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F AT H A AR LA BEEL 40 RE M ICR AN, ML K 4 4. 45 B # HoE 4 40,
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AL AN ARBAF AN SRR, R LI, 53R 44k, 240 mg/kg 54
/NECEY ALT, AST # B % 7% # % (P<0.05), T BUN #7 CREA W& & LW & 1. [ &,
Pt AT 5% B 4 3 5| A T JE A S b A B L B (SOD) Y 75 £ B 3 T M8 (P<0.05). % LA, RO &
hENKBRE B RER R RERER, FEAFTENREE, REEAIEEH AT RE
KRL, SOD V& 1 iy &R 7T 6 7 SN 5l B AT IE A M1 K45 T EEZAEA.
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FICHRW: Fu CH, Liu T L, Tang F Q, et al. Acute toxicity and oxidative damage induced by silica nanorattle in vivo. Chin Sci Bull, 2012, 57, doi: 10.1007/s11434-
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(i) ®F. 110 nm SN, i ER b FEAL L
AR A FE FT 499 K A4 L T 15 ) & 5 0 BIF 5T = A A 4
I 2 | AT al), JER T A
Grtraly, Sk Tivap L T A BRA T A dE N
50~52°C Al 52~54°C) 4L T4 /A 7; Paraplast®f
P sigma; A BEHIK(GSH) . TN ZBE(MDA). B4t
ALAEJ1(T-AOC) . A LARI(CAT). —HILAA
fitf iINOS) Fl 8 S Ak W B2 AL 1 (SOD) I 2 i) &2, Fi
U R A ) TR ST T

(ii) MEIFRIE. SN £ 75%ZBHEH 4 h 5, K
BB AR VL 3 R, BT ICEE Y 5% % 2 WiV T
o, RS, BRAMEEST 30 min, JHRTE S
15 min J5{# . SN R Z R 1 mg/mL, {#H
Zetasize3000HS HL Ay 7 & AN HRE B AT A, [ Bl
JH JEM-2100 5 it i 7 S it e AR HOE A

(i) s MbsE. 40 HMfEdE ICR /MEL, 1A
T 20~22 g, W A b 4EiE A AR S S Y H R A BR A
Al, FREJSRENL R 4 41, FEd] 10 H, L4/ RE
FRIKE ST SN AR R, I E s 40, 80 A
240 mg/kg, X HRATH S AEARBE 5% 110 48 45 B 1 5.

(V) REZBFIET GO, ShPEH SN J5,
U)W YA TG 58 I IR I, e kR4l 8h
PIAET SN, 9 H ISR B R R,

(V) ILHFURME AR, [t 14 d 5, IR
HEE DAY A 8 F R L T B 845 v, R4 IR A, HR R

I8 1 5 S4B I, 3000 r/min 2500 20 min, FR1E 10075
HEAT I A A A A

(Vi) HYUERFEIT. 1ES2 14 d Ab3EShY),
BOF . P B, B O SR IR, 4%
&, HAEARYF, HE e )5 @ F Nikon Eclipese
Ti-S 75 e % £ B AR BUE .

(vii) EALIiERRAEI.  AbAE/NRUR, BUE A
FFREZRAE, Kol ki fFe 5. SOD, MDA, T-AOC,
CAT, iNOS, GSH %544 7™ i ibd BH 5 1A 7 A

i) BESE. BRSO bR e 2= &
JN(X x5), R SPSS 17. 0 FAF Xt B i kA1 2 N & )5
231 (One way ANOVA). P<0.05 A 2R B &, H
HGT#5 L.
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SN 1) TEM & - K 7 W0 1 1 B Ri A2 0 A
WK 1R, i E R, SN A R A h as e o e
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L(a)), TEHIAGIHE IR P AYF- 7K B2 180£55 nm
( 1(b)), HLfiH 37.241.48 mV.
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B (d)

B2 AREFER SN RZFZE/NRHFHRER@MEEERMLD)
SN-40, SN-80 Fll SN-240 1t SN Y343 40, 80 il 240 mg/kg

£ de (18] 2(a) R (18] 2(b)) B ) BRI 6 22 5.

2.3 RGNS, )

B i 2R AT IR A DU, A 0 B E R L S
Y LT 40 (WBC) . Z0 40 e 1T 50 (RBC) . 2140 Jifd & 1
(HCT). IM£T 8 H(HGB) ., 21 4 fE if 21 3 (A ik B
(MCHC) . VYL M2 FAMCV), ~F- X5 21 48 ffd i 1
HEH (MCH) X I/ PLT). Wil 3 fis, 5
ZHAALE, 40, 80 Al 240 mg/kg & SN X /)N FRUMLIR H Y
WBC, RBC, HGB, HCT, MCV, MCH, MCHC #1 PLT
GHE AR B A 1B 252 (P>0.05).

