BT ERSEAEIR 2015 4F 12 A4S 36 A5 12 hitp://www. ajsmmu. cn
Academic Journal of Second Military Medical University, Dec. 2015, Vol. 36, No. 12 « 1289 -

DOI:10. 3724/SP. J. 1008. 2015. 01289 1@ % ¢

EFREMAEREZHNEARRERRAESRCAREESHMBRAIEXRE

AR L IRERLVE OB FESE L E ORLRE B 2EM M
B FEERERKIFERAGEER, B 200433

fif 4 309 BEBEE R dLE 100091

AT 94826 FRAEF SR EEBE . i 200433

MR BEBE AR 22 M 730050

AT 71677 FREA T ABA . 22 FH 450000

[ Y R N

(=] a6 St Es; (selective laser sintering, SLS) 7 A M 2 44 K 2 3L #5 JK 47 (nano-hydroxyapatite,
Nano-HA) /% B K (poly-e-caprolactone, PCL) A\ LA St 4R R H A1 285 CEYAHAERAE YIS, &% EH Nano-
HA 5009k 5%.10% . 15% 1 Nano-HA/PCL 1B & # 8Lk A . % I SLS 4% R #4514 PCL 5 Nano-HA/PCL (5%,
102615200 N S48 IR HAL B AT FR s B o K B B % 1 G i B R] 70 508 T 41 (MSC) #2F0 & 3R 2 Fh S 48 v,
SR PO IR RS A B0 I3 S TR R (ALP) R A0 2 (PG RIS 4E  Ye ( tb B BB e il . 86 R 4104
B BT 7 20 BE A 20 Mg B HLR I %EE’JQB}H@&TFE PR G258 1 REHM ALP ik 22 R TG 2 L HEE B 57
B[] A K- , Nano-HA/PCL 41 () ALP 33k F 5 T PCL 4 525 (% I 4H (P<<0. 05), H Nano-HA il # 5 . ALP E’J%Eﬁjtﬁ
5 (P<<0. 05) ; Nano-HA/PCL ZH# RLL YL i B 3 B2 3 T PCL 4 5528 A0 BRZH . HLBEAS Nano-HA {5 139 5y A 45
Wotk 2 e R IRVESR S bz i, 8 ABFSTE T SLS HR P 1 #Y Nano-HA/PCL A T8 X4 HA FUH‘E’\JEE
Y7 A AR A T S O — PR BB S R R RL

[RBEIR] B AT TN 2K A B E G

[(hESES] R687.3 [aktnERm] A [XZEHS] 0258-879X(2015)12-1289-06

Fabrication of nano-hydroxyapatite and poly-g-caprolactone scaffolds with selective laser sintering

JIN Guang-hui', SUN Xiao-fei' , XIA Yan', ZHANG Yun-tong', LI Chao®, ZHANG Xin-wen’, YANG Qiao-qiao', WANG
Ze-kun’ , XIE Yang'"

1. Department of Orthopedics and Trauma, Changhai Hospital, Second Military Medical University, Shanghai 200433, China
Department of Orthopedics, No. 309 Hospital of PLA, Beijing 100091, China

Hospital of No. 94826 Troop of PLA, Shanghai 200433, China

Department of Orthopedics, General Hospital, PLA Lanzhou Military Area Command, Lanzhou 730050, Gansu, China
Medical Team, No. 71677 Troop of PLA, Anyang 450000, Henan, China

U1~ W0 DN

[ Abstract] Objective ~To fabricate nano-hydroxyapatite (Nano-HA) /poly-e-caprolactone (PCL) scaffolds with the
selective laser sintering (SLS) technique and to study the mechanical strength, biocompatibility and bioactivity of the prepared
scaffolds. Methods Nano-HA and PCL powders with Nano-HA weight ratio accounting for 0%, 5%, 10%, and 15% were
mixed, and PCL and Nano-HA/PCL scaffolds (5%, 10% and 15%) were fabricated using SLS technique. The porosity and
mechanical strength of scaffolds were determined. Isolated rabbit bone marrow stromal cells were seeded onto the Nano-HA/
PCL or PCL scaffolds and cultured in vitro. Cell adhesion and proliferation were observed. The osteogenesis for pure PCL and
nano-HA/PCL scaffolds were compared by detecting alkaline phosphatase ( ALP) expression and Alizarin Red S staining.
Results Both the pure PCL and Nano-HA/PCL composite scaffolds showed good mechanical strength and cell adhesion without
obvious cell toxicity. The expression of ALP in all groups showed no significant difference on the first day of seeding, but with
the extension of culture time, ALP expression in Nano-HA/PCL group was significantly increased compared with PCL group

and blank group(P<C0. 05). The expression of ALP increased with the increase of Nano-HA ratio(P<C0. 05). The positive
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intensity of Alizarin Red S staining in Nano-HA/PCL group was higher than those in PCL group and blank group; moreover,

the number of calcium nodules and positive intensity of staining were inceased with the increase of nano-HA the ratio. Conclusion

The nano-HA/PCL composite scaffold fabricated with SLS technique in the present study has good mechanical strength,

biocompatibility and osteoinduction, and it may serve as an alternative material for bone repair.

