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Preparation of 3D-printed PLA/PTMC-Caz(PO4) composite
scaffolds and their effects on osteogenic differentiation of bone
marrow mesenchymal stem cells of rabbits
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ABSTRACT Objective: To discuss their effects of PLA (polylactic acid)/PTMC (polytrimethylene
carbonate) and PLLA/PTMC-calcium phosphate [ Ca;(PO4):] composite porous scaffolds prepared by 3D
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printing technology on bone marrow mesenchymal stem cells (BMSCs) of the rabbits, and to clarify their
Methods: After mixing the materials, PLA/PTMC and
PLA/PTMC-Ca; (PO,) , filaments were prepared by desktop filament extruder. The scaffolds were
designed by CATIA V5-6R2019 modeling software and fabricated using CreatBot F430 3D printer. The
chemical structure of the PLA/PTMC-Ca;(PO,), scaffold was detected by infrared spectroscopy. In vitro

application values in bone defect repairment.

degradation experiments were used to detect the degradation weight loss rates and pH values of the two
scaffolds. A contact angle measuring instrument was used to detect the hydrophilicities of the two scaffolds.
The BMSCs were extracted from three newborn New Zealand white rabbits ( 2—5-day-old) ; CCK-8
method was used to detect the proliferation activities of the cells co-cultured with two scaffolds, and
Alizarin red staining was used to observe the osteogenic differentiation of the cells co-cultured with two
scaffolds. Results: Infrared spectroscopy confirmed the successful preparation of composite scaffolds
containing PLA, PTMC, and B-Cas(POy).. During degradation for 6— 14 weeks, compared with PLA/
PTMC scaffold, the degradation rates of the PLA/PTMC-Ca; (PO,) , scaffold in lipase solution and
phosphate-buffered saline (PBS) were significantly increased (P<Z0.05 or P<C0.01). During degradation
for 8—14 weeks, compared with PLA/PTMC scaffold, the pH value of the PLA/PTMC-Cas(POy)
scalfold in lipase solution was significantly increased (P<C0.01). Compared with PLA/PTMC scaffold,
the contact angle of the PLA/PTMC-Cas(POy) . scaffold was significantly decreased (P<C0.01). On days
5 and 7 of cell co-culture, compared with PLA/PTMC scaffold, the proliferation activity of the cells
co-cultured with PLA/PTMC-Ca, (PO,) , scaffold was significantly increased (P<Z0.05 or P<C0.01).
After 21 d of co-culture, both scaffolds overlapped with BMSCs and locally formed calcified nodules, which
were stained orange by Alizarin red. Compared with PLA/PTMC scaffold, the number of mineralized
calcium nodules in the cells co-cultured with PLA/PTMC-Ca;(PO.); scaffold was increased, with greater
density and deeper color. Conclusion: The PLA/PTMC-Ca,(PO,), composite porous scaffolds containing
PLA, PTMC, and B-Ca,(PO,), are successfully prepared by 3D printing technology. These scaffolds
exhibit good degradation properties and show advantages in biocompatibility, hydrophilicity, and osteogenic
induction; they are excellent materials for the bone defect repairment.

KEYWORDS Bone defect; Bone regeneration; 3D printing; Polylactic acid; Polytrimethylene carbonate
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1.1 £BHH . E2XAMNFNE FU2aazle
3H, 2~5d#%, MEHEARRR, mEMRRFELR Y
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GRS BMSCs 35 38 21 d 5, W B R 4,
PBS &Ml vf k)5 . 95% £ BV W1 A2 15 min,
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Fig. 1 Infrared spectrum of PLA/PTMC-Cas(PO4):
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A : Lipase solution; B : PBS. "P<C0.05, "P<C0.01 compared with PLA/PTMC scaffold.
B2 e A2 b 2 F ST TE N B BB Y8 W (A) # PBS R vh il (B) o B AR R 3R
Fig. 2 Weight loss rates of two scaffolds in lipase solution(A) and PBS(B) during degradation process
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"P<<0.01 compared with PLA/PTMC scaffold.
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Fig. 3 pH values of two scaffolds in lipase solution and

PBS during degradation process
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PEZEF LG4 L (P>>0.05); 383755 570

B

A:PLA/PTMC scaffold; B: PLA/PTMC-Cas(PO,); scaffold.
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Fig. 4 Contact angles of two scaffolds
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Fig. 5 Proliferation activities of cells of two scaffolds

after co-cultured for different time

A :PLA/PTMC-Cas(PO,), scaffold; B: PLA/PTMC scaffold.
6 PHEOPGME 245 BMSCs HE %540
BB 43 1 B

Fig. 6 Osteoyenesis of cells after two scaffolds co-cultured

with BMSCs detected by Alizarin red staining

FLAT T AN Ak 5 RN RE S22 Fh b RHE £ S R A
E2MHTEBE . AT B i f BE 2
R AR S U R SDATERFE AR, 1l IR B A= Sk
TRAREAR AT ED S B R 254, TR
PR ME D) = 4E LRI . 3D FT ER B A H i 19 411k
HRMEA Y B A& R, AT T AR
Yot 4 17 B BRE W . AE B B IR T
B T LB nDORS 0 0 1 LB R L FLBRAE CRI AL R
AN, BURIE R R E e Kol AR AL, MR TR
G5B B A TT 5 vt B R A A
ARIFFEER B R : PLA, PTMC fil 3-Ca,(PO.)»
B W &, PLA/PTMC 32 %2 il PLA/PTMC-
Ca,(PO.), SZHAE PBS Ml v B AR 2B M,
RARREN, A ETERR AR B E, iR
ARG S5 T 2 Fh S AR B R RN . A D i T LA
ERTERRE, IRy 4 FREMKA, FEALE
Yoy F R REAG . R, A8 0 AT 2 1w T M A
L RBEE 5 B A 7 W 38 o3 B2 Ml O L 43 101 Wik
H, {2 PTMC iR 2 e *, B-Ca,(PO.)-

RS A B 00 B3 B R AL, A ik 2o 7 v ap
DLRE O T 4 5 S B R IRAR B 7, HA R
UF B PR LB R TR T R G Y A W A 2 R
YAE . D) T RKE MARBUHBA B RE, B-Cay(POL),
WA RE AT IAE SRy 45 0 1 B B 08 R AR SR
g R 5PLA/PTMC 2484, PLA/PTMC-
Ca, (PO, » 3427 G 5 W ¥ W vh pH (B W W 7 & o
PLATE TP PEISWrh BE i 2248, PTMC TERE it
AN SBEHOT W pH AR W35 5 ma (1 FR M o, mTBE
T PLA/PTMC-Cay(PO.) - S0k 7E 55 B2 1 5 T
mHAEFRERN, SRR pHET & 28
SR AR i i 3k R v R T 0 I XTI R pHL (L 1) 5 )
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