2.4 AR ISR

A=Ak FEERMFE AR L8 A T 5 A (ALT) . &
R A ME(AST) . IR ABUN)HLEF(CREA). [l
4 R, SRR, TEH 240 mg/kg SN 25/
FLEY AST Fl ALT( 4(a),(b) B ETHE, 2R 0E
(P<0.05), 1fij 40 A1 80 mg/kg & SN WIAZXF /N
ALT H1 AST 5 A% B 0 A 52 . 4577 & SN X 1LY BUN
Fil CREA 7K V#5547 BH S 52w (] 4(c),(d)).

2.5  HBUBEAR MG, R

T 14 d FHA/NR, ®EALD R, XTI
JUE . RRLAE BRI L ORAAE O UE RIS T L B S 4
Mr. SxF IR0 (& 5(a)AHEL, 40 A1 80 mg/kg & SN
XE/ANERFIE L U S 45 /WA B8 i g, Ho40 i
BASE, MidEF e (8 5(b)), SR 240 mg/kg & SN
AL | /0N B4 T A 200 A Bk | 4 1 4 PR (11 )

Wik B, 55X REZH IR AR L (B 5(d)), 45 AbFRZL /N
SR MG, FLaT (i BE o A A, R H B B R (B
5(e), (). 4% SEu62H (1) B E 4 21 45 4 75 57 8 Ak (K
5(2)~(1)). % LI ALAY L (E 6(a)~(c)) Jili (& 6(d)~(F)).
ki (B 6(g)~ (1)) 35 ik 4 the A & A= B B AR 1k

2.6 AL AR bR INES R

A AT A B N S 5 | RS A0 K B R B 1 Y AT REAIL
il 22— AR /N R IE R B S8 AL e AR A T Rz,
ZERE 7 Fros. 5XTRAAME L, 40,80 Fl 240 mg/kg
SN Bkt gt 14 d J5 S EBUFAEH SOD(E 7(a))i 4
RIS .25 57 1) 3% (P<0.05), 5525041 2 7] SOD i P22
BARE. KA GSH il MDA(E 7(b),(e)i &
A B FEBAP>0.05); SXIAMLL, &5
1) CAT(El 7))l A F s, HEERAD
F(P>0.05); &SCHA ) INOS(E 7(6) B 1 77 5 % B
A, 80 mg/kg SLIRAIA FHE B, 40 A1 240
mg/kg SLEALA T RS, H2E 58 53 (P>0.05).

3 wig

BRI R B, SN AR R I 7E A8 L9 K 254 3
A B 2w X B e 0 L ) 3 SRR T RIOR, FRAKZS )
B EERIE U B SN () A 12 4 00w 25 1) AT
Ffip e U 0 H G, ASCAERE AR S WK ERESE T
ket 2 8% SN XN EEEVE . BFoT 45 SRR,
FE ki 5 40 F1 80 mg/kg SN &, /N BB I A0 . 1L
AL LUE A S8R T 50 A4k, UEBH SN 7R3
PS5 T G I %) 5 B .
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Bl 5 AREWEERSNEZE/NRHF. BEASHANESFNE
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HOJFE . Mg
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100 pm

100 um
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Bl 6 ARIRER SN RER/DREL. MAMAER N SENE

(@), (d), (QFTRAFRLALBL . BRI (b), (e), ()R 40 mg/kg SHRALGL> . AN (o), (), (DFTR 240 mg/kg SEHRALAY.Co . AN

