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Preparation of Nanoscale Bioactive Glass and the Effect on Proliferation of Fibroblast

Hu Qing', Li Yuli**, Lin Cai’, Zhang Juanjuan’, Miao Guohou*
('School of Materials Science and Engineering, Jingdezhen Ceramic Institute, Jingdezhen 333403, China; *Plastic Surgery Institute of Weifang
Medical University, Weifang 261053, China;, *Burn-Wound Center; the First Affiliated Hospital of Wenzhou Medical University, Wenzhou 325000,
China;, *Guangzhou Institute of Oral Disease, Stomatology Hosptial of Guangzhou Medical University, Guangzhou 510140, China)

Abstract Nanoscale bioactive glass (NBG) was prepared using the sol-gel co-precipitation and freeze-drying
methods in this study. Their morphology, dispersibility and average size were investigated by using SEM, TEM and laser
particle analyzer, and the effects of their extract on the proliferation of human dermal fibroblasts (HDF) were studied by
methyl thiazolyl tetrazolim (MTT) assay. The results showed that the NBG particle size was less than 50 nm, while the
average particle size of NBG was 491.8 nm detected by Laser particle size analyzer which was less than that of sol-gel
bioactive glass (SGBG), and the dispersibility of NBG was better than that of SGBG. Furthermore, MTT assay results
showed that both SGBG and NBG extracts could stimulate the proliferation of HDF in appropriate concentration at 5, 10
and 15 times dilution. However, SGBG had better stimulating effect at the early culture time, while the NBG had more
obvious effect at the late stage of the culture time. Therefore, NBG is more promising in wound repair.

Keywords  bioactive glass; sol-gel; nanoscale; fibroblasts; proliferation
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ZE W3 M 3% 3 (bioactive glass, BG)FHHench#(#%
T 19694 I8 i A7 Rl V2 AT il 1T B, A R A I AE Wi
PEFVE VIR 21, 2 B2 1) NS A R R L
TR, BGH] LI v tH s M B 0t Bl 4 e
FIFDRHOE VR F, (kBB 40 i i B 5 204k, I8
LS A S, SR AN EE, BRI
WEEMIER, REAEEHIUE R, BT
RIUFEHZUE S AR, 530070 K, BGTE Bk
SRHLREE M EARRMER. W BGREW [
HE bR A M )38 5 S oAk, MR A 1 A
BG R LEAA N FIAA 155 3 il 2T 48 20 i 7 b I P B2
A K [K]-F-(vascular endothelial growth factor, VEGF),
T O A BT A SRR E, BGERE Y]
S RENS X VEGF AR HEAT B2, 34 P i E IfiL
BRI AR O BE DR R AT BB B PRLES B AT R I,
BGHEMUIECDA41E NPT )5 T i £F4Eid i B
SEARPIEEE L AT A B A M A A PR Sz AR AL 4
JLKE B 2 3 2500 61 THIE S S B F I R R0, it
4h, BGIEAT — & MFi B Dy ae. Kk, BGHH & —2%
ABHrsmemEeEMm e, HarEwsbS A R A Tl
IR R R SR 18 2 IBGr™ i, 2 Ak Gl
V21 % 1114585 BGE, B AT B v 47 R AN i 4k
1A FH B ORI 2B . BB SR 5535 BL45S5 BG A
FEE A R

SR, A% G I BEBGHE N 28 — ARBGAEAEEL
AL EEREAUR. BRLES AN H. 5 5] A%
5 5 1) LT R o) L AE R A A 2B 55 B R AT T
b 5 R R 5 AR IR—EEIRBG, BAR AR F
B ISLEE . BORI EL R TR, (AR SR AR 24 ]
Rk, T 5 S0 T BUBURLIE AT SR ASKR I KL
FEANSEIS) . N T HERBGHM RHE R 22 5
(N FH I e, A SCAE I IR e e R 1 2k ity 456
Bl LU V2 DA B9 R T IRBOR, il 2 — A B
G K A= )3 1 3% ¥ (nanoscale bioactive glass, NBG),
FEXF HAL R B S HAR BRI N AT 4 4 B 3 4 1
REMR LM BEAT RGUHE 7T, NITRIG T B 8 K k61 T
S 253 A R AN A L

