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Abstract

BACKGROUND: Bone tissue engineering has provided a novel ideal for treating bone defects in clinic. This study is the first to combine
traditional Chinese medicine with the nanostructures of tissue-engineered scaffolds in order to explore and construct a new bone tissue
substitute material for the treatment of bone defects.

OBJECTIVE: To investigate the osteogenic activity of icariin (ICA)/hydroxyapatite (HA)/poly(lactic-co-glycolic acid) (PLGA) composite
scaffolds.

METHODS: A HA/PLGA composite scaffold was prepared by physical blending of HA and PLGA, and was then soaked in ICA solution of
different concentrations to obtain the HA/ICA/PLGA scaffold. Rabbit bone marrow mesenchymal stem cells were used to evaluate the cell
adhesion, proliferation, osteogenesis and cytotoxicity of the composite scaffold. The cell adhesion, proliferation and cytotoxicity were detected
by MTT method. The activities of alkaline phosphatase and osteocalcin were detected by ELISA. The expression levels of osteogenic genes
and proteins were detected by fluorescence quantitative PCR and western blot assay, respectively.

RESULTS AND CONCLUSION: Adding appropriate amount of HA into PLGA could improve the mechanical strength of the scaffold, and 10%
HA had the best effect with tensile strength of (1.67+0.37) MPa, and compression modulus of (4.17+1.62) MPa, and nanostructure would be
formed on the surface of the scaffold. The nanostructure could promote the adhesion of bone marrow mesenchymal stem cells on the surface
of the scaffold. ICA did not affect the proliferation of bone marrow mesenchymal stem cells on the composite scaffold. However, the HA/PLGA
composite scaffold soaked in 1.00 umol/L ICA aqueous solution had the optimal osteogenic differentiation function, and the expression levels
of alkaline phosphatase, osteocalcin, osteogenic related genes and proteins (Runx-2 and COL I) were increased. The ICA/HA/PLGA scaffold
had no cytotoxicity. These results suggest that HA (10%)/ICA (1.00 umol/L)/PLGA scaffold has good mechanical properties, osteogenesis and

biocompatibility, which has the potential to be a favorable scaffold for bone tissue engineering.
Key words: tissue engineering scaffolds; poly(lactic-co-glycolic acid); hydroxyapatite; icariin; bone defects; osteogenic induction
Funding: the Natural Science Foundation of Heilongjiang Province, No. QC2017120 (to WDX)
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FRIHASZZE b FIMC3T3-EL4H i a5 Fl R i 43463

TG 7T P P A S T A AT H5 T PLGARUCA S 2R L TR
FOBE, A HA I E A X SO M . J1 5 R A4
JZNBRE T IS, SR 5 1% S SR EHEAT IC AR L B 1
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1 ##F1A%E  Materials and methods
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b, B, FEETEL O IANo-MEMES IR E B, IR
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#3MRIBMSCsHEAT LA T S256

TEERKFNYIE

REEFERTRBIEFREE
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BMSCsHE5H /K F 52

146 TEMHEBEREMESREELEN KL E MW
ICA/HAIPLGAE & S BRI 2451, SR )5 K BMSCsHt
T H R (2x10%9L), AR EIE3, 6, 9 dEFHE
JREEFRI, PBSMUE3IR, SR J5INN0.25% KB 1k, YsE
4N, PBSHMWE3IR, MHIANANABZLEWE, FXELISARFI &L
W58, THE I B R A 45 A

1.4.7  FHE EPCRAT I A H AH ¢ K Runx-2F1COL 1
FikIKFE BT HE I ICAHAIPLGAE & 3 2R TN 2471
H, SRIEHBMSCs R T3 %10 (2x10%/9L), eI I+
R9%3, 6, 9 dJFUNEE4N. KM RNAFRBUR SR EUS
RNA, )5 T A cDNA, FH %6 5E BPCRA I K
H AR EE K RUnX-2MICOL [ FRik/KF. #%H GAPDH X}
RRIEER, 6 H AR R R BEAT AR AL . 517 5 ERL, &R
NN 94 CHiIAEME2 minj5481420 s, 58 ‘CiBk20s
JG72 CHEMfi20 s, FFE254MEHR; #RJ586 CHEM10 s,
*1 BEE3MFF

