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Osteogenic Activity of Mg-Containing Mesoporous Bioactive Glass/
Hardystonite Composite Scaffold
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Abstract: The osteogenic activity and mechanical properties of the bone repair scaffold are important for its clinical application.
Mg-M/HT porous composite scaffold was prepared with hardystonite (Ca,ZnSi,0;, HT) with good mechanical properties as a matrix
and Mg-doped biodegradable mesoporous bioactive glass (MBG) as a coating. The effect of Mg doping on the microstructure and
osteogenic activity of the M/HT composite scaffold was investigated. The microstructures of the composite scaffolds were
characterized by X-ray diffraction (XRD), transmission electron microscopy (TEM) and Fourier transform infrared spectroscopy
(FTIR). The osteogenic activity of the scaffolds was investigated with human bone marrow mesenchymal stem cells (hBMSCs). The
results show that Mg doping can reduce the mesoporous order of MBG to a certain extent, but Mg-M/HT composite scaffold still has
a uniform and ordered pore structure. Compared with M/HT scaffold, Mg-M/HT scaffold has higher intracellular focal adhesion
proteins and integrins, as well as alkaline phosphatase, calcium nodules and osteocalcin expression, indicating that Mg doping can
promote the osteoblast activity of M/HT scaffold. Mg-M/HT scaffold has a potential application in the field of bone tissue repair.
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50%~65%[1] Mg 171E T-E#%24 p U Mg a3 3%
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1.2 MBG 5 Mg-MBG &R BIH &

MBG ¥& I 1l 4 7 38 KIS e T4 30 °C
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a-MEM(F; 10% FBS. 1%XU$1), &ARHTH 0.05%/5
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1Bk, KE G, (ELRLTH A /e T Mg s 9%
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37 CH 5% CO, AN A NIF & -

1.6.2 4Hfg5E . FHAZIE £ Live/Dead®
S B 5 P /A0 B B M T A B R SO B R gR T
24 h MAIMAT ARG b, FSREREE g R
-AM SPVEAR G, A e TR AR-1 Xk an
PR LRI U AR M AT S s B AR IS 3R 1. 3 d
7 d, FELERRNET R AUE R IR, (B R A
CCK-8 TP S48 b 0 248 e 14 B A O

NI ANAAL I, B hBMSCs (1x10° cells/
wel) RT3 28 EEA9R 24 h Jo e 4% % 28
f%); AN Vinculin 8¢ o5p1 —H1T 4 CHELR, #
X 4T Goat Anti-Rabbit IgG H&L (Alexa
Fluor® 488)5% Goat Anti-Mouse IgG H&L (Alexa
Fluor® 647) % il k0 & ; #J5 A FITC- Phalloidin( %
SEIRIR) XS 4 M B SR G £, 48T DAPT XA AZ et

K AMA2x10* cells/well)7E 48 FHE3 1 d M7 d

JEECH, NN B 42 e ta i FITC-Phalloidin F14H
MAZ S 3 DAPL, FHEOE L IR A5l B Be Wil 42
YA HE s RSB RS I .
1.63  4HEECE 1k ¥ hBMSCs(2x10* cells/
wel )M T b, s SR 7 d M 14 d
Jei s VA PR BN AE B 0 DA A T B B R T (ALP)
T o LUK R I R TR (pNPP) R A7) 78 7 52
28 L4 ALP M. T 405 nm KT ROL
FERE & ALP iG1E; fH BCA & AR &l
SE R AR S T B ALP KA
A& EhriEtk. 18 BCIP/NBT 4eft TAERNT ALP
Jetr,

i FHPE 240 S(ARS) G i k6 75 Bl i 15 77 Hh (1045
VIR, WS EE VR G E AN, SRIE A 1%
78 R (et 30 min), {318 TR,
5 —PUxT & 45 25 (OCN)—$1 A & Goat Anti-Mouse
IgG H&L (Alexa Fluor® 647) OCN #4744,

1.6.4 qRT-PCR 43 H7 (i B AH OG5k R R 1k bt
hBMSCs(8x10* cells/well)JF #3748, 784 K597
FEE 24 h, RIGTERCE R FRAETREFR 3. 7d M
14 do 73 HIAERRAN 1] 55, 2 HUE RNA #4T qRT-PCR

53 HT o 18 F PrimeScript RT 77l &0 & RNA 35
N cDNA, F£4 cDNA F{ESLI 5% ) 2 & PCR [
B o SEB6H A FH (1 S 2k 2 & PCR 514405 1 Fp
o KT FER ) mRNA 7K AR T P 36 %5
(GAPDH)#51EAL . qRT-PCR 23 #r V£ 4025 B Al LLAE
LART 0 T o] AR 30

&1 31¥IFIR

Table 1 Primer sequence list

Gene Direction Sequence (5°-3”)
Forward ACAGCTGACGCTGGAAAGTTG
Bsp Reverse ACCTGCTCATTTTCATCCACTTC
Forward ATCCAGCCACCTTCACTTACACC
Runx=2 Reverse GGGACCATTGGGAACTGATAGG
Forward CGTGACCAAAAACCAAAAGTGC
Col-1 Reverse GGGGTGGAGAAAGGAACAGAAA
OCN Forward GACGGCCGAGGTGATAGCTT

