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AR ik, YR BB 535314 100 pg=mL ™" 50 pgemL ™" 25 pg-mL ™" XN 0.1 % Tween80 #K , 2 BERK
DIAAE (MWNTSs) @5, fIRGR 8 YR BE S350 250 pg-mL ™" (125 pg-mlL™" 62.5 pg-mL ™" 3514 BETR]
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B T FVERE I U B, SR BT R B LA S 254 1 28, ] PBS 20 A (2 {18 T - 80 °C
PRAF. DT KA B, A PBS WA, 253 20 CIZIE 10 3—4 h. 5 vk i 8 8 T 15 B 7 g bt
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Table 1 Osteolysis incidence of tibia

SRk il (1R R RIS X
SWNTs 0.05" 0.06" 0.13* 0
MWNTs 0.55* 0.53"* 0.50* 0
QDs 0.21 0.18 0.20 0.13 0
nAg 0" 0.13 0" 0.13 0
LPS 0.375

e SHBEFIXT A, * P <0.05, + * :P <0.01, .

2.2 /PNRBEEKTEL

HRAE LR BB S R EEAEAR, 75— S A, FCIE AR, B IO . 32 2 2w,
FBERRIAAKAE  ZBERRIORAE T R A /N B DT FE R T R R A 9500 X0 B2, O 1 BT K
HE: L3 FhAKAT AL AR g 70 e 2 02 S 25 AR T AR B 00 0 R AL (P < 0..01) , Rl LA R R 1A Se it
I (P <0.05) 5 SR 1A KR A5 i 20 /N BB K B BE -5 R R 0 B AT e 22 S o e 22 18 3L

R2 FADREKTEL(xv+s)

Table 2 The results of bone ash ratio(x +s)

fe ) T {5k PR X I BT
SWNTs 0.58 £0.03 0.59£0.03" 0.61 £0.02 0.62 +0.02
MWNTs 0.58 £0.04 0.57 +0.04* 0.60 +0.02 0.62 =0.02
QDs 0.59 +0.05 ** 0.60 +0.03* 0.62 x0.02 0.65 =0.05 0.64 £0.02
nAg 0.64 £0.03 0.65 =0.04 0.65 £0.03 0.66 =0.03 0.65 £0.02
LPS 0.61 x0.01

2.3 /NEE Y A E

SWNTs 41/ B AR W) Ty 7€ DL 3. N3 3 H il DL M, 5 3 500 0 IR A L, e 79 4 20
(100 pg-mL™") B (R AEAT ((21.21 £2.04) N) BT ((17.21 £2.12) N) SRR ((5. 64
+0.83) Gpa) J KA ((135.87 £29.75) Mpa) PR TG AL, HIA GeitaA i 3, R

ALBPERRHT((17.61 1. 21) N) Bl o SHALH B A7 523 PERE T, T A0 R AL UGS 3, s
i,

SCHREE 7S , FRBERRIAKAS AT 5 | EEALACRE A A R -, (5L PR LA BE Dy B2 B R A 3R BE fge 4 KA
SR RAE P T RO I S BERRAUR A SR AL WU A ) 2 BB AR 3

R3 PEERGURE S AN BB =R KRR A (v £ 5)
Table 3  The results of three-point bending test in SWNTs(x +s)

SWNTs/(pg-mL™") /MK 1 IR/ N Ak 2R /N PR/ Gpa RS )/ Mpa
100 10 21.21 £2.04 " 17.21 £2.12** 5.64+0.83" 135.87£29.75"
50 8 21.94 £0.62 17.61 £1.21" 5.87 £0.91 142.31 £18.08
25 7 22.20 £0.74 18.40 0. 94 5.99 £0.97 146.04 £23.49
0.1% Tween80 8 23.20+2.43 19.09 +2.07 6.49 £0.73 151.52 £23.20
LPS 7 21.90 £2.29 17.94 1. 11 5.91£0.70 131.92 £11.90

