IS1TH

olo] Fai| FEUH. Aol FUE wlojellM
Fsteod, dFAx71914 104 A2 AT %" o
£ 3F Ax B B9 EES AASIALE o], 3
ol Feel 4uje] SFFES H7Fste] 70-80 °ColA 4A17%
2B F F2olA 2407 WA = T4 Axste] Al A
&-3Fith

GC-MS dZ 4. CSB9 A+ #4& 918k gas
chromatography/mass spectroscopy(GC-2010, Shimadzu Co.,
Kyoto, Japan) 7]71€ &3l #&33th. CSBE oleh&e] &
A &, AR5 ol 8ot FfiES AlASAL vAl
ZE(0.45 pm)E AAZste] FH|eFATE AR 42 vt
Ze o= sttt 292 BD-5(60 mmx0.25 mmx
0.25 mm), carrier gas=+ He(1 mL/min), injection &%=+
250°C, oven 2% 50~300°C, 3 °CA* %52, injection volume
2 1 pL, injection modes= split ratio 10:1 27104 A& &
248 31%9.21, MSD(mass selective detector)llX] mass range
28~550, acquisition modei= scan mode 27102 A #F3IT)

£ olo|=dt B4, CSBY] F oAt B4 52 Az
3 Al§ 50 mge glass tubed]] ¥ 6 N HCES: 5 mL 3738t
T 110°CollA 2247k &<t 7Rl ekt o] Eell=s 2
9 74%3 % 0.02 N HCIZ 83l$+ )3 Whatman membrane
filter(0.2 um)= o Z}ato] ofm =4t 2H-FEA] 7](S433-H,
SYKAM, Eresing, Germany)Z AlS5 A& #4314t}

IR % XRD &Y. 77l =] shetyizol] miAe 9%
< A7) ste] A9 34171 (Spectrum GX, USA)
£ ARkl e, 2 9k M= 4000~600 cmo] ], ATR
Holl ofsl) Akt Xeray 314 5782 7HA|7] 2o A7
TZE gRIs7] 98t X4 diffractometer(D/Max Ultima
I, Rigaku Co., Japany& AR&-3IR oM, A E= d& FH=
CuKo radiation®| A 40kV, 40 mA°| A scan range= 20
5~80 °Col|A], scan speedi= 4 °C/min% A3l AATZE
A kAT

Ao M= Ao e 2492 GEL/CSB(1:0,
0.9:0.1, 0.7:0.3, 0.5:0.5, 0.3:0.7) xFct 2hS A=A} U4
v GEL# CSBE 100 °CollA] $H43] 83A17]3L 6-well
plate®] casting@t § 60°Ce] & ZAZx7|ANA ARAHT A
ZH 59 el D-PBSS H7lete] 7had ghe v vt
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AFTE FH. Arue] AFYEE Helsh) fstel
ZIAIH (20x70%0.03 mm)S A|ZFeF F, universal test machine
(UTM, TO-102, Testone Co., Koreay2 ©|-83F1t}. Crosshead
£ 5mm/min®lth. ouf ARS-E AJHE2 244]7F FQF 2
ol B 28] BEAIZ] Aol 22 S8kt

SAXEMN It 712 10 mm, A2 10 mm, 57 0.03 mm
o] AIEE 0.25% SR E2 (porcine trypsin) £ 10 mLojl
=7} 37°C, 50 rpm 730l YA Rt FERE &, A8 E
AW 37 °ColA 24X17F Bt AZAZ T ERA A2 & A
g9 57 Wsk (%)= Alrtstel EFA AE Fidit

M=EZ=EM "HIE 1929 mouse fibroblast cells(L929)= 10%
FBS2} 1% penicillin®] $H+-¥ DMEM BiX]o|A] 37°C, 5%
CO, zA8plA wigsiiet. Alx=dE B7ksh7] 218 MTT
assays X181t GEL/CSB 2+ 125, 250, 500, 1000 ppm
=2 96-well cell culture platel] 715t 24417F 52t vl
& T ARSI 24417 F wiAIE A ASL MTT(3-[4,5-
dimethyl-Ithiazol-2-y1]-2,5-dipheyltera-zolium bromide] (MTT
assay reagent) 28 28} 37°CollA] 447} FoF vk
A}, o] HjR|E A|ASIAL dimethyl sulfoxide(DMSO)E
A7yl 158 ¥H-3-A1Z]1 &, ELISA reader(Biotex, USA)S
o83t 570 nm 2NN FFEE ST F AZYEE
S ARtslA) 7F 43S BF Al WY ey

