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Abstract

BACKGROUND: Bone graft materials are the key points and difficulties in current research. Hydroxyapatite has good biocompatibility and degradation. However,
the mechanical properties of synthetic hydroxyapatite are poor and lack of osteoinductive properties. It is more close to clinical application to combine the
more easily obtained apical papilla stem cells with hydroxyapatite bioceramics, which is widely used in clinical bone repair.

OBJECTIVE: To observe the physicochemical properties and cytotoxicity of hydroxyapatite bioceramics coated with polydopamine.

METHODS: Polydopamine-hydroxyapatite bioceramics were prepared by placing hydroxyapatite bioceramics in dopamine Tris buffer solution. Uncoated
hydroxyapatite bioceramics were used as control. The average pore diameter, porosity and contact angle of water droplets of polydopamine coated
hydroxyapatite bioceramics and uncoated hydroxyapatite bioceramics were measured. The third generation of human apical papilla stem cells was inoculated
on the two kinds of ceramic surfaces respectively. After 15 minutes of culture, the cell adhesion was observed under inverted microscope and laser confocal
microscope. After 1, 3, 5 and 7 days of culture, the cytotoxicity was detected by CCK-8 assay.

RESULTS AND CONCLUSION: (1) There was no significant difference in the average pore size and porosity of hydroxyapatite bioceramics before and after
coating (P> 0.05). The particles on the surface of polydopamine coated hydroxyapatite bioceramics were larger and the surface of polydopamine coated
hydroxyapatite bioceramics was more flat. (2) The contact angle of polydopamine coated hydroxyapatite bioceramics was lower than that of uncoated
hydroxyapatite bioceramics (P < 0.001). (3) Inverted microscope showed that human apical papilla stem cells were scattered around the uncoated cell slides,
but not around the coated cell slides; and uniformly adhered human root tip papilla stem cells were observed on the surface of polydopamine coated cell slides.
Laser confocal microscopy showed that compared with uncoated cell slides, the volume of human apical papilla stem cells on the surface of polydopamine
coated cell climbing tablets was larger, more fully extended, and cell antennae were more obvious. (4) The relative proliferation rates of human apical papilla
stem cells cultured at different time points on the two scaffolds were above 75%, and the cytotoxicities were 0-1 grade. (5) The results showed that compared
with uncoated hydroxyapatite bioceramics, polydopamine coated hydroxyapatite bioceramics had better hydrophilicity and cell adhesion.

Key words: materials; oral cavity; polydopamine; hydroxyapatite; bioceramics; human apical papilla stem cells; cytotoxicity; hydrophilicity; adhesion
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Table 1 | Absorbance value and relative proliferation of cells in each group

KGRI A 205 A fH (xts) ANPIETETE (%) i)
1d =k 0.42+0.03 100 0
LR ACAT A 0.34+0.03 80.04 1
R - PRI KA 0.33£0.03 78.30 1
3d =k 0.76+0.10 100 0
PR CHH 0.64+0.12 83.27 1
KL - FREB K AH 0.6240.12 81.50 1
5d ESEE: 1.600.21 100 0
PRI A 1.4240.25 88.76 1
RO - FREE KA 1.40£0.31 87.25 1
7d =] 1.9740.42 100 0
FREEWE A H 1.82+0.46 92.04 1
KL - FREEE A4 1.8540.44 93.62 1

3 §1if Discussion

K2 UM RARNEOE, FIUESERREER
LW A W A A R, 5 DA IR R — 2 P2,
B2 BRI AR & B LF O ECEAnR,  4i 55
TR |, HI E4UMEE AR 2 T RIgE4, RS
EL iR 2 RE W RS M AR B R BE T, X5 R 2 L1k
SRR TS AT IR Iy SR AR DG, (R R (i 3 4 At Bt o 3R
MG T SRR 55 7 H A Kb T B RS8R 5 M
o. BRARKZFEMTNNRZ ERGRERRE, BE%
o SRR D ARG W I B M R B, S AR A I P R TR
BGOSR 22 B B B AL gl eh P T AR R R B
% EEREEE I D2 52 AN Al B AH DG [, e 28 IR 73Rk,
B B AN FI R A R P IR R I, /N R A R
YN AT R ZH M & %A £ B D1, D2, D3. D4, D5 ZZ{A[H)
mRNA FIZE (4, H D1. D3. D5 =2 Uil 71 fe 40 il e & 3L A
f2IE, T LIRE 2 B A A s T B,

FRIEEEIA R E R 2 BRI E G HALBRE . FLBRA
(RTRLAN e BE R, R INF8, v N R 2 B Z(E
TRLAN S B A8 K, 3 P R AR THVRDRS FE BRAIG, AT 34 0 1 P
B KR, BRTIREEENEDHEN. BRWES
B2 OB ZE R LA K, BRZ ERRE G T ik fLz
T RS T 400 B A N S 2 Py ) e A 2, AR T R i



W =ik m), TR BRI T AR
BRSSP 7 E SRR sk, TR K.

