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[Abstract] Objective: This study aimed to investigate the physicochemical properties of a three - dimensional (3D) composite
scaffold loaded with curculigoside (CUR ) and assess its potential impact on promoting angiogenesis and osteogenic induction in human
umbilical vein endothelial cells (HUVEC) and mouse bone marrow mesenchymal stem cells (BMSC). Methods: Polycaprolactone
microspheres loaded with Curculigoside (CUR-PM) were prepared using an emulsion/solvent evaporation technique. We successfully
engineered a 3D composite scaffold comprising hydroxyapatite (HA ) , gelatin (GEL) , and sodium alginate (SA) with the assistance of
3D bioprinting technology, denoted as HGS. Furthermore , we established a polycaprolactone-based microsphere scaffold , referred to as
HGSC, for the purpose of CUR loading. The scaffold was characterized by scanning electron microscopy, infrared spectroscopy,
rheology, mechanical properties, drug release,and degradation experiments. The biocompatibility of the scaffold was verified using CCK-8
and EdU fluorescence staining experiments. The potential of the HGSC scaffold to promote cell vascularization and bone regulation was
assessed through HUVEC tube formation experiments and alkaline phosphatase (ALP) staining. Results: The HGSC exhibited a
uniform grid - like structure with appropriate mechanical properties and degradation compared to HGS. The CCK - 8 and EdU
fluorescence staining demonstrated excellent biocompatibility of the HGSC scaffold. The outcomes of HUVEC tube formation
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experiments and BMSC ALP staining provided evidence that the HGSC scaffold exhibited the potential in promoting angiogenesis and

osteogenesis. Conclusion: The HGSC scaffold has shown excellent biocompatibility and has a clear promoting effect on the osteogenic

potential of BMSC and angiogenesis of HUVEC. This study offers a promising therapeutic strategy for bone defect repair.
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ECM 3555356 (I TR A ) s Transwell /N2 (5
TONF ) B $h 2 v R G AR v
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T A CCK-8 38 771 A8 ) = 28 o) 240 Jfd Fry 348 5 5
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T 1 UG I T RE B T BT AR ; GEL 1 R AIE 068 Tk Jie
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HATLIAEF 1 715 em ' ML A CUR FRAEPE I , 150
B SZ 2L n#k CUR-PM.,
23 AMEBRAEZHMN

WE 3A FR, o AR il , HGSC i A=
Yy 287KAE 10~45 CRIfERBET R (G/) &M THi R A5

Volume (%)

ol_DUIOLn

.1 1 10 100 1 000 10 000

Size(nm)

A: Scanning electron microscope images of HGS/HGSC (x30) , the white arrows mark dispersed CUR-PM. B: Measuring microsphere diameter us-

ing DLS(n=3).
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Figure 1 Microscopic characterization of the scaffolds

CUR | . .
g) HA ' 1715 1 '
3 ' ' '
Slsa i
E ' U I
= —\://’—/_w\
& .
Z | GEL | i
' amide [ , Mnamid'e 1
13288 16301 5401 032
T T T
4000 3000 2 000 1 000

Wavenumbers(em™)

B

Transmittance (% )

3327 1715

T T T
4000 3000 2 000 1000

Wavenumbers(cm™)

A:FTIR spectra of different components. B: FTIR spectrum of HGS/HGSC scaffold.
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Figure 2 FTIR spectrum of the scaffolds
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A: Evolution of moduli as a function of temperature for the HGS and HGSC. B : Relations between viscosity and shear rate for the different scaffolds.

C: Absorbance-drug concentration standard curve. D: Accumulated drug release rate (n=3). E: Scaffold degradation rate (n=3). F: Engineering stress-

strain curve(n=3).

3 HGS/HGSC X ZRMBLERRIE
Figure 3 Physicochemical characterization of HGS/HGSC scaffolds
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A : CCK-8 assay for evaluating the effect of scaffold on BMSC cytotoxicity. ‘P < 0.05(n=3).B: EdU fluorescent staining for evaluating the effect of
scaffold on BMSC proliferation (%200 ).
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Figure 4 Evaluation of cytotoxicity and proliferation properties of scaffolds
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A: Evaluation of cell migration ability by transwell assay (X100).B: Assessment of scaffold for cell tube formation ability (X200).C: Quantitative
analysis of cell migration count. D : Quantitative analysis of junction points count. E : Quantitative analysis of branch numbers. ‘P < 0.05, P < 0.001(n=
3).

5 WNEZZREITHUVEC BT a8 W AR B R

Figure 5 Evaluation of the scaffold’s effect on HUVEC migration and cell tube formation
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Figure 6 Evaluation of scaffold for early osteogenic effect on BMSC by ALP staining (x400)
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