71N oM EA =M. MC3T3-El IS 6-well plate
ol 7} welld 1x10°7H4] 58 5 10% FBS, 1% A A,
50 pg/mL, ascorbic acid, 10 mM sodium B-glycerophosphate
7F A7 o-MEMO.Z 29U7F 100% F1=, 5% CO, 371&
S 710 A vieFerTt. WAl E A A 5, wlg] &aiAA
£ GEL/CSB 22 2.5, 5, 10, 100 ppm ¥ =% vjx|<} 3F
A A7vslaL, w7 tiEddle SR J7ker = 7k 2d
S viFeIATh. A wiEAITke] At £ wiA S A AL
trypsivEDTAR A X5 ] A]7]3L 1500 rpmel 4] 617+ <
4 sl S AASL thA] 103 F<F 1500 rpm
o2 A4 stk S8 FTAE AASAL 0.5 mLe]
B SRS F7eled dgsidit. 2+ Al FER) 0.1 mL
o] 0.1M glycine NaOH buffer(pH 10.4) 0.2mL, 15mM
PNPP(p-nitrophenyl phosphate) 0.1 mL, 0.1% Triton X-100/
saline 0.1 mLe} B+¥ S/FF 0.1 mLE 2 EF3te] 37°C
o|A 30%-7F wiYs 3, 0.1 N NaOHZ 0.6 mL #7}ske] o]
9] W3S FAAZ T} 96-well plateol] 200 L ¥ 32
ELISA reader® 410 nme] 3gol SB =5 73100t

SEAE. 13v2]2] 47 Sprague-Dawley rat(3 5 250~
300g, 10 TRy 157978 =8 71k A% # s34
< A& TE GEL/CSB(0.9:0.1, 0.7:0.3)%4 =S 7Hz}t 5
mhefo]] AA|SkL o gt A5 SFA] 2 RO At
2 & dAith Be A3 Adigae] 43 &

23]e] AR el ol F, At ojtiste] 54 g

ZEd, A41E A2%, 20173

Ao (specific pathogen free, SPF) A3-5E=43} & SPF ¥4
o] AXF ARl Adtighae] EFAHARS 55t
] 235 thEIH 5 CNU IACUC-YB-2016-40). ¥ <
Tl BE AAWEARE zoletil(50 mg/kg)t rumpun(10 mg/
kgys Egate] 5 FAKIATE vEAl Y F, rat®] 7
o Alopstr e} Fot2 el S flote] A7HET] 2 13
& WE7|E o]&3ste] A/ 91 9& AESIAL povidon-
iodine &Y} 70% ethyl alcohol®. & A#3}aL FEF9E
A8t 2% lidocaine®- 2 =74 w15k ¥ No.15 blade

NE 7hstal FR7IAE olgste] Zuhe Astal Bleste]
GEL/CSBS AAE = 3 es FlzS
t}. Trephine burM17d Smm)E o]-838f] Tl A
ol zt He] A& &5 A S XA S9HF
micro-CT(Perkin Elmer)E &#Jsto] & AL Rls)

ZRSH LIt AE § 4500 7 o] AEEES SAG
3 FNEE AASITE AR 23S 10% E2E
FABIAL 5% nitric acidell o] ©3|A171 F wlEsl o))
Aok o] EYE 3 um AR AETE SOl A
2 Adste] 559 379 Etol=E A ZstAT) ol
Hematoxylin-Eosin(H-E) S o2 HAsl3, 338t Hu|j
o2 AT

glofs*3Ie] ool &2, Glycine, proline, glutamic acid,
arginine®] 749 FFAo| T3 AL i} qloj e S
GC-MSZ 43+ A3, A Lot =41 glycyl-L-proline
(CHpNYO5) Adito] S8 A ¢ 87% ol 3Hrd 2le
51918191 Ch(Figure 1). T3t 74 ofuieske] ok 125}
glycine 86.35 mg/g, proline 46 mg/g, glutamic acid 37.8 mg/
g, arginine 23.92 mg/g =02 o] FRlEItH(Table 1; 2
A o)At 3 328 mg/g).

Xt gt SEH. Figure 2(a)y2 SR oA F=3 Sl 24
291 Bio-gide®] 4 71x¥ FEIEAN bilayer 7325 7t
A5l Atk 4 Axste] 4 He] RS 240 Wi
e s 2 FrE&S 7HAIAL ATk GEL/CSB(0.7:0.3)
=4 o] FEl= Figure 2(b)et 2t} GEL/CSB 2] 79
<73 pH 3= 7HA™ Ca™', Mg*7t 37Fe D-PBS & A
g e 7hael] FES F= A4S #Fslt @ Hx &
D-PBSE Azlste] A= who] Fele gk FHe 25 H
2 1A

IR 4. GEL/CSBe] ZAHIE gelste] 2k A|l=sitt.
GEL$} CSB9] 9] 9=E50] &l th(Figure 3). CSB
o] Tt S7HrES Aefel el fleto]= W= (C-N-H)ol| 3}
ok 1543 em™ 9=28] A7 I7F S7HEE ERIE = AATHS



Woielsl Bk AR 24 2 A A g 327

25247
Z

o
o
T

Figure 1. GC-MASS chromatogram of CSB extract.