H 245042 2= 5] 240 mg/kg I, BARSIA H
BAETS, (Hi A A LU 25 R R SR SN
XTSI S — R . R SN R EUNR
MLV H ALT F1 AST % 2 1 3 F+ 5. ALT fil AST &1k
N SRS, ALT R BT, 5. O
FHLHMM, AST FESMGFEONL. . FEIL. &
S AV P PO, YR & ALT I AST (9 2H 2140 i 5%
AR, ALT F1 AST {8 1] 20 At PR B8 in, AT 2 3
M H ALT f1 AST & FJF. MiEH AST F1 ALT
8 118 28 Ak X M0 R RO U 0 Y 45 LA
S EP. fEART R, RATEBEFIE SN
/NI ALT F1 AST 4545 & THE, M
TE A& 22 45 R R WO MR B B i i i R 30, (H2 T
JE H BT S0 RN, i B A R A 0 TH R
G, BAh, HEUERFLEREY, BR
240 mg/kg 51T E H B0 58 0 S 07, (HN 2 XL L il |
B L SE R R, PR R IR AT E T B2 SN
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SOD, CAT, GPX ). /N4 b (4n GSH, 4k
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B ¥k 5 S SN 3 SOD WG HERRAL, 1 HoAb 5 bR JC
WEAML. XAHES SOD FEHLA KT E Ak i B 5
YERIA &, SOD &AL P ME— B I8 bRl S8 I B8 11
PrAAALEE . H ST A B, R AL TG0k R 5 5
T BN L 2 A0 i A58 47 1) B R DR R A A AR TR
PERRO. R T IS BR G PSR P A, SOD B AY T FE,
AT A 26 20 40 Jf A 4804k R R AR R i R A, &
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(2) ARCWFIE &P SN ki BA B4 A Y HH % z)ﬁ%ﬂ?ﬂﬁi& 1, MAALF54% ALT il AST B 2255, 4
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1, r“ FTH ., MEEA . MFE A LIEASSE XMEGATEES SN & M AY AT SOD 16 MR A %,

X
SR RN, R SN ARMIHEHENS, B RAPIOEY)  SORVEABIGE SN 00 BN T

Chen D, Li L L, Tang F Q, et al. Facile and scalable synthesis of tailored silica “Nanorattle” structures. Adv Mater, 2009, 21: 3804-3807
Chen D, Tan L F, Liu H Y, et al. Fabricating superhydrophilic wool fabrics. Langmuir, 2010, 26: 4675-4679

Du X, He J H. Spherical silica micro/nanomaterials with hierarchical structures: Synthesis and applications. Nanoscale, 2011, 3:
3984-4002

Liu H Y, Chen D, Li L L, et al. Multifunctional gold nanoshells on silica nanorattles: A platform for the combination of photothermal
therapy and chemotherapy with low systemic toxicity. Angew Chem Int Ed, 2011, 50: 891-895

WL, 2P GUKEOR bR AL SE RS B ). Blzid@ i, 2011, 56: 131-134

Vallet-Regi M, Ramila A, del Real R P, et al. A new property of MCM-41: Drug delivery system. Chem Mater, 2001, 13: 308-311

Lou X W, Archer L A, Yang Z C. Hollow micro-/nanostructures: Synthesis and applications. Adv Mater, 2008, 20: 3987-4019

LiL L, Guan Y Q, Liu HY, et al. Silica nanorattle-Doxorubicin-anchored mesenchymal stem cells for tumor-tropic therapy. Acs Nano,
2011, 5: 7462-7470

LiL L, Tang F Q, Liu HY, et al. In vivo delivery of silica nanorattle encapsulated Docetaxel for liver cancer therapy with low toxicity and
high efficacy. Acs Nano, 2010, 4: 6874-6882

Maynard A D, Aitken R J, Butz T, et al. Safe handling of nanotechnology. Nature, 2006, 444: 267-269

XUF, BRBRIE. PR R 2 RS KO, BH#id iR, 2011, 56: 119-125

WER, W, BT YUK S PRI R SRS, BHETER, 2011, 56: 108-118

Malugin A, Herd H, Ghandehari H. Differential toxicity of amorphous silica nanoparticles toward phagocytic and epithelial cells. J
Nanopart Res, 2011, 13: 5381-5396

Chen Z, Meng H, Xing G M, et al. Age-related differences in pulmonary and cardiovascular responses to SiO2 nanoparticle inhalation:
Nanotoxicity has susceptible population. Environ Sci Technol, 2008, 42: 8985-8992

Gordon S, Teichmann E, Young K, et al. In vitro and in vivo investigation of thermosensitive chitosan hydrogels containing silica
nanoparticles for vaccine delivery. Eur J Pharm Sci, 2010, 41: 360-368

Meng H, Xue M, Xia T, et al. Use of size and a copolymer design feature to improve the biodistribution and the enhanced permeability
and retention effect of Doxorubicin-loaded mesoporous silica nanoparticles in a murine xenograft tumor model. Acs Nano, 2011, 5:
4131-4144

Gao Y, Chen Y, Ji X F, et al. Controlled intracellular release of Doxorubicin in multidrug-resistant cancer cells by tuning the shell-pore
sizes of mesoporous silica nanoparticles. Acs Nano, 2011, 5: 9788-9798

Liu T L, Li L L, Fu C H, et al. Pathological mechanisms of liver injury caused by continuous intraperitoneal injection of silica
nanoparticles. Biomaterials, 2012, 33: 2399-2407

LiuTL,Li L L, Teng X, et al. Single and repeated dose toxicity of mesoporous hollow silica nanoparticles in intravenously exposed mice.
Biomaterials, 2011, 32: 1657-1668