Table 1 Primer sequences

R R EWEs1 551 T

Runx-2 5-GAC TGT GGT TAC 5-ACT TGG TTT TTC ATA
CGT CAT GGC-3' ACA GCG GA-3'

coLl 5-CAT CAAGGT CTTCTG  5-CTT GGG GTT CTT
CGACA-3' GCT GAT GT-3'

GAPDH 5-CTG GGC TACACT 5'-AAG TGG TCG TTG
GAG CAC C-3' AGG GCAATG-3'

1.4.8 Western blotksJllRunx-2F1COL I & [ % ik /K F
T B ICAIHA/PLGA R £ LSRN 24 5L 5 SR J&5 s
BMSCsHift T H & M (2x10%/9L), fE&EFR4H 3, 6,
9 d/5 eI, $RELE A, KA SDS-PAGE S & & ¥
dis DAHLEG VLR K 5 B B BIPVDFIR |, FH10%2
Wik AKiE w4 CH AR F5r 7 LARunx-2. COL I
GAPDHHL T [ESiIA4 CiE IR, e IAIgG =Hii
H3h, Pl BUGMAECLILZER G, 1Ems =g,
B R, MR, DR aras R,

1.4.9 ZHidEME  MRIEISO 10993-5: 200944 K} 4
W3 A1 (B4R M 35 1)« K HA S B 10%. ICAIR IR E A
1.00 umol/L ff] ICA/HA/IPLGA & & X 8= N 37 C I
DMEMAW F, #RJE7E1, 5, 10, 20, 30 dWRHX Fisik.
FENIH3T340 (1 10%/FL)FiE T-96FLIR H, 159724 hjgks
B RAL 7 £ 10% i A 13 1 52 2R SR HGR (100 pl) i
DMEM; 373 (15 100%) A8 i BIAH S FL A, 0% 5 24 h K
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1.5 EBIRAEAT N II50R P . A0S BRI A K
P PR PEBERREE A B A5 R IE . Runx-2F1COL T [RNA
J A ARIBKF .

1.6 %itF ot MHISPSS 17.0% M % HdfE 3E4T 2047
Bl R Fxas i RoR, Rkt R 47 30E i geit 7
B, P <0.058ZRFH BEMEE L.

2 258 Results

2.1 HAPLGAE & X R HFHEeR L @T R 150,

5%, 10%, 20%, 40% [f1HA 5 PLGA Itk J& il i £ fL
(10-400 pm)E &4, TLELA, A A5 A T 4 e B
BRI E R BRI s, BAEHAS &9 10%0 1A 2 5
KA (P < 0.05), W.3&2. STHA(10%)/PLGA M) T 30 itk
1TSS, RIEIHRE SRR ER, LE1B(ZEW).
¥BMSCSTEHA/PLGAS B 1754 hfa iFAN H R KF,

H R 2B 20 WHEE 5 & S 28 T HAS & T = 41 B & P &
SeThnJE AR, XS R B HA/PLGASE 2R3 T [ 9K 45 Kyl
([ =g ATk =l 0 I w2 1] U =11 8

%2 HAPLGA ESX M NFMERERMIMFMIKTE  (xts, n=5)
Table 2 Mechanical properties and cell adhesion level of
hydroxyapatite/poly(lactic-co-glycolic acid) composite scaffolds

SEIHMHA  hfamsE Wi 3 et 28 it 5 B 2
o) (MPa) (%) (MPa) (%)
HA/PLGA 0.7130.15  163.8£14.9  2.37¢0.84  100.01+0.82
(0%)

HA/PLGA 0.89:0.11  95.5%10.9 3.26:0.95  132.04%4.97
(5%)

HA/PLGA 1.6740.37  89.4%8.6 417+1.62  165.88£6.06
(10%)