Table 1. The Amounts of Total Amino Acids in the Dried
CSB Extract

Amino acid CSB (mg/g)
Aspartic acid 21.79
Threonine 10.96
Serine 9.87
Glutamic acid 37.87
Proline 46.00
Glycine 86.35
Alanine 40.39
Cystine 0.88
Valine 7.91
Methionine 7.05
Isoleucine 2.98
Leucine 8.28
Tyrosine 1.84
Phenylalanine 6.65
Histidine 2.818
Lysine 12.75
Arginine 23.92
Total 328.33

XRD 24, D-PBSE AzJs}A] 22 GEL 2 CSB 9+ D-
PBSE 2|8t GEL/CSB 2] A4S 2138} th(Figure
4). GEL#} CSBellM= A7%84do] FA] UAIRE, D-PBSE A
g8l oA e Awo] ¥ARA FA7) ERIHYL EF,
GEL®| ¥%r} $7185 24 9a7t 9 Ale As 34
S & AgE o] dS & 4 UATEY o]= D-PBS Wl

Figure 2. Photoimage of (a) Bio-gide membrane; (b) GEL/CSB
(0.7:0.3) membrane.

(a) GEL

(b) CSB

(d) GEL/CSB(0.7:6-

C-N-H

4000 3500 3000 2500 2000 1500 1000 500
Wavenumber (cm™)

Figure 3. FTIR spectra of (a) pure GEL; (b) CSB; (c), (d), (e) GEL/
CSB membrane with different ratio content.

o] fol0] CSBHTFE &ol& thael GELF 7k Ag-st
o] 244 E4& IAske AS HERdrh
QIAIZE =M. GEL/CSBY| 7} v &U)2 A|=3 v o

uho 6.4+0.12 MPa°| 132, A H]& we} GEL/CSBEH
A= el Hsks #2At. GEL 1% 5% D-PBS
2 A3 2o A= 9.48+0.51 MPa #t-S YERHS™ GEL/
CSB(0.9:0.1) 22 11.89+0.24 MPa® 714 =& 17w 3k
< YeRith ol oids} dhulEe] AdtE e 7idg Aes
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Figure 4. X-ray diffraction patterns of (a) GEL; (b) CBS; (d), (e),
(), (g) GEL/CBS mixture using cross-linking D-PBS solution.

yhckEIth, GEL/CSB(0.5:0.5) 22} GEL/CSB(0.3:0.7) 2ol A]
= CSBY]| H&o] F71dol whet AT Fho] Holrl= A
S B tH(Figure 5). T=3F CSBY] H]E&0] £S5 o]
Aoz AL AL IEA] A EE 7=}
D dAAA 7Y TS GEL Aol ¥Hg-3hk= D-PBS
o] A& 7t Ert S AA7FEsE SUtEEE v
2 CSBY &7t sofdel wat 7l st Yol 177
Tt WolAE o g Al

Silk fibroin nanofibrous® %3k F-A4] pweke] <7t
T 2 94 MPaZ Bio-gide BHE T 20% F= E=QJTHS 2
Aol Aguto] Bio-gide U3 silk fibroin Bl FHR|A] 9
= AT s B0 ARSEE 523§l wet v
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Figure 5. Tensile strength of GEL/CSB membrane with different
ratio content and Bio-gide.
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Figure 6. Weight remaining of GEL/CSB membrane with different
ratio content (@, O, ¥, A, W) and Bio-gide ((J).

=7} =& GEL/CSB(0.3:0.7) 24 o] 7§ 7d0] X
Al e 50%7t el EE As HESIAL, R e R A
3k H %) ZEbAl 249] Bio-gide] 73 48417F0] XLprA]
wallEo] o] FEjrt AlEA o o) EilE SHS ¥
7} A H(Figure 6). Bio-gide 72 Z2pAl vk Hojit Al E
g3 A A3 AL YA T, A 229} e
e zkgo] o]3k whE biodegradation S XJek gl
A T8t BAF O R Q1A Qth ! Bio-gide®] ¢ 71
T2 AA717] S8l AR Z2AY, glutaraldehyde #2] 5 TF
Fob 7haabo] /A=A A2 2 FEAES k)
52 A B daste) 22 2] Ag FAI7E HarE i
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Figure 7. Cell viability of GEL/CSB membrane with different ratio
content.

