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Biomimetic nanohydroxyapatite/gelatin composite material
preparation and in vitro study

LI Sirigulengl, HU Xiaowen’

(1. College of Health Sciences, Guangzhou Medical University, Guangzhou 510450;
2. Guanghua School of Stomatology, Hospital of Stomatology, Sun Yat-sen University, Guangzhou $100SS, China)

ABSTRACT Objective: To prepare nHA/gelatin porous scaffold and to evaluate its physical and chemical
properties and biocompatibility.
Methods: We used nanopowders of HA and gelatin to prepare 3D porous composite scaffold
by freeze-drying technique, and used scanning electron microscope, fourier transform infrared
spectroscopy and universal testing machine to characterize the composite material. Osteoblasts

were primarily cultured, and the third-passage osteoblasts were co-cultured with the composite
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KEY WORDS

material. The cell adhesion and morphology were examined under scanning electron microscope.
The cell viability analysis was performed by MTT assay, and the alkaline phosphatase activity was
measured with alkaline phosphatase kit.

Results: Scanning electron microscope showed that the scaffold possessed a 3-dimensional
interconnected homogenous porous structure with pore sizes ranging from 150 to 400 um. Fourier
transform infrared spectroscopy showed that the composite material had a strong chemical bond
between the inorganic phase and organic phase. The scaffold presented the compressive strength
of (3.28+0.51) MPa and porosities of (80.6+4.1)%. Composite materials showed features of had
good biocompatibility. Mouse osteoblasts were well adhered and spread on the materials. The grade
of the cell toxicity ranged from I to II. On the Sth and 7th day the proliferative rate of osteoblasts
on scaffolds in the composite materials was significantly higher than that in the control group. The
activity of alkaline phosphatase was obviously higher than that in the control group on Day 1 and 3.
Conclusion: Nano-hydroxyapatite and gelatin in certain proportions and under certain conditions
can be prepared into a composite biomimetic porous scaffolds with high porosity and three-
dimensional structure using freeze-drying method. The scaffold shows good biocompatibility with

mouse osteoblasts and may be a novel scaffolds for bone tissue engineering.

nano-hydroxyapatite; gelatin; bone tissue engineering; biocompatibility; freeze-drying technique;

biomimetic
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El1 nHA/BIR R BB R IR
Figure 1 Micromorphology of nHA/Gel scaffold

A-C: At low magnification, the pore size and the interconnected structure; D-F: At high magnification, the nHA precipitated

clusters and micropore (black arrows)

100+
1004
80,
80
601
g 601
o ~
(5] 3
S40] S
E S40
£ :
320 £20
5
= : =
4
3
S
4000 3500 3000 2500 2000 1500 1000 500 4000 3500 3000 2500 2000 1500 1000 500

Bt
‘Wave number/cm

B2 EEMNTRASNEEERE
Figure 2 Spectrogram of fourier transform infrared spectroscopy

A: nHA; B: nHA/Gel composite material
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& 2 nHA/ BIRXE S HE B TS HIE

Table 2 Fourier transform infrared spectroscopy of prepared

nHA/Gel composites

gH5Y AN A/ em™ Xif B RE ]
HA 565~1 036 PO,

HA 875 Cco,”
Gel 1241 N-H
HA/ W% 1336 Ca-COO
EEind 1452 COoO0

A Jist 2938 C-H

R3 ZAXEMBURANERREHNREGR EESILRE
HIEE B
Table 3 Comparison of the anti-compressive intensity or

porosity between the porous nHA/Gel scaffold and spongy

bone

FE LA /um  PURTRSEE/MPa fLER /%
nHA/WJRH KL 150~400  3.28 +0.51 80.6 + 4.1
N /NN 300~1 500* 4~12% 30~907
CHASOOR] 100~600 1.5 30~70

BAE AR T Koeter F YBFFY ; +4UHE K I T Murugan
SUORBESE s fCHA: WBIR LR KA, B SR IE T K
AT T 8 S Wl Ay A 0 W T U P S (I e Tl R AR A R 5
ABRTUELAH])

B3 GERMETHRBAERES(EIR), 2ERE. =K. EFRK

Figure 3 Morphology of osteoblasts undere the inverted microscope (the third-passage)

A: Dense cell growth, like paving stone (x50); B: Cells under dark field, like relief (x200)

E4 BBHEREME LFM., MREER

Figure 4 Electron micrographs of the osteoblasts on the scaffold material after cultured for 1 day (A and B) and for 3

days(C-F)
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R4 ZEMHRERSE Txs)
Table 4 Cytotoxicity of scaffold materials (¥ + s)
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RN RGR/%  #tk W't B {E RGR/% itk W' BE{E RGR/%  #lk
A% 0.2058 £0.0304 90.9 I 0.2017 +0.0175 70.6 I 0.1665 + 0.0309 58.2 I
BZH  0.2124 +0.1261 93.8 I 0.2175 + 0.0334 76.1 I 0.1894 + 0.0337 57.1 11
C4H  0.2262+0.0965 100.0 0 0.2857 £0.0737  100.0 0 0.3313 +0.0935  100.0 0
Adl: EREIW; B4L: S0%IZIRIK+DMEM; C4l: BM:XT R4
x5 MAESZZEME ERIIEE (R £5)
Table 5 Proliferation of cells on the scaffold (¥ + s)
Zig] EPS EIEPN EIAPS ELIPN
PR 0.4354 = 0.021 0.4811 + 0.006 0.5300 £ 0.011* 0.5866 + 0.038*
POt 0.3349 + 0.051 0.3620 + 0.052 0.3802 + 0.045 0.4748 +0.007
X4, *P<0.08

% 6 WHBEREENE (x+s, £KEAL /100mL)
Table 6 Determination of alkaline phosphatase (¥ + s, King
unit/100 mL)

21 51 EADN ERPN EAPN
MR 4702 £0.513*%  5.058 + 1.297* 5.385 + 1.441
XTHEZH  3.037+0.163  3.204+0.079 3.490+0.178
Eixt R e, *P<0.05
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