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Abstract

BACKGROUND: In recent years, fish derived collagen has been regarded as a potential substitute for mammalian collagen, and its research in biomedical
materials has gradually become a hot spot. Fish scale collagen materials with preserved fish scale shape have excellent mechanical properties, and there is no
research to explore whether this material has the potential of bone tissue regeneration.

OBJECTIVE: To study the effect of fish scale collagen membrane on the adhesion, proliferation and osteogenic differentiation of rat bone marrow mesenchymal
stem cells.

METHODS: The collagen membrane was prepared from Ctenopharyngodon idellus scales. The structure of collagen membrane was observed by naked eye
and scanning electron microscope. The type of collagen was identified by Fourier transform infrared spectroscopy. The denaturation temperature of collagen
membrane was determined by differential scanning calorimetry. Rat bone marrow mesenchymal stem cells at passage 3 were cultured in vitro on collagen
membrane as experimental group; and those received conventional cell adherent culture were used as control group. The adhesion of cells on the collagen
membrane of fish scale was observed by scanning electron microscope. The proliferation activity of cells in each group was detected by CCK-8, and the
osteogenic differentiation ability of cells in each group was detected by alkaline phosphatase staining.

RESULTS AND CONCLUSION: (1) The fish scale collagen membrane was square and round, the light transmittance was high, and the “annual ring” pattern could
be seen on the surface. Scanning electron microscope showed that the fish scale collagen membrane was multi-lamellar structure, which was composed of
type | collagen and hydroxyapatite, and the denaturation temperature was 50.55 C . (2) The adhesion of bone marrow mesenchymal stem cells on the surface
of fish scale collagen membrane was good, and the cell proliferation was better than that of the control group. The alkaline phosphatase activity of the surface
cells of fish scale collagen membrane was higher than that of the control group, and the difference was statistically significant. (3) Results suggested that bone

marrow mesenchymal stem cells on the surface of fish scale collagen membrane have good adhesion, which can promote cell proliferation and osteoblast
differentiation, and has good biocompatibility and the potential of bone tissue regeneration.
Key words: stem cells; bone marrow mesenchymal stem cells; Ctenopharyngodon idellus; fish scale; collagen; proliferation; osteogenic differentiation
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Figure 2 | Scanning electron microscope of cell adhesion on the surface of
fish scale collagen membrane
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Figure 4 | Effect of fish scale collagen membrane on osteogenic
differentiation of bone marrow mesenchymal stem cells

3 i Discussion

Jod J B 1 A2 B AN AR OK 2 B0 R 2H 2 i R BN 4
T, 29 5WIABIYE N S A1) 30%, TE4ERpA i oh
JR AR 2 Rt A s Sk g T R A AR Y. R A A
HACRIZR M. RIFFAEYMHE A A i, JEEH
WA BN DML Thfe B, Nk it
90% MR E M I REES ™, HNH& 2, BT
AR, HATRE. GPESeta V. 1 BUREE A RIE
Iz, WILSIRIEM R EA RS, Bl T ABHERE
95 ) UG AN S R R BRI, BT 0 3 1B 7 SR oA ey vEs E
8, B REHFA IR R & A " 3
AP Tt Rt &4 20k 70% [R5, b E KB/
B MEEERAE RN N R ESE, TR E RSOk R &
F1 I FC 32 A A S B8 SR B Ao oK S R 7 1 7
IR, BERewis gy, Wi mar=mAHE, §nas
R *%

X R TR A IR, B LS e A ALR
{0 R ARV I A, i A P g A B e i o] DA A e
PR, REREE AR R, RN R ESURNE P 28
W R AR S A PRIk, & N h 4y 2158 1 2
JRE A RUTE, XMRBOT R R, B 1, E
PRI GV sl s R IR T M IR 2R 2 . BUE AR IR 45
o DMERTHEEREEARTTRZ RKRIKEREA, B2

Chinese Journal of Tissue Engineering Research | Vol 25 | No.16 | June 2021 | 2497



