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Abstract: Calcium phosphate obtained from fish bones is expected to be used as a material for bone regeneration. In this
study, fish bones-included gelatin-chitosan membrane (FB@GEL-CS membrane) was prepared and investigated for
guided bone regeneration (GBR). Cell proliferation of osteoblast MC3T3-E1 on FB@GEL-CS membrane according to
the content of fish bones was evaluated. MC3T3-E1 cells grew much better on FB@CS-GEL membrane as the content
of fish bones increase. In addition, MC3T3-El cells on FB@GEL-CS membrane significantly increased alkaline phos-
phatase (ALP) activity according to the content of fish bones. Analyses of alizarin-red S staining showed that MC3T3-
E1 cells on FB@GEL-CS membrane caused increases in cell maturation as the content of fish bones increase. Taken
together, results of this study demonstrate that FB@GEL-CS membrane can induce MC3T3-E1 cell proliferation and
maturation.
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A AREE 52 Fxdo] 9lo] GBR A% A|2E Sl
F=Z AM-E) 7]E4H(chitosany> AEZ @2~ TR0 2 kA
of|A] F5-3k 7]€l(chitinyS EolH| e 3}(deacetylation)ste] &
o7t 7| AR EAH S Holi 53], HHEA
< 7RI lofA] H[oe} SlEg AAANATE A9 A
g7t Qo] e A= FEE T JrESt A2l (gelatin)
2 F2H (collagen)e] AU (triple-helix) 1328 LU
(single-helix) 722 WHIAA L& F vk AHES A=
H2HE v 1Y S THRAL oA AlE S &=
5 F0}21° HZ, Georgopoulou 5 7| B4t Al S
o] &gt 2ANEF=T} F Aol F-&3hctar Barsieh! wiet
A, 71820} Ageg o]8-3 GBR 2|92 -85 = Al
A Fx As7EE 5 Ak
Hydroxyapatite(HA)= AW &) ZZ4 3} XolE FA 8=
T3 Fr]EoIth HAE 78 BAX IS =S
7RG oA F o] AEE de] AR-E L " HAE
Aol oJell AAE 4 YL F2 2(bovine), AFE (coral), ©]
Z(fish bone) 52 H|ES 5 Z2FH IS F Utk HA
71525 E $AHE HAE Na', K, Mg> 2 7Zn* 53 7+
o] & thrtel AvE o] 7HA] At whgol JaFs v
A= Fg AAES 23Sk kP uebA, A A=
FH A4S 4 e HAE & A 23 g8 vt 7831
A AHE T A
A AAH SR wid 91007 =€) ofsfFrF EAkEaL AR
Tk 2802 ARSE F 40-50%2] FAHE(E]E, W)o] A
ok ol gt Tk 2, AAA EAE oFr1eh] wii
of Aj&g thFo] a8ttt oJFE L2olA A F7
52 B AARL QeSS IEs FES 48 A
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£o] 7€t} F Kim 52 o= vkl 24l (marine
collagenyS $F3F 3D-printed scaffold’} = Aol T34 0)
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B AFaMe Adeteld 7 EARS o] g-dle] = AL 9
3 GBR X} 2k A %31 th(Figure 1). #1235 Al 7| &
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Figure 1. A schematic illustration of the gelatin-chitosan membrane
containing fish bones for guided bone regeneration.
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M=Z. A2E (gelatin from porcine skin, My: 50-100 kDa),
cetylpyridimium chloride®} Alizarin red solution< Sigma-
Aldrich Chemical Co.(St. Louis, MO, USA)°IIA 33+ th
. 71%%}H(chitosan, 200-600 mPa in 0.5% acetic acid solution
at 20 °C, DA: 80%, MW: 500 kDa)= TCI SEJUN (I Co.,
Ltd.(Tokyo, Japan)ollA] +U313A T}, o} = Daedeok Pharm
Co., Ltd.(Suwon, Korea)ol| 4] 3t 3L A1 H (genipin)
Chengdu Biopurify Phytochemicals Ltd.(Sichuan, China)2] |
£S5 A3t} Ethyl alcohol, dimethyl sulfoxide(DMSO),
acetic acid= Duksan Pure Chemicals CO., Ltd.(Ansan,
Korea)oll Al -9 3% t}. Phosphate buffered saline= Lonza
Co., Ltd.(Basel, Swiss)lIX dsle] AR8-81$3tt. MC3T3-El
A ZZ(ATCC CRL-2593)= American Type Culture Collection
oA FERIQLS Minimum Essential Medium Eagle alpha(o-
MEM)2 WELGEN Inc.(Gyeongsan, Korea)ll 73} A&
39t} Fetal bovine serum(FBS)2} Penicillin-Streptomycin
+ Thermo Fisher Scientific Inc.(Waltham, MA, USA)°l A
TAste] ARg-EkATh

