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Abstract

BACKGROUND: For bone tissue engineering, single-component materials cannot simultaneously meet the requirements of mechanical strength, hydrophilicity,
and degradation rate of ideal biomaterials. Composite materials composed of different components can combine the advantages of the performance of each
component material to obtain comprehensive performance.

OBJECTIVE: To prepare nanohydroxyapatite/sodium alginate/polycaprolactone scaffolds loaded with alendronate for clinical repair of bone tissue defects and
evaluate their in vitro performance.

METHODS: Nanohydroxyapatite/sodium alginate scaffolds containing different mass fractions (50%, 60%, and 70%) of nanohydroxyapatite were prepared by
extrusion 3D printer, and they were named nHA50, nHA60, and nHA70 respectively. Polycaprolactone was assembled onto the surface of nanohydroxyapatite/
sodium alginate scaffolds by impregnation method, and the obtained scaffolds were named nHAS0P, nHA60P, and nHA70P respectively. The morphology,
mechanical properties, and hydrophilic properties of the six groups of scaffolds were characterized, and the scaffold with the best performance was screened
for loading alendronate. The nHA60-alendronate scaffold was prepared by extrusion 3D printer, and the nHA60P-alendronate scaffold was prepared by
immersion method. The in vitro drug release of the two groups of scaffolds was detected. The nHA60, nHA60P, and nHA60P-alendronate scaffolds were co-
cultured with MC3T3-E1 cells, and the cell proliferation was detected by CCK-8 assay.

RESULTS AND CONCLUSION: (1) Scanning electron microscopy showed that the surfaces of nHAS50, nHA60, and nHA70 scaffolds had granular protrusions,
and the internal pores were regular and interconnected. With the increase of nanohydroxyapatite content, the agglomeration of particles on the surface of
the scaffold increased. Polycaprolactone was attached to the surface of the scaffold in the form of a film. The compression modulus of the nHA60 scaffold

was higher than that of the nHA50 and nHA70 scaffolds (P < 0.05), and the compression modulus of the nHA60P scaffold was higher than that of the nHAS0P,
nHA70P, and nHAG0 scaffolds (P < 0.05). With the increase of nanohydroxyapatite content, the hydrophilicity of nHA50, nHA60, and nHA70 scaffolds increased
in turn; the hydrophilicity of nHAS0P, nHAG60P, and nHA70P scaffolds was weaker than that of nHA50 scaffolds, but still met the requirements for cell growth on
the scaffold surface. Based on the above results, nHA60 and nHAG0P scaffolds were selected to load alendronate. (2) Compared with the nHA60-alendronate
scaffold, the drug release rate of the nHA60P-sodium alendronate scaffold was slower, and the effective drug concentration could be maintained for a longer
time. Compared with the nHA60 and nHA60P scaffolds, the nHA60P-alendronate scaffold could promote the proliferation of MC3T3-E1 cells. (3) The results
show that the nHA60P-alendronate scaffold has excellent mechanical properties, hydrophilicity, drug sustained release, and biocompatibility.
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Figure 1 | Appearance of the 3D printed scaffolds
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Figure 2 | Microscopic morphology of each group of scaffolds
(scanning electron microscope)

Z LM, ARG SO R AT EIE R AL
2R, PRSI S SR T 2 LM AT RS
Kif, XFFREH RSN E &R ER S
(L 1 ) 70 T £ P H SRR i 21 Bie M
SR IR G ¥ VR T AR AL B R 9 Bl R ) AL
Zik, TRXFERIROR GO FLEs Fo TR, &
TRV SR 5 B F G L B S o
SCHRPPRLEAT M B AR R LTS OE I DI, R R
THRIFF AR B PERE K 2, I AR IR0k

Intensity (a.u.)
"
8

(2]

w“KJ///##m_*mkﬁﬁ\vﬂ\wd
%,_\ e /\/\
\\///// \VET W] ©
1619

3 (I)OO 2 SIOO 2 OIOO 1 (;00 500

HK (em™)
Bl B a—e 0 AN ACKRREBER A . MBI, RO AN, 60% 44
KEBIEBEK /METERR N IE . 60% GUK BB / IR / BT
RSB
B3 | gREESRA / GRERW/ RERE R RE PRI EEMH
THRLT IS
Figure 3 | Fourier transform infrared spectra of nanohydroxyapatite/
sodium alginate/polycaprolactone scaffold and its components
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Figure 4 | Comparison of mechanical properties of each group of scaffolds
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Figure 5 | Water contact angle test results of each group of scaffolds
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Figure 6 | Invitro drug release curves of drug-loaded stent
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