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H=F L5 pH BN /7 FL Z SRR AR KL B H & AR A SMTEM

WHTHEEZy K2, WL A 310053

7 E:. BRY HISERWER (PAA) BURE RS/ FL —EAEE (MSNs) #i =44k — 7 (ATO) Z4KHL (PAA-ATO-MSNs),
HAELGILIOME T RN 2GR K RAR N B2 AT M. sk LD ikil 4 2 350tk MSNs, #rH N ATO, PAA
MRHRILH T % PAA-ATO-MSNs. RAER BT NIRRT ZURIRIBERHAL. oM. FRE M BORRLEEAL
s WAL MR Rl B OASE A B A S B T R AHERE (CP) I AU R a2 i IR IR B2 vhii (PBS)
(pH 5.0+ 6.0 Al 7.4 AE BTN, BATEIEL RIS 2Relk s KRR iv 4 2h)a, %% ATO (RN 2iEN¥#AT 0. Rl
%1 PAA-ATO-MSNs 3% S B85 F AN [ TEal2R A TE, Pk (158.60+1.32) nm, Zeta HLf7 4 (—28.4040.34) mV,
AR RARZRA N (40951321 %M (11.42+£1.75) %. HANRZEA pH {HuINE, RAVRZEEE pH {ER/ i
Ko Pigh2 5tk W, 5 ATO JEURI 25 Rl ATO-MSNs ALL, PAA-ATO-MSNs 45255 ATO [¥] 1,5 W E LK, AUC B EH K
(P<<0.01). #5i& PAA-ATO-MSNs {4245 B A B B 1) pH E MR 1t K ERERFIE,  REEH s ATO K EUA N 23247 R,
LRARNE A ATO g #8 10) 36 24 28 58 BAT S0 11 R F i 55t o

KR AT LSRR RN pH W 2
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Preparation and in vitro/in vivo evaluation of arsenic trioxide-loaded
pH-responsive mesoporous silica nanoparticles

GUO Man-man, WANG Guo-wei, XU Jun-jun, LI Jing-jing, GUAN Jia-ni, FEI Wei-dong, LI Fan-zhu
Zhejiang Chinese Medical University, Hangzhou 310053, China

Abstract: Objective To prepare polyacrylic acid grafted arsenic trioxide-loaded pH-responsive mesoporous silica nanoparticles
(PAA-ATO-MSNs) and to investigate their physicochemical properties, in vitro release behavior, and pharmacokinetics in rats.
Methods PAA was covalently attached to the exterior surface of amino group functionalized MSNs prepared by co-condensation
method and ATO was loaded into them by electrostatic adsorption. Transmission electron microscope (TEM), small angle X-ray
diffraction (SAXRD), nitrogen adsorption, thermogravimetric analysis (TGA), fourier transform infrared (FT-IR) spectra, and laser
particle size analyzer were used to determine the physicochemical properties. The entrapment efficiency (EE) and drug loading (DL) of
PAA-ATO-MSNs were investigated with the method of high speed centrifugation combined with inductively coupled plasma emission
spectrum (ICP). The drug release behavior of PAA-ATO-MSNs was studied using dynamic dialysis method, PBS (pH 5.0, 6.0, and 7.4)
chosen as release media. Pharmacokinetic behavior of PAA-ATO-MSNSs after iv injection in rats was studied. Results Morphology of
PAA-ATO-MSNs was spherical and the mean particle size, Zeta potential, EE, and DL of PAA-ATO-MSNs were (158.60 + 1.32) nm,
(—28.40 = 0.34) mV, (40.95 + 3.21)%, and (11.42 + 1.75)%, respectively. In vitro release behavior of PAA-ATO-MSNs showed
pH-responsive characteristic and the cumulative release amount was increased with the decrease of pH value. Compared with ATO-Sol
and ATO-MSNs group, #1,,3 was significantly prolonged and AUC was significantly increased (P <0.01). Conclusion Release of ATO
from PAA-ATO-MSNs showed the obvious pH-responsive characteristic and sustained-release in vitro and PAA-ATO-MSNs could
improve the pharmacokinetic behavior in rats. PAA-MSNs might be promising carrier to load ATO for cancer therapy.
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ks HER: 2014-11-23
EEUWH: EFARBLSHEIINE (81274089/H2806, 81473361/H2806); WHIA ARFIF LB H (LZ13H280001)
EEEIN: W22, L, WLHA, B0 B Rgs 2 R 5 SRR IR . Tel: (0571)86633173  E-mail: gmm228@163.com
«BEEE 20k, U, WML, Zd%, LA, O AR S R .