Finsterer J, Mittendorfer B, Neuhuber W, et al. Influence of disposable, concentric needle electrodes on muscle enzyme and lactate serum
levels. J Electromyogr Kines, 2002, 12: 329-337

Giannini E, Botta F, Testa E, et al. The 1-year and 3-month prognostic utility of the AST/ALT ratio and model for end-stage liver disease
score in patients with viral liver cirrhosis. Am J Gastroenterol, 2002, 97: 2855-2860

Shteyer E, Yatsiv I, Sharkia M, et al. Serum transaminases as a prognostic factor in children post cardiac surgery. Pediatr Int, 2011, 53:
725-728

Xia T, Kovochich M, Brant J, et al. Comparison of the abilities of ambient and manufactured nanoparticles to induce cellular toxicity

according to an oxidative stress paradigm. Nano Lett, 2006, 6: 1794-1807



5SS

24 Olsvik P A, Kristensen T, Waagbg R, et al. mRNA expression of antioxidant enzymes (SOD, CAT and GSH-Px) and lipid peroxidative

stress in liver of Atlantic salmon (Salmo salar) exposed to hyperoxic water during smoltification. Comp Biochem Physiol C: Toxicol

Pharmacol, 2005, 141: 314-323

25 Scandalios J G. Oxygen Stress and superoxide dismutases. Plant Physiol, 1993, 101: 7-12

26 Park E J, Park K. Oxidative stress and pro-inflammatory responses induced by silica nanoparticles in vivo and in vitro. Toxicol Lett, 2009,

184: 18-25

27 Liu S, Hou W, Yao P, et al. Quercetin protects against ethanol-induced oxidative damage in rat primary hepatocytes. Toxicol Vitro, 2010,

24:516-522

SRR L RS 488 52 0 58— HEZR PRI A S I A7 0k g

P 5 U AR T AR T T0IR T R AR o Y 7 gk e
R Z—, Bl LS O 4 TR AR A Rk, IR Bl
THGSHE S B 74 T2 S I AR S BB 7R )RR AL R
F 58— 7 N T8 SO R . AL T Fas F T s 2k
G S S B AR B S — O Ty — e |
RO R RE X, PR AT 25 T R 1) B4 R R B A o
89 187 IS 55

SARRR B G T KRS 2 I35 BB Bh
N5 FHELZ YN SG, B MR HEL TS
L RUE R 2 = 4e i shid i, ARYE Bt AT P s g m
AL, ST —ERG A S AR SRR L R AE R .

1881 4F Berthelot #l Vieille 7EAF 5T J ke 14 1 i WL 5% %)
THREIG, ZAWHRE N =450, B v BRA Rk 2% 68
w2 [ BRI, 1899 4F: Chapman Fl1 Jouguet #H T —4k CJ
PE, RIR TP A AN 7R WLR G A% B R % i RRAE
Z IR E AL RN X 5, 1940 4 Zeldovich, Von
Neumann 1 Déring 43l #2 H T —2E Y ZND #R8, Jos
A2 B 3 AR S P B 1 st S A E . 1978 4F Lee 12
T SWACE Hlifs, fiks 1 40 A 1% # A 2 3
A2 SN BB S P SCHRF TN G, 35 I T U8 35 U ) il et K
HUH . X Se g G B RE 1 AR A48 2 454, AT

T N T 4R %5 0 B S VR AE AL RE AL, #BA —E 1Y
B AR 2R, AR BT 4 A AR BR .

H A R 2 B T S 5 T 2 SR AR S AR S 1 (A
U] A% AR 2 A S AL R G — HE B A J LA SC E LR (] R AT
) — 3, MEFPRM =4 R g il &, I T 5 —1HE
BEE, BE T R IR, P4 e TR E I
ZMGE RIS, ZARERT (PEEBEE: P )
2EORIAE) 2012 4E5E 4 W VEE BRI 5E TAEM 1995
L, BRI 30 ZH, B6E TS —HERIIS N
fill, ZAEZRIRIEH 1 AHLE: ARt AL k2 SN A
AHEAE L] 2 A AR FA S AR R Al 5 I 45 i i
PR 3 A RS PR RRIRAS | I SR RIS AN
o A R 4F 6 A B R 4L AT

SAHAL U MRS R G — AE R RIS R E AR N E
FAGLER, IR F R, M T RAMRED
HEAES, AT B EN R MRS, NAX G HE
RIS REAE AR R H T A R R EIe W B . X T
FIRIRA BRI BA AR R X

AR B T E K A AR R A 4 H A H (90916028)
e

1099