1 A&
11 XEERN

ARSI HT B EEE R, EREMR 2R, BA
e TR KRR [ AR IR AR

1.2 GeREYEMIRIEA TS

NBGH] 1t 2% 2H B 60 moL% SiO,. 36 moL%
CaO. 4 mol% P,0s, ffill % T 2R R ¥ — e &1 IE
RERR MG DUZKRS RS F 03 I 227K 5 B (i R
b, R OB VA R IpHAE T 2 1~2, 78/ ik 51—
B 1A) 5 3R 15 52 W AR 2 I A B B A e Lk, g —
E B IRA HIE T ZBE KT, AaBEI SR
TR e S P BER A A B G, Bz E —
OIS S T N A LE BRI, RS S, 1)
Hh B minasK, B aayie Bl Soms H e
TUUEDD, ¥ OR TG 19 2 B R 1, FF42600 °CHvih
ST TR A ANBG K. B46, AL
22 IH KA 5 TR PR T PRt Fsz 2 3 P 33 38 (so-gel
bioactive glass, SGBG)"EANBGH X HEZH o
1.3 PREEMIE BRI

FFH A3 - {047 (scanning electron microscope, SEM,
JEM20004 i FE T4, H AN H AR RS -5
% (transmission electron microscope, TEM, H-76507%
% SRR, H A H LA RD)RFE S . 8
RIEEH LA RAR AT IS 04T o | FH ZetaplusiO RS
AT B 2R3 R AR AL T RAE o
1.4 HREYES RIS RIERAH &

1 56, K SGBGRINBGH; AR 3E 1T i i i i K I,
I E 1120 °CHER T 46 154 h, LA mg/mL
I EE NN 2 RE 773, 7537 °C. 150 r/minf{H R
B PR Hh PR EhIR $24 by BE R K BIF I LA
0.22 iy JE ik 8 5 1 1] % S SGBGHINBGIZ 42 K «
I FH 1 77 B8 7 FhoR 42 W 23 ) RS AN TR BE: N
N2. N3, N4FINS. HAH, NIKE N1 mg/mL, BN
BRI, N2. N3, N4, N52 51 A 52 12 7R
WRRESTE . 1015 1SfERI2005 J5 BRI . BN, ¥
ANEBGHIEEFRIEE N2 (X IR 4L, B N0 mg/mL,
NOZ 7. K H 2 [H Leeman /A 7] [JPS1000-AT ! Hi,
B T R U6 1R X (inductive coupled plasma,
ICP) & #-I2 HE ¥ H SiFI Calf) B IR
1.5 ABAFHEMRRIRENAILE

N A 2 41 Hfd(human dermal fibroblasts, HDF)F]
PR VR SZEG AT ALY E EORIE TR =R R 24
JaB 5 — IR B TG PR % TR S LB SR, B3 A 0TS
AR, TR S NP HI/ERLO cm>0.5 cm)%
F, £ )J712~13 h Dispasellifi(1 wmL, 4 °CIER)iZIEH
AREUE R 2, B T0.25% JPaE A §:0.02% EDTA
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NURIR A WA A TR %30 min. 241034k, JE
JEM (200 H )i g, B9 OB USRI, 32 HIHW.
H 23K G, HrEFKSFMES 77 L 8 B AN, 67Uk bi%
2x10° ™ mLAH 2 e 7R . ANMNSEEI RIS R
J, A K 2 21800~ 90l KI5 JEE, 32 12304 T4 3, ket
Bite BRI AR 3~ TR ATM T AR5
HDF ] % 5 K 104N /mLI% 40 g 2 7 (1048 DL
PSR B E KB R B A b, 755% COLKE 774737 °C
R9%24 ho BUHBE A 5 FHPBSHE R HIE PR3 IR, 4%%
5 H [ 5230 min, 2 J F10.5% Txiton X-10040 220 min
F3% H,0,4b 215 min, i 8] FIPBSIZE ¥ Jz 52 138 3+
1, ZJE AT S A 525 . 37 °CIILIE 3 14120 min, /Il
A —Pi(1:200, PBSHFE), X HEZH LAPBS B X — i,
4 °CIH G NN —$i4E37 °C N ¥ B 20 min, SABCYE
37 °CH & 20 min/& ADABR 7 £ & (42~10 min, 75
REEGSFHATHE 5 T, ATHRA RS S
R, 4% [: AE1/AE3(M3515, DakoCytomation);
S100: Polyclonal Rabbit Anti-(Z0311, DakoCytoma-
tion); P TE & 1 Vimentin(M0725, DakoCytomation);
HMBA45: Monoclona(M0634, DakoCytomation).
1.6 EYEMIEIERIERT AR T4 mpaAE K200
WL EEAS [5]9 E 1ISGBGHINBGIZ 42 i A HDF