GBR XHH[2} M|Z=. 10%(w/v)e] Azt 1%(wiv)e] 71E
b 8NS 4:1(volume ratio)E EF3H T 50 °ColA] 30&7¢
wREEIITE o1 0 mg, 95 mg, 475 mg, 950 mgo] 27+ &
71 vlo| A Aetels} 7| EAF S-S 7H7F 9.5 g% HaL
50 °Coll wMFEIIT}. Petri-disholl 8.5 g¥ 7|83 5, 40 °C
o] & Ax7|oA 48417 BRF ATt eds] AxE Ab
#HuhS 0.1 N NaOH £ 02 A H s 3 0.25%(w/v) AY
Hol| F7} 24x7F 5t 7EA e 7hE X v SR
2 AlFsla $A7XE Sith

GBR xtm|afe| S2|Stetd LIt Az x}j|wte] $H-S
d&e7) flal AAGALE FAPAAE R 7 (field emission
scanning electron microscope, S-4700, HITACHI Ltd., Tokyo,
Japany& ©]&-33Att. A2 A TS 10x10 mme] A7]|=
A3 Pt ZYA T T 1.5 kvollA #2S 3513 T)
2} =k] Fourier transform infrared spectroscopy(FTIR) 2~2]
EH L KBr 7|4}k pellet FE]E Nicolet Impact 400 FTIR
spectrometer(Thermo Fisher Scientific Inc., Waltham, MA,
USA)Z o]&3}a] 4000-600 cm™ g 9]ollA At}

GBR Atm|afe| WRE ¥ ST "ot Az A=
10x10 mme] =712 Fdsly Axd FHS 242 15
mL2] phosphate buffered saline(PBS, 0.1 M, pH 7.4) £
o] @2 §F 37°CE fFAIstaL szl Aol Ao} FH 9
E71&8 AAsIL FAE S48t A=) Gl
&0 S sYsH FasIaL, 7d Ao E A
S Ao AN F A 471328} vlaste] g3
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ZEME M. Axg AHA9ES 6 mm 73] AFEY
o7 zﬂﬂﬁ}sf_ 96 well plate®] Z} wellell 21T}t MC3T3-El
ZZAEE 5x10° cells ZF welldl] 253122 10%(v/v)2] FBS
9} 1%(V/VH penicillin-streptomycin)®] 7} a-MEM HlA]
Z o]8314 37°C, 5% CO, 7oA HEE w3t Al
x| F2]2 cell counting kit(CCK-8, Abcam plc., Cambridge,
UK)E ©o]&ste] #7tskainh CCK-8¢] A2 ® wj gl
microplate reader(Multiskan SkyHigh Reader, Thermo Fisher
Scientific Inc., Waltham, MA, USA)Z ©]-&3}] 460 nmol|A
TEEE S5
Alkaline Phosphatase(ALP) &4 m7}. A3k 2|uH6
mm 273)S 96 well plate®] wellel]l 282} €32 MC3T3-El &
ZAEE 5x10* cellwell® EF3F T 24417+ vl 3 10
mM p-glycerophosphate, 50 ug/mL ascorbic acidS 7 7}3F
BIH= viXE w3, 7, 1487F vkt vy
< AASIL PBSE A& T3 0.1%(v/v) Triton X-100-=
ARg8le] MRS GalAZATE AEe] AFhel 0.1 N glycone
3} 100 mM p-nitrophenylphosphate(p-NPP)E 715132 37 °C
o] wj71eA 6047 WHAIZ]AL 0.1 N NaOHE o] Hhe-
AAAZ F 405 nmellM FHEE S48 ALP 254
H4& o]&3te] ALtsIsitt.