Reverse CATGGCTGGTCTTCCCGTTGC

2 ZER54%

2.1 #HEERIE

K 1a N MBG 5 Mg-MBG #} K [ XRD i, 7F
20 9 20°~30° 2 [A] B 1 AN FEATSIE, R BIRE S
(1 5 A A2 5 R R AR A SR MR &5 A AH B K TE 10°~80°
Z (A JCH BATHEAFTE, BEHIATHI &1 MBG H 1)
Si0, FITEHLAI LATE & B S A74E s Mg-MBG # K Hi Bl
MgSiO; T #HIE(JCPDS 72-1507), FF ek Bt
ghim AR . Bl 16 8 MBG #il Mg-MBG
7 20 4 0.5°~4.0°2 [A]ff) SAXRD .20 } 1.1°~1.4°
LB X S (100) S T RT 0% . I 1b AT LA H, MBG
7E 260 4 1.25°~1.30°07 & H BT 1%, Mg-MBG Nl
AEEAF W AT, R M® (1541175 MBG
LA 7 B R .

lc JMBG F1Mg-MBG 2L 4Mi . 1653 cm™
5 3446 cm™ JHHI A2 2 S K I B BERIIEAT . 04
W dloR 7 1075 em™ BHE 1 Si—O—Si xR HIZE R
#1, 794 e BT Si—O SRR LEIRENH 454 cm™!
BT Si—O—Si W Hi#REZh. 1 075 em™ AL HEL
Si—O0—Si AR MRS, AT 1000~1 300 cm™
U FE A 4L SiO, HIBREE Ry . SiO, 45K BH & 1147
1ES 5 RAMF A SR I IR Si—O0—Si MR [l
BURIE KA D). Si—O—Si ASTHLAEIRBNI AL
BATAR T Si—O—Si B, A2 F] MBG 45ty
SIBBIE T M s . B/NR ST 4R B 1 (1
HAES S EIU M Si—O—Si 84 7, Mg 13t s
TARRANF Ca, FrLh Mg (IS 2 N
Si—O—Si # 1, 115 Si—O—Si ASXFRFLAHE I .
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Fig. 1 XRD patterns and FTIR spectra of MBG and Mg-MBG

K 2a NCHEM SEM JEF . MK 2a AT LLE H
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IR )R FLIN 28 2548, FLRT 2908 300 pme M
£ SEM BB ol LAE i, HT SRk e, B
HHER RS W MHT 5 Mg-M/HT 74283 B
R, AR HT S22ems SR . Ihas R

IEB MBG 5 Mg-MBG ¥ J2 Re i 35 &) i 82 (1 78 5575
HT 4830 .

Bl 2b NIEE T(001) 7 A EE S A FLEE /A 1
TEM & . M 2b AT LUK I B 2 2 5 T-[001] 77 7]
IFLEER, A fLALIE A B PAT B AL, R 2
ANFE S35 B A U HES A FLEE R, 5 SAXRD (K
1b) 45 R —5.

HT

(a) SEM images of HT, M/HT and Mg-M/HT scaffolds

MBG Mg-MBG

(b) TEM images of MBG and Mg-MBG on scaffolds
B2 SRS I
Fig.2 Morphologies of the scaffolds

ik, Mg BRI T MBG S22 HIARZ Rk
SNLEHELRLAN 4.5~5.0 nm), EKREE T
MBG WIRFLEE . ¥R TR IS LI T
PE, FIR4E/N T Si—O—Si B .
2.2 M/HT #1 Mg-M/HT 227 PBS AR HY

pH BTt

M/HT 1 Mg-M/HT SCZ4E PBS W9 pH 1H
AARELANE 3 Fs . W pH B BEE I (A1 3G 0 1T %
R, AHECT M/HT SCZE0) pH MEAE 2 d 24318
B \AAAEFE pH {8(7.0~7.4), Mg-M/HT 876207 d
JEIEB| NARAHE pH . Kk, Mg-M/H X 4E7F PBS
iR 7d 5, A T AR TR
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Fig. 3 pH value changes of M/HT and Mg-M/HT scaffolds in
PBS buffer solution

2.3 Mg %3 M/HT 258 E A B 868 7T R+ 40h0

TETERY G

Kl 4a 2y hBMSCs £ 4l £ M/HT F1 Mg-M/HT
AR ERER 24 h RO LR RG] 4a
R NAHRTE 2 PSSR B R AGEAM), i
LI G(PEARM) R Bl D, IEW] T Mg-M/HT 5
M/HT SCZR[FEIRERA REFRAEMAH RV, SR Ui
Mg £ MBG iR /= 328 BAT R AF I 4O AH 21
24 h M/HT Mg-M/HT

500 pm 500 um

(a) Live/Dead staining of hBMSCs cultured for 24 h
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1.0
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Absorbance (450 nm)
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(b) Cell proliferation on the scaffolds

B4 M/HT 5 Mg-M/HT 42 - hBMSCs 4135 77
Fig. 4 Viability of hBMSCs on M/HT and Mg-M/HT scaffolds
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ZILI UL TR Mg i 2 AR AL BE S 78 R
B A LA e P B B A B (1 225 4 e iR o AR 3
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Mg XA MU B AN B2, BERs /R gt K
A Bk .
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_EFEHMI AN R A 201G
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(a) Confocal images of cells on M/HT and Mg-M/HT scaffolds
24 h M/HT Mg-M/HT

Actin/Nuclei/Vinculin

(b) Immunofluorescence staining of Vinculin

h M/HT Mg-M/HT

Actin/Nuclei/Integrin a5p1 {2

!

(c) Immunofluorescence staining of integrin a5p1

Bl 5 NEBER R T4IE M/HT fl Mg-MHT S48 B
Z PN
Fig. 5 Adhesion and spreading of hBMSCs on M/HT and
Mg-M/HT scaffolds
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%o B 6b ATE 2 FhSC 48 FESFRANMLA ALP Je il
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&l 7 5 M/HT 1 Mg-M/HT 3222 [R5 40 M i
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Fig. 6 Osteogenic differentiation of M/HT and Mg-M/HT
scaffolds
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Fig. 7 mRNA expression levels of Runx2, BSP, COL-I and OCN (*p< 0.05)
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