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Abstract: Bioabsorbable membrane was prepared using gellan gum (GEL)-glycol chitosan (GC) with phosphate-buffered
saline (PBS) as a crosslinker for guided bone regeneration (GBR). The GEL/GC membrane was characterized by Fourier
transform infrared (FTIR), degradation, contact angle, tensile strength and cell viability. The result showed that by
increasing the GC content in GEL membrane, the degradable and mechanical properties were decreased. New bone was
observed through micro-CT and histological evaluation of forming a defect in rat calvarial and fixing the membrane. The
amount of newbone regeneration was significantly greater in GEL/GC group than the control. The GEL/GC membrane

blocked the soft tissue and has effects on the new bone formation.
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pHY o] H7FE &3 24340 7Fs3al v|=2)EF2]%F
P (FDA)®] 3171 1ot eldell 23 -85 ot G
= AAA S =steha] EAo] Hoju Az 3ol
A9 &, slo|=2A, nlo|AR e W AFEA T o
FEE ARl 7Fsslth GEL# HEo] AREH FEE 7]
EKglycol chitosan, GCy €& F2]&F 152 2= 7]
B Aol 84 AATEAE AR A Al
’go] Holup BARNEE WS A7 = gk 71 EAR
71810 2 RE old|E7|(acetyl group)E A|2Jste] F& 2 A
A AALE A Ao Aoz D-FFIAN I} NoHEF
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AleF 2 xi=. A7 (GEL; Gelzan™, Mw=1000 KDa)-
Sigma Aldrich(USA), 28 & 7] EAKHGC; Mw=250 KDa)<

Wako(Japan)ll4] 4334T PBS(phosphate-buffered saline,
pH 7.4y= Gibco-Invitrogen(Schweiz)oll A 4393, ©]2]<]
BE Aok BARA glo] AN, 33} S/TE At
g3tk A RS & @ collagen F4J<1 lyoplant
(B.Braun Co., Germany)S AH&-3}31t}.

GEL/GC AH|E} M=, HA] 5% 1%2 IZAA 742
2239 GEL/GC(1.0:0, 0.9:0.1, 0.7:03, 0.5:0.5, 0.3:0.7)Z 2}
HuhS Azt 98 &2 GELY GCE 33 /T
2 90°C, 200 rpm Z71e|A oL Tyt golo] o wj7lX]
S3A1713L, petri dishol] castingdt & 50°Ce] &€ AZ7]oA
2407 AN AT A% & 5 FEl9] 2ol PBS(x1) 10 mL
o] 6A17F AElsted 7wl &, 33} SRHTE A Al A S
T Aol ARSI

FTIR 4. sle}4 x5 ¥otrr] 9l GEL, GC, GEL/
GC &7 Ao uhg A 94 #3441 7](8201PC, Shimadzu,
Japan)& AME-3He] B39t} KBre &31ste] "S- Az
Shal 7 AZRE Bl S Al AT T 4000~650 cm™! 4
HAol|A st

Foll= @It GEL/GC 274 Ajoute] B es HHdl 3
AAA 37°C, 40 rpm 7N S0 FAIE S5t
7] 1 whatman filterpapers AME-sted 2} W) Eof U=
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Degradation rate (%)= WW x 100 (1)
0

W=k Asete] $A, W= Ag Asise) 2

FZE X, /do] thE A e AW EE S5
7] 18l AlHE A= H, weA g 71(TO-102D, Testone,
Korea)S ARE-3}39t}. Cross-head 5=+ 10 mm/min®] 32, A]
A 3R SAste] HHFaka HAE 8T

&zt &3 A8 GEL/GC 24 2p|ehe] 1e4S &
oli7] {8l HES S7FsIleh. HH g Holl xju|ehE ¢
AT SHTE Hojrmg] 55 Fof] EHEa} xp|dlo] o]
Fe= 425 ZHsAY. =72 =4 7](Phoenix-Smart,
Surface Electro Optics, Korea)S AME-3te] 7} 3W14 =73}
o Pk Tt

MZMEE Tt 10% FBS9 1% Penicillin®] i
DMEM #j =]l A 37°C, 5% CO, %7 3}ol| fibroblast A 3E
S B, 2~39 7HA 02 Al wjegste] Aol AR
ST MTT assay 241 53l Alxe] BE&S H7keta
T} GEL/GC 4 P2t 5 mmx5 mme] ZAE 9712 2
2t Hde) o] Jado|=E o83t 24 well plated] 72t
SHATh 2 flell AEZE E5ste] 24A17F vl 5, Al 27} ul
&kl wlR]ell MTT(3-[4,5-dimethyl-Ithiazol-2-yl]-2,5dipheyltera-
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zolium bromide) (MTT assay reagent) 212 *J2]3}>] 37°C
oA 4A17F Bt RESAIF T vl A AL DMSOE
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Q1 olF, EFAYANL Fran AYSAThFANE:
CNU IACUC-YB-R-2017-08). WA & A1 3 Zoletil 50
(Tiletamine/zolazepam, Virbac, France)®} Rompun(xylazine,
Bayer Korea, KoreayS E33to] A5 100 g 100 uLe] &
PO BT L9 2§ FAsle] kSR WA <) A
HR9]Q) TR ABE SN Aok g 98] 7]
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FAHZe] BAE mek HFTo) 3om 71 AAE Sk
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S AL, BE AT e FoARE o|FH(Bio-
Oss®, Geistlich, North America)2 ©]2]3}5th A3 o] AL
H o]FZe A& wox FET 7] HA W 5= AR
e} fraleh ol QEYA Il ZA0 ER-S Frh