5
s 00 nm é

A KRR, B 1 IRNOFINSA i ABGIR IR BB 5
HDFL 575 AR RINA] . LI 10N mL%E BE R T-96 1L
YRR TR SR, FAL200 pL, BRI BTSN E
FL, EEWIK. W MEREEFRTR, FHTHIR, 3K,
SRANTHR:, F UM EE(MTT) b (2 R A0 40 pl 14 5 e
MTT REH 175 200 B 1 3% 00 I Pt S s J e 55 £
RS SR, R R ST AR R i S P T ARG )
TR IO DAY, TG4l % H S5 DI 2 IE L.
17 Geit¥ ot

K HISPSS 16,08 Xt S48 b 3t 47 Ge i 53 Hr -
SEBG R S EA bR R 2 R, IR SRR T %
IR Be ARG B AT AL LA, P<0.0S N AT Giit24 57 o

2 H#R
2.1 EYNEMIRIBRNE RIS

K 1AFIE 1B 5 ISGBGHINBGHITEME, M
BNAT LLE H, ¥ 5SGBGAH H KA KL+ gk
()RR (B2 0 5 e A0 ) 2H B B SR Ak . BT LU
HNBGRIURL 5 I A BRTE, RE/NT50 nm, HAHLL
SGBG, NBGH 73 B K K $2 5. SEMUML %2 21| 1) 45
RETEM—#, MEI1CH LLE HSGBG N HAAH L,
7 B K RS A 5% 17 ke 11 ¥ 1D 2 ZRNBG 9 26

A: SGBGIHWTEME]; B: NBGIHTEM]; C: SGBGIHSEM|; D: NBGI1SEMK; #i 3k 7~ SGBG HH 4N K MU HE AN 1M 5l o
A: TEM image of SGBG; B: TEM image of NBG; C: SEM image of SGBG; D: SEM image of NBG; The arrow indicated that SGBG composed by

nano-sized particles.

Ell SGBGHINBGHIF. MR
Fig.1 Morphological observation of SGBG and NBG
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TR, J&— PP A R o ik — 20 3 ik SO e SOk B
Mﬂﬂ%ﬂélﬁﬁéﬁﬁ, WE 17w, SGBGL T HIMER
JEERIL 75 i 17 H ki 42 N9546.4 nm, TG 7 BREE 1)
NBGH - %ki42 R4 491.8 nm, “F-Hki4% L SGBGk
/N201%
22 ANRRAHEMIRERE

ML 43 25 FIHDFZ0 il ] B & R B
AN SR SR A M, 9 T IR UE SR I R P FRATT
P Xt 4y B A8 B T HDF 40 L AT %558 .

HDFZH i v 7] 22 1) 5 ¥ 2 1 9 OE 8 E, AN A
T R4 M B e, A AT R AR A 1S 100
W DL RHMBASHL R, BN A R M 40 f 7 25 %
SE WA e br & b 4l IRHMB4S S B 1 3%
ik, A A, S1008 H A& A 2 HMHERIE,
R M AIS1005E [ HMBASFI E & A1 2 A
FIE, MEANHME. R4 HMBAS . i H
MIS100%E H ¥ 2 I ERIE, WK EH ZEHMERIA.

