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Abstract

BACKGROUND: Electrical stimulation has been shown to promote bone regeneration and piezoelectric materials with bioelectrical activity can be used in bone
tissue engineering.

OBJECTIVE: To prepare an ideal piezoelectric film material, which can promote bone regeneration and characterize its effects on the adhesion, proliferation,
and osteogenic differentiation of MC3T3-E1 cells.
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METHODS: Barium titanate/polylactic acid composite film was prepared by solution casting with polylactic acid as raw material and a certain proportion (0%,
5%, 10%, 20%, 30%, and 40%) of piezoelectric ceramic barium titanate was added and methylene chloride was selected as the organic solvent. After corona
polarization treatment, the surface morphology, crystal phase composition, hydrophilic and piezoelectric properties of films were investigated to select
materials with better physical and chemical properties. The 0% and 20% barium titanate/polylactic acid composite film materials before and after polarization
treatment were separately co-cultured with MC3T3-E1 cells to test the ability of cell adhesion, proliferation, and osteogenic differentiation.

RESULTS AND CONCLUSION: (1) The scanning electron microscope, X-ray diffraction, water contact angle experiment, and pressure point constant test

results showed that when the mass ratio of barium titanate to composite film was 20%, the polarized composite film material had good physical and chemical
properties. The piezoelectric constant d33 after polarization reached (7.03+0.26) pC/N, which was in the normal piezoelectric range of bone tissue. (2) CCK-8
assay results showed that on the 4™ day of culture, the proliferation activity of the cells in the polarized 20% group was higher than that in the unpolarized 20%
group (P < 0.05). On the 7" day of culture, the proliferation activity of the cells in the polarized 20% group was higher than that of the blank control group, the
unpolarized 0% group, and the unpolarized 20% group (P < 0.05). (3) The fluorescence microscope and scanning electron microscope exhibited that the cells

in the polarized 20% group were polygonal and had obvious pseudopodia. Compared with the unpolarized 20% group, polarized 0% group and unpolarized 0%
group showed better cell adhesion ability. (4) The alkaline phosphatase activity detection results showed that on the 4" day of culture, the alkaline phosphatase
activity of the polarized 20% group was higher than that in the unpolarized 0% group and the unpolarized 20% group (P < 0.05). On the 7" day of culture, the
alkaline phosphatase activity of the polarized 20% group was higher than that of the unpolarized 0% group, the unpolarized 20% group, and polarized 0% group

(P <0.05). (5) The barium titanate/polylactic acid composite piezoelectric film material has good piezoelectric properties and cytocompatibility.
Key words: conductive bone tissue regeneration; piezoelectric material; barium titanate; polylactic acid; solution-casting; composite film material; corona

polarization; piezoelectric properties; osteogenic differentiation
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Table1 | Introduction of physical and chemical properties

TH AR TiH A (4032D)

K PR IEACKARAE IR AR KR F[E Nature Work

AR E AR AR SML ALt R

kg 4l >99%, 100 nm fifq ik Rife 20-50 pm

AL SRR LSRR MRABJE | PRRY AR TELR TR TR
FErE HA RN EYERH R AW BARIOHUERE
N oA P A N PR AR TRMER
L JOEE BRL ARALE ATAE AR AR R

/N BRURT R Al MC3T3-EL( B A dn Bl 2l Ai i e,
B ) & Wb KSR (frdl, REKK); BRI
(AR224CN, i [H); LWL ) 1 2 (JK-MSH-Pro-5B, ¢
F); A TR 4E (DZG-6050SA, HHIE ); 5 P e L
(JP-080ST, H[E); FHEMILLEE (LI HE ) X LR
WX (APD 2000, & AH); A AEHZ i Il &1 (HARKE-SPCA,
HE ) VA3 R R T R B (S-4800 B, HAH ST );
VERRZS d33 PUHEAX (LC2730A, LifFHEE ) 41 (Cegrogen,
fHIE ); DMEM 15775 (Gibco AH], FEE); BREE AR, HiZE
KA PUIRIMER . B- R H AN ML IE (Sigma A A,
M ); 2.5% & [F E ) (Labcoms A F], H[E); 40 g/L
Z R ( L), I ); 0.5%Triton-X( FiFER
YRR AR, hE ) CCK-8 1K & (dbntF 8, hE ),
TR R R E BRI A, BCA A EERN AL IR N
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LA ) s A ZE BB (YI-23BZEISS, fE[E ); 44
L BT (Stemi 508, fE[H ).
1.4 F¥7ik
141 EEHEBEMRIRSI AR R ER IS R IR
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5% ZH, AKERAN / LR =5/95; 10% 4, AKFRA / AR =
10/90; 20% 4, SKFERHN / SRFLIR =20/80; 30% ZH, EKERHN/
KILER =30/70; 40% 41, AR / FEFLER =40/60.