SRINCEE IR BRALAALL , + :P <0.05, = * :P<0.01

MWNTs Z1/N BB AR )220 W3R 4. N3k 4 Rl LI, 5000 BEATAH L, 25 700 50 41 B 1
KT (B P AEF R ZE (20,11 £1.18) N (21.14 +1.72) N D J%(21.27 +1.13) N) @ik
B (P AR SR 0 (16,18 £1.21) N (17.01 £1.52) N DL (17.58 £1.22) N) (P4
i (i RS R ST (5.39 £0.64) Gpa FI(5.67 £0.51) Gpa) JFe KA g (& ARG 45
A3 (122,59 £11.23) Mpa,(128.93 +12.49) Mpa L% (129.67 +11.56) Mpa) FJ{IEF 757 % BE 4,
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C A S0 IR W] IR I T 25 22 BE B AN KA 0] A5 R LI A R R E I - (TNF-0) , B4 R -1B(1L-18)
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R4 ZERERPORE S AN EBCE =B S Rr e (v £ 5)
Table 4 The results of three-point bending test in MWNTs(x +s)

MWNTs/(pg-mL~") /NS H R EA/N Sk 2 AT/ N kA R/ Gpa R W 1)/ Mpa
250 10 20.11 £1.18* 16.18 +1.21** 5.39£0.64 " 122.59 £11.23**
125 7 21.14 £1.72** 17.01 £1.52* 5.67+0.51" 128.93 £12.49 **
62.5 8 21.27 £1.13** 17.58 £1.22* 5.99£0.84 129.67 £11.56 **
0.1% Tween80 8 23.20£2.43 19.09 £2.07 6.49 £0.73 151.52 £23.20
LPS 7 21.90 £2.29 17.94 1. 11 5.91£0.70 131.92 £11.90

QDs /PR B AW 12 ME WK S NFRS FalLLFEE, SER X AL, & A &4
(20 nmol - L") /NEUBCHE A f K287 (21.49 £1. 65 N) Je gtk 2 ff (16. 66 1. 06 N) 44 & 2 M (&A%
(P<0.01) ; FP#)HH2H (10 nmol - L") i KR AT (21.37 £1.56 N) S sfipEd i (4589 17.31 +1.43 N)
A HIFEEZER (P <0.01) s ARTCHI L (5 nmol - L") fly g i | e K2 iy 137 g R A A1 56 2 .

BRSNS R, TS TP CD4 + Ik ELA0 i S s ) F4//80 + B g 4n g 75w {H I AR5 1E R
PR, FEEEYME R TNF-o IL-18 2 IL-6 /K-S XL oGt 122 25 5. ARSI 45 Rk, & F K
BT R E RIS & AN, B KT S = 2 il g0 8 AR, o A it
FIZ ATy 5 i — 2 0T

x5 #BTASHPRBRE=ZSE MmN Rl (xxs)
Table 5 The results of three-point bending test in QDs(x %)
QDs/(nmol-L~") AR e I KRBT/ N HPE A/ N PR/ Gpa RS R J)/ Mpa
20 7 21.49 £1.65" 16.66 +1.06 ** 5.84 +£0.70 134.93 +13.16
10 8 21.37 £1.56 " 17.31 £1.43 " 6.02 +0.67 135.70 £13.32
5 9 23.66 £1.22 19.62 £0.88 6.43 +0.70 149.29 +9.49
50 mmol-L ™' BBS 8 23.53 +£1.45 19.58 £1.06 6.53 +0.72 146.81 +7.95
20 mmol+L ™! CdCl, 7 24.34 £1.08 19.99 £1.39 6.52 +0.76 152.70 £10. 16
LPS 7 21.90 £2.29 17.94 £1.11 5.91+£0.70 131.92 +11.90

nAg 4N AP 1IN DL 6. UNER 6 BT, R AR 2% 4/ SRR JBE B A= 1) 0~ 8 -5 HH LV )
X BRALAR EG , TOW] 2 5. AR R R0, 2 ), SRR R A A S R S A IR
AN R 2 B PRI, FEANOK AR B8 T, ol TR 200 DR 038, 8 A AN 2 S B i i A T
BBEA.

R6  HOREA /N =B KRR 2 (v £ 5)
Table 6 The results of three-point bending test in nAg(x +s)
nAg/ (pmol- L") N ke IR # AT /N PPERRT/N PPERL R/ Gpa IR A ¥ J1/Mpa
20 7 25.36 £0.82 21.36 £0.92 6.39 +0.70 152.08 +6.58
10 7 25.76 £1.09 21.83 £0.97 6.42 +0.83 159.66 +£12.77
5 6 26.44 +0.85 22.51+1.14 6.34 +0.99 162.58 +14.54
0.02% ¥ EREN 7 25.76 £0.72 22.54+1.14 6.51 £0.98 161.74 £12.89
20 Mmo]-[fl AgNO; 6 25.39 +£0.53 20.93 £1.05 6.64 +0.74 156.82 +12.10
LPS 7 21.90 £2.29 17.94 £1. 11 5.91 +£0.70 131.92 £11.90
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2.4 IR I E