MAEZE

FRIUE M ER & O o Tt e td, PR T TR SR
WFFT b B0 o o A o 8 e T AR 13 ) 4% 0 4L 9L 2R R
HUBR A BB 25 . Ak P P ARtk B A B 0 0T 0 1) B 3 A 7E
T, TR 1 AT RN A (] S5 () 28l b, B 7 A E.
feli. #5542 i, fRmesbies. B, mah il HH 5k
T R SRS, I R R e A A A
(V8 T, 198 P B U % o B I D B 2 AR 2 RS M, P AT
HEA ) T R R & A 40 4k 2 Mk B R Ak A, 2—F R
SREIZ EMRL . AW TR AL & 7 v T iE N T A
JiEE S R R AT MY, BT AT R A AR R 2 T g R B
Fik. VAN ESSEN 45 P thil 46 th i fa fif 1 7E AR AL RIS R
UV AR YE, KRB RO JORE, S8 TN S A T T
WIE, ARG HINE L, I BRFEN, LR ARk,
Tt B % T A A TR A ) SCEE A L N T A A B ()T
FeIEAE AT IR R B4k, CHEN £ W1 4 1 7 )y BioCornea &
NG AR g LAY, & S TR BAE N B T A 2 o 6 2 L2
AT R YUAN %5 D04 BioCornea 1 N\ i 6 A A J5
e N LAY TER. A, BRFEWEE, o5 0F
0 1 2 i B 1T T R S U A AL AR . 7K f d e i B
AT 5 B RS0 R A s e S R 4 Bl £,
W SRR () B A A AR AT T F BHA SR A B
I3 TR R 1A S 4 LA 3 2 T R 1 s R R A S O v
71 B B Y ) 5 IR TR R (1 / ARSI / SRR
HEYURFYERE, XA EERR A G — 2 PR EYE, A
Refs et N5 B Am M () Bt SRSl A, sh s ag:
HE— 0 R 5B 9K 2 2 5 RE 0% 1 i3k AR 23 SO 28 A (1) 21
BREA P,

iy ISR e SRR 1 PR A R P I A T AL B, —
SEREE_E BRI T 0 RV SR R A A N . L 25 B2
o o £ I SR A AR IR N 35 C AL, IR ARIR
FE, TAZAIE 7 Hh ot 8 i RS A8 PR P A 50.55 °C, Iz
T CHRARE AR R, T R AT A S ) A R A
FE PRI M i ¥ 2 () S50, TS B A RIRE R BT
T RS 8 iR 27 2 o o i 2 11 Jir 4 ¢ LS B P e S B 1 40
FERRE, FANS TS FHMAIERRE T RIRR =3
BESEHE, R D A 1 i T 4 T A e i P v T S BT i i
A B BRI Ttk 2 R S R AL AR SN Y, i
JR (R U P BE AR # R e MRS LA s IR IR 5] PR 2/
A AR R VT AL Bio-Gide® 2 — RSB, 4%
PR 1 BIANTIR R RS, LA W2 S5k B RSl R &
S e B B 2R i, B RE . DUBE PR AR
B,y DL b T e Ak 2 A AT R R R 4 T
WIAZ I, AT et LB I fh 2 ik g & > %%,

T g B B R E, R TS MU s LR
AL 5| S ARSI R B S A A R B AR
MRt — R E R G, TR B AR IR TT R R
M S ERARARLM T EEEEr I 2% 2 S

2498 | PEHRTIEAR | 5525% | 55165 | 2021F6H

TR, RGeS RSB R e, R 2 5 S
FRAEBARBATOLERAE ™0 51 FHAL /B FAEARK R
ThR R BR8P TR G B A LA
BE S AEMIEE B oG BE,  BR B R AN 5 ZE 4R A A I st Bk
FAENY P, B B EAT BRI I A A 2 A i AR s 1
Tl PR A FH PR B B 581G 925 e L 45 DI BE, - Bio-Gide® JEER,
AU E AR E R BCE 5, (HEHUMIE R AN
PEAsd e R s BRI BR B R G MU RE, TT
e sE e R A 8], (EHTCRCE iR BN K 5 Y R
Eg [37] .