HA/PLGA 1.32+0.40  76.247.4 3.09:1.36  192.53+5.40
(20%)

HA/PLGA 0.48:0.28  50.8+11.3 2.19+154  159.69+9.33
(40%)

FIE: HA: REBKH: PLGA: RIAM-ZE LHILEREY

2.2 BMSCSZICA/HAIPLGAS A4 # & L ey387a KT R
FEHAIPLGA S & SC A1) 77 2 5 FE R 20 F 36 B /K P, e B
10% % EHAH % ICA/HAIPLGAE &30 28, [RS8 K 1H
K S5 R B B IR, WWEILC(ZL ). #5973, 6, 9d
J&, BMSCsTEICA/PLGAMIICA/HA/PLGAE & 3048 |- 1
B, WE3. TEHAS BEAHFIMEG T, SCAERMM4HHAE
KAE DA SZICAIRE R . (HFEICAIKEE(L1.00 pmol/L)AH H]
THEOLT, BAHARSC R TN KR E S . X2
NHAZ S22 75 S AR T IR, RIHALEAER SCHe R
MRS RIS 2, D E R T4 i A

2.3 BMSCSZEICAHAIPLGAE A X R L REHR ¥
BMSCs 5 7# 1 A [F] 9 5% ICA VA TR 1L 5 T HAIPLGA S 48
s BRIE VP SO B BRI A1 ES RIS . BEE ICATAR
WRETH S, E A S0 8% BMS Cs Bl 1t i B i AN 45 200 1k
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B EFAFETEREZW, WE4. ICAHEBRKEAN
1.00 pumol/LE}, ICA/HAIPLGAS: ZE FBMSCsHIH M i ik
TR R B 4 2 e v RIDT 4T PR ) 75 1 P BB I Y
4N, # BMSCs 7 HA/PLGA . ICA(1.00 pmol/L)/
PLGARIICA(1.00 umol/L)/HA/PLGA 15379 dJ& 247 Bl
P 1 2 W AT B S RS ME L, K ILICA(1.00 umol/L)/
HA/PLGA B2 5 #1140 i il 73 Ak, W3R3. 1 HWIICA
(1.00 pmol/L)/HA/PLGASZ B it ik HAE i2F 241 i 36 Bt 1 in tR
SRR S S AR o
%3 SANELEHEERTAREEILHEIEISEREN
(xs, n=5)

Table 3 Activities of alkaline phosphatase and osteocalcin of bone
marrow mesenchyml stem cells on the composite scaffolds

izt HA/PLGA  ICA(1.00 umol/L)/ ICA(1.00 pmol/L)/
PLGA HA/PLGA

B REEREE(U/L)  11.8+2.8 29.6%3.3 48.045.1

HEGF (ug/L) 69.746.0 104.3+4.1 138.746.8

Tk HA: RIEREKA; PLGA: IR LMILERY); ICA: EFEEY

ik — e S AR BCEE R, R FRAE LR W

BMSCs 1] BB #H ¢ B K fL B [ (Runx-2f1COL T )FIAK
AT A I . 5 Xt IR 2 [HA(10%)/PLGA] #f Eb . ICA
(1.00 pmol/L)/HA(10%)/PLGA K & 37 42 41 41l ff Runx-2 Al
COL I fEmMRNAFIE (/KF 353k 5 (P < 0.05), HpA
B K RE =S, WES, 6.
24 ICAHAIPLGA A & X R ey m e &4 ¥ ICA
(1.00 pmol/L)/HA(10%)/PLGA K & 37 4833 47 41 g 5 7 o
W, B7ER R, 2R G 38 F ARG 25 K T90%,
KA, RIAEDHETER L.