Alizarin Red S ¥4 I} A =3k x12H6 mm 27)S
96 well plate2] welloll z}7} ¥ 32 MC3T3-El 23 A X
5x10* cellwell® 73+ TS 2447 vl - 45]sl&
=3}7] $13 10 mM p-glycerophosphate, 50 pg/mL ascorbic
acids H7heh 3= A2 wekeiqit. o] 3 mith
WA E wASHAA 7, 14, 219 B st i T8
5 HIRE AASIAL PBSE A2|SH U 4%(v/v) formaldehyde
GAor HoA 158 ¢ 2GS F/RTE AH S
3 40 mM Alizarin red solution® 2 L&A 10%-7 I
Stk AAE MEE FHTE AIFHSIL PBSE A7 o
& 158 &9 W% & PBSE A AL 10%(W/V) cetyl-
pyridimium chlorideZ %78+ 10 mM sodium phosphate(pH
7.0) £N O 2 Alizarin red ST £33 ¥ 570 nmolA &%
&5 AT

SHEAM. 2 2439 A3 Haus EFUAE 8718
ATt BA 2442 student’s test2 AR FAIAE]
5 SAA S p #k= 0.05018k= A3
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Figure 2. Characterization of gelatin-chitosan membrane containing
different amount of fish bone (FB): (a) Photographs of gelatin-chi-
tosan membrane containing FB; (b) field emission scanning electron
microscopic images of gelatin-chitosan membrane containing FB
(scale bar=40 um); (c) energy dispersive X-ray spectroscopic
images of gelatin-chitosan membrane containing FB (10% w/w).

A=)

GBR RH[9f FEM ZHE A2 Aok of o] H7te
o] 75l whel UG of 72 FAoA] BhE meka)
o= Wl th(Figure 2(a)). o1&2] 7o) St U;}F)r
A Ete] AR FkeIdeh AR S AAMARY
APARFER) 7 0 2 AEsISITh. Figure 2(b)ellA & 9)\)':\
ojFo] TR b AuH|wte] T #EH 7|3l jlo]
u i giek. Wil ool 7k x| eke] ®H-e Z=o]
FHEAL ofFZe] Hrbde] S71stel wt =] o Bo]
Z2= 0T} Figure 2(c)= o12(10% wiw)yS gk 2o =t
< energy dispersive X-ray spectroscopy(EDS)Z 23} o]
HAE HoFaL vk Az 2|9 £lA Ca, P, NaZt
SAEAT A Yol ofzo] ShrE] USE IIE
U= QBPO]E}

FTIR B4 ;(]_Jq]ul- q.] ol 7l wE ek EA W
3= FTIR;_— AREEH] B39 tHFigure 3). AEtEl 7] EAF
2| ko] AHEZo)ME 3269 cm(N-H 2 O-H) 1629 cm’
(amide I), 1540 cm'(amide II), 1444 cm’(amid 1) 53
2ol ¥)=7} VERITh o} 28 3168+ Aebel 7| Eak 2jwu)
M= o] EAIE YElll= PO 5421 F=7} 1007
cm’'oll A ERIE T ofZo] H7IEA| %2 Aepd 7| EL
2| tol] Blal] oZ-g eHTEk ARl e Atk 7] EAE
] amine L5 &9 phosphate L& 7 FAAFOE
2356 cm’ ¥ A7} AT ¢ B8 amine 2452 phosphate
a8 7F Al o3l 1635, 1544, 1444 cm'e] 9|27} 744
SIATEY ol2lgt Ade ol&E HUie ARl 7| ELE 21

Polym. Korea, Vol. 46, No. 6, 2022



852 11]'—;(]/‘\_ .