Tel: (0571)86633030 Fax: (0571)86613607 E-mail: lifanzhu@zcmu.edu.cn



¢ %% Chinese Traditional and Herbal Drugs 2% 46 % 55 7 8 20154 4 A + 083«

AL Carsenic trioxide, ATO) J&H 2yt
TN S IR A O 117 N e 3 SR R SRR ) v 1|
i s e U A R, ATO X 2 R
A9 A0 M AR EAT I A KA YR TR,
T ATO TEAA PN I3 A Z 4 5, 18 A RO B I
HOA T 3 A U A 2 7= A P R A s R Y kAt
ATO FIERAN, hzia bk, Bk, PR T
ARSI IR T I o A3 2 220K ATO il
HIE BRI, DA ek, SRS T BULF I 45
BB AL A AL fE 98 K RE (mesoporous silica
nanoparticles, MSNs) & B 84 I LHLA-FLA KL,
HA RN R, Mg mEaRE, Wk
RIMAA(E KR Y TR, YA A5
el BATEREE MR e (AR B
RN pH 555D 1) MSN's 1 LA JE i 97 - S A 45 4
Ly SEIL S AL R TR, 7% L8 B IR A 1)
MY (pH 5.5~6.5) FLIEH4120 (pH 7.4) 58,
F3d: ATO pH Wi V3¢ 245 ZRGEnt T4 e 24 10 e A2 1)
PERA B R

HINKER (polyacrylic acid, PAA) J&—Fl L7
FIPEAR S A O W ERE pH BB/ AR 2
() pH BUBAPRI . ARSEIGAKE MSNs 4 4M 2K T4
R A DA ST T P ko T 1) e R ) A 8 59 TR M )
ATO, A PAA X} MSNs 4h 3 HEAT BRI L S 1s
Wi, DAL, ¥ ATO 3T MSNs PfLIE; 7F
PR AR I IRd S0, HH T PAA WA FE I/ o144 5 A
v ST IT A FLIM B 24, I5 %) pH i Nk 2 H
o ASERHIE TR NIRIR B BN L A
HRER — S g KR (polyacrylic acid grafted
arsenic trioxide amino-functioned mesoporous silica
nanoparticles, PAA-ATO-MSNs), JfH& g LM
Ji ARANEE 25 AR AR N 25807247, T ATO
RS 2 FR G b S AR IR VR T R AR
%,

1 XFES5HH

ICAP 6300 55 2 TR A6, 5[ Thermo
wls 7500ce HLEORE 13 55 B AR OROE A, SR
Agilent A#]; H-7650 EH BT BMEE, HAH
/A7) ; Bruker D8 Advance X SZRATHAY, il E A6
ye 2y s TriStar 11 3020 22 838 42 F 8 L2 ML B
IR KEZE A E] s AT A B LA
1%, &M Thermo A #]; Pyris 1 TGA M HTIX,
K H ISR IR A ) s 380 ZLS WOGKLE N &

1%, & Nicomp A +]; Labconco 74T, €
Labconco 2~ 7] ; Mill-Q #E2li/K 2%, JE[E Millpore
/35 Optima Max AR 2501, 9&[H Beckman
AF]; CP225D W R°F, Jbp#EZ AR
HIAF]; HZ-9212S /KifrtEld IR #%, LK
HERESI A AT BT, RS SRR R
HIRAF, A>T = 3 5000

VY 248 R ke (TEOS). /N = LAk
Bt (CTAB). &N = L5 3EhERE (APTES). %
KR (PAA, Mw=1 800). N,N-— HI%E Ik iz
(DMF), [ Sigma A 7]; ATO, 5341 99.9%,
TINEEEIRAR vl s AbRE W, 1.000 g/L, Jbnt
T2 SR EYIHEARAG B 23w s FAR A 2 4 A4l