ST A e ZelehA] FSkaL olFET AE
soll A9 ¥ar ettt et Sl HE Rl
(lyoplantye #2813, A3+ GEL/GC(0.7:0.3) 273 =}
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o] F7/0& 3D Image 45 flal =724 A7
(Korea Basic Science Institute, Gwangju Center, Korea)®l|
i X]E wlo]3E CT(Quantum GX, PerkinElmer, Hopkinton,
MA, USA)Z ¥t 90 kV, 7 88 pA 73t &33)
Atk ARFES 2 Lmin 2 FY31 2% iso-flurane® =
3 sl ok Quantum GX W o] 7] AXZEo]Q 3D
Viewers ©]-&351] CT AL AlZ}stE| it

Ofo|32 CT o[n|X| X2|. =2 wje] g 48 913
et 22 AAE Fsein o|vA| o EEHE EolaL
32k on|R| o] AW EE A717] 218 Analyze software
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Figure 1. Photographs of noncross-linked (a); cross-linked (b)
GEL/GC(0.7:0.3) membrane by PBS; the lyoplant collagen mem-
brane (c). The animal experiment surgery process (d, ). Implanting
of the membrane and complete coverage of the defects.
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Figure 2. FTIR spectra of GEL (a); GC (b); GEL/GC(0.7:0.3); (c)
membrane.

A A5E A AFE 7 AAK(Figure 1(e)).

IR 4. GEL®] & 9321 0-H(3200~3600 cm™), -CH,
(2900 cm™) ol 2B 2 7] (ester groups)2] C=0% 1550~1650 cm’*
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SH(protonation)=. &R1% 4= THFigure 2). PBSZ 7tAlZ]
GEL/GC] =& A7 7] 4 (electrostatic) & ]2 A% Z-&
(ionic interactions)l] &3l o] FAH AL e 4 U
D]r'IS

B8l Tt GEL/GC(1.0:0, 0.9:0.1, 0.7:0.3, 0.5:0.5, 0.3:
0.7) 274 =t¢] =& Jepl Ack(Figure 3). RS2
A7t W 249 lyoplant®] -9 302 Well 100 % ¥
e 2S #FET. GEL| F%9] dhrako) k) Haf
£9] xpo]2 eIkt GEL 1.0% 2A S 502 0] Ay
T A A= 67.3% 7HE @}, GEL/GC(0.9:0.1) =73
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Figure 3. Weight loss of GEL/GC membrane and lyoplant mem-
brane during the soaking time (7 = 3).
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o] AF 9 Fal 2Rgo] G e poz AEoh?
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d

GEL?] H]&0] 255 =2 7= 32 23om, GEL
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0.1 247 0.7:03 249 79 0.7:0.3 2] 0.05 MPa
ol =& AL FUsAth ol+= GELY] carboxyl groupt
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Figure 4. Comparative graph of mechanical strength of GEL and
GEL/GC membranes by UTM (n = 3).
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(@) GEL1.0 (b) GEL/GC(0.9:0.1)  (c) GEL/GC(0.7:0.3)
685 £ 1.2° 73 = 62.1 £0.6°

(d) GEL/GC(0.5:0.5)

57 £ 12

(e) GEL/GC (0.3:0.7)

555 £09°

Figure 5. Contact angle images GEL/GC membranes (n = 3).

o Z7te) B g EFUle) ne} BHE 2 UL A
o= AlEET o] F GOl Mg BoldsE g g
o] Zasslgit). ol 1S T GCE Sa AR 3

& E2NA GEL-GEL®] 74 ARgo] i AFOE of
AP ozN B B BN Rl T v
=429 A3 vEr Egste] A Az A, e &
94 542 8ol Z % Uk §44 TEA PLGA 24
Al ete] IS oF 6 MPa Fi=olw] A28 flHEF]le
B AREAL ok A eke] ARS- =Ao] Wet GEL 2448
gejate] ogiopl tfsiA AT g S AoR ¥
o
H&Z £3. GEL/GC AH|2t FHel] 1=
S’J—O]E]-(Figure 5). GEL 1% Z/d=}# gto] 7}%}
x= EMJ‘ GEL H|&0] QolALE HE7]o) 71:1'-
B3tk GELO| A1) PBS Well ol ot 3
S T 53] 2FE=9 GEL 99| 7l A%
Bx7b] 2 QL F0h GEL 249o] PBS %
2 Al At A B e sk
AT, T GO} B o)
Q.

