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Preparation and Drug Delivery Properties of Mg-Doped Hydroxyapatite Nanoparticles
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Abstract: Magnesium-doped hydroxyapatites nanoparticles (Mg-HAs) with different feeding molar ratios were
synthesized by step precipitation reaction and one pot reaction. The morphology and size of the Mg-HAs were
controlled by different feeding molar ratio of magnesium nitrate and calcium nitrate. The Mg-HAs were
characterized by transmission electron microscope, X-ray diffraction, et al. MTT method was used to evaluated in
vitro cytotoxicity of the Mg-HAs. Results show that the synthesized Mg-HAs had the frame with fiber like
structure, high specific surface area and low cell cytotoxicity. Mg-HAs as drug carrier material and cisplatin
(cDDP) as a model drug were investigated, and the max loading rate was 54.84%. The drug loading Mg-HAs also

have release properties (the releasing rate is 41.72% after 72 h), and a better inhibitory effect on cancer cells.
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Fig.1 TEM images of Mg-HA particles synthesized at different feeding molar ratios
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Fig.2 XRD patterns of Mg-HA materials synthesized

at different feeding molar ratios

JR U B AFTE A Mgy(POs),+ SHLO Hif 74 B0 ik B 7E
BRI Ry 2.5:1 B, A5 Mg B F1EH Ca BT
il ok 5 RBRAR L 2 5 I, HARAS [F] BB Y
AR, 4 B, I AS AR B 00 3 4y
iU

B3 J& A T i Y Mg-HA A9 21 70 W s 1
i 2 800~3 600 em™ MY TEWELL K 1 635 em™ 22
A 4 R AT e 2 7= g v ) R R R i s SR B K
FREL O-H SRS 1 430 em™ &b A 05 2 i 5L
C=0 MY Wi | 2 B T R 5 76 i & f op ) s <o

HO c0

OH

PO VPO

1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavenumber / cm™

3 AR BEAR 2% SL BRI A1 1Y FTIR P i
Fig.3 FTIR spectra of the Mg-HA materials synthesized

at different feeding molar ratios



%5

L I8 T 45, BB 2% A K 5 R W AT 14 ) i B A 28 24 5 TR Y 1z T 921

) CO, \TRES 5 T R, T T R A 25 7 (COy),
927~1 160 em™ 4b F B IA 7 py i TR AR 25 5~ (PO,
P-O 1 vy (45 R SN 15 0, 497~608 cm™ Ab (1 XLIE
W2 R T BER (PO vy 25 H R 2 3 127

B 1 RN TR] L B BE 4B A R R K A I b AR
T AR, b R R K A 0 L R TR 43 m?-
g, AN [RJ BRI 5T 1) 15t LU 09 B 45 2% 72 B il K A1 11
PR AR KT R B IR A0, 20 0 2~3 % 3X T g
JE 32 B FL AR T 1 K 44 K £ AR S5 R 1 S e A R
WK T B IR A KA M LRI,

NT RUERZ =Y Ca 5 Mg 9 & & H
5 BREOR A — 3, A TCP Sk A AL b
Ca Mg 1 P, RN 2 iR T A FE NNy 1
LPRIE YK TRE, 43510 6.94,3.64,7.90,
9.56(H:XF W 1Y neiny=1:1.2.5:1.5:1 F1 7.5:1),, ¥ 8
TE S 3k AR B S - 4 ok B B A R
REEFEF S H R, Y neing=51,7.5:1 B Ca:Mg )
SLBR AR N FEE . BRI AW ne/ny B LR AE
N 1.67, 24 neing=5:1,7.5:1 B K00 1 1 (ne,+ng) e
(R 4508 T RIS AE, 73 58 1.64,1.67, LI
Py b i) S BREE B i 0 IR 2.26% 1 2.17%(wihw) .

I A A ) BB HE A 1 Mg-HA (neing=1:1.2.5
:1.5:1 F7.5:1) By P PERR EE I AN 4 R
Bl Mg 76779 (0 Le G, B i 1 AR Tk
BUWEE N, #E 30~800 °CHY F+ i Bl N, Mg-HA F

HA B2 5 F 2 R MM K R E (0~200 °C, 1K
Y R K 2K L (200~400 °C) AR 8 K A7 Hh R 3
1 2% H (600~800 °C), Fir il 74 1Y) Mg-HA Y FAEE5E
PERI AT FE 30~800 °C 1Y FHIR G Fl N, R F 34/ T
10%.,

RS 2 R AR B A N — B vk AT L
AT IR I SRS AT 1 09 B 5 4 1 400 K 2 R UK
A1, BT B ok B T RES
Mgy(PO,),+ 5H,0(s)+3Ca>—

3Mg*+Cay(PO)y(s)+5H,0  (3)

104
102 [
100 [
98
96
94
92
90
88
86
84
82
80

Weight / %

1:1 251 751

M B B M A B Mo mm an mmam mmam g

“T00 300 300 400 300 600 700 800
Temperature / C

Kl 4 TGA 5 B A ) B3] 1 B 45 2 72 Bl I A 1)

Fig.4 Thermal stability of the Mg-HA materials

synthesized at different feeding molar ratios
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Table 1 Specific surface area, pore volume, and average pore diameter of Mg-HA

materials synthesized at different feeding molar ratios

BET surface area / (m*+g™)

Average pore diameter / nm

Pore volume / (cm*-g™)

Nty
1:1 99 10.1 0.26
2.5:1 116 10.5 0.31
5:1 103 9.8 0.35
7.5:1 100 11.2 0.29
HA 43 22.3 0.24

R2 ARRGIHEEREERRBNITE Ca. Mg P AR
Table 2 Chemical analysis of Ca, Mg and P in Mg-HA materials synthesized at different feeding molar ratios

Measured mass fraction / %

Measured molar ratios Chemical formula

Ny Mg

Ca Mg P e, /ng (netnwg)/np (regardless of other impurities)
1:1 28.58 2.47 15.84 6.94 1.60 CagMg;»(PO4)(OH),
2.5:1 25.12 4.14 16.11 3.04 1.54 Ca;,Mgy(PO.)s(OH),
5:1 29.86 2.26 15.89 7.90 1.64 Cag;Mg; (PO4)(OH),
7.5:1 33.96 2.17 17.27 9.56 1.67 CagiMgoy(PO4)s(OH),
HA 38.10 — 17.65 — 1.67 Cayo(PO)g(OH),
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