TGS SD KR, MEREHH, A& (240+£10)
g, WL B 2y K ahy by, Sk SCXK
U 2013-0016; P AT B4 S5 44 BTV K 27 50 )
SRR I FR F AT
2 HES%HR
2.1 HKRRIBYHIE
211 I A AREY KR (NH,-MSNs)
i SRIILUTETE— 04 NH,-MSNs. 0.3 g
CTAB % T4k, i NI & 2 mol/L NaOH ¥
ST pH £ 11.5. 80 C FHASI#HEHE 0.5 h )5, ¥
4.46 mol/L TEOS 1 mL F1 4.27 mol/L APTES 0.5 mL
[PV BOZ T INE] CTAB %W, RN 2 h, HE
Ak 6 h, 20 000 r/min 2.0 30 min, RELEE O
IKEBES 12 mol/L IR ERFR AL 10 0 1) Pk 3 Ik
DARR Z:A5AR 5] CTAB. HBLI/KIE 3 I, B0, A
T4, RI43 NH,-MSNs.
2.1.2 PAA-ATO-MSNs (1l % F§ 2 FREL NH,-
MSNs % T8 K 40 mg, M% 1 mg/mL ATO %K 10
mL 7, #FF 24 h. 20 000 r/min =53% 20> 30 min,
BR 207G ATO, ERAKYE 3 I, B0y, AT,
BIfS ATO-MSNs. Hi#%FREL ATO-MSNs %18 20
mg ¥ 1 20 mL DMF 1, JIA 20 mg PAA, 100 C
FHFRER N 2 h, 20 000 r/min &0 30 min, A
oK CEEDEEE 3 Ik, HEKVER 3 IR, B0y, Bk
T4, EN75 PAA-ATO-MSNs.
2.2 PARRBIFRIE
221 JBA. KR Zeta N RSB BT
WIRBIEH A& 1) 3 R KRLI TS, NH,-MSNs.
ATO-MSNs. PAA-ATO-MSNs AWK 1; EiliF
SR FH PO 55 G 52 - AR RLAR . KA 20 AT
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Zeta FUAL M 24 HR B (PDD), 53 W3 1 1A 2,
NH,-MSNs, ATO-MSNs. PAA-ATO-MSNs 4R
B ERETE, Ridet)—: mid g g ioC B h ]
PLE 2], NHo-MSNs HA /AL A% &5 44 1 ATO-
MSNs 1 PAA-ATO-MSNs 1 U .. 18] 1-C jig

KEl: X60000; H&l: X100 000

KE it n]F 5], PAA-ATO-MSNs i1 [ 6 H H
HA “5e” ]2, REAEMYE MSNs R PAA =
NH,-MSNs #2j)5 Zeta {7l (43.60£0.61) mV
WK (19.9740.33) mV, PAA BHi)5 Zeta AT
A G (—28.4040.34) mV.

the large image: x 60 000; illustration: x 100 000

1 NHyMSNs (A). ATO-MSNs (B) #1 PAA-ATO-MSNs (C) iE8T 55 E
Fig. 1 TEM Photograph of NH,-MSNs (A), ATO-MSNs (B), and PAA-ATO-MSNs (C)

Fz 1 NH,-MSNs. ATO-MSNs #1 PAA-ATO-MSNs i 1% .
PDI. Zeta B{iI

Table 1 Particle size, PDI, Zeta potential of NH,-MSNs,
ATO-MSNs, and PAA-ATO-MSNs

FF: b it /mm PDI Zeta LA /mV
NH,-MSNs 144.1042.20 0.07740.003 43.60+0.61

ATO-MSNs 152.30£1.54 0.120+0.008 19.97%0.33
PAA-ATO-MSNs 158.60+1.32 0.089+0.006 —28.40+0.34

A

10 100 1000 -50 0 50 100
Fife/mm Zeta FLA7/mV

B

10 100 1000 -50 0 50 100
Fife/mm Zeta FLA7/mV

C

10 100 1000 —100 =50 0 50
Fife/mm Zeta FLA7/mV

2 NH,-MSNSs (A). ATO-MSNSs (B) #1 PAA-ATO-MSNSs
(C) WIRIIZST o FA Zeta FAALE

Fig. 2  Particle size distribution and Zeta potential
photograph of NH,-MSNs (A), ATO-MSNs (B), and PAA-
ATO-MSNs (C)

