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In-situ Transformation of Borate Glass and Its Effect on pH of Soaking-liquid

ZHU Kai-Ping', WANG De-Ping'?, FAN Hong-Yuan', WANG Hui', YAO Ai-Hua', YE Song'

(1. School of Materials Science and Engineering, Tongji University, Shanghai 201804, China; 2. Key Laboratory of Advanced
Civil Engineering Materials, Ministry of Education, Tongji University, Shanghai 201804, China)

Abstract: The Na-Ca-B glass microspheres with composition of 10Na,0-10Ca0-80B,0;(wt%) and 19Na,0-17CaO-
64B,03(wt%) were prepared (denoted by S1 and S2, respectively) by flame spray ball method. The in-situ transformation
of the microspheres into hollow hydroxyapatite(HA) and the influence on the pH value of the soaking-liquid were inves-
tigated by using pH meter, XRD, SEM, SEM-EDS, FTIR and BET measurements. In addition, the vancomycin was used
as model drug to further investigate the sustained-release performance of hollow HA. The results indicate that S1-HA has
larger cavity volume and better drug loading performance with 13.5 mg/g and 16.8% for its drug loading amount and effi-
ciency, respectively. S2 microspheres can greatly influence the pH value of the soaking-liquid. Meanwhile, S2-HA present
remarkable multilayered structure and better sustained-release performance with the release time of 60 h.

Key words: borate glass; pH value; hollow hydroxyapatite microspheres; drug sustained release

MR £ D BAT B e e R ARV BERI L, B A o B e T A A B0 1R R B
ﬁ?ﬂ‘]%’%%ﬁ»%uﬂ’ FRENERE, F0 MRl IERENS E R ER AR, JF g A MR e O R
MY RAFIOM A AT PR, B (AR SR TR I, R & B e
ﬁ%@@ﬁﬁ%%J%E@z}Liﬁﬂu{Eﬁﬁ%%E@E/‘J A [ it b R R T HE 1) 2 E A S TR J) R T A 35

PRI B E o AR BIT i 01, Rk J8E 0 40 i 48 5
Uesh, SRR

Wi BEA: 2015-03-13; WEMERFREHA: 2015-04-28
EEWE : Ly R IERIEITE S I0H (12JC1408500)
Key Project for Basic Research of Shanghai Science and Technology Commission (12JC1408500)
1’E%‘ﬁaﬁ'u RIFT(1991-), W, Wi-LHF5E 4. E-mail: zkp10580@126.com
BIEE: FEF, #%. E-mail: wdpshk@tongji.edu.cn

AN
Bt A AR A 2 TR 5, AR O T 00 A 3



1070 TS| R =

&30 35

SE 5 W PR B IR Tl 1 (1 AR G e AN AT 4R . S5 e )
I, r AN [ AL S PR A R i 35 66 B A 12 RS HA 7
B Sty DLk B EAFEE RN 20, Dk, T
fRECIE e HA RO SR P 5 In DAL Ao i LA
R

Bt B, AW U T 58 ) B 41
Oy eI B A F, G Y ol A [R] 4k 1) B4 5 Bl (NCB)
PETER, IR EAIRE TAEVBRNR T, vhe
AR 352 I IR Bk J3E 1) R s O LR e A1 D 5 ok
WP I SR L A SO, il TR HA BB,
FU T BB A HA SOERTE S S/ i 5, B
LT s s B 258, 2t PR SE T AR K 2
FEPERE

1 SRE7AZE

1.1 RF

IR (Na,CO;, AR), BkIE4S(CaCOs, AR), fll
% (H;BO;, AR), Jo/K 41 (CoHsOH, AR), &4k
(KCl, AR), & 1k # (NaCl, AR), 2 & — &
(Na,HPO,, AR), RS —#(K,HPO4, AR), IR
T A (NaH,PO,, AR)SE I3 T 1 i [ 25 4k A 4L
22 F A R 7l 77 8 2 (Vancomycin, USP)IY
T BB TR PR A W 2B T KO AR
41 [ il
1.2 NCB HIBMEkAIHI &

