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Performance evaluation of VA/HA/B-TCP scaffold and its therapeutic effects

on infectious bone defects of mice
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[ Abstract] Objective To evaluate the drug-loading performance,biocompatibility, bone tissue compati-
bility,and therapeutic efficacy of vancomycin (VA)-loaded hydroxyapatite (HA) /B-tricalcium phosphate (B-
TCP) scaffolds in treating infectious bone defects in mice. Methods HA/B-TCP scaffolds were fabricated by
using 3D printing technology,and VA was loaded onto the scaffolds via freeze-drying to create the composite
VA/HA/B-TCP scaffolds. The scaffolds were observed by using scanning electron microscopy (SEM), and
their encapsulation efficiency,drug-loading capacity,and release kinetics were assessed. An in vitro co-culture
system was established with mouse embryonic osteoblasts (MC3T3-E1) and the scaffolds, The cells were di-
vided into the control group (HA/B-TCP scaffolds) and the VA/HA/B-TCP group. Cell viability was assessed
by using the methyl thiazolyl tetrazolium (MTT) assay,and osteocalcin (OCN) expression levels were meas-
ured by ELISA at 7,12,and 14 days of co-culture. Antibacterial activity was evaluated through adhesion ex-
periments. A mouse cranial defect model was constructed and implanted with the scaffolds for 4 weeks. Hema-
toxylin and eosin (HE) staining was performed to observe material degradation and bone formation in the sur-

rounding tissues. Results The VA/HA/B-TCP scaffolds exhibited uniform pore size distribution and excel-
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lent drug-loading performance, with an encapsulation efficiency of 70. 32% and an actual drug-loading rate of
30. 53% seffectively loading VA. The scaffolds sustained VA release over 36 hours. Compared to the control
group, MC3T3-E1 cell viability on the VA/HA/B-TCP scaffolds was significantly inhibited at 7 and 12 days of
co-culture (P<C0. 01), but no significant difference in proliferation activity was observed between the two
groups after 14 days (P>>0. 05). No significant differences in OCN expression levels were found in MC3T3-E1
cells on the VA/HA/B-TCP scaffolds compared to the control group at any time point (P >>0. 05). The
VA/HA/B-TCP scaffolds demonstrated strong antibacterial properties, with significantly reduced numbers of
Escherichia coli in the co-cultured bacterial solution and on the scaffold surface compared to the control group
(P<C0.001). Compared with the control group,the VA/HA/B-TCP group demonstrated significantly reduced
cranial hemorrhage and inflammatory infiltration, alongside a marked increase in new bone tissue.
Conclusion The VA/HA/B-TCP scaffolds exhibit excellent drug-loading performance, controlled drug re-

lease, biocompatibility,antibacterial activity,and bone tissue compatibility,offering a novel approach for trea-

ting bone infections.
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HELALE 10 000 r/min B0 5 min, B 100 pL L
TWAE 2R A0 43 O o6 BE AL b I & 280 nm Ak W %
LA sy A F AR Il £ 3T 5 028 b 0 3 25 9 R
H, AAASKGTRE M E R MR, K=
KH Y /A ) B R X100 %, g R =
YRR R/ ST AR R R X 100% . TR
BRKGI B JE 10 A 2 mL PBS WO hmA
2 mg VA/HA/B-TCP %2, TF 37 “C,150 r/min AY{H
MEGATEE .45 THE 6.12.18.24.30.36 h I
££ 1 mL PBS ¥, BUEE 1 IR Hr i PBS b2 % 2
mL, 96 LA . EFLAIA 100 pL W& 259 1)
PBS ¥ W » B Am AR I 52 BRIR MW 1) A oy - T SR
HPBHOR . YRR =AY BT/ SR g
YRR X100%