222 MEKRATH NMOBRRATH AL AL
REGPKRRERIE S R e TRz —, BZAK
FIWT & T H A PN LA AT, IR 2
AT TP FLE AP AE AR o AR SEB0 R X 42k
TS OMEERLF (1) /N1 B X B ERAT AT, RS A
h1°~8°, FHIE A 19/min, TAFHE N 40 kV,
TAERLA 200 mA, /N X SR AT IS I LK 3.
7 20~3° B W (R AT S 0g, W3 NH,-MSNs HA
BN ALEER, 23525 H PAA 1410355 A 5 JL

NH>-MSNs

ATO-MSNs

PAA-ATO_MSNs : : . . .
1 2 3 4 5 6 7 8
20/(°)

3 NH,-MSNs, ATO-MSNs #1 PAA-ATO-MSNs HJ/)\f3
MARATETE

Fig. 3 Powder diffraction pattern of NH,-MSNs, ATO-
MSNs, and PAA-ATO-MSNs

223 ZIAMNRI SR P LA s A L R 204k
WG RE, FHMRAL SRS, 4 000~400 cm ™' P14,
2L A L I 4. fE MSNs (204 R, 1.083.82
em” Kb HU B KR I, Si-O-Si B (1 S Ko Bk e
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ARz 7F 800.33. 462.84 cm ' A4 HIk Si-O-Si
SO IR AR A IR B N i PRs); {E 956.54. 3 446.23
em " R H B I 23590 g Si-OH (K175 41 3h Wi e
WA N SRR Aa PR sl g, ] DU B AL J5 e 5 i
BIkd9. MG 1 508.09 cm ! Ak H BRI g Ky
N-H (1725 iz 3l 0, 8 FL A b ek ol 2 i it
1 PAA-MSNs ZL4ME A 401, 1652.724 1720.22 cm!
I3 ARG R e C=0 [ 4 4i 5h i .

PAA-MSNs

NH,-MSNs

MSNs

4000 3000 2000 1000

viem™!

4 MSNs. NH,-MSNs F1 PAA-MSNs £I5h i
Fig. 4 FTIR spectra of MSNs, NH,-MSNs, and PAA-MSNs

2.2.4 WM AR SR AT PR A IR
(U P - B A5 2, TSR S I LE R TR fL
oo FERINERT 150 CILA MM 6 h, W P-4
MR FIFLAR oA W I 5 o A FH AR A 1 5575 NH,-MSNs
LRI, fLAE LA A (997.331+30.67)
m¥/g. (3.71£0.54) nm. (1.0220.11) em*/g (n=3).
BES AT A FUATR LAY () TV U 25 2k, R -
SRR 26 LT AT, BT HI1 BR RN, Uil
LR H AL, 24 NH,-MSNs % ATO
HERMmEM PAA 5, R, L2, L5
WK (512.28426.53) mP/g. (2.5640.49) nm.
(0.2340.09) cm’/g (n=3), X T ATO fll PAA
4 T 4> NH,-MSNs P AL 2 1 T 5.

225 RIS FIHME SN OGN E PAA 2
B, AARY PGS 10 C/min. WKl 6
FiR, i1 100 CAn#43) 800 °C I, NH,-MSNs. ATO-
MSNs H1 PAA-ATO-MSNs [ Jit & #5125 4> 1 A
(18.50+1.14) %. (29.56+2.01) %F1 (39.76+
2.87) % (n=3). A, PAA BN (10.20+

* 085
700y
600
_ NH,-MSNs
500 ‘
)
5 400;
=
Z 3001
=
= 20 | paaowsns ¢
IOO-W
0
0 0.2 0.4 0.6 0.8 1.0
MRS (P/P)
1.61
B
1.41
~ 12
g
£ 1.01
e
"= 0.8
S '
S 06
N —s— NH,-MSNs
= 041 —— PAA-ATO-MSNs
021 1
O -
0 5 10 15 20
L4 /mm