K FH e W 5 s o) £ A 43 i M 10Na,0-10
Ca0-80B,05(wt%) HI  19Na,0-17Ca0-64B,0;(wt%)
(B A5 A B B Y S P BRI E K NapCOs
CaCO; 1 H3BOs ¥k}, 1RE¥IA)E, 75 1150°C T4
SR HEEH 30 min, SRV BLIG, KRG
Y B IES IR RS TP BN AR 2 1), 45 2138 B JC AT A B
o P BESMRE G 0, B 100~150 H Z A1 3%
T URL CRLAR 2Tl 97~154 pm) o SR A BRI 0} i
FiJ ZERAE, ARBERBN. HAZH 120 um [
NCB B{E (45030 K ST R S2) FER, BT T
& H.

1.3 NCB BIBRMIKR 0K AT pH ik

FREX 0.1 g NCB B HER 53 il 5236 T 10 mL ¥
0.01 mol/L MR EhZE ¥ i(PBS, pH=7.4)", & T
37°CHEIRAN, FIH pH 1H(FE20, Mettler Toledo)ill sk
B pH BEVE LI TR 1R AR A o

N T RS NCB B TUERNS PBS ¥ 9 2 Bk
FERISEmAT A, S ARG 1.5 h SE 0 i PBS ¥,
FIF pH 10832 VI pH. 7 7] B IR 18] P f9AR4E, o

1.4 Bz HA RIEkETHI & 5 R4

I3 IARE 1 g ANFIZH 43 1) NCB BEES fl BRIZ I T
100 mL 0.2 mol/L KoHPO, %, BT 37°CIa 4,
48 h JEECH o A 223 T KIS K ST 3 Ik
i, BT 60°CHH T 12 h, £ 600°CHULEE 2 h
Je B, W&, Ay lidch S1-HA fakoR
S2-HA ¥k

KH X AT AU(XRD, D/max 2550, Japan)
XAl BEAT W AH 23 Ay SR 4040 O A% (FTIR,
EQUINOXSS, Germany)#ll il 5[] Fourier 7%t
ZUAMGIE, SR T RS (SEM, S-2360, Ja-
pan) M ETLEK W TE S ; K LE 3 1l e {3 (BET,
Nova2200e, USA )Ml & ok 3k 1) bb 3 1 FAURN L 25 7 2
e, KM B R AR TSO4H UG R ik A 5 fh ek
K1H Zeta HLAT .

1.5 iz HA MEKBYVE R e

T B RO G AR UE I I T R R
7E 280 nm A —NMROGEEMAE, IR 280 nm
R I K UL SR B = M AR T
UV756 BUEANAT W43 06 6 B F I — R S bR iR ik
FE(0. 25, 50, 75, 100 pg/mL)J7 i 8 2T
JCRE, el bRt i g, MR HE ORI UK RO E R bR
Y il 2 v S T R R IR

125 HA ekt i B R T EE T
K, BRI EE A 4 mg/mL ()7 4 8 2, BRI
0.1 g S1-HA I S2-HA T3k T2 mL J7 il 8 1l
o, IR HE TEAHET T, (REFEASEE 0.01 MPa /¢
fi, 1 h ER TN SRR, R ARG
PR T 2% L, AR sk W B T S b T
B 7% MR AR, TF BRI 28 25 & (Drug Load-
ing Amount, DLA)#12% 2§ % (Drug Loading Effi-
ciency, DLE),

75 HA TRERBE 2517 FREX 100 mg 243 7 1 55
RAYRMER, 2T 10 mL PBS ¥l 1, HEH]
B —E I TH), B 3 mL b2 S8R HiiE PBS
W AT R e, BB B A HE

Q=CxV+(C+Cy+Cs+-+Cpp)xV, (D
X Q o BRI Co A B n-1 W5 R
WEE; V GRAAR(10 mL); Vo A BRI
GEREMARFA(3 mL).,
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2.1 NCB IEEB/MIk M2 0K ERTHE E BV 520
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Fig. 1 Effect on pH of PBS of NCB glass microspheres
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Fig. 2 Multiple effect of glass microspheres on pH of PBS
(a) S1 microspheres; (b) S2 microspheres
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B2, {43 S1 1k S5 PBS VWK pH L THREE /N
T S2 fhEk, WE 1 PR R, R, M2 KT
PBS W5, S1 TR B 14 il th 3 50 PBS #W I
pH Frik 2B KAE W3 N, 1 S2 sk F:3L PBS
T pH T Is B 1 e KA TC B ARk, il 2 s
T
2.2 Wz HA HEKRIHIME 2 4

