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Study on the biological properties of strontium doped hydroxyapatite

GAO Jian-yong, TIAN Gang, ZHU Qiang, WANG Shao-hai, WANG Da-lin"
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[ Abstract] Objective To study the biocompatibility and biological activity of hydroxyapatite (HA) with different
strontium (Sr) contents. Methods The Sr doped HA (Sr-HA) materials containing 0%, 1%, 5%, 10%, and 20% Sr were
prepared and the concentrations of Ca®" and Sr*" in the leaching liquor of them were determined in each group. Hemolysis tests
were performed in vitro for the 5 materials. 1.929 fibroblasts were seeded and cultured with leaching liquor of materials for 2 d
and 7 d; cell morphology was observed under microscope and the in vitro cytotoxicity of the five materials was detected by MTT
assay. The MG63 bone cells were seeded on the surface of the 5 materials; then cell adhesion was observed at 1, 4, 12 h of
culture, and the proliferation of cells was observed on day 1, 4 and 7 of culture by MTT method; and alkaline phosphatase
(ALP) activity of the osteoblasts was detected on day 1, 3, and 5. Results The highest Ca’" concentration was found in the
leaching liquor of 5% Sr group, and the lowest was found in the 1% Sr group; the highest Sr*" concentration was found in the
leaching liquor of 20% Sr group, and the lowest was found in 0% Sr group. The hemolytic rates of Sr-HA materials were lower
than 5% in all the five Sr-HA groups. The morphology of 1.929 fibroblasts in the five Sr-HA groups was similar to that of the
negative control group; and MTT assay showed that the overall cytotoxicity of the five Sr-HA groups was grade 0 or 1. After 4

and 12 h culture, the number of adhered MG63 osteoblasts in 5%, 10%, and 20% Sr groups were significantly more than those
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in 0% and 1% Sr groups (P<C0. 05, P<C0.01). On day 4 and 7 of culture, the proliferation rates of MG63 osteoblasts in 5%,
10% and 20% Sr groups were significantly higher than those in 0% and 1% Sr groups (P<<0. 05). The ALP activity of MG63

osteoblasts in 5% and 10% Sr groups was significantly higher than that in 0% and 1% Sr groups on day 3 of culture (P<<C

0.05); and that in 5%, 10% . and 20% Sr groups was higher than that in 0% and 1% Sr groups on day 5 of culture. Conclusion

Sr-HA material with different Sr contents has good biocompatibility; the combination with certain concentration of Sr can

effectively improve the biological activity of HA, with the best activity seen when Sr ratio is 5% or 10%.
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Fig 1 X-ray diffraction of Sr-HA surface

—" 20% Sr

crystal phase structure of the five Sr-HA groups

Sr-HA: Strontium doped hydroxyapatite
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Tab 1 Concentrations of Ca*" and Sr** in the
leaching liquor of the five Sr-HA groups P GB/T16886. 5-2003) .

oo/ L) S o4 AT 22 B OS] S B (0%

S HA Car 5o 194.5%,10% 20 %) 1 B 52 38 0 CR TR B8 35 76 1

N v ' 1,929 20615 9 B 2 LB MG 25 ) B 9 5.
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Sr-HA: Strontium doped hydroxyapatite L Y TC R (K 2)

R2 FERE SriB% Sr-HA KRR EIKEERM 1929 BA4EMAR 2 d 0 7 d HIHEEENZES R
Tab 2 Relative growth rate(RGT)and toxicity grade of 1.929 fibroblasts cultured for 2 and 7 days in the five Sr-HA groups

10% Diluted 20% Diluted 50% Diluted Undiluted
Time Sr-HA
RGT(%) Toxicity grade RGT(%) Toxicity grade  RGT(%) Toxicity grade RGT(%) Toxicity grade
Day2 0% Sr 100. 6 0 106. 2 0 103.9 0 98.3 1
1% Sr 95. 1 1 102.9 0 101. 6 0 95. 1 1
5% Sr 104. 2 0 106. 5 0 103. 9 0 101. 6 0
10% Sr 103. 6 0 105. 2 0 98.3 1 96. 1 1
20% Sr 100. 6 0 104. 5 0 96. 7 1 95. 1 1
Day 7 0% Sr 101. 3 0 103. 4 0 103. 2 0 100. 6 0
1% Sr 98.5 1 101.1 0 100. 3 0 100. 0 0
5% Sr 103. 6 0 106. 2 0 104.9 0 101. 6 0
10% Sr 102. 9 0 104. 2 0 102. 9 0 99. 1 1
20% Sr 100. 1 0 100. 8 0 100. 0 0 97.0 1

Sr-HA: Strontium doped hydroxyapatite

S > AT TR O ) \;
@I\ NS ‘ (_\\l\ @ ) ‘3' (“U® R 5,'> ,“@ ‘; 3 ®
B2 FREEE SrisZ: Se-HA RFER 1929 B A4 7 d RSN E
Fig 2 Morphology of 1.929 fibroblasts on day 7 of culture in the five Sr-HA groups and control groups
A: Negative control; B: 0% Sr; C: 1% Sr; D: 5% Sr; E: 10% Sr; F: 20% Sr. Sr-HA. Strontium doped hydroxyapatite. Original

magnification: X200

2.4 RF Sr#Z® HA 3 MG63 s B4l g mas 5% .10% .20 %0) JaRE 25 1 266 -2k i 455 352 s i) 2B < 1
Yoi B S AT AAE R Sr & RE0% 1%, i, B3R 1 ho k.5 GURREREE St kRN,
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45 0% Sr FRMAERIFAGII¥E L (P<
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fEE T MG63 ARG BE . (F = T 5201 Sr #8256t
TRV FHJCE— 58,590 Sr B4 S T A
ROER .