)

d

[e

r
o rul

.|_4

Hir f“l"
N
oL
o

B>

o rlo 4

HF o)
= o Jpv

© =
-L]O}L
2

-
4 BN
goh rlo B 1o o Mz 1o o oo 1N mi

N
¥

e
40 M
m
I
i
Y
_\;
S e
i
E
¢
he

oo
Lm &

N
P r%
= Yy >{l

> [0
e ;x N

10
N
U

=
v

J_E l:-% ¥4 oﬂLﬂZlE %}?—; - 9192
z157d 0] ol A WellA] AEEo
T9S = Aow HutEh LS
oju} AN} HEHH WP s s L85t
98 S22 M-Sk A77F Jes A Aok
ZUZE WL 215802 AE 75 A e <
AFL SO 10993 40l ule} AZAES AF
ot ZAY A 2o = AMS-E= GEL/GC 24
Al W *&%‘ T AL A- AdE S5 2 AR
A2 NEEFE B S8 Alx e
%*4—3: slom 1 A= Figure 60 YERNS]
}fé 2t Ere] BE ZEollA 80% ©]/de] Al
[e}

ST}

o
Ap

N

)

10
L
i)
12
o Ny

d

0
:
A
i
Q
@

v
m?LF{F
iy

==

= Fo

S
i
4

p
i
H

=
. H

0.

)

2

i)
N
-

L
> O
og{=|
of
o
2

1=

(
=

tlo i rlo

oz
F?N
m{o
r&

o
s 5
(@]

Zan, 44278 A)55, 20183

120 A

Cell viability (%)

[ GEL/GC (0.9:0.1)

(

B GEL/GC (0.7:0.3)
(
(

100 o il --T
80
60
40
20 T GEL/GC (05:05)
0 Ll LIg L] J.I_I.l.l.l.,.l.l—

@ GEL1.0
@ GELU/GC (0.3.0.7)
125 250 500 1000

Concentration (ppm)

Figure 6. Cell viability of 1.929 fibroblast cells following 24-hour
exposure to GEL/GC membranes at different concentration ratio

(n=3).

Negative control Positive control

(NON-Treatment)

Experimental group
(GEL/GC)

(Lyoplant)

0 day

4week

Oday

Sweek

Figure 7. Representative micro-CT images of defects treated with
bone grafts materials and membranes (non-treatment group, lyo-
plant membrane group, GEL/GC membrane group) after 4 and 8
weeks.
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2 AHo] =& GEL/GC(0.7:0.3) A 2puks 7K1 55
*e‘?ﬁ Zdﬁ 6‘}2311:} TEAY 2%‘% 47, 87 Fol A 5F&

T mjolAR CT YL 3t i 7919 o
)% urew_ Zolth(Figure 7). CT °|v|X|E 3DZ A A3}
of AZ PSSR AR SRS 47, 8
F7F Aol Betal AMZS A FPHA i &
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2 #BY 5 Aok PYRET A o]
g AgES) WAL A9 B 5 S SRR I3
T Y Fojxl 2 WALk 1o W, GELIGC
A Ao Ao 457 T oIS BEl AT

Aol PYEA] BUAATE © )
2ol 2+ —7763101 e BF5S I 5 o), T3k 8= &
ol A& 7HIAkE] ol AdEe] & &
T AL, o]FF GA SoIAA] ¥ AEF A =
Ao} Atk GEL/GC 24 Ao ke % 9]
HAL, AE PP EE Fe TS T 2R
et}

Ol0|32 CT o|0[X] M2 HIt 2F=3ld bone volume
o2 A FA TS vt SAUERT oF
U A3 oA 4520 1 mm® B 9] 7k 85X}
1.02+03 mm® o] AFEEHATH FPHEFo = AL

ofN
i
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0.0 T T T
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Figure 8. Micro-CT evaluation of the bone volume of defects
treated with bone grafts materials and membranes (non-treatment
group, lyoplant membrane group, GEL/GC membrane group) after
4 and 8 weeks.

lyoplant #2704 452100 1.07+0.05 mm® Fho] 85}
1.36+0.18 mm’ #to] 2= 2T}, o9} thEA] GEL/GC 23|
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Figure 9. Histological sections of rat cranial defect and surrounding cranial tissue, (a) covered without membrane; (b) covered with lyoplant
membrane; (c) covered with GEL/GC membrane with different periods (OB: original bone, CT: connective tissue, HG: heterogeneous bone,

NB: newly formed bone).
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