1.2.3 B A ymMmEHEER

SR A A 2 T 2 H X MC3T3-E1 3 58 i
B 55 1 (osteocalcin, OCN) 2 35 7K - 19 $2 wi it 47 %
%2, MC3T3-E1 H & 20% a4 13 + 1% 7 5% R -4
FHET79% MEMa S8R IR WA 37 C.5% CO, 4
MG FRAE AT R 3R, fRARIC A R 82 80 % A
F1 0. 25 % G AL WH AL 4B . 1 000 r/min B0 5
min, 3 L IH W IE AT B W . 4 B HA/B-TCP
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FHREF 2025510 A% 54 5% 104

o XfHR4H
® VA/HA/ B ~TCP4H
100+
99— —I— "lm
E a
B 98
% :
% 974
96—
95
7 12 14
A BifiE] (d)

2293
o sHAE
m VA/HA/ B -TCPZH
1. 854
-
£
o
£1.804
B
®
K _ °
® 1.75
3
o
1.70 T T T
Fi 12 14
B Bita] (d)

AMTT A I Sl 40 568 41 48 8 19 5% 00 5 B ELISA A& I 52 2856 41 OCN 2635 /K AU S 5 . P<<0. 05, 5 %t B4 b %%,
B 4 AHAHTEEH HA/RTCP TN EWHEBIH TR

A XYL ;B VA/HA/B-TCP 4,

VA/HA/ B ~TCPLH

= 6 HERBURTRSEE

3 it %

B N B B R O S A 1 80 AR
20 L e A B 0 L ) 0 25V A A R R
TG T 1y T 98 20 A sl 2 SRR g 5 | A O R 25 ™
B Al B A A2 B 0 T B At e B e 4 ) S 41 40
R B R AT A X R R R B B 3
ST AL AR IR ) 5 R B R A R O ik B A
HATRRHAR B & hiA: 200 3R B I R H I (poly-
methyl methacrylate, PMMA) {3 ¥k %5, H #f PMMA
TR B B A A T 4k A e E AN T R A A

I B3 2 28 B R (100 € )

B W TR B R B AR IR T R
KB RERR, ABF5IT &0 VA/HA/B-TCP
AL A R GR 70, 3290, 3 B 2 W R R g
T3 BRI A W AR A S BT T T A ] R R i A
14 JEAE 5 11 55 1 I 0 2 T B AR B D R SR e
BB T MR LB S R R AR M
VE S

HA 5 B-TCP 50 A= ¥ ¥ & - AR 53 09 2 M A 2
PE D5 R0 R R OE R A A5 2 e .
SRS B TEHL BT AL Heh HA S B R i A



2294
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T AR A1 BH I R AR K B 52 A TR B B SR R A A 1R
PRk 20 F B de 103 Ak 8 R VR T I A S A B s R T
PR C B 24 400 1 PR 260 3 400 o i 20 e (MIC3 T3-E 1) 14 4
(7~12 d,P<<0.0D) JHILRE 3% 14 d J5 20 3% PR &
H OCN k7K F Cles A1 S H8 1) » 5 6 B4H T B
Z5 R RIS, R ER TS
B0 SR B O SRR B BB AE S R T AR S
A5 B A i 0 0 R R SR T

VA RN 4 8 (o % 75 BR B A B AR 0 U L 24
i 4 SR Bk T AT HA S0 Rt
A VA/HA/B-TCP SCHERT B B 22 B VAL R
R TE S5 FB I 1 o R e T B 5 L Rk 4 B ) 2 5 1
N 3 e R 24 A AR N X R T A R TR G K
BT T e A X S R B 5 S04 T A R T
TE A 0 L 12 S 4 %) 5 A5 0 BT B 0 M A A AR R e
SRS B AL A M 9 B 4 2 R
WALH B4 & L BT 40 25 S 401k 2 e M i
RS ARBFSAES: . VA/HA/B-TCP 32 4% 15 4
J 5 K OCN ik LM H/E . 5 CHENG %7 )
TE — 0 FL AR P S5 s H AT AR D R A
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