EWFIPE LS 1, 3, 5, 7d )5, ARARILL T4
MM PR B R X B, AR R SR AR A5 RIS R FR K
AR TR AT A A S T W R AR, P90 1 Rk,
AT HE A2 A M 46 15 77 200 i 39 1) g 8 2 R T — S i 2 125
T B AHAR T UK, HIERAAES Bk
R R M I RAF A A ™, B E 37 C. BB
H 5%CO, P15 N B IR v MR N b 4n B TR R B e, S
Tl A A e R LT BT EE AR S
IR R A RE(C ARG TE, (B B HlA A8 R AlA R Ll
R 2 CUGR R 1R B HoAh A PR A s R 3 0 0
M B JE SR AT I 3D 4T B 7 2 A 4 A 4 FEA R B 45
REMITEA AR, S AR B BRI R Tl R E
G = AR AR SR KA T, BE— DR mdrR A it
it fiashscRdt — DR AR Y et R AR

ZR BT, T2 TR 2 T S PR R R IR B P e
LR ST iy, AN R e L 4RI R P e
TR¥F RIFAEMM A, BABLF i M E.

YEBTHR: TR, WAUATZER, FIRFAATHR, LhifE
AMAR. AT, FAPCE AT, M, THRL, #ARFR.

RBETHE: ZLFEZLT PROBREFLEHFRTOEEFIE R
R4 (CSA-W-2016-01) B vd )| & B, 0 ffd B3 - ¥ & (SCHMKQ-KF-002)”
RBh . PTAARE B, 2% LIFEA %ok LS o BRI B AL
RGBSR,

FIZMIR: XF el F9), ARMARALTEETLT R
HEAZF R,

SR ZAMAETERESHNNHEEN S (FAMR TR L
RAEFEF B m AT S R EAGIEFAE) |

NEEE LF LR OLIEE LR 25 Lkt A %73k EE,

NEIE: LFLDRATINE EREINT, FUTIFBUAN LEHF
SHWFERBTE.

EWMGHEER: ZXATFFECRETTIERAY S F
R ——R PRI FAZL,

XER: LF AT E S AR RAALE T ma L)
L.

FARGREVERR: X2 — B A ORI FE, R4E (it 25T 1)
“E4 - T AN - AR 5 XEF 407 K3k, ESEIIAGHLT,
AFAV T LM B R T RIA BRI, AEAY &, B AFE
AR PR TR HN. B, 4760, A&, RAEIZ MK, Hh
Z AT EG], AR ASIE R L e AR R,

4 SE3HLk References

1] ZFE ATES, T . TR B AT SR AL ().
A [E 2 23 TRERIF 7T ,2020,24(24):3877-3882.

(21 Rl . ARl oK S e R e AR A o B ) 78 o AT B A )
DT (D). bt - hERPEBERY: (TP E R B LR ST A
T ),2018.

[3] ATAK BH, BUYUK B, HUYSAL M, et al. Preparation and characterization
of amine functional nano-hydroxyapatite/chitosan bionanocomposite
for bone tissue engineering applications. Carbohydr Polym. 2017;164:
200-213.

(4]

(5]

(6]

(7]

(8]

(9]

(10]

(11]

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

(20]

(21]

(22]

SALGADO CL, GRENHO L, FERNANDES MH, et al. Biodegradation,
biocompatibility,and osteoconduction evaluation of collagen-
nanohydroxyapatite cryogels for bone tissue regeneration. J Biomed
Mater Res A. 2016;104(1):57-70.

KAMALI A, ORYAN A, HOSSEINI S, et al. Cannabidiol-loaded
microspheres incorporated into osteoconductive scaffold enhance
mesenchymal stem cell recruitment and regeneration of critical-sized
bone defects. Mater Sci Eng C Mater Biol Appl. 2019;101:64-75.