Y1 B %5 5 R A f 2 A 22 Y (L ABCYE, ML EXHMBA4S .
S100. VIE 8 E A B A A R SR8 Sk i 8 RAT14R
BRI L2 75 Al ) AT A M . o 2 Ab i 4
AR5 S M bR et R R, BH M 25 ROV AE BT R e A b
SAFH ORI G, QIS E, BERIEN A

BAMAZ NI, BRI A, SEss R E/R, HDFA
9% B 1 2 BH M R (E2D), HMB45. S10055
A& A3 2 HRIEE2B. E2CHKE2E), Bt
X HECA BA 1 R A (K2, 1A FRATT 4 &5 I 4l R & 3k
FERAETE 3R AR B T B 2h 1 AT 4 40

2.3 HEHE Ef&f%/1¢EI1QXTA5ZQ?QE2HH@1%§E ﬂl']

P AN AS [ 9K FIBGIR $E S HDF £ 9% 1

A7R )G, BIEMTTIEAE N Klﬂ/ﬁmﬁﬁmDFéﬂiﬂ’@iﬂﬂ
FA M . a0 B3R B4R oR, 185 AN TR B B 7
BGIZ #3155 77 — 2 i) 18] 5, HDF4H g 2 0 444 4,
H N FBGE FEIITEN2. N3IFINAZ A T (HI# RS
. 105 AN S5 3 A F T HDFAH M 36 5 . [ ik,
BAVEIBFRRES S 1065 F1 S5 AN FIBGIR $E R i

=1 EPEMRIER KR

Table 1 Average particle size of bioactive glass

it
Sample

P HpHREA% (nm)

Average size (nm)

NBG
SGBG

491.8

9546.4

(]
~. q‘s\\ﬂ

3 1 - b { ,o}" i
J"‘/ 4 % § /‘ .' ’ o 1
'm L/

n\\ L

A: BT RR (R = 40) 2 B PERIL; B: HMB45[SHT$%%J$ C: swolﬁﬁﬁn& D: WL EAMMRIE; E: AE A é%ﬁ

A: negative expression of negative control (secondary antibodies only); B: negative expression of HMB45; C: negative expression of S100; D: positive

expression of vimentin; E: negative expression of keratin.

E2 HDFARERIREEMEELR

Fig.2 Immunochemical staining results of HDF cells
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YA . 7R 55 1R I, SGBGHINBGX HDFZH il i)
WEEMERR AR, FTHIREH RS ER., B
3R, SGBG ) JE i G HDF 2 it 338 5 5 R 45k 0 o1l 4
FH, 175 A5 W B VRUFA 1045 B4 8 0 HDF 40 A 344 5 A B
BALHIEE ] ; NBGE3 RIS {EX PANKE HE R R I H
B B H e BEST B IE SE E R . SRS K, NBGHF 4R M
SR, 53 IRANOM LR RS . 1065 AI1515 1)

BRI E g = B LT 1.56%, BEAMTSGBG.
7RI, NBGR2ILEHE 5 5T AL, X N et 4t
Y B R 3R 3 7 T SGBG . MR, @it 7R
RE %, PIFRBGIRSEI AT UE A FI T it 2 4t
YHM 3G 5E . SGBGIRZ &I AR LT, (5 B2 ik 24
Ji 3 5 1) BE T AN WINBGIZ $21, NBGTES K A7 R Y
I HERTA.

VA No ’—y
RN 5
15BN ' NN=ilEE
[0 N3 =|Hli
| |FEHER N4 * w—‘—l — ||
12 - B N5 1L—L;‘;T =l
|l =l
a = |E =||H
097 = ||H = ||H
ke N N
- N
N=|E il =||F =|I1E
0 — || FH i | un — || [ jm—

1d 3d 5d 7d

SGBGIZ &1 5 HDF R 77 A [ I (8] 5 (AT S S 1 L - *P<0.05, St HEALAALE .
The Proliferation of HDF cultured with SGBG extract for different times. *P<0.05 compared with control group.
El3 SGBGRIRMRXTALLT4E AR IEIE S/
Fig.3 Effect of SGBG extract on proliferation of fibroblasts

2.4 5

|RZZZ0 *

S\ T
2.1 DNy ‘ j
1 mmmns % 2
'8 I N =
| NS A =| |

154 il =
] HE o |
Q124 =HEH: g
: Nl NSl
0.6 1 = ||FH = ||F
N ilE:e: = || HH = ||HH
0.3 1 | | FH || B — | | HH
o | EE NS = || =]z

