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Abstract: Mesoporous silica particles have characteristics of excellent chemical stability, large specific surface
area and convenient surface modification, showing promising application in drug carriers. However, their lack of
bioactivity and slow biodegradation rate limit this application. To overcome these shortcomings, creating suitable
biomaterials for drug carriers has become an indispensable and, therefore, important research direction in materials
science. Compared with pure silica or silicate glasses, borosilicate glasses with excellent bioactivity degrade faster,
enabling them suitable and favorable for drug carriers. Here, we synthesized mesoporous borosilicate glass
microspheres (MBGMs) and characterized their properties of loading and releasing an antitumor drug, doxorubicin
hydrochloride (DOX), and releasing their own various ions triggered by degradation. The results showed that BMGMs
had a DOX loading amount of about 25 mg/g. Introduction of boron improved chemical activity and degrading rate
of MBGMs, resulting in more DOX released in acidic enviroment than alkaline condition, which displayed a certain
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acid-responsive drug releasing behavior. Meanwhile, MBGMs can release functional ions such as SiO,", BO;> and

Ca?*, and induce hydroxyapatite formation, indicating sustained ion releasing ability and excellent bioactivity. Altogether,

MBGMs, as anovel kind of drug carrier, have a potential application in the field of pathological bone defect repairing.

K ey words: drug carrier; borosilicate glass; acid sensibility; bioactive material
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Tablel Designed molar composition of MBGMs

Sample SiO)/% B0x/% P,Os/%  CaO/%
MBGMs-0B 60 0 4 36
MBGMs-10B 50 10 4 36
MBGMs-20B 40 20 4 36
MBGMs-40B 20 40 4 36
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Fig.1 TEM images of MBGMs
(A) MBGMs-0B; (B) MBGMs-10B; (C) MBGMs-20B; (D) MBGMs-40B
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Table2 Molar composition of MBGM s calculated
from EDSresults

Sample SiO)/% B,0i/% P,0s5/%  Call%
MBGMs-0B 88.3 0 0.4 11.3
MBGMs-10B 58.8 33.2 0.3 7.8
MBGMs-20B 45.0 47.3 0.2 7.5
MBGMs-40B 33.6 57.3 0.3 8.8
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Fig.2 SEM images of MBGMs before (A-D) and after (A1-D1) being soaked in SBF for 3 d
(A, A1) MBGMs-0B; (B, B1) MBGMs-10B; (C, C1) MBGMs-20B; (D, D1) MBGMs-40B
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Fig. 3 XRD patterns of MBGMs before (A) and after (B) being soaked in SBF for 3d
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Fig. 4 Nitrogen adsorption/desorption isotherms of MBGMs (A) and pore size distributions of
MBGMs before (B) and after (C) being soaked in PBS (pH 5) for 3d

M 212 m¥g. BEAh, DU MBGMs FI45iR 4 % 8L A
IV BISER 22, AR IRK B MBGMs ARG %
LN EHE 4A)), LD EFLE 4 nm
#A (B 4B)), L4558 EH MBGMs BAEm
bl 2 TR R AE B FLAR 40 A, A& — PRI TE 10 25 3%

R U AN EYEPE, 758 S a0E 5 AN A S H
A B R v e,

AR 20 B/ B 5 R, B BET BRI
MBGMs-0B.MBGMs-10B.MBGMs-20B #MBGMs-40B
PYFh MBGMs frt K 1) bt K 1 AR 43731 9 259, 231, 221



784

AL M OB IR

537 %

& . MBGMs 7£ PBS ¥ ¥ (pH 5)"i=ifl 3d Ja I fL1%
oA anE 4C)FTR, R HERFLAE 0 A K AE AR,
Lz K, mHALAEE KRR S BOsEfA
Ko BOs i MimE, LA KMEEBK, Hh
MBGMs-40B [HJALA2AATE Bl i Ko X2 H T 5l A
T B AR T B TR 5 g 11 50 P R BB B HR B IR 5 el 11
71, TERRYEZAE T, TR TOW 45 44 58 25 5 B 3R,
SEALERSYT K.

NTHEFE MBGMs [ R fif A ES 1 RE AT A,
it ICP-OES i€ | &M e 71 PBS I H K
. 45 FIH MBGMs 7] LU A s 1 2132 1
W (] 5). 1 HLBE SO A s K, PR AR K,
Hrf MBGMs-40B b7 i 1t de ey, gt 1E
fi5 MBGMs 1, SiO,*. BOS Il Ca&' & F#i

OB, F MBGMs B T ol {E N #EAA LR 259,
WA ERE: SO, . BOSHI Ca T ek i 7, fieisk
B A A T R

9 7 Bk MBGMs AN 25 EAA R AT AT M, A
SZEG R eI T MBGMs 7 BifE 254 DOX 6t
. RN R E T MBGMs-0B. MBGMs-
10B. MBGMs-20B 11 MBGMs-40B f{t] DOX fii £ &
43 M (24.85+0.50) . (24.80+0.53). (24.53+0.64)F!
(24.50£0.71) mg(DOX)/g(MBGMs). DOX Hji th £k
(&1 6) {2 7~, MBGMs@DOX 1] L DOX A %0k i 2|
BRI . 4 FiigEk 7 d MR E S R8T
40%, T fE A B VRN ) BR #1), N 254
2 EE 1 Y R AR A B R R = L,
FETBCRAE AR RUA BRI I8 B R P-4, RN

35
50 MBGMs-0B 30 (B;) 12+ (©) MBGMs-40B
~ R — —# L] VT T | MBGMs40B = I
T L = MBGMs-10B | ~N- ! F P
540 () W25t M%M\zos 30 ¥ MBGM:0BY
£l e | Enol \ £038 ;§><i%=
§ 915 | MBGMg108 ¥ 2 0.6 ././?/' ¢
% 20 NBGMSAOB .;:’j 10f % 0.4 * MBGMs-20B
"m': 10+ I\v 5 sl - 802 MBGMs-10B
ol ) ) ) ) ) ) 0 MBGMs-0B . — 0 )
1 2 3 4 5 6 7 1 2 3 4 5 6 7 1 2 3 4 5 6 7
Time /d Time /d Time /d
K5 MBGMsTE PBS FHFAMRAR L Si(A). B(B)AT Ca(C) BT HRR i ih £&
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