FE@GEL-CS membrane

1007

GEL-CS membrane

Transmittance (%)

]
=
=]

1679

[ |
4000 3000 2000 1000 500

Wavenumbers (cm-)

Figure 3. FTIR spectra of fish bone-loaded gelatin-chitosan
(FB@GEL-CS) membrane and gelatin-chitosan (GEL-CS) mem-
brane.
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Figure 4. Swelling and weight remaining properties of gelatin-chi-
tosan membrane crosslinked with genipin at various amount of fish
bone (FB).
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A A7 whet & 5ol ot A eke] A HskE 5%
SIS, Figure 420l & = d%0], ZE 2|92 PBSY
A 2 5 N ool FAEH WEEUL, AlE T 64
7ol Ao BEEE BTk o]Fe] Hrel uet WaEe
frolgh afolE BT ool Hrhe] Fristel wet W&
TE YolxE AS B} xpukS PBS B @2 &
797 FAl9] WskE S A3 1Y ojel FAIL] WSt
agh o] % & sl glo] A% fadte AES Bt

(Figure 4(b)). 1=l = Z(calcium)} U (phosphate) ©]
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o] M AL} F21E Aunr] fJa 2 flel MC3T3-
El |25 73t 795 vl g 5 Al xe] AEES
CCK-8 TAME ol&-3te] Hrtslaltt. Figure 5914 &
%ol Aol A MC3T3-El AlXE= A7l et 44sks
AE BA oS T A7 B4 2 el A
MC3T3-El A|3£2] 72 of=e] H7hege] S7igel weh
AE] e Z718It Bl AES xpH|eE Sl 5%(wiw)
oS T3 AFEo] fFolah 7 B AEe] g
HAom M2 confluency= 65%ATF. WFAC 10%(w/w)

T TR Aol Ao AE FE 8] 5%(wiw)

=5 PR A Bk 243le™ confluency= 55%3
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3t 715719t FadeE Fal 71AA e ST
Aot W2 Az Bzt 42 dard o
FE Alze] YAl 4 B AR, 2H A8 S8,
AR e}t Aol ek
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Figure 5. Proliferation of MC3T3-E1 cells on gelatin-chitosan
membrane containing fish bone (FB) for 7 days (*»<0.01).
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Figure 6. ALP activity assay of MC3T3-El cells on gelatin-chi-
tosan membrane containing fish bone (FB) for 14 days (*p<0.01,
**p<0.05).

Ho|z] UL 7dH 149 Foll= a7 7ol 74§ Aol &
HATH*p<0.01, *¥p<0.05). 10%(w/w) =S -3+ X2t
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Figure 7. Alizarin red S staining of MC3T3-E1 cells on gelatin-chi-
tosan membrane containing fish bone (FB) for 21 days (*p<0.01,
**p<0.05).
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=

371 Y8l Alizarin red S

of Bojxog HAEo] 435 A5 Hrlet=H AM-E
th> Figure 7914 & 4 Qo] AlZke] Adol wet A3]s)
F/dol S7FFAAL A W) o] =9 H7FFo] S5kl w
2} A3]8} Jr7t fFoletA S7FsATH*p<0.01, **p<0.05).
olg1gt A3f= A9t el g ofFe] Alizarin red S ¥
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2390k o2 AT AT AAPAY FAR
AQgo 2 AT A% o o] Fyol F71gl wet B

= A% B AR AR 27 e
ojZe Wrke A% 22HEe) F43} o] FHAA o
o Fth. o2 TR AN FHG 2ZA T
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