B HEIR e BT AR PR R, R 2 i e, B
SRUFTTE, SR BrFR Ry W LA 5 B, R—REE
MRIA A TREARSN LI A M . R4 RGP sarh, i i
T B 1) 78 5T T 200 LA o SR iR R T A A (R Y, 2
PRAE A B L FE s AEAHARIE S SRR, fa R
5 2 T B ) 7 o T A B R A R B S R s A G
BF S RS 100 S Il £ 08 5 SR LA R R A A A . B
M A PR T A2 B A R AT B 1) AL AR ™, R0
PR AR Bl e (S0 vy, 0 S0 ST I I T 1) 78 o 14 e
ECE UG BE R FRAL TR, £ 40 £ 56 N MG T I Itk s R
kg e € B VP 0 Bt B s TR P R TR T~ 2 AR
A S 2 D 2K T 1) 70 1 200 L 7 Tl P s R T 3 1 v
TR NG EER R, IX LRSS RR W], A SR R (e it 1 BB
() 78 5 240 ML S 1 A o A2 5 L S5 IR B FEAT L i JE2 A
AFE R, BREOR T R A A, R
FIRRCE TG, )20 S5 R 7 i A Jir 1 T i 2 e o
RIS TRE .

LR PR, Wt T R AT RS AL BRI
QBT ] % 22 ARG (Y BRI S, 45 SR R L
JEUBE f-P AT HESI R T R AR Ak A L P R R R A 2
B HARPEIRE Y 50.55 °C,  H I 5L 1M 40 266 Y 1R 4
AR R A ] e T A R R e, AT R I AR A
BNE LB R ). IRRRADR RS0 X — AR
rERESSEE, AT AN S SESR,  HE— DRIt S SR AR
RN AR, PR A 28 B A N TR RE

1EETML FRit A% 2R, T—, FBREH % . 28 F,
FIIPAE A TR bR, FAPKE SRR,

BHEIE: ZLFELT “WONEHETEALBHRR A
(2020Y)0242)” #5%8h, FIAAVEHR B, 3% LIHRA Hoh LFN L Fosd
R A A EALE R Gt AT AR,

FIFEMIR: LFaLpELF, ERAMAAXLFRE L PR
HEFBFE,

HAMRIRE)ER: 7 42w KFLH iz EREEER LA,
A5 % WCHSIRB-D-2017-217, £ iaidA2:4 /A T E FRE E S A HFIA (X
T2 H4aF)691E A 48 B 200 Fe KM B RiEHL.

SEief: ZAMRETEREFNFSHEER L (FAA LR L
A E T G4 5 KA EFAEY |

NEEE: LFHRATCLEE LRI G RN R LT3R
Z,

TEINE: XEZNRATIT ERUEINF, FATIROAA TS



SHEATEE.

SIGHEERR: ¥R FF ke gditm)| RFENLITEE
FHAZ.

XEM: LFEMATRE TS R MEERBRALEE T AL
L

FERGRBUERR: 32 — B AR E, ARE (Fifdk FFT 1)
“E4 - TR - AR XEF 407 K, ESEIIAGELT,
RAFMAVET Lt B 6 8T RN 54, R &, B AFE
TR P . TR FN. AE, 379, k. BBEEEZ IR, +A
25 k3, ARSI ASIE R EAET R R .

4 SETHE References

[1] SLOTS J. Periodontitis: facts, fallacies and the future. Periodontol 2000.
2017;75(1):7-23.

[2] DE JONG T, BAKKER AD, EVERTSV, et al. The intricate anatomy of the
periodontal ligament and its development: Lessons for periodontal
regeneration. J Periodontal Res. 2017;52(6):965-974.

[3] CHU C, DENG J, SUN X, et al. Collagen Membrane and Immune
Response in Guided Bone Regeneration: Recent Progress and
Perspectives. Tissue Eng Part B Rev. 2017;23(5):421-435.

[4] SALLUM EA, RIBEIRO FV, RUIZ KS, et al. Experimental and clinical studies
on regenerative periodontal therapy. Periodontol 2000. 2019;79(1):
22-55.

[5] RAMSEIER CA, RASPERINI G, BATIA'S, et al. Advanced reconstructive
technologies for periodontal tissue repair. Periodontol 2000. 2012;
59(1):185-202.