3 itit Discussion

B — BRI TT M, T R TR R
AR SR IE AR T B R A . e H R T
PR AR FE S AEARE . T 0 B R B T 2 R, BAR
PE B RS EE R AR 55 A58 0LR R
JrEvERE . RIERRMDN. TN BEAE M T
PERESE . & BT B BRI VR Al e . T B it
PR R0 AR SR AN AR SR IR R 1845 R A ik 4 S T
IR TR ARSI . EAT, AR F AR 0 mT B SO A
YA B B R R O REIR T R LR - PLGAZ FLIR (LAY 2.1
FR(GA) K354, mT i 42 il A 22 28 i 1 1 FE B A fie
S 2H AR TR S AR AT R B A b e — T8, AR,
PLGAH Tk MEZE, HARSHEHE S, HLAFT
T BT . AR KA, HA(Cas(PO,);0H) 5
NE AR AL, BB A, 2 7 0] DUE i3k 4 3
5, FITE AL A S EES 2, R, HAS MM
REE AR R SR B A 8, R T4 pa g,
KA,
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Fli: B3 A N PLGA 3 48; B N HAIPLGA(HA
TR 10%) " A4 C N ICAHAIPLGA H &3
{ ZR(HA £ 7h 10%, ICA #E A 1.00 pmol/L). HA:
IR s PLGA: RIALIR- 5 ZIRILERY); ICA:
O EFETF. BN HA £ PLGA R II 4K

= GEH

200 pm 200 pm 200 pm 200 pm 200 pm

Blid:: Bt A-E 3508 BE IR 785 T-20 078 HA(O, 5%, 10%, 20%, 40%)/PLGA ZFLE &% FRIBMHE M. HA: BERKA; PLGA:
RAM-F2IE LBILRY)

B2 TFEHA &2 PLGA X3 - BRI TR THABMF A LE

Figure 2 Fluorescent images of bone marrow mesenchymal stem cells attached to poly(lactic-co-glycolic acid) scaffolds with different
hydroxyapatite contents

BlE: 72 HA S RAMFEIER T, ORI A

350 mE6d EE O 5 ICA WJEHN. 15 ICA K% (1.00 umolL)RIIRITE L T, 447

3001 HA (S AR HR T M E K AR L 2212 HA: BT s PLGA:
& 250 RAR- I LRRITRY): ICA: AR5 S W ML 1T
% 200 VR IE)
& 1504 3 BEEEFRRTHERERERE ICA FRRZEPLGA S
= 100 { HA/PLGA & &3 258 E BR X 183E %
50 | Figure 3 Relative proliferation rate of bone marrow
0 mesenchymal stem cells on poly(lactic-co-glycolic acid) or

ICA(1.00)/ ICA(0.00)/ ICA(0.01)/ ICA(0.10)/ ICA(1.00)/ ICA(10.00)/

hydroxyapatite/poly(lactic-co-glycolic acid) composite

PLGA HA/PLGA HA/PLGA HA/PLGA HA/PLGA HA/PLGA . T ) L
scaffolds after immersion in icariin solution with different
concentrations

60 160
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& _ 5: 100 |
30 _ vz 801
a‘{é 20 o R I g%’ 60 1
o ol il
- . - ‘ 0
ICA(0.00)/ ICA(0.01)/ ICA(0.10)/ ICA(1.00)/ ICA(10.00)/ ICA(0.00)/ ICA(0.01)/ ICA(0.10)/ ICA(1.00)/ ICA(10.00)/
HA/PLGA HA/PLGA HA/PLGA HA/PLGA HA/PLGA HA/PLGA HA/PLGA HA/PLGA HA/PLGA HA/PLGA

Bl BEE ICA VBRI EEF o, 52 SN 1 1) 7 o T-200 PO ol e Tl R Al AP0 -5 3RV 1 52 56 B S TR 35 ICA VAR D9 1.00 pimol/L
I, ICA/HA/PLGA S48 b fIAI 78 ot 4 f B ME BE R REA B A5 3 0E M sy . HA: RIEBEA: PLGA: RAMR-2HE LRILEY): ICA: EF
B (5 WO FETIRE)

Bl 4 ELISA #0888 7 BT 4RE Y Rs 1 S BA BE AN B 45 2R 14

Figure 4 Alkaline phosphatase and osteocalcin activities of bone marrow mesenchyml stem cells detected by ELISA
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