5 NH,-MSNs F1 PAA-ATO-MSNs TS W Fi- Bt Bt 258 4
(A) FFLESH (B)

Fig. 5 N, adsorptionn-desorption isotherm (A) and pore
diameter distribution (B) of NH,-MSNs and PAA-ATO-
MSNs

100+

90 NH,-MSNs
£ 80 -
= ATO-MSNs
3
I
= 70

PAA-ATO-MSNs
60
50 . . y
100 300 500 700

7/°C

6 NH,-MSNs. ATO-MSNs #1 PAA-ATO-MSNs #E 5
Hr[E

Fig. 6 Thermogravimetric analysis of NH,-MSNs, ATO-
MSNs, and PAA-ATO-MSNs

3.39) %, ATO HJakZi&E N (11.07£3.00) % (n=3),
23 BHIRMBZBHEHNE
231 B TAESLM: RFIIE 1150 W; 255 14k
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Uit 50 L/min; 4fiBh <3 E 0.5 L/min; LA &
0.3 L/min; ZZif 50 r/min; {XESF2EHERT 5s; VEUE
] 30 s; ZACHEA (LU 99.99%); ik
189 nm,

232 ZMERRFE Ry E HUHRHE A OS5 42
100 mL &), AR 2 2B, 495 Sk e
J 0. 025, 0.5, 1.0, 2.0, 4.0, 8.0 mg/L FRHfilihx
HE . % “2.3.17 TUF TAESAT I 2 At 2 119
TR S ARHER I P 25 TG FRAE 189 nm AR & S 51 %,
DL S 5 S AR (YD, TR IR B AR bR (O,
R A ITAVA 236 bR it 26 0T A3 AH O R 2L
Y=1 847.2 C+19.606, r=0.999 9, F&WfHijitmik
JELE 0.25~8.0 mg/L Ao &R K.

233 MEEWE UK. . s (025, 2.0, 8.0
mg/L) JFUEIRFEMAbRAER R, % “2.3.17 TR L
VESAFRHTINE , 5T 1 d W 5 Ik, L
JESd, WHHEHEHNFIHBKEE, HPN RSD 4514
1.54%- 0.73%- 0.91%; [ RSD 435124 1.97%-
1.68%- 1.45%, FF&EITEFEK,

234 EEYERLE IR H#REIS ) PAA-ATO-
MSNs VB 6 43, 20 000 r/min 25 /0o 96 i
THIRARE IS 22 0.22 pm TUALUENRIET, IXEIERI%
“2.3.17 TUF TAEZAFNE, 4558 RSD A4 1.62%,
FFE TR

235 [HICRIRLS B “2.3.47 TR A0 _EiE
R B MNP AEROE i, TR, . &
(0.25. 2.0, 8.0 mg/L) 3 AR E IR S,
20 000 r/min Z0HC FIEHEE 0.22 pm ALIERLSE
ib, BUSERE “2.3.17 TR TAESAE, e
AR (95.34+2.09) %, (98.21+
1.64) %. (98.79+1.33) % (n=3), FF&ljik
2.3.6 FUEtERL  H “2.3.47 TR HIS R LW
T2 0.22 pm TALEREIERE, HUEEUEW o 5T 0.
2. 4. 6. 8. 12, 24h¥% “2.3.17 Wi F TAEL&AFE
FEMIE, 4559 RSD 4 1.98%, FF&yikstgisk,
2.3.7 ALEFMEZEINE  EIPAA-ATO-MSNs
ARG R, B TRERLE T, il 20 000
r/min £ 40 min, 5% E I EEWR 100 pL T 10 mL
s, HAMERMEEZZIE, £ 0.22 um fHfLuE
R, BUEEEHE “2.3.17 TR TAESAEI it
B ATO &, %A niH5H MSNs 1 ATO 4
R E. Z115L, PAA-ATO-MSNs [ %

RN (40.95+3.21) %M (11.42+
1.75) %; &J7ETHR B B 5 RE Sk
M2y AR .