KT T ARIR BB A KoHPO, ¥ i i 5 1
WIARAS AL, W HEAT T XRD WA HT, 45 RanlE 4
fiore Hd(a). (b)7 54 ST HMERFT S2 faliEk Js )b
YI{E 60°C T4 12 h }2 600°C N HAEFE 2 h (KL .
AT 40, FEREE 60°C 45 5 14 S s H R ) 3
BHHE, M 600°CHAE S, F=Yi Bk NAEH
DA R A, TR HA S k.

B S 2 R ER BN = M1 28 600 °C Hab B 1)
ZEAMGIE R, B 1639 F1 3440 cm™ 2y /K R I
I, 3572 cm™ N FEIEKLCIE, 472, 572, 607 Al
1039 cm™ A BEBR AR (PO WL itk 15 o bAk, P Ff
s HA PERES B T 8 R IR R AR (CO5™)
W i B (1459 . 1407« 906 cm™), JG H 2 7E
1400~1500 cm" &) C-O 3% T i 45 Hi 0 W AT 415 L1 B
T4, R T WIE(1407. 1459 em™), BEXIGE &
] CO"HUAR T #4 POLS TR T B LERIR HA, 1%
BRI CO5™ W i e 2% b T Ak 3 5o 2 v W i
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Fig. 3 Effect principle of NCB glass microspheres on pH of
soaking liquid
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Fig. 4 XRD patterns of hollow HA microspheres heat-treated

at different temperatures

(a) S1-HA microspheres; (b) S2-HA microspheres
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Fig. 5 Infrared spectra of hollow HA microspheres

2.3 HZE HA REBkRI 57 W 22

K 6 J3 NCB BYHSflERAE KoHPO, ¥ 9 S 3 i
JE ¥ SEM HER o B BRI A, s Hi ARk 2 T v (B
6(a)); RN, PFEERIIE R T 23 45#, S1-HA
TUERER FE IR, JEEEZN 7 um /45 (K 6(b)); S2-HA
TUERER PR H 22 IR, EREIARE] 15 pm A4
(K 6(c)). IX T T T NCB BRIk I M 58 42 ),
ST o AR e, TS A DURL R ORI
THER, ST THERAL R 45 2043 BT o 0 B A5 AR X 55208,
SE IR ER ST X R T Ak, IR A
BT OB UG, HT R B R R B )
PERRBE ARk, 5 SO B AR 7= % 2 T 102 IR () S
gy,

K 7 s HA BOERER T ) SEM A & EDS
RETE T FR AT, Bk BR 76 24 B A4 K RS BTk g
KA EiAR ALY 22 FL = 4 W 25 25 R R 1 () 7(a,0)),
H S1-HA TIRLAEIE /N T S2-HA 1Bk, fgil s
i s S1-HA IR0 Ca/P 24 1.41, 1 S2-HA Tk
(1) Ca/P Jy 1.93, FHh2¥ HA TER) Ca/P S5H IR
SR BT B VIA DG . A HA BR3P
L 2y R PR A 5 B, A HL
Pk 1 Frsil, S1-HA ek L3R AL (SA) MR T
Zeta HUAT (ZP)AEXHE AR K, 43 5313k %1 38.79 m?/g
1 4.98 mV, fLEPV)HFEFLARPS) RN, 43
Wk 0.12 cm’/g Al 11.44 nm; 1 S2-HA #Ek SA i
ZP AR /N, 435k 31.17 m¥/g #13.37 mV, PV
PS FIXT K, 4314 0.17 cm®/g F1 28.29 nm.