FA/NULTE K ILZ 7. R T Hr T LAFE H SRR fise 94 K 45 25 2 45 TR0 0 IR A EL AR, LT 4%
IRV BETR R PR R0 S v B (HIC ST 22 57 (P > 0. 05) 5 Z2BEIR AN KA 45 21 55 100 X BERAHAH L AR
L5595 7K P ) (44 48, EL 042 (250 g - mL ™) IV 45 197K (2. 72 £0. 36 mmol - L™") i
R T HGIX BEZL (P <0. 05) 5351 k525 2H /0 B 55 70 P o LR 71 X 5 ke i, (ELR S B
B, HIGE 2R (P> 0. 05) 5 QUK AR A 21 /) S5 3 500 ok B sl 1 Xk BR L AL 98 % /K P B A Ff
-, ZER TG E (P >0.05).

KT BUH/DNBULEEEKT(x +£s) (mmol-L™")

Table 7  The results of serum calcium levels

fet ) ek Tl {1k R RO BT
SWNTs 2.43£0.32 2.42£0.36 2.38£0.23 2.36£0.29
MWNTs 2.720.36" 2.63£0.39 2.60 £0.21 2.36£0.29
QDs 2.47 £0.26 2.44 £0.09 2.45£0.19 2.39£0.28 2.32£0.06
nAg 2.340.24 2.36 £0.25 2.38 £0.35 2.36 £0.12 2.32£0.17
LPS 2.50 £0.30

P AT /DN SR I 22 BERR AR AS B B 1 B AT I, %500 2L 19 /0 B 5 DA 289 1 BRUAS [ o 2
OB, B KT B H BB A T 2 e by S 2B P R A, U L0 5 i S o AR 2 L2 ) 8 A 5 1
FREE AN LT B 7P S22 T, $ s B R .

FBERRIAKAE AE—E PR BB DR/ RUECER AL, JCHLS LL IR AIG, B R T e (LR A K 2
BERRANKAE , HMLT £S5/ JCRA 2 2.

B A RRE T B R R TE KPR K AESCE, A KT S = A AR a R A 2%
PEREAR /N BRI R A — e AR A i 2.
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EFFECTS OF SINGLE-WALLED CARBON NANOTUBES,
MULTIWALLED CARBON NANOTUBES, QUANTUM DOTS
AND SILVER NANOPARTICLES ON BONE METABOLISM

QU Chen"">  RONG Haigin' JI Hong' LIU Wei® HOU Yanli' LIU Sijin®
(1. Shandong Endocrine and Diabetes Institute, Shandong Academy of Medical Sciences, Jinan, 250062, China;
2. State Key Laboratory of Environmental Chemistry and Ecotoxicology, Research Center for Eco-Environmental Sciences,

Chinese Academy of Sciences, Beijing, 100085, China)

ABSTRACT

To observe the effects of four kinds of common nanoparticles ( single-walled carbon nanotubes( SWNTSs) ,
multiwalled carbon nanotubes ( MWNTs ), quantum dots ( QDs) and silver nanoparticles ( nAg) on bone
metabolism in mice. 8-week-old Kunming mice were treated for 6 weeks with the nanoparticles at 3 doses or
vehicle by peritoneal injection three times per week. The whole body X-ray, biomechanical parameters and
serum Ca levels were measured to evaluate bone metabolism of the mice. Compared to their vehicle controls,
osteolysis incidence of tibia was significantly increased in MWNTs, and there is clear differences between
MWNTs and vehicle control in the bone ash ratio and the bone biomechanical properties, besides serum Ca
levels was increased in high dose; osteolysis incidence was significantly increased in SWNTs, and bone ash
ratio and the bone biomechanical properties were significantly decreased in high dose and middle dose, while
there was no significantly differences in serum Ca levels; there wasn't clear differences in osteolysis incidence
and serum Ca levels between QDs and vehicle control, however, statistical significances were found in bone
ash ratio, maximum load and elastic load of high dose and middle dose; nonsignificant results was found in
different doses of nAg. Chronic exposure to multiwalled carbon nanotubes can promote osteolysis, reduce bone
mineral density and change the bone biomechanical properties; single-walled carbon nanotubes and quantum
dots probably influence the bone metabolism; silver nanoparticles don’t influence the bone metabolism.

Keywords : nanoparticles, bone metabolism, biomechanics.