A5 flste] Mlxe] AEES vasls]

uho] g Zolo BE Ewofa §0% o4

O] 72] I TH(Figure 7). 2 A3l o]-gd e

*ﬂﬁﬂ EA0] gl AA &AZ AW Aol 7hssh, A
AANEZA et 8% 71T AoE AlEH

§7|M olMBEL EH. M X AlxH H4714

oA ]_TOHEAE 7].;{]1 o] A= /1-] Eg,] ﬂ\:ﬂ—:,l]_ /H§]
§} HolM & 2 WHo] 435} 3y e 71

Lo = N %5}94 247 A4S o 22AE

rlo
F-lO

control

GEL/CSB(0.9:0.1)

GEL/CSB(0.7:0.3)

24 Z A 2] A 329
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Figure 8. ALP activity in MC3T3-E1 cells treated with 2.5, 5, 10
and 100 pg/mL concentrations of GEL/CSB is compared with
untreated control cells (*p<0.05).

ol

:%Lxé_o/] Ez](?lx]_i %a Oll:/q;q oll—/l_zo Z‘J_Aﬂ_,_/] %Lg
o=t

A e YIS gotir] 98] ZIAE 24 A
dz] 47 alkaline phosphataseE 279317t}
GEL/CSB(0.9:0.1) 24 954 (0.7:0.3) &4 ¥R 10 pg/mL
o] FrollA ZFz} 108.82+10.44%, 120.47+8.03%2] ALP &
2 AL How 100 uygmLe] =AM ALP 4 34
o] tha A== AS HESIATH(Figure 8).
Micro-CT 7} GEL 24 xj#|ute] «&te) tist 714

Figure 9. Three-dimensional reconstructed and sagittal surface images of bone defects covered without membrane (control (a)) and with GEL/
CSB(0.9:0.1(b), 0.7:0.3(c)) membrane, at 4 week. Histological sections of bone defects and surrounding tissue, covered with GEL/CSB mem-
brane (e), (f) (magnification x10) and without membrane (d)(magnification x10). OB(original bone); CT(connective tissue).
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F& AYsIGTh. = oXAE = H
7F31A Lg = @L‘ﬂoﬂ GEL/CSB %A The] o1A7 = 7+
o] 7} E& & A™ate] AXg § dedd 5 4
F 2o 5 A7 rat®] micro-CTS ZF 33T,
GEL/CSB 24 9k x]x|3} 220A] AT Ao =&
= 7= A% A Figure 9). oFF A= AAISHA] o
A 5 ADETA A FHUN G ook
A3FZ2] (connective tissue)?] AAS B 4 AT} Micro-
CTZ AF ¥ (volume rendering)dt A3} M=2 A= AH
< 0.36 mm*|tt. GEL/CSB(0.9:0.1, 0.7:0.3) &4 =& =]
28 73-¢- CSB o] ©f & GEL/CSB(0.7:0.3) A =
oA AAE TS AT =AY B FRAEE s}
A3} 049, 1.47 mm’e] AHEF EiEF(Figure
9(b), (¢)). JZ_Z}QPZ# B % CSBe &eo] =& xju|uke
A2 2FolA AT FAol =2o] B AARIAE]
A S EE AE ERIsiATHFigure 9(d), (o), (f). &2
AN FE2E sEfd SR A W FA4 3l
VIS Fv= 7AW BaEA ok GELS ©]&3 A
g x|t °4¥°ﬂ/‘15 GEL°] 7HAaL &= =<8t 44
wjitol] Ao E o]FE Adlishe AL 1T + UYL,

MJ‘ 11]7(4 E S

CSBo|| oln]icate] A Ao =gs T AE I
STt
4 £
GEL/CSB =4 -2 0.9:0.1, 0.7:0.3, 0.5:0.5, 0.3:0.7 =74

H|E 2hS Alzelal 217 545 A8t GEL/CSB %
4w P EE 7159 HiA] E2 2/ Bio-gide A1)
SHTh Eokom theke] ofm|iito] SHE CSBE & A4
o] YT F= A IS AINE CSBe] T=7t 5
THEFE PP, Bl WoAle RS #EsIith. GEL/
CSB(0.9:0.1, 0.7:0.3) 2d 9h& ZZAZ MC3T3-El°l A&
slod alkaline phosphatase(ALP)S =7 $+ Z 3} GEL/CSB
(0.7:0.3) ZollA F71E 3he 39T micro-CTE |83
FEAYOME % 45 § GEL/CSB o= 23 15
oA AE Aol B0l He AFxFH MEe w 23
Ax2E A5}, o] A3 GEL/CSB 24 #h2 414w
o2 &8 7FsAo] T2 2E ERIs

ZiAlel Z: o] =EE 20159% ARG )0] Aoz
St ATATe] A YS wol FalE 72 A AN 4 (No.
2015HIC1A1035894), 20163 % B SH)e] Ao 3t
=AFA T A YPS wol FPHE 7] 2ATAY Y No.
2016R1A6A3A11935439).
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