24 Wz HA RSERHVE R MERES I

T HA BRER 2R 25 1 RE B a3k 2 T A,
S1-HA #3kf) DLA 1 DLE 43 535 %] 13.5 mg/g 1l
16.8%, ¥J KT S2-HA 7§ Bk [¥] DLA 1 DLE 43 %l &
10.6 mg/g 1 13.2%, X & H Tfek S1 AKX
(17 bl 2 T AR R0 2 s AR BN, ) T EE I S AR
B,

100 pm 50 pm

6 NCB BB HER VY AT S ) SEM T
Fig. 6 SEM images of NCB glass microspheres before and after reaction
(a) S1 microspheres before reaction; (b) Fractured section of S1-HA microspheres; (c¢) Fractured section of S2-HA microspheres
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Fig. 7 SEM images (a,c) and EDS spectrum (b,d) of the surface of SI-HA microspheres (a, b) and S2-HA microspheres (c, d)

Insets in (a, c) show the high magnification images of the surface. The white boxed areas indicate the positions where the EDS spectrum were taken

Kl 8 Wi b 4 HA PER# 25 )5 76 PBS ¥
M2y SRRt 2k . - mT %0, FEREZTTURTH 3 h
W, S1-HA TERFT S2-HA T BRI P~ T — e FEFE 1
KBS, BRRBICE (Cumulative Release Effi-
ciency, CRE)/HIIE2] T 38%F1 26% 4547, X & H
TR TR AR By, TRERSM R0 52 )2 FLIE W )
AWk #) PBS, T PBS MM, X8
SRS LURE I . S UbIR I, fskae 2 2 1)

*1 HRNREFERILEESEH
Table 1 Surface characteristics and pore structure pa-
rameters of the sample

Sample SA/(m*g") PV/(em’g!) PS/nm ZP/mV
S1-HA 38.79 0.12 11.44 -4.98
S2-HA 31.17 0.17 28.29 -3.37

Fz2 PE HAMBKERARG R
Table 2 Performance of drug-loading and drug-release for
hollow HA microspheres

Sample DLA/(mg-g™) DLE/% CRE/%
S1-HA 13.54£0.5 16.8+0.6 87.3+1.3
S2-HA 10.6+0.3 13.2+0.4 81.9+1.8

21 s PN S A ) 2 WD E R B ZE (AR Dl I L
FeE PRI H, DURIREZISR . B2y 40h )5,
S1-HA ki SR 4 & E T F4%, CRE 1A%
87%; 1M S2-HA THEKTEREZY 60 h 5, BBUR 2y M4k
ATV, Wort THEIFZRMRE, L CREY
K 83%.

IXLesE LA S1-HA Al S2-HA #)R ILH [ 4
M2 EREERE, ERIX PG R R 2R
100
90+
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701+
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40F
30

Accumulate release / %

—&- SI-HA
- 52-HA

1 1 1
0 15 30

| 1 1 1 I I
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K8 #2ytha HA WURAE PBS H i 241 SR VR 0t 2k
Fig. 8 Cumulative drug release curve in PBS of the drug-
loaded hollow HA microspheres
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R (K] FLTE &5 bt 3 B0 23 245 Wity B3 AR DOk BR 76 N,
FES2-HA TIER () CRE Ak /)

3 i

KH KA AT 2141800 10Na,0-10Ca0-
80B,03(Wt%)F1 19Na,0-17Ca0-64B,05(wt%)[¥] NCB
PERIAER, AE AR BRI A R AT LA A e 40h
e HA TR, 1D — B 29D R A B i 1)
T S. TA HA TR IR 2024 B AR 24 % 5 i
TR FS AL VA OC, S1-HA TRk 24 B 4k 24
BAARL i, 4> A E] 13.5 me/g M1 16.8%, {HH IR
FEECE, ERRTEREAC 2, S2-HA THEREZy Ry
HARN AR, (LB, BRI, B
IR ATAk 60 h, R ) DARRHE AR B R B vk AH .4
JS PRI T S B B o LA 1 FH

Ak, NCB 35 B ARk 8 B At b F2 S5 A A 1 ik
FErp, BERSL A 1 I 3 BUR RS g v 2R
Bi, JEH ST PERE M pH 2255 T S2 fi
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