HWER =W, — W)W,

W =Wy— W)/ W,
Hrp, Wy b BEA R, W, ok PAA-ATO-MSNs H 13 252
Y&, W, PAA-ATO-MSNs [{) 2R &
2.4 RINRBHAR

& AR pH B2 £ 2% vhi (PBS, pH 5.0+
6.0 7.4) NFEHA i, #%%¢ PAA-ATO-MSNs 1 ATO
FRIRE TBCRFAIE , K 25 FR UGS 5 ATO JiRE 2 . ATO-MSNs
J¢ PAA-ATO-MSNs #T-#1 (& ATO 0.5 mg)H 2 mL
B LA R 8o L, BT TS Ak Bk (1) 3% A 4%
W, HERRARE &R, BT 100 mL B,
T (37£0.5) CHEE/KAERYE (75 t/min), 7351
0.1. 0.25. 0.5, 0.75. 1. 1.5. 2. 4. 6. 8. 12.
24 h YEMEUFE 2 mL, FFSZ RPN S &R R pH {iH
PHEREBA B, FEAZS 022 pum AL IEIS R, HL
SRR G HE “2.3.17 TR TAESAEI 2 B A
S i, HE B4R (Q), iR
2, WK 7. B 7 W40, ATO J5UkE 2576 R TH pH
EAM PR OE RS2SR, /22 h WP
15 90%. ATO-MSNs PR 24 th 2 R I H 455 1% pH
R N4, 17 PAA-ATO-MSNs W BA 525 (1) pH {1
mNPE, B pH ERFE, ATO MR BCEA Frién,
7E pH 5.0, 6.0 I 24 h BB ENIA 76.15%-
59.80%, 1 pH 7.4 T1X K 40.52%. 5 ATO i #}24
AL, ATO-MSNs FiI PAA-ATO-MSNs )14 &R 24
YHA—EMERRHE, 158 SRR E B i .
25 KBRIAAAGHEHRR
251 HATERMAERSE  FEI ATO Jk
Zj. ATO-MSNs. PAA-ATO-MSNs i#&#, 10 mL
F ] 0.9% 5 3 Eh KT Mk R Z1 %, 15 ATO
W (ATO-Sol). ATO-MSNs & PAA-ATO-
MSNs R . B SD KR 18 H, 251 12 h,
H EHOK, BEHLIY 4 3 41, 540 6 H 4% ATO 1 mg/kg
BHRIERE iv 294 T ATO-Sol. ATO-MSNs Al
PAA-ATO-MSNs Y& - 45245551 F 0.08+ 0.25.
0.5. 1. 1.5, 2. 3. 4. 6. 8. 12, 24 h & KB NKIE
HIUM 0.3 mL, EHFZANFLE) 2 mL 2 IR0
B, 3000 r/min &0 10 min, 2SI )5, E-80
CARIRUKAT ORAFRF I o R 2900 i 040 1 5 1LY 44
FUEE R 0.9% 25 3 #h /K A, A ML J v B ey 3
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==#== ATO-Sol pH 5.0
= -m= = ATO-Sol pH 6.0

HL* HLIL .|

O/%

~ - ATO-Sol pH 7.4
—e— ATO-MSNs pH 5.0
—=— ATO-MSNs pH 6.0

"

+— ATO-MSNs pH 7.4
—#— PAA-ATO-MSNs pH 5.0
—e— PAA-ATO-MSNs pH 6.0
—@— PAA-ATO-MSNs pH 7.4

t/h

7 ATO REIHIFIASNEZ L (X +s, n=3)
Fig. 7 Invitro release profiles of ATO (X £s,n=23)

il = NI

252 MIRAEMAETE RSB U RAE S 100 pL
B 2mL HIERLLE T, IAGEAIR 40 uL, WlEiR
43 min, 12 000 r/min &0 10 min, B
100 uL FASRFARE S 5 mL, 7870 i e Ja it
P

2.5.3 ML H ATO g J5 ik s

(1) X TAELAE: RE Zh# 1500 W; A1
Uit 15 L/min; 5587 E 15 L/min; 800 E
0.81 L/min; BV E 0.22 L/min; KFAAE 8.1
mm; SRFFHEFLAR 1.0 mm; #BEHESLAE 0.4 mm; 4
FERH3; HEEIRE3; ZA0E 100 pL A1 9 [ml O
WAL -