1d 3d 5d 7d

NBG#E SR 5HDFH; 7= A RN 1] f5 (405 515 0. *P<0.05, 55X BE41AHEE .
The Proliferation of HDF cultured with NBG extract for different times. *P<0.05 compared with control group.
El4 SGBGRHIEifxt LT 4 4R HETE R0
Fig.4 Effect of SGBG extract on proliferation of fibroblasts
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Table 2 Ion concentrations of Si and Ca of SGBG and NBG extracts at different concentrations

459

SGBG NBG

Group

NO Ca (mg/L) 71.21 71.210
NO Si (ng/L) 3.40 3.400
N1 Ca (mg/L) 85.59 106.600
N1 Si(mg/L) 42.30 41.690
N2 Ca (mg/L) 74.98 80.780
N2 Si (mg/L) 8.14 7.912
N3 Ca (mg/L) 73.49 76.390
N3 Si (mg/L) 4.07 3.960
N4 Ca (mg/L) 72.99 74.920
N4 Si (mg/L) 2.71 2.640
N5 Ca (mg/L) 72.75 72.400
N5 Si (mg/L) 2.04 1.980

3 g

NBGF B10L 4% i 98 /N A1 43 B ) 32 v 32 R
YT P ANE B L DU FA R TR ARG IIR
5 I BGTE il 5 1k B, BT BGIE IR Bk R THI A7
ERE IR, FEUE TR AR 2 Rk 5 5
HECBGYA i JORs 1) B [41 5%, B¢ il 4 tH FIBG A 4H /7
YISO ) [ SR BRAARUSY, T 7 Mt e 5 5 i e
DUIE R M TS TR R 18 W I EBGIA Re v, 7 AE it
W UTTE, TERHE R R e R R 3, 8 o f5 4k
()il [ 5 A T

& G0 15 Bk IR BG R FH A5 38 n #4048, T 7
RLF (B A7 AR VR LT, DR e S sk JfE A R, 78
KL 2[RV RURL T P 19 25 B 2 T8 S A T, 5 808
KIHE 7= A, BT B 28 35 P AN S5 2 il 325 Al
Ri 7 5% W R A — i, /s 2", MINBGR H 5
AR TAR, 24— R KA R UK, SRR K
BN AR EC IS = RN iR VAR RS G B
A3 FF, T S O PR L T SR R E B R A [F
B, T [ &S 7K 43 7 5 0k 2 (8] () F T 5K i T
WA IK Y T5 50E 2 18] () ST 7k 12, BT BUR %
T3 B FINBG /) B 5T . DRk, AR L T 4
B IR, R IR IR e AR &5 Al 3L e
AR IR R REAF 21 43 U 5 47 B A oK AT
PEPEES.

43 BT AR IR 4R VN HDF4H i 385 54 4 FH AN [+
R A, 3t — 8 I ICP5 AN [R) ¥k FE R P FHBGIR
PR A SIAICalty B IR FE, WnF2f7R. MRHATLL

F L, AT ARRE MR FBGIR R (NI~NS), SiZ
TIRFERBANZEAK, X FCal FIREE, B T FikE20
FEHINSZH AL, HARFBIRE FTNBGIRZ Y B &
TSGBGIZIEM - AW 1t P 3R R R 1 Si S Ca
TP T R e Ak S A B, AR T N4
PP R B 4TI, IR STy Cals FIRFEANIF], XF
T M 3 5 5 A R, Caly TR N — AR EE A
MPEME, EAREES . AT SR hfE, thin
WG, SR X AT B ENBGIR B L8 37
WX HDFAH i 3 5 (2 3 1 P B R B i) R R A

DA bW F 3 B, R s e s SR Ty ik
B AR TR AT )25 tH 43 Bt B R UK R A /)N
50 nmfINBG, A [FIH FE FINBGHISGBGIZ #2# 5
N7 A T i B P 4T 44 M B L 1% 37 S, P
RYEMAETRES AT 10f5 RN 15H5 44 R HE R T 1
LT Y4T85, SGBGHE SRS A ) T 21 it 184
B R R A2 AR5 B 2, TTNBG I FE Ji5 39 5% 40 P () 44
FAVE RS B3, JU T 156, HENBGTE B TH
&5 75 T 5 B B A
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