[6]  JIN'S,SUNF ZOU Q, et al. Fish Collagen and Hydroxyapatite Reinforced
Poly(lactide- co-glycolide) Fibrous Membrane for Guided Bone
Regeneration. Biomacromolecules. 2019;20(5):2058-2067.

[7] AHMED R, HAQ M, CHUN BS. Characterization of marine derived
collagen extracted from the by-products of bigeye tuna (Thunnus
obesus). Int J Biol Macromol. 2019;135:668-676.

(8] LIM YS, OK YJ, HWANG SY, et al. Marine Collagen as A Promising
Biomaterial for Biomedical Applications. Mar Drugs. 2019;17(8):467.

[9] LIANG X, FENG S, AHMED S, et al. Effect of Potassium Sorbate and
Ultrasonic Treatment on the Properties of Fish Scale Collagen/Polyvinyl
Alcohol Composite Film. Molecules. 2019;24(13):2363.

[10] CHOU CH, CHEN YG, LIN CC, et al. Bioabsorbable fish scale for the
internal fixation of fracture: a preliminary study. Tissue Eng Part A.
2014;20(17-18):2493-2502.

[11] HSUEH YJ, MA DH, MA KS, et al. Extracellular Matrix Protein Coating
of Processed Fish Scales Improves Human Corneal Endothelial Cell
Adhesion and Proliferation. Transl Vis Sci Technol. 2019;8(3):27.

[12] ANG Z, WANG Y, FENG Q, et al. Hierarchical structure and
cytocompatibility of fish scales from Carassius auratus. Mater Sci Eng C
Mater Biol Appl. 2014;43:145-152.

[13] MATTHYSSEN S, VAN DEN BOGERD B, DHUBHGHAILL SN, et al. Corneal
regeneration: A review of stromal replacements. Acta Biomater. 2018;
69:31-41.

[14] RICARD-BLUM S. The collagen family. Cold Spring Harb Perspect Biol.
2011;3(1):a004978.

[15] DONG C, LV Y. Application of Collagen Scaffold in Tissue Engineering:
Recent Advances and New Perspectives. Polymers (Basel). 2016;8(2):42.

[16] FERREIRA AM, GENTILE P, CHIONOQV, et al. Collagen for bone tissue
regeneration. Acta Biomater. 2012;8(9):3191-3200.

[17] CHOWDHURY SR, MH BUSRA MF, LOKANATHAN Y, et al. Collagen Type I:
A Versatile Biomaterial. Adv Exp Med Biol. 2018;1077:389-414.

[18] SILVA TH, MOREIRA-SILVA J, MARQUES AL, et al. Marine origin collagens
and its potential applications. Mar Drugs. 2014;12(12):5881-5901.

[19] RUAN J, CHEN J, ZENG J, et al. The protective effects of Nile tilapia
(Oreochromis niloticus) scale collagen hydrolysate against oxidative
stress induced by tributyltin in HepG2 cells. Environ Sci Pollut Res Int.
2019;26(4):3612-3620.

[20] WANG L, AN X, YANG F, et al. Isolation and characterisation of collagens
from the skin, scale and bone of deep-sea redfish (Sebastes mentella).
Food Chem. 2008;108(2):616-623.

[21]

[22]

(23]

[24]

[25]

[26]

(27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37]

(38]

(39]

[40]

[41]

EN SLIMANE E, SADOK S. Collagen from Cartilaginous Fish By-Products
for a Potential Application in Bioactive Film Composite. Mar Drugs.
2018;16(6):211.

MUTHUKUMAR T, ARAVINTHAN A, SHARMILA J, et al. Collagen/chitosan
porous bone tissue engineering composite scaffold incorporated with
Ginseng compound K. Carbohydr Polym. 2016;152:566-574.

ZHOU T, LIU X, SUI B, et al. Development of fish collagen/bioactive
glass/chitosan composite nanofibers as a GTR/GBR membrane for
inducing periodontal tissue regeneration. Biomed Mater. 2017;12(5):
055004.