(2) ZeVERRFEE: Ry B B R IS &,
%50 mL &, MRS R 25, MR &
WIEH 20 mg/L (AR UERH, I AR R 51
WP o REB WIS (LR 100 uL 7 43, IR
H IR P RS UHE R 100 pl, 15 R E 4k
0. 0.05. 0.10. 0.25. 0.50, 1.00. 2.50 mg/L &%
BT, 4% “2.5.27 TR 7 i AL B 5 AR LR
DL AT U ey AR R AR (YD), BT IAR B A A A
b (O Ll AniE I AR RE: Y=
2045.6 C+1001.2, r=0.999 7, % HIff5T Rk 7R
0.05~2.50 mg/L WZMEIRR AT,

(3) [HNfr IR 5 LI A 25 B U bR vt
WOE R, FHEME. B &3 ANFURIKE (0.05. 0.5,
2.5 mg/L) BIIMLZRAE ST, % “2.5.27 TR 5k
WS HEREDN G, RS TR IR B AT E 3 Ik, T

20 25

SRR . A5 HIIE 5 K THEH PR S
HEENE S d, R H RS E. &R BN, K
1 3 AN IR B IR S R [ 433 A (90.17 +
438) % (91.65%+5.12) %. (90.34+4.57) %; H
PRS2 K 4.68% 4.25%. 3.41%; H [a)ks %
FEY A 9.77%. 6.23% 5.46%.

(4) FEMARE: BRI AE S 6 17
$ “2.5.27 IR R ER JE 3R E, 455 RSD
2.65%, TFEIEFEK.

(5) REtEiRE: BUR. H. &3 NERE
(0.05. 0.5 2.5 mg/L) (MU 3ZFE WL FIBCE
ST 0. 24 4. 64 8. 12, 24h#% “2.527 TR
JNEAE B SRS Ar, 4558 RSD 0 2.78% (n=6),
SRR
254 HfEAbEe SRA] PK Solver 25BN A FEF /bt
Hl, I E A4S K SPSS 17.0 AT
IR SHUREAT ¢ K56
255 Zigh#sE R KRR iv ATO-Sol. ATO-MSNs
TR . PAA-ATO-MSNs V&R G, I 2459k
FE-ISFTE] (C-) M WL 8. 23~ 44 o 1745
GIF R, P R SR 2,
X AT G220 . &l 8 WTLLEH, PAA-
ATO-MSNs 4157 5 h 8 ATO-Sol 41 F1 ATO-MSNs &
BRI EE T FSR1E, 5 h 55 4Ll 25 g R %
FEFAFIEL. F3% 2 AT 40, 55 ATO-Sol 41 /il ATO-MSNs
TRERAMEL, PAA-ATO-MSNs V&4 ATO (1)
top B, ATERRZEE (CL) k), AUC &4
(P<<0.01), ¥l ATO 7l PAA-ATO-MSNs J& 7k
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—i— ATO-Sol
—e— ATO-MSNs
—+— PAA-ATO-MSNs

259 /(ugmL ™)
s o o
D ~

I
s

0 5 0 15 20 25

th
8 XKREiv4A7ZhE ATO MEHRMLZ (X s, n=6)
Fig. 8 Profiles of mean drug concentration-time of rats
after iv injection ( X £s, n = 6)

B P B A 22 15, PAA-MSNs (048 T ATO 7E K
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Table 2 Main pharmacokinetic parameters of ATO after tail vein injection in rats (X s, n = 6)

ZH LA ATO-Sol ATO-MSNs PAA-ATO-MSNs
tia h 0.21940.032 0.460+0.033 0.823+£0.0427**
ting h 14.25040.233 18.865+0.409 32.78040.356"""
CL Lh! 0.086£0.004 0.060£0.007 0.032£0.009"**
AUC,_, nghL™! 3249.461+22.092 4021.672+38.275 5245.277+31.405"""
AUC,_,., pghL™! 4 647.591412.843 6 691.471424.592 12 647.602+£21.360"""

L5 ATO-Sol #fitk: “P<<0.01; 5 ATO-MSNs #ikk: ““P<0.01
*P<0.01 vs ATO-Sol; ““P<0.01 vs ATO-MSNs
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