SHEN X, ZHANG Y, GU Y, et al. Sequential and sustained release of
SDF-1 and BMP-2 from silk fibroin-nanohydroxyapatite scaffold for
the enhancement of bone regeneration. Biomaterials. 2016;106:
205-216.

AMJADIAN S, SEYEDJAFARI E, ZEYNALI B, et al. The synergistic effect of
nano-hydroxyapatite and dexamethasone in the fibrous delivery system
of gelatin and poly(l-lactide) on the osteogenesis of mesenchymal stem
cells. Int J Pharm. 2016;507(1-2):1-11.

SIMON JD, PELES DN. The red and the black. Accounts Chem Res. 2010;
43(11):1452.

WATT AAR, BOTHMA JP, MEREDITH P. The supramolecular structure of
melanin. Soft Matter. 2009;5(19):3754.

LIU YL, Al KL, LIU JH, et al. Dopamine-melanin colloidal nanospheres:An
efficient near-infrared photothermal the rapeutic agent for in vivo
cancer therapy. Adv Mater. 2013;25(9):1353.

LUO RF, TANG LL, WANG J, et al. Improved immobilization of
biomolecules to quinone-rich polydopamine for efficient surface
functionalization. Colloids Surf B Biointerfaces. 2013;106:66.

CHO HJ, PERIKAMANA SK, LEE JH, et al. Effective immobilization

of BMP-2mediated by polydopamine coating on biodegrDAable
nanofibers for enhanced in vivo bone formation. ACS Appl Mater
Interfaces. 2016;6(14):11225.

LEE JS, LEE K, MOON SH, et al. Mussel-inspired cell-adhesionpeptide
modification for enhanced endothelialization of decellularized blood
vessels. Macrol Biosci. 2014;14(8):1181.

R BT ARG 2 R e A BUE SRR (D). B
e LR 2013,

RIM NG, KIM SJ, SHIN YM, et al. Mussel-inspired surface modification
of poly(L-lactide) electrospun fibers for modulation of osteogenic
differentiation of human mesenchymal stem cells. Colloids Surf B
Biointerfaces. 2012;91:189-197.

KAO CT, LIN CC, CHEN YW, et al. Poly (dopamine) coating of 3D printed
poly (lactic acid) scaffolds for bone tissue engineering. Mater Sci Eng C
Mater Biol Appl. 2015;56:165-173.

AR, s, RF, 45 NARIRFLR T AE BB A AR 2
U - SRR L IRDRE B . BE5E S i 04K D). PSR 22T 5T
2020,36(6):523-526.

TR . T2 U I R A R £ R T S /K A S S Tk RE I
[D]. BRI : MR Tl K %% ,2017.

SVLYE . T AR S L A K At A ) ] % SR (D). i
Herp R R 2015

P ZE B B R B P ) B B VA R P B AT A (D). R
L REER 2015,

WRIEAR . $raz (B R S B R 2 s 2 etk S LR
[D]. & - o E RS AR K2 2013,

KO CC, WANG Z, TSENG HC, et al. Design, synthesis, and evaluation of
polydopamine-laced gelatinous hydroxyapatite nanocomposites for
orthopedic applications. Advances in Bioceramics and Biotechnologies
II: Ceramic Transactions. 2014:135-148.

Chinese Journal of Tissue Engineering Research | Vol 25 | No.22 | August 2021 | 3543



RIFIR

L B

X300
x1000
b7 %2 000
&g e ; o x2 000

4] .%E%E%%%&%Ei%%%%ﬁﬁﬁg%%,ﬁm%ﬂ&ﬁ

IR, E R IR A AL N R 22 TR 2 LU )2 5 FL AR THI T 400 8 Ok 5K
TIPS T i e AR ROk

B 1 | BaERERRAEYEENHNLGES (FAHEE )

Figure 1 | Microstructure of hydroxyapatite bioceramics before and after
coating (scanning electron microscope)
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Figure 2 | Contact angle of hydroxyapatite bioceramics before and after
coating
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Figure 3 | Adhesion of human apical papilla stem cells to hydroxyapatite
bioceramics before and after coating (light microscope, x40)

TR Merge

KR

KL Op
WG

Bl B2 ORI E AR Fr i) AR S 4 Aok i 2 M 2 4
M€ Fr B FARARTE R SENFT e, 4t o fik A S ) S

B4 | NMRRELFHMAERBEREREM AL YIEERENRM
(AR E, x200)

Figure 4 | Adhesion of human apical papilla stem cells on the surface of
hydroxyapatite bioceramics before and after coating (fluorescent staining, x200)
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