LI Q, MU L, ZHANG F, et al. A novel fish collagen scaffold as dural
substitute. Mater Sci Eng C Mater Biol Appl. 2017;80:346-351.

KARA A, TAMBURACI S, TIHMINLIOGLU F, et al. Bioactive fish scale
incorporated chitosan biocomposite scaffolds for bone tissue
engineering. Int J Biol Macromol. 2019;130:266-279.

VAN ESSEN TH, VAN ZIJL L, POSSEMIERS T, et al. Biocompatibility of a
fish scale-derived artificial cornea: Cytotoxicity, cellular adhesion and
phenotype, and in vivo immunogenicity. Biomaterials. 2016;81:36-45.
CHEN SC, TELINIUS N, LIN HT, et al. Use of Fish Scale-Derived BioCornea
to Seal Full-Thickness Corneal Perforations in Pig Models. PLoS One.
2015;10(11):e0143511.

YUAN F, WANG L, LIN CC, et al. A cornea substitute derived from

fish scale: 6-month followup on rabbit model. J Ophthalmol. 2014;
2014:914542.

LIU C, SUN J. Hydrolyzed tilapia fish collagen induces osteogenic
differentiation of human periodontal ligament cells. Biomed Mater.
2015;10(6):065020.

ILYAS K, QURESHI SW, AFZAL S, et al. Microwave-assisted synthesis

and evaluation of type 1 collagen-apatite composites for dental tissue
regeneration. J Biomater Appl. 2018;33(1):103-115.

SUZUKI A, KATO H, KAWAKAMI T, et al. Development of microstructured
fish scale collagen scaffolds to manufacture a tissue-engineered oral
mucosa equivalent. J Biomater Sci Polym Ed. 2020;31(5):578-600.
LIUY, MA D, WANG Y, et al. A comparative study of the properties

and self-aggregation behavior of collagens from the scales and skin of
grass carp (Ctenopharyngodon idella). Int J Biol Macromol. 2018;106:
516-522.

MORI H, TONE Y, SHIMIZU K, et al. Studies on fish scale collagen of
Pacific saury (Cololabis saira). Mater Sci Eng C Mater Biol Appl. 2013;
33(1):174-181.

WILLERSHAUSEN I, BARBECK M, BOEHM N, et al. Non-cross-linked
collagen type I/1ll materials enhance cell proliferation: in vitro and in
vivo evidence. J Appl Oral Sci. 2014;22(1):29-37.

GU L, SHAN T, MA YX, et al. Novel Biomedical Applications of
Crosslinked Collagen. Trends Biotechnol. 2019;37(5):464-491.

BASSIR SH, ALHAREKY M, WANGSRIMONGKOL B, et al. Systematic
Review and Meta-Analysis of Hard Tissue Outcomes of Alveolar Ridge
Preservation. Int J Oral Maxillofac Implants. 2018;33(5):979-994.
RAKHMATIA YD, AYUKAWA Y, FURUHASHI A, et al. Current barrier
membranes: titanium mesh and other membranes for guided bone
regeneration in dental applications. J Prosthodont Res. 2013;57(1):
3-14.

OMAR O, ELGALI I, DAHLIN C, et al. Barrier membranes: More than the
barrier effect? J Clin Periodontol. 2019;46 Suppl 21(Suppl Suppl 21):
103-123.

KIM DK, KIM JI, HWANG TI, et al. Bioengineered Osteoinductive
Broussonetia kazinoki/Silk Fibroin Composite Scaffolds for Bone Tissue
Regeneration. ACS Appl Mater Interfaces. 2017;9(2):1384-1394.

HE Y, CHEN D, YANG L, et al. The therapeutic potential of bone marrow
mesenchymal stem cells in premature ovarian failure. Stem Cell Res
Ther. 2018;9(1):263.

NAKATSU Y, NAKAGAWA F, HIGASHI S, et al. Effect of acetaminophen on
osteoblastic differentiation and migration of MC3T3-E1 cells. Pharmacol
Rep. 2018;70(1):29-36.

( FFATLi%E: MZH, ZN, TXY)

Chinese Journal of Tissue Engineering Research | Vol 25 | No.16 | June 2021 | 2499



