348 HoM T WL MR 2 AR Vol. 34 No. 9
2019 £ 9 H Journal of Inorganic Materials Sep., 2019

XEHE: 1000-324X(2019)09-0925-08 DOI: 10.15541/jim20180497

#H IR CaCOs;@HA/Fe;O, G197 FL 2 RAATKRVHI F

HoUk, & &, FL, AT, KER F K oA F, BRR

(ZRHEF R AMIL oML R ERTELEERE, T/X 401331)

B T S IRE A AR YR R E Z B R DRI A, ARBF AU T AN CaCO,, AhSE N REYE AT R i
BEARAT (HA)H B35 IR 2 LR . 45 REFRHT: FUR 250 5 3R (DOX) e A 2 S 3 TR TE HA ok b, JRR &
WEVERE R ThBE . LAk, HA S85E BA BAF IR WM 2V A pH W B2, 7T 20 RS0 R 1 P JRg 40 i B 85 v 42 1) DOX 1
BT, A RBORFEMIR AR, - 7E RO IE H 4H A 15 77 P15 v ek 2D b 1 4 P 1 2 4 P o 3 7 2 1 ek L A i
IRETERE, ELAESM TR, & —Fh R REAb 2 as Rtk A, T DAR SO B DOX, AT A 20 S 3Lt i 8 % 4
X B BOTAS; Bk RIEBEKCH; DOX

FESES: TQ174 CHAFRIRTE: A

Litchi-like Superparamagnetic Hydroxyapatite Microspheres
with Hierarchically Mesoporous Microspheres
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(Chongqing Key Laboratory of Nano/Micro Composite Materials and Devices, Chongqing University of Science and Technol-
ogy, Chongqing 401331, China)

Abstract: Due to the fact that the conventional bioceramic microspheres lack target function, novel litchi-like porous
microspheres composed of a core of CaCO; and a tunable magnetic-hydroxyapatite (HA) shell were successfully pre-
pared in this study. Antitumor drug, doxorubicin (DOX), was effectively loaded on the HA microspheres which pos-
sess magnetic targeting function. In addition, the HA shell, which had favorable biocompatibility and pH response
characteristics, could be used to control release of loaded DOX from the litchi-like superparamagnetic microspheres in
a simulated acidic tumor cell environment, effectively killing tumor cells and reducing toxic side effects to normal
cells. The smart design presented in this study, which incorporates a tunable superparamagnetic shell and a controlled
architecture, allows the sensitive release of drugs for efficient antitumor activity.
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Fig. 1 SEM images of superparamagnetic CaCO;@HA/Fe;04

microspheres with different Fe;O, component. Note: SO (al,
a2), S1 (b1, b2), S2 (cl, c2), S3 (d1, d2)
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Fig. 2 TEM images before (a) and after (b) hydrothermal
conversion of CaCO;@HA/Fe;04 microspheres with 25wt%
Fe;04 component

KA Cay P sy, XREE—0F & KAk
FH ] Fe;04/CaCOs Bk ¥ 4k il CaCO;@HA/Fes04.
2.2 FHECURBIRFEMY CaCOs;@HA/Fe;04 i3k
B AE LA AR

Kl 4 BIR T AN Fes04 57 & 511 CaCO; fllER
227K AL FE S5 BT ) 4% 10 7 BB IR RE M CaCOs@
HA/Fe;0, IR (S0-S3) /) XRD 3 . o HE AR v Y HA
R, A4 S0 MEEMHIES HA MbsdE-R A
(JCPDS#09-0432)5¢ 4= H &, KX IRZHFE S S0 3=
ELE HA FH, 1M1 S1~S3 1 H I HA ¢/, o B PO 2H
THERFE T B 7 7E HA M. &L 4 KB, SO 417E
20=29.5° 7 A5 A — W S 19 5 A A R AR U, DA K
AR 7 JE I HA Bk ik &0 5 A B R R A5
KA. M S1~S3 I A HBLIX — HFFEE, B
B Fe;O4 B NRHE T A AL . PEEE 4 &5k
PR N s AT 40, S1~S3 =42k 7E 20=35.71°H
Fe;O,4 MIFRFIEIE, XF R Fe;Oq HI311) AT, itk
AT IE B 75 SO IR PE R /2 HA A AN Fe;O4 AR
HEY . BEE FesOf MG, HA VERREHE T
B, T FesOg FREAEUEY: iy %5 50 oKL, R B Nk
PE Fe;04 HY PR T HA 55 E. 5 SEM IR
(B DAFEL, TERNZIEA —F XRD JoiEA I H
FHRCA -« 454 TUER A 2 W 1) =i SEM R v, P9
IR NERTE 454, 5 HA IERR 450 2 5 BOK,
HEMTCE T CaCO; AT g I R BE 7 RS 3 36,
EE CaCO; A LAY [F) XRD FFfElg, Hulfere &
fif CaCO3/Fe;O4 TERIVIGE I Bk CLEAFETE . BRI
Z Ak, XRD g5 ik R, W R F=Y 20 B 1
Fzh, s B2 HA &2 FEUXRD 1) 20
KA BAP) XK Fes04 I RBEN HA 15
¥, M5 HA kI Tg.

Element/% C O Na P Ca Fe Au

Weight 27.16 35.65 2.83 7.34 1325 572 8.05

@ @ Atomic 42.48 41.86 231 445 621 193 0.77
[ |
@H
(t !‘
A i, YR R R RY RY
5 10 15
Energy/keV

Element/% C O Na P Ca Fe Au

Weight 23.02 38.04 3.30 7.81 14.61 094 12.28
@ @ Atomic 37.34 4631 2.79 491 7.10 033 1.21

‘5@'@@@5@@.

15

1
Energy/keV

K3 #B2% 25wt% Fe;04 i) CaCO;@HA/Fe;O, ER K HAE 4L J5 (1) EDS 1%
Fig. 3 Typical EDS patterns of HA microspheres with 25wt% Fe;O, component
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Fig. 4 XRD patterns of CaCO;@HA/Fe;04 microspheres with
different Fe;O0, component
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Fig. 5 Typical nitrogen isothermal adsorption curves (a) and mesopore distribution
(b) analysis of CaCO;@HA/Fe;04 microspheres with different Fe;O4 content
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Fig. 6 Formation mechanism diagram of litchi-like superparamagnetic CaCO;@HA/Fe;0, microspheres
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Fig. 7 Digital photographs (a) of the litchi-like CaCO;@
HA/Fe;04 magnetic HA microspheres in aqueous suspension
and (b) magnetization of different samples as a function of the
applied field measured at 300 K
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Fig. 8 DOX release profiles of the DOX-loaded litchi-like
magnetic HA microspheres in PBS with different pH of 3.4, 5.7
and 7.3 at 37 C
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Table 1 Fe3;0,4 content, specific surface area (Sggt), drug
loading amount (DLA) and drug loading efficiency (DLE)
of CaCO;@HA/Fe;0,4 microspheres

SBET DLA

Fe304

Sample content/wt%  /(m>g ™) /(mg-g™") DLE/%
S1 16.08 196.481 96.88 96.88
S2 17.69 50.749 96.14 96.14
S3 37.98 46.623 97.96 97.96
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Fig. 9 CCK-8 assay of HaCaT (a) and HN6 tumor cells (b)
co-cultured with unloaded or DOX-loaded litchi-like magnetic
HA microspheres and litchi-like HA microspheres for 24 h
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