6 43 3.5 g MR FLEA KRG T 6 4 30 mL =&
F e P13 3 6 410 0 304N 8% KR ALIRIA . K ERFR N
By AR A e An Ay (R B4k Yk 0, 0.184, 0.389, 0.875, 1.500,
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X B LT oA KAl b BT 5 R S AL LRI 4T FL 3%
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B AL AR G R AR S AN ST IR,

AR,
1.4.3 AR RHI AR 25

MMAEIE TR ffH SRR $ 10% Jif 4 IMiE . 100 U/mL
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fEVEAE (by c XS N RRAEDE ). AR AT 5 IR IE R, W)
AR JG S LA RL 3 B SR AR B R (M K R IURL T 454 ¥
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2.5 fRiAARAEAL 69 FA T ATAT MRS AL EE Ak 1t BEAG I
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Table 2 | Piezoelectric constant d33 after polarization of barium titanate/
polylactic acid composite films containing different mass fractions of
barium titanate after polarization and water contact angle before and after
polarization

AU BRRREL/ I EHIEH 33 KEA ()

BRIFELL (%) (pC/N) —

WAL HT et G

0% 41 0/100 0.53£0.09 66.47+1.84 68.63+1.78
5% 41 5/95 1.670.05 66.10£3.00 70.47+0.61
10% 41 10/90 5.13%0.17 68.57+1.94 73.07+1.81
20% 41 20/80 7.03%0.26° 70.13£2.30 72.57+1.11
30% 41 30/70 6.23£0.29 71.23%1.26 78.07+1.81"
40% 41 40/60 5.2740.29 72.13%1.70 82.83+1.65™
F A 59.281 2.879 27.26
P fE <0.001 0.0619 <0.0001

FyE: SHABK A, °P<0.05; 51k 0%, 5%, 10% 4lLbE:, °P<0.05; 5
F Mk 30% LA, P<0.05; 5%k 40% 4%, ‘P<0.05

5%, 10%, 20% A K UfFIIRERFIE, RERRID BN
BE); ARYE X HRATHARL I AR TR E, AR A
PORFEA SR AT A0S AR KAl A DR AT, AR RN
ErETE 30% Fl1 40% I, AR 4K 23 {34 R R THI S5 7K BE 7 BRI
AR FH A A5 s LS B0 15 HE AR Ak 20% 2L 1 R 2 d33 f
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Table 3 | Proliferation of MC3T3-E1 cells detected by CCK-8 assay in each
group
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Table 4 | Comparison of alkaline phosphatase activity of MC3T3-E1 cells
induced by materials at different time points
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Figure 2 | X-ray diffraction pattern of composite films containing different
mass fractions of barium titanate before and after polarization
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Figure 3 | Water contact angle of composite films containing different
mass fractions of barium titanate before and after polarization
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groups of film materials

3 i7if Discussion

E5| S HMNFA RS, RS IEE R FHAL N
TG A HR A NSCR AR, AR AR A
Z PR 4% 22 B 0 AR ) it B Mtk — 2 15 5 R AN B ) A
K, BEEmsERe S P RAMRIEE A 5B L R
AW RE ) I AT B,

372 | PEHEATIEWAR | 582746 | 5538 | 2023F18

BlE: ARtk 0% 441
M2 =A%, i
iy AR WAk 20% 4 41
MK, BAH—W
e Ak 0% 414
M FF Ul , ARARIE K,
Hiy sz, Wik
20% AN R 20 A
T & W s, B R Ak
20% 21 Ak 0% 2H 1
R4k 0% 41 AR H B
peRioEl) ok inia

Es5 | %ﬂﬂ*%ﬂiff?f ﬂ%ﬂﬂﬂiﬂiﬁﬁiﬁﬁﬁ sOERLE:] EE%R&@Q*% (x2 000)
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