[ Key words ] bone; tissue engineering; stem cells; hydroxyapatites; biomimetic composite scaffold
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Fig 1 Computer-aided design models
of the scaffolds(A), lateral view (B)

and bottom view (C) of sintered scaffolds

Nano-HA: Nano-hydroxyapatite; PCL: Poly-e-caprolactonee
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Fig 2 Scanning electronic microscopy

micrographs of the prepared scaffolds
A, B: Bottom view (A) and lateral view (B) of the nano-
hydroxyapatite/poly-e-caprolactone ( PCL ) scaffolds with well-
ordered and interconnected macropores from 600 um to 800 pm; C:
Microstructure of the scaffolds. The micropores ( white arrows)
appeared between PCL particles with pore sizes of several microns in
diameter; D; The PCL particles were evenly attached to the
nanoscale hydroxyapatite particles. Nano-HA.: Nano-
hydroxyapatite; PCL: Poly-e-caprolactone. Original magnification:

X50 (A, B), X1 000 (C), X5 000 (D)
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Tab 1 Porosity and compressive

strength of the scaffolds in each group

n=5, xts
Compressive
Specimen Porosity( %)
strength P/MPa
PCL 85.7543. 26 4,492 740. 148 3
5% Nano-HA/PCL 79.26+2. 17~ 5.559 6£0. 144 3~
10% Nano-HA/PCL 75.4441.56* 6.354 740. 126 4~

15% Nano-HA/PCL 70, 68+1. 37"~ 6.976 440,130 2*4

Nano-HA: Nano-hydroxyapatite; PCL: Poly-e-caprolactone.
* P<C0. 05 vs PCL group; £ P<C0. 05 vs 10% Nano-HA/PCL group

2.3 wmpegsm MRS 12 h, Nano-HA/PCL
2 K PCL 2 ¥ 0] DL £ 31 200 B AR 4 b 2 B 1 0 28
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%\ X >
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Fig 3 Cell adhesion of scaffords in each group

under scanning electron microscopy
A: PCL group; B: 5% Nano-HA/PCL group; C: 10% Nano-HA/
PCL group; D: 15% Nano-HA/PCL group. Nano-HA: Nano-
hydroxyapatite; PCL: Poly-e-caprolactone. The white arrows are the

human bone marrow stromal cells
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FERDS 5 1.4.7 RIS 200 D (E 38848 & 5 B 78
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0.7r

0.6}
0.5}
O Blank control
0.4F M Pure PCL
Q
03k B 5% Nano-HA/PCL
s M 10% Nano-HA/PCL
0.2}
’ = o 15% Nano-HA/PCL
0.1f K e
i E
i ] b
1 4
Time #/d

4 MITENGBEEARRNESRNDE
Fig 4 Density of MTT test for each
group at days 1,4 and 7 of culture
Nano-HA: Nano-hydroxyapatite; PCL: Poly-e-caprolactone. * P <C
0. 05 vs the same group at day 1; £ P<C0. 05 vs the same group at
day 4. n=5, 7+s
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6 OBlank control

| M Pure PCL

B 5% Nano-HA/PCL
4T m 10% Nano-HA/PCL
L 15% Nano-HA/PCL

ALP expression (um/hr/mg)

Time t/d
E5 FAFRERIES ALP &%
Fig 5 Alkaline phosphatase

in each group at days 1, 7, and 14
Nano-HA: Nano-hydroxyapatite; PCL: Poly-e-caprolactone; ALP:
alkaline phosphatase. * P<C0. 05 vs blank control group at same
time; 2 P<C0. 05 vs PCL group at same time; 4 P<C0. 05 vs 5%
Nano-HA/PCL group at same time; ¥ P<Z0. 05 vs 10% Nano-HA

group at same time. n=5, ¥=*s
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)N =g o

10% Nano-
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15% Nano-
HA/PCL

5% Nano-
HA/PCL

E6 HAAERERGETHRLELEE
Fig 6 Alizarin Red S staining of calcium nodules
in each group at different time points
Nano-HA:

Nano-hydroxyapatite; PCL:  Poly-e-caprolactone.

Original magnification: X 20
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