0301
0.25}

10% Sr
0.20F  m20% Sr

v
0.15}

0.101

Relative adhesion (Ds70)

0.051

AN

0.00

1h 4h 12h
B3 MG63 i EMEEARREE Sr 52 Sr-HA
IR 1.4.12 h PHRFEFR
Fig 3 Adhesion of MG63 osteoblasts after 1, 4,

and 12 h culture on the surface of Sr-HA
material in the five Sr-HA groups
Sr-HA: Strontium doped hydroxyapatite, * P<0. 05, * * P<C0. 01.
n=6, rts

2.5 RF) Sr# 4% HA 3 MG63 B 28 JoL 38 74 49
Hw B4 AT ASE Sr AR (0%, 1%.5%,
102620 %0 A 35 T8 40 B 18 48 400 o B 5 3 e [ 38
WA, 565 1 KA 4] 40 M 34 s 5 Bl Sr & =2 2
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Sr & 1% Sr & i 2 41UAH Eb AN 0 i 45 i B kg
IMHZESAL 5 L (P<<0.05) ;%5 7 KX 5% Sr
109 S EL20% Sr & 345 0% Sr iy
L1260 Srofrit 2 A HER A BN B2 A S
X (P<0.05),1% Sr 845 0% Sr &84t
WERIFAGIT2FE L (P<<0.05) . il Sr i 4%
REAZ AL MG63 20y ny 1G58 . (B Sr & B3G5 4

HEAN IS AR AR M &R L Sr B4R 100 L E R
{EsEoRAE AR, 5% Sr & &.10% Sr & & 2
2RI KA AR R R An S A AR

0.301

0% Sr
2025} B 1% Sr
g [ 5% Sr
= 1 10%
£ 020} E10% Sr
=
£ 0.15
o
&
2 0.10F
=
& 0.05

d 7d
4 MG63 [ BHBERE S E Sri5% Sr-HA
WEEREIEF 1.4.7 dEHAETER
Fig 4 Proliferation of MG63 osteoblasts after 1, 4,
and 7 d of culture on the surface of Sr-HA

material in the five Sr-HA groups

Sr-HA: Strontium doped hydroxyapatite. * P<C0. 05. n=6, T=%s
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EeyFea MBS AW, MG63 il E 2 e A [
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FK.5% Sr & 10% Sr A 2 4R FEFR T ALP 1Y)
WEPERR & T 0% Sr & 100 Sr & 2 41(P<
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i 34 ALP A B T 0% Sr & . 1% Sr
TR 24 (P<0.05,1% Sr S RAWERHT 0%
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BUE AU ALP (35 PE (0 248 24 i 31— Lol J5 75
Bt Sr sEAREH — DR E HASHEH]

3 i i

HA {2 —Fh B8H& E A AR RATRY A
YIAHAS PR RIS DA A S A4 . FRATTR ¥ i
S RSN M R S AT 5 T ORI Sr B
(0%, 1%.5%.,10%.20%) Sr-HA ¥} it 4= ¥y 4 25
P VA I S0 2 B P ) T T T S 36 v 19 4 0 S 5
Ty 22— A A A 0 A Ak X 21 200 I A 1 A R
WA R R . ARBFIESE R BN, £ 41 Sr-HA (1)
Ve IR 35 /N T 504, [ s I faf B L% 1T 400 i A D 40
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M. SRt R Sr &R Se-HA RS
VAL S 5 5 AR ST I S B 0K . MR Ah A it 15 57
VA R PR R EE S A A, MTT 32
JE AR A LR S0 A M 7 4 1 5 i AT
TEHT 1-929 /IN BUBCET A 240 M XS RE bR AT 20 e 75
Yo S5 R Bl A 10 AN TR] St &Y 5 41 Sr-HA
IFER R PR PERE 0 0 8 1 2%, A AP R R 1
AR AS RAF R I B Rk SO . SRR AE R S FATE
FRAE T Sr42¢ HA AN FE MR ST 45 1R AR 101
Ui Sri27% HA MR RA B Y 2 2k

0.30r [00% Sr
E 1% Sr
0.25f [M5% Sr
10% Sr

ALP activity (Daos)
o
o

AN

3d 5d
B S5 MG63 i BHEMAEARRDE Sri5Z Sr-HA
MEEREES 1.3.5 d Bf ALP RiX
Fig S ALP expression in MG63 osteoblasts
after 1, 3, and 5 d of culture on the
surface of Sr-HA material in the five Sr-HA groups

Sr-HA: Strontium doped hydroxyapatite; ALP:  Alkaline

phosphatase. * P<C0. 05. n=6, x=*s

S A T S MR R N AR AR R W
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R 50 1000 2 LRI R A fL 8 mi R 2 a1
SHEOPERT. Sr*" i ad 5 8 sz d A AT R s A 5%
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WA AL AEAE AT R 7 B2 B8 B Se2 ™ fEAE A A
T2 0 S o 9 L SIS 2 M R R T St A
KAE I SZARMLRN S 24 5 FaxX — R B B B, S i it
BCE A A A AR F TG 1 — 25 3 i 50T RE S5 . (H I8
T B AE A KT A3 7K -1 ) B LA
B AN ALP Fk e FALE]

g5 VAP L B AR Sr #8441 Sr-HA B
BRI A YE, St B2 RE 0802 28 5 40 i 1)
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